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1 Concept of Thermodynamics 

CHAPTER 1 

INTRODUCTION TO THERMODYNAMICS 
Beemkumar N, Associate Professor 

Department of Mechanical Engineering, Faculty of Engineering and Technology, JAIN (Deemed-to-be University), 
Ramanagara District, Karnataka - 562112, India 

Email Id- n.beemkumar@jainuniversity.ac.in 
 

The study of thermodynamics examines the connections between heat, work, and system 

characteristics. The underlined words must all be left completely undefined. Any distinct discipline 

of physics is often studied by first separating a small area of space or a small amount of matter 

from its surroundings. The section that is designated and on which emphasis is placed is referred 

to as the system. A system is a stable and recognizable collection of matter that is surrounded by 

a real or fictitious surface that is impermeable to matter but may modify the form or volume of the 

system. The border is the area in question. Everything outside system that directly affects how it 

behaves. 

Microscopic Versus Macro 

Following the selection of a system, the following stage is to define it using quantities that pertain 

to the system's behaviour, its connections with the environment, or both. A macroscopic or 

microscopic point of view may be selected. The microscopic approach uses statistical techniques 

to evaluate each molecule's behaviour. In the macroscopic perspective, we are interested in the 

overall or average consequences of several molecular transgressions. Our senses can detect these 

impacts, including pressure and temperature, and devices can measure them. This strategy, which 

we use in this course, significantly decreases the problem's complexity. "Classical 

Thermodynamics" describes this. 

Property 

The attributes of a system specify the circumstances of the system and the substance inside it. Any 

observable feature of a system is its property. It is difficult to specify the pressure of an explosive 

system, for example, since properties can only be specified when they are constant across a system. 

Examples include length, volume, pressure, density, and refractive index, among many other 

characteristics of systems. 

The pressure is a characteristic that is significant in thermodynamics. Because of the change in 

momentum that occurs when molecules collide with a border, fluids exert forces on their 

boundaries. Due to the random mobility of molecules, these forces are not concentrated at a single 

location but rather are dispersed. So, the normal force applied to a surface divided by the area of 

the surface is how we may define pressure. 

The force of one Newton operating on a square metre of space is referred to as a Pascal, and it is 

used to measure pressure. 

1 bar = 105 Pa, 1 N/m2 equals 1 Pa, and 



 
2 Concept of Thermodynamics 

Most thermodynamics research focus on the absolute pressure, which is an issue. However, the 

majority of pressure gauges measure gauge pressure, which is the difference between absolute 

pressure and atmospheric press 

Intensive and Broad Properties 

One may generally distinguish between two different sorts of attributes. 

Extensive attributes, such as mass and volume, are those whose value is the total of the values for 

each division of the system. 

(ii) Intensive properties, such as pressure, temperature, etc., have a limited value as the size of the 

system gets closer to zero. 

By dividing extensive qualities by the system mass, one may make them intense. For instance: 

System volume is 12 m3, mass is 4 kg, and the system specific volume is 12/4 = m3/kg. 

By specifying all of a system's attributes, or at least enough to allow for the description of all 

others, the state of the system is fixed. If any property changes, the state of the system changes. 

The bulk of the simple systems we'll look at just need a few attributes to fully describe a system's 

state. 

Equilibrium 

If there is no propensity for spontaneous change inside a system, it is in thermodynamic 

equilibrium. If carried out at modest rates of change, energy transfers throughout the system may 

perturb its equilibrium state but not appreciably move it from that state. A system's attributes must 

be consistent across the whole system in order to be defined. As a result, for a system to be defined, 

equilibrium is required. (Equilibrium naturally implies that one or more attributes are not uniform. 

Process 

A system changing its state by cycling through a series of equilibrium states is described as a 

process. Property Path and Diagram Assume that the characteristics X (pressure) and Y (for 

example, volume), which are being measured, are sufficient to determine the state of the system 

when considering a system that we are monitoring. The Property diagram is then obtained by 

plotting X against Y.]A state point, also known as point 1, on the diagram, displays the 

characteristics of the system at a certain moment. There have been sketched three distinct 

speculative processes: Processes 1 and 2 are not well characterised. What transpires between the 

two equilibrium states 1 and 2 is unknown. 

Steps 3 and 4 we may now draw a dotted line connecting the spots because the attributes have been 

measured at points a, b, c, d, etc. in this instance. Processes 5 and 6: In this scenario, the attributes 

were continually monitored, and we were able to identify an infinite number of equilibrium states 

between 5 and 6. We can now create a whole line with justification. The process route is the name 

given to this line. Note that we must also keep an eye on the system's interactions with its 
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surroundings in order to completely characterise the process.  When the system's starting and end 

states are the same, the process is said to be cyclic. 

System To System Contacts (Work and Heat) 

Until the systems attain equilibrium and there is no change, the configuration or states of (A) and 

(B) may be changed. Even at a distance, systems (A) and (B) may interact, such as the earth and 

moon (tide). However, in thermodynamics, only two types of interactions work and heat are taken 

into account. Thermodynamics Heat Definition and Work 

Work in mechanics is described as a force operating via a displacement x that is in the force's 

direction. To put it another way, W = F*x or when F varies 

1 Nm = 1 Joule is the unit of work. 

However, this notion of work is inadequate for thermodynamics and is exceedingly constrictive. 

(For instance, consider a battery-based system!) Interactions between Systems in the Workplace] 

"A system does positive work throughout a process when the ONLY influence outside the system 

can be limited to the growth in weight." Definition seems to be random! But this is somewhat 

imposed upon us since the Second Law of Thermodynamics requires us to distinguish between 

work and heat. 

The lever system is pushed to a new dotted position by a movement of the system boundary. In 

terms of mechanics, the work is (WxL) Nm. This does not demonstrate the breadth of the 

definition's use in thermodynamics. So let's think about a battery, which we'll use as our system. 

Through a switch, the battery terminals are linked to a resistor: 

When the switch is closed for a while, the resistor receives current and warms up. Is this a 

professional exchange naturally, as mechanics, we would reply "NO!" (Because its application 

point has not been altered by any force). But now, consider this: In other words, we have created 

a realistic design that uses an electric motor and a pulley. 

The electric current will move the electric motor, which coils up a string tied to a weight, if we 

shut the switch once again. The only consequence that comes from outside the system is the 

potential increase in weight. This exchange needs work "is required since a heat transfer interaction 

might cause a weight to increase as a consequence of its influence. 

External to the system - The definition of work is made in relation to a system boundary. Work 

may alter if you choose a different system and, therefore, boundaries. 

"Could be decreased to" - This indicates that a weight need not be lifted physically, but rather that 

we must be able to see a true physical way of doing so by imagining changes to the environment! 

Negative Work "If a system produces positive results, then its surroundings must also produce 

negative results, and vice versa. Wsystem+Wsurroundings = 0 in symbols 
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Microscopic Strategy 

The method assumes that the system is composed of a very large number of distinct molecules. 

These molecules' energy and velocities vary. These energy' values are continually shifting 

throughout time. Statistical thermodynamics is a branch of thermodynamics that directly addresses 

the structure of the matter. 

Because there are a lot of molecules in the system, statistical approaches are used to determine its 

behaviour. Therefore, sophisticated statistical and mathematical techniques are required to 

describe the system changes. 

The characteristics of the molecule, such as velocity, momentum, impulse, kinetic energy, and the 

inability of sensors to accurately detect forces of impact, etc. It takes a lot of variables to adequately 

characterise a system. Therefore, the strategy is difficult. 

Macroscopic Strategy 

In this method, a certain amount of stuff is taken into consideration without taking into 

consideration molecular level processes. In other words, this method of studying thermodynamics 

is focused on overall or gross behavior. Classical thermodynamics is what this entails. 

Macroscopic system analysis calls for a straightforward mathematical formula.The average values 

of the system's characteristics represent its worth. Consider a sampling of gas in a closed container 

as an example. The average amount of pressure sent forth by millions of individual molecules 

makes up the gas's pressure.  Only a few attributes are required to characterize a system. 

Heat is a type of energy that can change its form or move from one object to another For example, 

in electric engines, turbines convert form of heat energy into mechanical energy to drive the motor, 

and the engine subsequently converts mechanical energy into electrical energy to light a lamp. 

Thermodynamics was developed by physicists trying to understand how heat energy is transferred 

into and out of other forms of energy in order to investigate the relationship between heat and these 

other sources of energy and how matter is affected by these changes [ . Thermodynamics is the 

study of energy, primarily heat energy that occurs along with chemical or physical processes. 

Energy released during exothermic processes, which have a negative change in enthalpy referred 

to as exothermic reaction, have an increase in enthalpy and take up heat energy. However, studying 

heat energy is only a small part of what thermodynamics is wants to describe. The amount of 

organization or disordered of the reactants and the products after transformation is indicated by 

the enthalpy change of a process. 

The energy that a material or system possesses as a function of its temperature is known as thermal 

energy, and it represents the energy of floating or unstable particles, a way of defining 

thermodynamics in the science of is as a field that explains the relationship between heat and other, 

types of energy and defines how thermal energy changes from one state to another and how this 

change affects matter. The enthalpy of the process is the amounts that may be derived from tabular 

data determine whether a chemical reactions or physical change will take place. The third and most 

significant thermodynamic term, the free energy, combines the two terms. A reaction is said to as 
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a spontaneous reaction if it moves to the right and the change in renewable power is negative. If 

the indicator is positive, the reactions won't go as planned because it's not a natural one. Using 

tabular data to determine the variation in free energy, one may make a strong forecast whether a 

reaction may occur or not  

Thermodynamics need to be more precise when defining terms like heat, temperature, work, etc. 

in physics. It took a long time historically to get the correct understanding of "heat." In the past, 

heat was thought of as a fine, invisible fluid that filled a substance's pores. The fluid (known as 

caloric) went from the warmer to the region of high temperature upon contact between two heated 

bodies, this is comparable to what occurs when a vertical pipe joins two water-filled tanks that are 

at various heights. The flow doesn't stop until the water levels in the storage fluids are equal. 

Similar to this, in the "caloric" model of heat, heat moves until the temperatures reach their equal 

"caloric levels". 

The science of macroscopic thermodynamics. It concerns with bulk structures and does not go into 

how matter is made up of molecules. The molecular image of matter wasn't clearly established 

until the nineteenth century, when its notions and principles were developed, only a small number 

of the system's macroscopic variables which are generally immediately measurable and suggested 

by common sense are included in the thermodynamic description.  For instance, a microscopic 

characterization of a gas would include the coordinates and velocity of the enormous number of 

molecules that make up the gas. Although the kinetic theory of gases does not go into great depth, 

it does include the molecular distribution of velocity.  On the other hand, the molecular description 

is completely excluded from the statistical description of a gas.  Instead, macroscopic factors that 

can be felt by our senses and measured, such as pressure, volume, temperature, mass, and 

composition, define the state of such a gas in thermodynamics.  It's important to keep in mind the 

differences between mechanics and thermodynamics. In mechanics, we are interested in how 

objects move when forces and torques are applied. The motion of the organism as a whole is 

unrelated to thermodynamics. It is focused on the body's macroscopic interior condition. The 

mechanical condition of a bullet, namely its kinetic energy, changes when it is discharged from a 

gun, not its temperature. The bullet's kinetic energy is transferred to heat when it enters a piece of 

wood and stops, which alters the temperatures of the projectile and the wood layers around it. 

The study of energy transmission known as thermodynamics is studied through the field of 

thermochemistry. Energy may be categorized into one of two categories and is frequently (though 

unsatisfactorily) described as the capacity to do labor. Kinetic energy is the power to move things, 

as a baseball pitched by a pitcher, or bullet fired from a pistol, or a gas molecule translating. 

Potential energy is positional energy. Gravitational potential energy, like Newton's apple hanging 

on the tree, is the most well-known type. The potential energy resulting from location in a magnetic 

or electrical field, such as thermodynamically stable ions or atoms changing charge while creating 

compounds or molecules, is more pertinent to chemistry. In groupings of particles, 

thermodynamics searches for statistical patterns. We refer to a system as a collection of particles. 
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Systems include characteristics like temperatures, gravity, mass, density, and entropy that single 

particle do not indulge,  

Thermodynamics is statistical, in contrast to other physics subjects we have studied. Only a little 

chance exists that its forecasts will come true. There is never a guarantee. However, given there 

are many particles in most systems, the accuracy rises as the number of particles grows. A 

thermodynamic procedure is one that modifies the system's thermodynamic state. A transition 

from a beginning to a final form of equilibrium state characterizes a transformation in a system. 

The actual course of a process is not the main focus in classical thermodynamics and is frequently 

disregarded. Until a meteorological operation that starts a thermodynamic process interrupts a 

condition of thermodynamic equilibrium, it remains unchanged. An appropriate collection of 

thermal state variables that depend solely on the system's present state and not on the course 

followed by that of the processes that generated the state completely specify each equilibrium state 

individually. 

The thermodynamic state of a system refers to its current state. The temperatures, pressure, and 

flow of the gas in a piston with a moving piston serve to determine the condition of the system. 

These characteristics are parameters that are fixed in each state and regardless of how the system 

got there. They have specific values. In other respects, any alteration in the value of the property 

depends simply on the system's starting and final states, not on the route it takes to get there. State 

functions are a name for these characteristics. The zeroth law of thermodynamics entails certain 

straightforward formulations of thermodynamic equilibrium. Thermodynamic equilibrium results 

in huge scale definition of temperatures, as opposed to the original scale definition based on kinetic 

energy of molecules. The first law of thermodynamics ties the various kinds of potential and kinetic 

energy in some kind of a system to the work that a system can accomplish and the heat transfer 

that a system can conduct. This rule is occasionally used to define internal energy, and it introduces 

a new state variable, enthalpy. The first law of physics provides for a large number of potential 

states of a system. However, past experience shows that only certain conditions occur. 

Concept of Continuum 

An area in space known as a continuum, sometimes known as a continuous media, is where 

different attributes, such as heat, pressure, concentration, and velocity, may fluctuate continuously. 

A part of a blown film bubble, a predetermined volume of a polycaprolactone solution, or a piece 

of a polymer melt as it travels thru an extruder, feed blocks, and die are a few examples. For each 

of these instances, we look at how different attributes alter as a consequence of the process's impact 

on the continuum. The molten polymer in the first instance is pulled first in the machine's (vertical) 

direction when it leaves the die. As the tube is pulled, there are variations in velocity in the 

directions as well as temperatures and density as a consequence of the air ring cooling the heated 

polymer and causing crystallizations. The tube is blasted up in the crosswise (horizontal) direction 

at a predetermined height, causing a second shift in velocity and allowing cooling and 

crystallizations to continue. In the second illustration, if the temperature is lowered, we can see 

variations in concentration (density). The solution would alter in velocity if it were agitated. 
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Changes in the temperature, pressure, and tension would also be noticeable if a reaction took place. 

In the last illustration, temperature variations are brought on by shear as well as external energy 

from the die and extruder heaters. Changes in pressure and velocity are noticeable when the 

polymer is projected, and density falls as the material is melted. 

Stress in Continuum 

Understanding the different forces operating on a fluid is necessary before trying to define the 

stress acting on it. Examples include body forces (such as gravity), viscoelastic effects, pressure 

distribution, and forces resulting from motion (such as agitation). After comprehending the 

numerous forces, we define a region (DA). Take notice of the "A's" strong font. Remember that 

the size and location of the entity are both specified in the section on vectors? In this situation, it's 

crucial to consider both the area's size and its direction (or orientation). The area vector's 

directional component is specified in relation to its vector field, n. According to the accompanying 

picture, the force operating on the defined region (DF) is also a vector with a different direction 

from n. The force vector (DF) is then broken down into its component parts with respect to a 

coordinates system made up of n, s1, and s2, whereby s1 and s2 are the surface axes of the 

designated region. The force vector's elements are then identified as DF1n, DF2n, and DF3n. We 

now have to explain the double script notation. The second subscript indicates which "n" vector 

matches the area we are describing since there are an endless number of possible areas, each with 

its own "n" normal vector. This second subscript may alternatively be regarded of as the "surface" 

that the force is operating onto since it indicates how the area is oriented in relation to an external, 

specified coordinate system (such as the longitudinal, transverse, and normal directions of a film). 

Simply stating which axis (n, s1, or s2) that force vector has now been resolved to is what the first 

subscript does. Now that the stress vector's components have been established, we can write the 

stress vector relative to either a given axis for a certain n vector at quite a given position in the 

prescribed region as follows: 

At this stage, we also need to specify the direction in which the force is acting on each surface. 

The following graph depicts positive forces at work at all times. This indicates that a force—i.e., 

a tensile force is affirmative if the normal force pulls to the right on the right edge and to the left 

on the left side. Compressive stress occurs when the force is negative. 

We shall also assert that the components for each given normal resulting in an alternate set of axes 

may be identified if the nine components of such force are known for a certain set of axes. We 

won't go into great into on this area, although Malvern, Fung, and Middleman describe the 

Cauchy's tetrahedron on pages 73–77, 70–72, and 16–19, respectively. Middleman derives the 

relationships between alternative normal vectors in terms at cosines of the angles between the 

stated axes. The following equations provide a connection that transposes the ij reference frame to 

the kn system: where the prime (') represents the stress along an axis in the alternate normal 

coordinate system (k) in comparison to the original coordinate system's normal (n). The k word (k 

= n', 1', or 3') designates an axis in the alternative coordinate system. The words I and j represent 
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a direction I with respect to a plane (j) in the underlying coordinate system. The cosine of the angle 

in between determine an appropriate axes is what the word really refers to. 

It is now straightforward to construct the stress tensor, denoted as T, since the nine constituents 

(Tij) are adequate to characterize the state of stress at any given location in the continuum.  Stress 

tensor is assumed to be symmetrical in continuum mechanics, which means that: 

The consequences of symmetric stress components on a parallelepiped are discussed in Middleman 

(p. 18), which is cited for further explanation of the reasoning about the symmetry of the tensor. 

Simply put, each force produces a moment along a common axis that is equal to but opposite from 

its corresponding moment. Next, momentum is conserved and the symmetrical tensor components 

are identical under the assumption that body forces (i.e., the effects of gravity) and angular 

momentum are much lower than those of the tensor component.  

This assumption has to be made with some caution. Systems with naturally asymmetric properties 

may have asymmetric tensor components. These systems consist of a matrix of distributed 

asymmetric materials or liquid crystals. With this assumption, the mechanics issues may be made 

simpler since only six of the tensor's nine components are required.Macroscopic or time-averaged 

variables such as pressure, temperature, and volume measurements may be used to fully 

characterize the status or condition of the system. Traditional thermodynamics uses a macroscopic 

approach. The findings are genuine and with acceptable precision. 

Microscopically methodology is used in statistical thermodynamics. Its foundation is kinetic 

theory. The substance is made up of a lot of molecules that move erratically and chaotically. Each 

component has a certain location, speed, and energy at any given time. Since molecules collide 

regularly, the properties change frequently. By statistically combining the behaviour of individual 

molecules, the total behavior of the matter is anticipated. The rules of thermodynamics are better 

understood when seen from a microscopic perspective. It is, however, rather difficult, time-

consuming, and complicated. The majority of engineering enthalpy analysis is performed on a 

macroscopic scale. 

The following two methods are used to conduct thermodynamic investigations. Macroscopic 

strategy macro means large or overall Microscopic strategy: "micro" refers to size Macroscopic or 

time-averaged variables, such as pressure, temperature, and volume measurements, may be used 

to fully characterise the status or functioning of the system. The macroscopic method is used in 

classical thermodynamics. The findings are genuine and with acceptable precision. Microscopical 

methodology is used in statistical thermodynamics. Its foundation is kinetic theory. The substance 

is made up of several molecules that move erratically and chaotically. Each molecule has a certain 

location, velocity, and energy at any given time. Since molecules collide regularly, the properties 

change frequently. By mathematically averaging the behaviour molecules, the total behaviour of 

the matter is anticipated. 

 The rules of thermodynamics are better understood when seen from a microscopic perspective. 

But it takes a lot of time and is really complicated. The majority of engineering thermodynamic 
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analysis is performed using macroscopic techniques. Below, some methods are compared and 

discussed: macro perspective Microscopic method. In this technique, a certain amount of matter is 

taken into consideration without taking into account molecular-level occurrences. In other words, 

this method of studying thermodynamics is focused on overall or gross behavior. Classical 

thermodynamics is what this entails. Macroscopic system analysis calls for straightforward 

mathematical formulas. The values of the system's characteristics are averages of those values. 

Take a sample of a gas in a sealed container as an illustration. The average amount of pressure sent 

forth by millions of individual molecules makes up the gas's pressure. Similar to that, the average 

value of the global kinetic energy of the gas's millions of individual molecules determines its 

temperature. These characteristics, such as pressure and temperature, are fairly simple to monitor. 

Our senses can detect changes in characteristics. Only a few attributes are required to characterize 

a system.  

The method takes into account that the system is composed of a sizable number of distinct 

molecules. These molecules move at various speeds and energy. These energy' values are 

continually shifting throughout time. Statistical thermodynamics is a branch of thermodynamics 

that directly addresses the structure of the matter. Because there are a lot of molecules in the 

system, statistical approaches are used to determine its behaviour. Therefore, sophisticated 

statistical and mathematical techniques are required to interpret the system changes. The 

characteristics of the molecule that can't be readily measured by equipment, such as velocity, 

momentum, impulse, kinetic energy, and force of impact. They are intangible to our senses. . A 

system must be described using a lot of variables. Therefore, the strategy is difficult. 

Thermodynamic System 

The study of thermodynamics examines how heat, work, temperature, as well as energy are related. 

The general topic of thermodynamics is the transfer of energy from one location or form to another. 

The fundamental idea is that thermal is a kind of energy that is equivalent to a certain quantity of 

mechanical labor. Before around 1798, when British military engineer Count Rumford (Sir 

Benjamin Thompson) discovered that endless amounts of heat could be produced while boring 

cannon barrels and that the amount of heat produced is proportional to the work done while turning 

a blunt boring tool, heat was not formally recognized as a form of energy. The theory of 

thermodynamics was founded on Rumford's discovery of the proportionality between heat 

produced and work accomplished. Sadi Carnot, a French military engineer, was another trailblazer. 

In 1824, he presented the ideas of the wash cycle and reversibility. Carnot's research focused on 

the restrictions on the maximum work that a steam engine working with a high-temperature heat 

transference might produce. These concepts were later evolved into the first and second principles 

of thermodynamics, respectively, by the German mathematician and scientist Rudolf Claudius. 

The following are the key principles of thermodynamics: 

The thermodynamics law zero. The first two systems are in equilibrium conditions with each other 

when they are both in thermal equilibrium with a third system. The ability to construct a 

temperature scale and employ thermometers as the "third system" is made possible by this 
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characteristic. The principle of energy conservation, or the fundamental law of thermodynamics. 

The difference between heat given to the system from its circumstances and work done by the 

system on its surrounds represents the change in a system's internal energy. 

The thermodynamics second law. Heat does not naturally travel from a colder to a hotter area, or 

conversely, heat at a fixed temperature cannot completely transform into labour. As a result, the 

closed system's entropy, or heat energy per unit temperature, rises with time and eventually reaches 

a maximum value. As a result, all closed systems gravitate to a state of equilibrium when entropy 

is at its peak and no energy is available for productive labour. 

The third thermodynamics rule. As the temperature gets closer to absolute zero, the entropy of a 

single crystal of an element in its most stable state tends to zero. This makes it possible to build an 

absolute scale for entropy that, from the perspective of statistics, establishes the level of random 

or disorder in a system.  

Although the necessity to improve the performance of steam engines prompted the fast 

development of thermodynamics throughout the 19th century, the principles of thermodynamics 

are so broadly generic that they apply to every physical and biological systems. The rules of 

thermodynamics, in particular, provide a thorough explanation of all changes in a system's energy 

state and its capacity to do beneficial work on its surroundings. 

Fundamental concepts 

Regions in space wherein thermodynamic qualities are of interest" are known as thermodynamic 

systems. It is the region of the cosmos that has limits, either actual or fictitious, separating it from 

its surroundings. As seen in the graphic below, anything that is not part of the system is called the 

environment. This includes other thermodynamic systems. In layman's terms: 

System + Enclosing Thermodynamic System = Universe 

The barrier separating the thermodynamic system from its surroundings 

Any thermodynamic system may be described by the characteristics of its wall. When all these 

barriers are said to be impermeable to all matter, radiation, and energy, they can only be totally 

hypothetical. Or it can be actual, composed of actual material. 

 Any thermodynamic system's border may be divided into one of these two categories according 

to how easily it can move: When the system's border cannot move and is fixed, it is said to have a 

fixed boundary. When a system's border may move, the term "movable boundary" is used. The 

limits may also fall under one of these other categories: 

Real boundary: A physical wall isolating the system from the environment. 

There is just a fictitious wall separating the system from its surroundings; there isn't really any 

physical barrier between them. 
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Different Thermodynamic System Types 

The areas of space that are divided by borders are what are meant by thermodynamic systems, as 

was previously stated. And these borders' characteristics determined how mass and energy crossed 

thermodynamic systems and boundaries. 

These three categories may be used to categories all thermodynamic systems in the universe: If a 

thermodynamic system is an "open system," it may interchange both matter and energy with its 

surroundings. 

Closed system: When only energy can be exchanged between a thermodynamic system and its 

environment. If a thermodynamic system is isolated, it cannot interchange either matter or energy 

with its surroundings. 

Open source 

Matter and energy may move back and forth between an open system and its surroundings. In such 

systems, matter and energy may travel across the border separating the system from its 

surroundings. For instance, while making tea in a cup, heat might escape through the cup's limits 

and into the air. The human body is another example; since we absorb energy in the form of 

radiation and also exchange heat with our surroundings via our skin, we are an open system. We 

consume, meaning that stuff enters and leaves our bodies, in order to live. 

Closed system 

A closed system is incapable of transferring matter over its limits; instead, it can only exchange 

energy with its surroundings. The size of the system is constant for such a system. Furthermore, 

the border is actual but may also be flexible or stiff. For instance, the water bottle acts as a closed 

system while the cap is present. A system's type may also vary over time. For instance, we may 

argue that a piston-cylinder arrangement is just an open system when gasoline enters the piston-

cylinder arrangement in a motorcycle or vehicle engine. But when the piston is moving for both a 

forward and a backward stroke, the same system turns into a closed system. 

Unconnected system 

Systems that are isolated are ones in which no matter nor may energy leave the system. The overall 

energy in these systems is constant. The most prevalent example of an environment where energy 

is constant is the cosmos. If the Thermos-flask is totally insulated, it may also be regarded as an 

isolated system. Various thermodynamic system types there are three different types of 

thermodynamic systems: isolated, closed, and open. 

Open system: The system may interact with its environment to exchange matter and energy. Closed 

systems can only exchange energy with their environment. A system that is isolated from its 

surroundings cannot exchange either matter or energy. 
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A system may interact with its environment by exchanging just mass, only energy, or both mass 

and energy. A system is classified as open, shut, or isolated depending on the boundaries' capacity 

to transmit these quantities. Mass and energy are exchanged in an open system. Only energy is 

exchanged in a closed system; mass is not. Finally, no mass nor energy are exchanged in an isolated 

system. Some of a system's parameters (variables) are altered as it transfers mass or energy with 

its environment. For instance, the quantity of molecules (or moles) in a system will decrease if it 

loses mass to its environment. Similar to this, a system's variables (such its temperature) rise if it 

absorbs any energy. Both mass and energy may enter and leave a system.  

Let's simply think about bulk exchange. The system won't change if some of a substance's 

molecules flow out and then the same number of atoms flow back in. In an outgoing process, we 

might count 100 molecules and give them a value of -100; the next step would be to count 100 

molecules returning to the system and give them a value of +100. The total balance will be -100 

(from the outgoing process) +100 (from the multihop process) = 0, which returns the system to its 

starting state regardless of how many molecules were initially present (mass has not changed). But 

mathematically, we could have equally given the labels +100 to the incoming process and -100 to 

the incoming one, and the ultimate sum would have remained the same: +100-100 = 0. What label 

is the better of the two? It appears appropriate in this situation to characterise a mass leaving the 

system as negatives (the system is losing it), or a mass entering the system as affirmative (the 

system is gaining it). 

An amount of stuff or an area in space that is of relevance is referred to as a thermodynamic system. 

The area or mass outside the system is referred to as the surrounds, and the surface dividing the 

two is referred to as the border. The kind of interaction between the system under investigation 

and the surroundings determines whether a thermodynamic system is (1) isolated, (2) adiabatic, 

(3) closed, or (4) open when it is not separated from the surroundings by actual or imaginary 

barriers. 

 Typically, the system and its surroundings exchange mass and energy. There are two types of 

thermodynamic systems: closed systems and open systems. Because mass cannot be exchanged in 

a closed system, the mass of the system is always preserved. The system is referred to be an isolated 

system if energy exchange is also prohibited. If gas leakage is believed to be insignificant in the 

piston-cylinder arrangement seen above, the border is moveable but no mass crosses it. The gadget 

seen above in this instance is referred to be a closed system. 

The open system is shown in the example below. This device is similar to the one in the image 

above, but it is categorized as an open system since mass flow is present over the border. The 

system is known as a steady flow system if the boundary is fixed and the intake and outflow mass 

flow rates are equal and do not vary over time. Examples include treating the major parts of a 

thermal power plant's boiler, turbine, condenser, and pump as steady flow systems. It should be 

noted that the boundary choice affects how thermodynamic systems are categorised. For instance, 

some gas will breach the barrier if the border in the first picture is fixed in area and the piston is 

pushed higher. The system shown in this graphic is an open system in this instance rather than a 
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closed system. The appropriate boundary selection is a crucial step in using thermodynamic 

analysis to provide worthwhile findings. 

System and State Functions in Thermodynamics 

A thermodynamic system's internal energy, U, and entropy, S, as well as a variety of other state 

variables, such as temperature T, hydrostatic pressure p, volume V, and the quantity of moles of 

constituents n, determine its state.  

The state variables are functions of the first two thermodynamic properties. Among them, 

temperature and pressure are examples of intense variables that describe characteristics of the 

system regardless of its size, while volume, internal energy, and unpredictability are examples of 

extensive variables whose values rely on the system's size. Extensive qualities are divided by the 

number of moles n to produce intensive molar characteristics. For example, Vm=V/n defines the 

molar volume Vm. It is crucial to note that the aforementioned state functions are dependent on 

the circumstances, or to put it another way, the system's current state, but not on the route, 

procedure, or history taken to get there: 

A thermodynamic system is sensitive to external interventions known as thermodynamic 

operations; they change the system's walls or its surroundings, leading to transitory 

thermodynamic processes that follow thermodynamic rules. These actions and procedures have an 

impact on how the systems thermodynamic state changes. A thermodynamic system may be 

thought of as numerous adjacent systems, each of which is a separate thermodynamically system, 

when the intensive state variables of its content change in space. 

A thermodynamic system may be homogeneous or it can consist of various phases, such as ice, 

liquid water, and water vapour that are all in mutual thermodynamic equilibrium and are not 

physically separated from one another by any walls. Such systems could be thought of as "simple." 

A "compound" thermodynamic system may have a number of basic thermodynamic sub-systems 

that are physically isolated from one another by a wall or walls with distinct permeability’s. It is 

frequently useful to think of such a compound system as being initially disconnected in a state of 

thermodynamic equilibrium, then being affected by a thermodynamic operation of increasing some 

inter-sub-system wall permeability to start a transient thermodynamic process, ultimately leading 

to the generation of a new state of thermodynamic equilibrium. 

A control volume is a set area of space that is used to examine the weight and energy balances for 

flowing systems using thermodynamics. An actual or hypothetical envelope may serve as the 

control volume's border. The control volume's perimeter is defined by the control surface. A 

control volume is a set area of space that is used to examine mass and energy imbalances for 

flowing systems using thermodynamics. A real or hypothetical envelope may serve as the border 

of a control volume. The control volume's perimeter is defined by the control surface. A control 

volume is a hypothetical volume in which the mass of the fluid system is constant in a steady state. 

Mass in = Mass out when a fluid passes through a control volume. The energy in the control 

volume is constant at steady-state and when work and heat transfer are absent. 



 
14 Concept of Thermodynamics 

Thermodynamics Properties 

The definition of thermodynamic properties is "characteristic characteristics of a system capable 

of defining the state of the system." A material's thermodynamic characteristics may be categorised 

in a number of ways. 

1. Measured characteristics 

2. Underlying characteristics 

3. Derived characteristics 

Measured system qualities are those that can be directly seen in a laboratory setting. 

Volume, temperature, and pressure are some examples. 

Fundamental system attributes are those that have a direct connection to the basic principles of 

thermodynamics. 

Internal energy and entropy are two examples. 

The term "derived properties" refers to characteristics of the system that have particular 

relationships and consist of combinations of measured and derived characteristics. 

Examples include Gibbs, free energy, and enthalpy. 

The system's thermodynamic characteristics fall into two broad categories: 

1. Substantial property 

2. Intensive real estate 

The value of an extended attribute relies on how much or how big the system's matter is. In 

contrast, a large number of variables assist define the particular system being studied. 

Example: Gibbs free energy, Gibbs internal energy, enthalpy, heat capacity, mass, volume, and so 

on. Intensive characteristics are those that are independent of the amount or size of the material. 

Throughout the system, intensive property may change at any time from location to location. 

Examples include: melting point, thermal expansion, compressibility, density, pressure, temp, 

molar volume, specific entropy, and many more. 

It is often helpful to know these amounts independently for each of the components entering the 

reaction in order to carry out a programmer of detecting the changes in the different 

thermodynamic functions that follow reactions, such as volatility, enthalpy, and free energy. For 

instance, if the entropies of the reactants and products are known independently, the electron 

density for the interaction is just the difference between the two, as is the case for all other 

thermodynamic functions. In addition, by adding the variation of volatility for the reactants and 

the products with temperature or pressure as part of the whole process, the entropy change for a 

reaction may be calculated under other sets of circumstances if it is known below one set of 

temperature and pressure conditions. Due to these factors, engineers and scientists have created 

vast tables detailing the thermodynamic characteristics of several common substances as well as 
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the rates at which those properties change as a function of state variables like temperature and 

pressure. 

In order to get the most information out of a small number of experimental data of the 

characteristics of materials, the discipline of thermodynamics offers a wide range of formulae and 

methods. However, since the thermodynamic state of a system relies on a number of factors—

including temperature, pressure, and volume it is crucial to first determine how many of these 

factors are independent before defining which factors may vary while others must remain constant 

in reality. Due to this, understanding partial differential equations mathematically is essential for 

further illuminating the topic of thermodynamics. The quantities of energy needed to cause 

material to expand or contract as well as the amounts of heat needed to alter their temperature are 

of utmost relevance in the applicability of thermodynamics. The first is based on the substance's 

equation of state, while the second is based on its heat capacity. Once these physical characteristics 

have been completely defined, it is possible to utilise them to compute other thermodynamic 

characteristics, such as the substance's free energy at different temperatures and pressures.  

------------------------- 
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One may argue that Joseph Black's peculiar finding was the catalyst for the development of 

thermodynamics as a science (1728-1799). Professor from Edinburgh who made the discovery of 

magnesium and provided distilleries with advice by chance left two buckets of water in a room 

while at work. The first one simply had water, whereas the second one also included ice. Both 

buckets' water temperatures were below freezing. A few moments ago, when he returned, the first 

bucket had less ice and hence more water, but to Black's amazement, the temperature had not 

changed. Second bucket's water was significantly warmer. The water in the first bucket didn't start 

to warm up until all the ice had melted. 

There was little doubt that the variations were the result of ambient heat from the room interacting 

with the contents of both bucket. Why, however, had it just partially melted the ice in the first 

buckets without also warming the water? Heat seemed to be able to vanish. Black said that it had 

become latent, which is Latin for concealed, since he thought its quantity should stay constant. 

Additionally, he demonstrated how adding heat to boil kettle did not increase its temperature, 

which further implied it had vanished. Latent heat is still taught to physics students today, but it is 

currently only used to describe the behaviour Black observed, not his interpretation of it. Latent 

heat is a measurement of the heat required to undergo a certain process, such as the melting of ice. 

Black's finding contributed to Antoine Lavoisier's (1743–1794)1 invention of the ice calorimeter, 

which he used to measure the amount of heat produced during chemical processes. In collaboration 

with Pierre-Simon Laplace (1749–1827), Lavoisier created the caloric theory. 

This was meant to be a "heat fluid" that could travel from one body to another, boosting the latter's 

temperature and causing it to expand. It was supposed to be invisible, weightless, and unbreakable. 

In addition to providing a straightforward explanation for Black's findings, caloric served as the 

cornerstone for Laplace's theory of sound transmission. Laplace's caloric-based theory, which 

assumed. 

Lazare Carnot, the father of the first Sadi, is a very important historical person because of his 

involvement in the French Revolution. The fourteen French armies fighting in the Napoleonic wars 

were formed, and he gave Napoleon his first independent command. Of all Napoleon's generals, 

he was the sole one who had never lost. He was also a very accomplished scientist. He released a 

treatise on pulleys and other mechanical devices in 1803. This demonstrates his son's capacity to 

look through the intricacies and comprehend the core. He saw right away that increasing a 
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machine's efficiency is what matters most. Even if it seems evident now, Lazare and more so his 

son are partly to blame. 

An honourable, serious, humble, and accomplished musician, Sadi, who was created in 1796 and 

was given the name of a popular Persian poet at the time, appears to have had a highly alluring 

personality. 

In the editor E. Mendoza's preface to the translation of Sadi's rightfully well-known Reflections 

just on Motive Power of Fire, which was published in 1824, he provides some short personal 

information about him (the year after Lazare died). I highly suggest the Dover release of this book 

for anyone who wish to go a little more into these topics. It also contains translations of two 

articles, one from 1834 by Emile Clapeyron and the other from 1850 by Rudolf Clausius. Since 

Carnot's book was completely ignored by modern scientists and was only saved from oblivion by 

Clapeyron, who helpfully improved the mathematical formulation of Carnot's insights and enabled 

the later work of Clausius and others, these papers were extremely important and transformed 

Carnot's ideas into the two fundamental laws of thermodynamics. 

Sadi's life was ended prematurely by illness, as was so typical before the modern era. He did not 

survive to see the success of his efforts. During anti-government riots in June 1832, Mendoza 

claims to have seen "a drunken officer racing down the street brandishing his sabre and knocking 

people down; Sadi ducked under the man's arm, fell him from his horse, and tossed him in the 

gutter." Sadi soon had brain fever after contracting scarlet fever. He was brought to the nation to 

recover by his younger brother Hippolyte, who was also the father of the future president of France. 

He really got the illness there after reading about the cholera outbreak that was at the time raging. 

He succumbed to it within a few hours. 

Now let's talk about his book, which is distinctly a product of its time. Early scientists were often 

motivated by a simple desire to learn more about the world and how it operated. The urge to 

understand God's creation of the universe and seek its meaning was often present, as it was with 

Newton. In contrast, the French Revolution heightened competition with other countries, 

particularly England. The creation of the steam engine was one of the most significant 

technological breakthroughs achieved by England's primarily self-taught engineers, but the French 

revolutionaries sought to systematically promote their nation's interests with the establishment of 

the Ecole'Polytechnique in 1794. The several outstanding professors and graduates who came from 

it significantly influenced the contemporary mindset and practise of science. Beginning this huge 

project, the development of a comprehensive theory, Carnot recalls his readers of how steam 

engines operate in their most basic form. In the process, he draws attention to a trait that all of 

them have that, up until his time, theorists seemed to have overlooked. It was the fact that steam 

engines need constant heat transfer from a hotter to something like a colder medium in order to 

operate at all. 

This truth would be obvious to anybody looking at the very first commercial steam engine, 

Newcomen's of 1712 designed to pump water out of mines. Its furnace produces steam by heating 
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cold water. Steam enters a cylinder with a piston when a valve is opened, and since the cylinder is 

open to the environment at its top, there is no real barrier to the piston's upward motion. The steam 

input valve is closed in the top position, and a second valve is opened to allow cold water to spray 

in. This causes the steam to cool and condense, considerably lowering its volume. The piston is 

now forced to descend on its return stroke by the air pressure outside. Using mechanical linkage, 

two weights may be raised simultaneously. Work is finished. In conclusion, heat as from furnace 

created steam that performed work before being transferred to the cold water injection. 

Carnot came to the conclusion that the production of power source in steam engines is caused "not 

to actual consumption of caloric, but by its transportation from a warm body to a cold body" at the 

beginning of the roughly 4,000 words that laid the foundations of thermodynamics. Carnot had 

previously sketched the typical operation of steam engines like Newcomen's. The italicised words 

of Carnot claim to be the greatest productive hoax in the annals of science. It's really simple to 

trust in something that cannot be destroyed. And he used an example to make his statements appear 

so believable. 

From a broad perspective, it is a short step to ask whether the amount of heat's motive force is 

constant or subject to variation depending on the agent used to materialise it as the intermediate 

substance. Of course, one can only meaningfully answer this issue if they can measure both heat 

and motive force. The least of Carnot's issues was this. The science of calorimetry had well 

advanced. The amount of heat required to melt one kilogramme of ice is mentioned by Carnot. 

The work that a motive force is capable of should be used to gauge its strength. The most popular 

measurement for that was the effort required to move a one-kilogram weight one metre via the 

force of gravity at sea level. Raising coal to the surface is the fundamental job in mines, thus this 

makes perfect sense. Keep in mind that there are whole separate units and phenomena at play here. 

What does lifting coal have to do with heating water? The solution to this issue was substantially 

aided by Carnot's brief publication, as we will see in the chapters that follow. 

Carnot also made the following observation: whereas motor power may induce a difference in 

temperature, the converse is also true. The friction between bodies is a way of boosting their 

temperature, causing it to reach a greater degree than that of the surrounding bodies, is it not? 

Additionally, rarefaction and compression both reduce and increase the temperature of gases. 

Carnot introduces the concept that earned him a place in history using this observation. It became 

referred to as the Carnot cycle around 20 years after his tragic death. The genius was to imagine 

the creation of an idealised heat-engine with no losses other than the unavoidable transfer among 

some heat to the medium serving as the condenser. The most challenging aspect of this endeavour 

was intuitive: how can one know that a specific machine is optimal, or that no heat has been lost 

apart from that which must inevitably be lost if mechanical labour is to be done? One thing in 

particular is crucial for attaining this. When creating it, Carnot recognised that the potential motive 

force in the heated body would simply be wasted if heat is permitted to move from a hot to a cooler 

medium without at the same time accomplishing any meaningful work. 
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It will only have heated the cooler medium. As a result, "The required condition of the maximum 

is that there should not be any change in temperature which may not be related to a change in 

volume in the bodies utilised to realise the motive force of heat. If any motor power is to be 

produced, there must be some temp differential. Carnot came to the conclusion that, with careful 

planning, work could be accomplished regardless of how tiny the temperature difference was it 

could be made insignificantly small and yet let the working medium to develop and do work. This 

mental image allows one to ascertain what will be the maximum efficiency feasible under the most 

ideal circumstances conceivable, even if it is never entirely realisable in actual fact. 

A distinctive method of thinking that extends beyond steam engine theory and into the emerging 

field of thermodynamics. He then performed a surprise and enlightening demonstration. Let's 

follow him from start to finish to discover how the ideal circumstances might be created. Carnot's 

provides two explanations of the cycle, one using ideal gases and the other steam as working 

medium. Which has the advantages of simplicity and the part that ideal gases performed in the 

discovery and understanding of entropy, which will be discussed in the chapters that follow. 

Let's talk briefly about ideal (or perfect) gases first. They are essentially gases that, when cooled, 

turn into solids at temperatures much lower than room temperature. The pressure that these phase 

separation, from fluid to solid and from gas to fluid, are under also affects their temperatures. Ideal 

gases were essential in the development of thermodynamics due to the clarity and universality of 

the principles governing their behavior. 

Such a gas will settle down into a stable state it will equilibrate when it is contained in a vessel of 

volume V. Either its pressure P or its temperature T totally control the ensuing equilibrium state. 

In such a condition, both the pressure and temperature, which can be measured using a 

thermometer, are constant throughout the constrained volume of gas. State functions are the three 

numbers P, V, and T. If any two of the state functions for a particular ideal gas are known, the 

relation between the two may be used to determine the third function. The equation of state is what 

it is termed. In thermodynamics, equilibration is crucial, and this book will spend a lot of time 

talking about it. 

I just need to discuss one of the ideal gas's common characteristics in order to explain the Carnot 

cycle. Robert Boyle discovered in 1662 that the pressure P and volume V of a confined ideal gas 

are inverse proportion to one another if the temperature T is maintained constant.  The equation P 

V = C, where C is a constant that relies on the temperature, the gas, and the quantity of it, is used 

to represent this. The sections ab and cd are examples of curves that relate P to V for the same 

plasma at two different temperatures. Isotherms are curves that have the same (iso) temperature. 

The Carnot cycle is shown graphically in by Chaperon. At the beginning of the cycle, an ideal gas 

is just below the temperature at which it may be brought into thermal contact with a furnace and 

is contained in a cylinder with a piston and a vacuum above it. Small lead weights that are just 

enough in quantity to meet its upward pressure created by the gas may be heaped high on the 

piston's surface. The gas will somewhat expand if any heat is now allowed into the cylinder, lifting 
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the weights. One of them may be removed and set securely at a little bit higher a height than it had 

been. When the weight it must balance is lessened, the gas pressure should have somewhat dropped 

and will be balanced. Many times may be spent repeating this technique. In theory, the lead weights 

may be made as light as desired, and each step's heat admission can be designed to be 

infinitesimally small. The mathematical limit where there is no temperature difference between 

the furnace and the gas is, theoretically, where the most ideal heat engine exists. The complete 

reversibility of the ideal method is also crucial. The gas will be squeezed and become somewhat 

hotter than the burner if a lead weight is reapplied to the piston. The furnace will get the extra heat. 

The isothermal (same-temperature) stage of the Carnot cycle is the portion that was just explained. 

A certain amount of labour is accomplished via it. Without using any more heat from the furnace, 

more may be accomplished. Simply taking out one of the little weights at a time will enable the 

gas to expand little by little. The adiabatic section is the name given to the segment of the cycle 

from b to c long after Carnot's passing. The higher slope of the curve indicates that the pressure is 

falling more quickly than it was in the isothermal period. A certain amount of effort has already 

been "banked" at this point; several little weights have been hoisted to different heights, some of 

which are still perched on the piston. The gas in the cylinder has a lower temperature than it did 

on the isotherm ab. 

Now we reach a crucial part. A steam engine must operate continually in order to be useful. At the 

beginning of the cycle, the working medium in the cylinder must be returned to its initial condition 

in order to do that. This refers to the distance from point c to its initial condition at point an in 

Carnot's idealised cycle. To do this, it would just be necessary to reverse the procedure by 

repositioning the weights along route cba to return the gas. However, doing so would exhaust all 

of the earned labor. Undoubtedly, there will be some labor involved in returning to a, but it won't 

be as much as what was acquired. 

The steps are as follows. Thermal contact is made at c with a heat source called the refrigerator, 

whose temperature Tlow is much lower than that of the furnace and just slightly higher than that of 

the gas. The remaining weights are enough to gradually compress the gas in the cylinder and alter 

its isothermal condition along cd. What matters is that given the circumstances on cd, compressing 

the cooler gas requires less effort than compressing the hotter gas on ba. Looking at the graph, it 

is clear that the pressure on the path back is consistently less than on the journey out. This is the 

main justification for why the cycle allows for productive work output. 

The gas is compressed along da and returned to its initial condition in the return cycle's adiabatic 

final step. The steam engine may keep working. 

The first remarkable quality of Clapeyron's figure is how clear it is in depicting the process. 

Second, the circumference of the closed cycle abcda represents the total quantity of labour 

completed. The cycle has the useful property of being repeated in the opposite sequence, adcba. 

When this is finished, energy is used to transmit heat from the refrigerator to the furnace. This 

proves that the Carnot cycle is completely reversible. The graphic also makes it evident that the 
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relationship between the work performed and the two temperatures, Tlow and Thigh, is valid. 

Because they were unfamiliar with the shape of the adiabats bc and da, unlike the isotherms ab 

and bc, Carnot and Clapeyron were unable to calculate its number. The characteristics of the 

furnace and the working medium fix Thigh, while Tlow is essentially water at the ambient air 

temperature (usually about 20°C), depending on the heat engine. The ideal cycle, which is 

practicable, is fixed by these two temperatures. It is important to note that my explanation of heat 

movement adheres to current thinking. Carnot and Claudius both conceived of the caloric as a 

weightless, invisible, and unbreakable substance. They postulated that the gas expanded in the area 

where ab caloric poured into it. 

Ironically, Carnot would not have discovered a temperature increase if he had conducted an 

experiment to test for one. This was a false conclusion. This is due to the fact that a relatively tiny 

quantity of heat equals a lot of labor. After Carnot's publication, it took roughly 40 years before 

advancements in experimental precision made it possible to quantify an increase in refrigerator 

temperature. Fortunately, the inaccurate understanding of caloric did nothing to alter the 

significance of Carnot's research. The most crucial part of his insight was that his idealized heat 

engine could be operated in either way. According to Carnot, during the forward, work-perform 

cycle, caloric is moved from the furnace to the refrigerator; during the reverse cycle, it is returned 

to the furnace. We are reminded of his statement that the source of motive power is "not real caloric 

consumption, but rather the transit of caloric from a warm body toward a cold one." This 

conclusion was made highly believable by the parallel with a waterfall, in which labor is really 

accomplished without the need of any water. 

Carnot's theory of hypothetical heat engines led to two important results. Despite the erroneous 

notion in calories, both were accurate. The initial concern was that not every ounce of heat supplied 

by a heat engine could be put to good use. Unavoidably, some ends up in the frigid reservoir (the 

condenser in a steam-engine). When the concept of caloric was dropped, the accurate derivation 

of this conclusion did not generate any noteworthy new concepts. The outcome of Carnot's second 

conclusion being corrected was very different. This was the fact that all heat energy into 

mechanical energy would produce the exact same maximum efficiency regardless of the working 

media utilized. The amazing durability of Carnot's beliefs is only one example. In actuality, he 

developed practically the whole theoretical foundation of thermodynamics. It's just as safe as it 

was when he released his book in 1824. If a reader purchases Carnot's pamphlet, one method to 

see it is to read Thermodynamics, a lecture series delivered in 1936 by Nobel Prize winner Enrico 

Fermi (1901–1954). 5 A thermodynamic system is described in the first chapter. This fundamental 

premise is straight out of Carnot's book: in the usual scenario, an ideal gas is confined and its 

pressure, volume, and temperature may all be modified from the outside in infinitesimally small, 

reversible changes via a series of equilibrium states. 

These may move the system back and forth in a cycle from a final state B to an initial state A. The 

region contained inside the plot of P versus V. Pure Carnot, that is. However, it should be 

recognised that thermodynamic systems are utterly idealised. They are not in the cosmos. 
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Near the end of his life, Einstein made a statement about thermodynamics that is perhaps the 

highest testament to his contributions: "I am certain that, within the range of applicability of its 

fundamental notions, it will never be overturned. It is the sole physical theory of universal content." 

Carnot is much to blame for those fundamental ideas. But take notice of Einstein's qualification, 

"within the range of application." Later on, though, that will be crucial, certain things may be 

expressed now. 

In addition to the above mentioned argument concerning confinement in a box, it's important to 

note that thermodynamic systems interact with their surroundings in a highly "one-sided" manner. 

They are generally subjected to treatment. They can't "do their own thing," even if they aren't 

completely inactive. They respond to things. In large part because thermodynamic systems can be 

contained and controlled, the fundamental idea of entropy can be defined for them. Who has such 

power over the universe? 

The fact that a thermodynamic system is the pinnacle of idealization strikes me as also being 

pertinent. Nothing substantially resembling thermodynamic systems exist in the universe in its 

natural state, with the probable exception of black holes, whose behavior (explained in The Janus 

Point) follows the background arrow but does not seem to dictate it. For a very long time, they can 

be approximately realized in a laboratory, but in their purest form, they only exist on paper and in 

the minds of theorists. And those brains do keep a lot of thinking "within the box," as a thorough 

study of the scientific and popular science literature on time's arrows indicates. 

I said before that the reason Carnot's "sufficiently comprehensive point of view" worked so well 

was because it was also limited to "the creation of motion by heat." Carnot refrained from 

attempting to explain how it is possible that heat and cold, the prerequisites for motive force, 

coexist around us at the same time for very good reasons; it would have been futile had he tried. 

He would have had to deal with an endless barrage of inquiries about, among other things, the 

genesis of the earth and its coal-bearing seams, the wonderful sun's role in promoting tree 

development and the food that gives firemen the stamina to shovel coal into the firebox. 

A machine "driving the entire world" into ever-faster motion comes to mind when I hear this. The 

image I provide in the Janus phase is totally different; it is that of a cosmos that is not contained 

in a box and in which the components move with respect to one another. Even if none of the 

components become perpetual motion devices as a result, this does provide some intriguing 

possibilities. This is related to another important principle of thermodynamics that emerged from 

the operation of steam engines: the need to repeatedly return the working medium to its beginning 

condition. 

The cycles that Fermi cites have their roots in this. They were essential for the identification of 

entropy in constrained systems, as we will show. But if we wish to define an entropy of the cosmos, 

this creates a challenge. Because there is no way to change it back to a previous state. It seems set 

on making its own path amid an endless growth. This may raise some questions about the notion 

that the entropy of the uinverse is constant and rising at all times. This is yet another thing. Carnot 
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is notable for having discovered that steam turbines never function at full capacity. Yet why? They 

are working continuously. The working medium must always be returned time and time again to 

its beginning condition, shown by point an in Figure 1. But one may stop at b after a single usage. 

The heat would have then only been used for labour. Recycling is the only way that waste occurs. 

The perspective of Carnot is anthropocentric. Although he has a broad perspective, his awareness 

is focused on human needs. He wants to maximize the efficiency of the steam engine. He was more 

interested in maximizing the use of coal than in discovering its history. He could have overlooked 

the most crucial thing because he was too focused on human wants. What do steam engines 

genuinely accomplish, if not for our everyday worries? They transport coal from underground 

mines to the earth's surface. They alter the universe's form in the process. 

The Mechanical Equivalent 

The American Benjamin Thompson (1753–1814) was the person who science refers to as Count 

Rumford. Prior to his marriage to a wealthy heiress who had inherited a home in Rumford (now 

Concord), New Hampshire, he was skilled but had little success. In the Revolutionary War, he 

allied with the British, which forced him to escape and leave his wife behind. After relocating to 

London, he acquired British citizenship and was knighted for his administrative prowess. He 

relocated to Bavaria in 1784, where he served as the Army Minister until becoming a Count of the 

Holy Roman Empire in 1791. He accomplished many wonderful things in Bavaria, such as creating 

Rumford's Soup for the underprivileged and popularising potato farming. He built the spectacular 

Englischer Garten in Munich, one of the biggest urban parks in the world, in 1789 on behalf of the 

King of Bavaria. I myself, along with many other people, are quite appreciative to him for that. 

From 1961 until 1966, while I lived and studied in Munich, I rode my bike or went for walks 

around the park virtually daily. Rumford conducted the trials in Munich, which should have 

signalled the end of caloric and rescued Carnot from his one error but had little to no effect. 

Rumford was undoubtedly a top-notch experimenter. To generate the most friction and heat, he 

utilised two horses to crank a brass six-pounder against a blunt borer. "To witness how, without 

fire, such a quantity of cold water could be heated and even brought to boiling," said one bystander. 

After a break in drilling, the same amount of heat might be produced. The heat generated by 

friction "could not possible be a tangible substance" since it is obviously limitless. Additionally, 

there was no indication of any chemical change, thus it was also ruled out as a potential source of 

heat. Rumford calculated the impact of friction: it took one horse two and a half hours of labour to 

elevate 26.58 pounds of water to 180 degrees Fahrenheit. As a result, "equal to 940 British units 

of effort" was one pound heated by one degree. 

How did the concept of caloric persist for fifty years in spite of Rumford's experiments? Rumford 

had plenty of chances to share his discoveries. He split his time between Paris 7 and London from 

1799 until his death in 1814, during which time he undoubtedly participated in several scientific 

conversations. In fact, Sir Humphry Davy was the first speaker when he and Sir Joseph Banks 

founded the Royal Institution of Great Britain in 1799. The phenomenon of repulsion is not reliant 
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on a specific elastic fluid for its existence, or caloric does not exist, according to a 1799 account 

by Davy in which he melted two chunks of ice by pressing them together. Therefore, Davy's 

experiment may have been inspired by his meeting with Rumford. 

Two causes, according to scientific historian Stephen Brush, whose writings have been a huge 

assistance to me, might account for caloric's longevity. Electromagnetic induction was discovered 

by Faraday. These findings supported notions of underlying fluid-type processes as a second 

explanation for the survival of caloric and revealed a profound oneness in the phenomena of nature. 

It was discovered that light and radiant heat might represent transverse vibrations in a fluid ether, 

which is perpendicular to the direction of wave propagation. By example, caloric vibrations might 

still account for heat. 

It is nevertheless astonishing given the generally popular acceptance that science proceeds mostly 

by observation and measurement that Julius Mayer (1814–1878), a German, was the first to 

quantitatively tie mechanical labour to heat after Rumford until 1842. He also was inspired by 

chance. He made the observation that storm-whipped waves are warmer than calm water while 

serving as ship's doctor aboard a Dutch threemaster travelling to Jakarta in 1840. For the first time, 

he began to consider physical rules, although his thoughts were nascent and mostly stated in words 

reminiscent of mediaeval philosophy. However, he received assistance from experts, including a 

dubious professor from his alma college Tubingen who instructed him to shake water ferociously 

to demonstrate that it did in fact raise its temperature. Mayer did so and noted a favourable 

outcome, but another paper the first after Rumford's established a value for what is now known as 

the mechanical equivalent of heat. 

E James Joule's findings had far higher quality and effect (1818-1889). 

He resided in Manchester, the largest industrial city in the world at the time, which attracted no 

less a figure than Friedrich Engels to write his renowned 1845 book The Condition of the 

Underclass in England there. Joule was the affluent brewer's son, and as an adult, he oversaw the 

brewery. Physics was a deeply held interest. The famous scientist John Dalton had taught him as 

a young lad, and he and his brother both were fascinated by electricity. He and his brother liked to 

startle each other as well as the servants. He looked into the potential of using electric motors, 

which had just been created by Faraday's discovery of electromagnetic induction, to replace the 

brewery's steam engines. He also had access to Manchester's exceptional engineering talent, which 

he exploited to build the very precise equipment required in his several significant tests. 

Joule outperformed Mayer in major tests involving the creation of heat not just by friction but also 

by electricity and magnetism thanks to his advantage of this knowledge and skill, both theoretical 

and practical. He conducted direct tests and, starting with one in 1843, reported the findings. Joule 

wrote concise, crystal-clear scientific studies that were devoid of Mayer's verbose philosophy. The 

author of the 1843 article said, "I will waste no time in repeating and expanding these tests, being 

assured that the great agents of nature are eternal and that an exact counterpart of heat is always 

acquired wherever mechanical power is applied." 
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What may result from the most basic premise is well shown by Joule's most well-known work, 

which was published in 1845. In contrast to Mayer, he conducted the experiment. He took 

measurements of both the temperature increase and the quantity of "violent shaking" that 

contributed to it. His device was a brass paddle-wheel spinning horizontally in a water container. 

Weights on pulleys might be used to transmit motion to this paddle. The paddle encountered 

significant resistance as it went through the water, which caused the four-pound weights to drop 

slowly at a rate of around one meter per second. The distance between the ground and the pulleys 

was twelve yards. The pulley was wound 16 times by Joule. 

According to Joule, matter contains "a huge amount of vis viva" (Vis viva was the term used at the 

time to describe the energy attributed to motion). Joule actually pointed out a factor that has a 

significant impact on many aspects of our daily life, such as the price of heating our houses. What 

we perceive as a very little rise in temperature is really the consequence of a significant quantity 

of mechanical energy (a fifth of a degree for the fall at Niagara). It is also depressingly challenging 

to burn off calories, which represent energy. The good news is that a gallon of petrol in the car's 

tank will go us rather far. Carnot was unable to demonstrate the caloric theory's falsity by precise 

direct measurement due to the mechanical equivalent of heat. 

Naturally, five years later, Joule's concise articles garnered far more attention than Mayer's verbose 

writings, which is why Joule after whom an energy unit is named got almost all of the early credit 

for proving the equality of heat and mechanical energy. When the unlucky Mayer learned Joule 

had received the credit, he became upset. Mayer's mental health quickly deteriorated as a result of 

this and the deaths of two of his children in 1848, and in 1850 he made an attempt on his life. He 

was sent to a psychiatric hospital and later released, a damaged man. At least while he was still 

living, his accomplishment was acknowledged. 

For his part, Joule was certain of the importance of his work. He delivered a well-liked talk, which 

was published in the Manchester Courier in May 1847. It exudes the assurance of a man who is 

aware that his research is illuminating the deep workings of nature and God's dominion over them. 

According to him, the Vis viva quality is "one of the most significant properties that matter can be 

endowed with, and as such, it would be ludicrous to believe that it can be destroyed." Because it 

is "clearly ridiculous to think that the capabilities with which God has endowed matter can be 

destroyed any more than that they can be produced by the action of man," 

Joule says that "we find a huge variety of phenomena connected with the conversion of living force 

and heat into one another, which talk in language which cannot be misunderstood of the wisdom 

and beneficence of the Great Architect of nature," inviting his audience to view "the wonderful 

arrangements of creation. 

Conservation of Energy 

Its kinetic energy, T, is thus equal to mv2/2. T is the viva viva, or life force, that Joule was referring 

to without the component 1/2. The bob also possesses potential energy in the earth's gravitational 
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field, V, which is equal to mgh, where h is the height above some nominal level and g is the 

gravitational force. The assertion of energy conservation is unaffected by the fact that h is derived 

from a nominal value, as explain in a minute. Let's start out simply by determining the height of 

the bob starting at position B in  

The total energy, E, is thus equal to E = T + V = 1 2 mv2 + mgh (1) and has a constant value of E 

at all places of motion in line with the concept of energy conservation. At B, the bob's lowest 

position, mgh equals 0 and all energy is kinetic. Anywhere along the line CD, the bob has reached 

rest and is devoid of kinetic energy at the highest point. Every ounce of energy is now potential. I 

haven't even spoken anything of tangible significance yet. The same conclusion would be true if I 

defined the kinetic energy T in any manner such that T = 0 when v = 0 and the gravitational 

potential similarly arbitrarily, but such that it disappears when h = 0, i.e. at B. The fact that the 

connection holds for all actual movements in which friction may be disregarded gives the energy 

conservation principle significant significance. Energy is constantly shifting back and forth 

between its two forms in the swinging pendulum. The right hand side of (1) becomes 1 2 mv2 + 

mg(h + c) = 1 2 mv2 + mgh + mgc if the reference height is changed by adding the constant c to 

h. Because mgc is constant, the constancy of the first two components on the right is unaffected. 

Galileo was plainly unaware of the conservation law's (1) secret and may not have been able to 

demonstrate it. Galileo's pendulum argument was plainly beyond his comprehension. His diagram, 

together with the attachment link at A and the complete picture, remained the tip of an iceberg 

with a lot of buried information for more than a century. Christiaan Huygens, a Dutchman, was 

the first to realise its importance. 

The major feature of it was the earth's motion around the sun, according to Copernicus. That 

unlocked the door to a fresh realm. Copernicus was nonetheless obliged to accept a second, less 

significant motion as a type of corollary: the earth must rotate on its axis, rotating once every 24 

hours, in order to explain the observed daily sweep of the stars across the sky. This theorised extra 

motion, although playing a supporting role, also had significant effects. After Copernicus released 

his book in 1543, many (if not most) intelligent people ridiculed his theories as absurd for almost 

a century. People said that objects on a spinning world simply could not stay updated with the 

enormous speed at which the surface of the planet was rotating in an easterly direction. Church 

steeples would topple to the west, gales would roar past us from the east to the west, and life would 

be impossible. At such rate, the planet could not possibly revolve. 

This was one claim that was made, according on real observation. Imagine a ship anchored in a 

harbour. It is commonly known that if someone drops a cannon ball from near the top of the main 

mast while climbing the mast, it will land on the deck precisely close to the foot of the mast. 

Imagine doing the same experiment when the ship is travelling calmly at sea. It was hypothesised 

that in this scenario, the cannon ball would not fall at the base of the mast but rather some distance 

away from the stern, with the distance increasing as the ship's speed increased. 

Everyone accepted it as true. 
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Galileo's Dialogue Concerning the Two Chief World Systems, which was published in 1632, is 

widely remembered for earning him the anger of the Inquisition. Galileo explicitly declared in his 

work that the purported experimental finding was just untrue. Without even doing the experiment, 

he claimed to be positive that the cannon ball would in both circumstances fall at the base of the 

mast if it were carried out when the ship is perhaps under sail (if travelling smoothly) or moored 

in a harbour. Eight years after the Dialogue's publication, at the Marseille harbour, in 1640, 

Galileo's experiment had its first known test. Galileo was fully justified. It was also recognised 

that the experiment may be conducted while mounted. Cannon balls were thrown by horsemen 

when they rode at great speed while holding one in their hand. The rider could watch the ball 

descend vertically below the hand from whence it was launched until it touched the ground. Such 

incidents caused a commotion. 

Some flies, butterflies, and other tiny flying creatures with you and lock yourself up with a pal in 

the cargo compartment below decks of a big ship. Put several fish in a huge bowl of water and 

hang a bottle from which drops fall into a large vessel underneath it. Watch closely when the ship 

comes to a complete stop and the little creatures fly equally fast to either side of the cabin. The 

fish swim indifferently in all directions, the drops land in the vessel below, and when you throw 

something to a friend, you don't need to throw it as hard in one direction as you would in another 

because the distances are equal. When you jump with your feet together, you also cover equal 

ground in all directions. While you have carefully examined all of these phenomena (though there 

is no question that everything must occur in this manner when the ship is at rest), you may direct 

the ship to move at any pace as long as the motion is constant and does not fluctuate in either 

direction. You won't notice even the slightest variation in any of the aforementioned effects, and 

you won't be able to determine from any of them whether the ship were moving or motionless. 

Even though the ship is moving rather quickly and the floor underneath you will be moving in the 

opposite direction of your leap while you are in the air, you will jump through the same places on 

the floor as previously and won't make longer jumps toward the stern than toward the prow. 

Whether your friend is facing the bow or the stern when you are positioned across from him, you 

won't need to use much more force toss anything his way. Despite the fact that the ship crosses 

numerous spans while the drops are in the air, the droplets will continue to fall as previously into 

the vessel below without falling toward the stern. The fish in the water will move equally easily to 

bait put anywhere around the bowl's edges and will swim toward the front of the bowl with no 

greater effort than toward the rear. Finally, the butterflies and flies will continue to fly carelessly 

in all directions. It won't ever happen that they are concentrated to towards the stern, as if exhausted 

from keeping up with the ship's course, from which they will have been separated for extended 

periods of time by maintaining their airborne position. 

Huygens was enthralled by the idea, but he soon understood that several of Descartes' principles 

were incorrect, so he set out to uncover the right ones. What occurs when two identical, flawlessly 

elastic pool balls meet is governed by the most basic rules. The rules that control how nonidentical, 

mass-different balls collide are far more nuanced. These rules are crucial to this book because they 
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served as the foundation for both the mechanical theory of heat and efforts to comprehend the real 

nature of entropy. Huygens asked what would happen of two identical balls hit head-on at equal 

but opposing speeds to start his thoughts, which were nearly purely theoretical. The balls would 

rebound back against each other with the magnitude of their pre-collision velocities same but 

orientations reversed, as the symmetry of the scenario clearly implies is the only solution. Even 

though billiards has been played for over 200 years, Huygens' valid assumption may have gone 

unreported since symmetric collisions are uncommon in the game. However, if questioned, the 

majority of individuals would have undoubtedly agreed. It has a similar air of self-evident truth to 

Euclid's axioms. In any case, Huygens' idea was that the symmetrical result would be the most 

straightforward illustration of a time-reversal symmetric rule. 

Then he inquired as to what would occur if two similar balls travelling at different speeds collided 

head-on. He was unable to use symmetry defences at this point. Instead, he applied Galileo's cabin 

argument to a boat on a river in Holland rather than a sailing ship in the Mediterranean. Galileo's 

linguistic prowess was so impressive that he didn't use any illustrations to convey his arguments, 

which were in reality about kid-friendly daily activities. Huygens was thinking about specific and 

rather abstract issues and it is obvious that he felt the need for images to support his arguments. 

His posthumously released De Motu Corporum (On the Motion of Bodies) provides the derivation 

of conclusions that he had previously stated in his seminal opus Horologium Oscillatorum on 

pendulum clocks from 1673. 

A guy on a boat is shown in his woodcut, which I have reproduced from the book, clutching two 

hung balls. The boatman brings the balls together at equal but opposing speeds, u and u, relative 

to his base of reference, the boat, as it passes the man standing on the bank at a constant speed 

from right to left. Huygens wants to make it clear that the incident did not occur inside the boat. 

Since it is not connected to the boat, it could as well be happening on the shore. He makes the 

following argument. The guy on the boat is originally holding the balls held at rest in his extended 

arms. Just as he approaches the guy on the bank, they clasp hands and hold the strings together. 

Under the premise that Galileo's relativity principle is valid, Huygens has already been able to 

predict what would occur in a collision of objects travelling at different speeds. Additionally, since 

the boat's speed is arbitrary, Huygens may predict what would occur in all infinitely many 

collisions in which the boat's speed is adjusted between 0 and by making an assumption about a 

single collision and using the relativity principle. In fact, given that the order to be regarded 2v 

with which the balls approach one another might likewise vary from 0 to, he can anticipate a two-

fold infinity of solutions from (2) and (3). 

Huygens then takes on what seems to be a far more challenging issue. The balls were thought to 

be similar and to have the same mass, which made the initial premise of a symmetrical bounce 

seem quite realistic.  Let me briefly review the idea of the center of mass (also known as the Centre 

of gravity), which you probably already know from using a lever. If two weights with masses a 

and b are positioned on each side of the fulcrum at angles of x and y, they will balance if axe = by. 
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The balance will still exist if x is much bigger than y even if an is significantly smaller than b. Of 

course, this is how a little kid can balance an adult on a see-saw and, assuming the lever arm is 

strong enough, how a heavy object may be lifted easily. The center of mass is the location where 

the formula axe = by holds true. With or without a fulcrum, it is defined. Additionally, it may be 

defined for any variety of spatially dispersed point masses. When one sums all the contributions 

of all the masses, there is "balance" regarding all three spatial directions at the center of mass. 

Now, let me explain Huygens' solution to the collision issue caused by uneven masses. This is 

where it makes sense, in my opinion, that the suspension point of Galileo's pendulum (Figure 2, p. 

000) is only the top of an iceberg. Huygens observes that regardless of the curve along which it 

swings, the speed that the pendulum bob has at its lowest point is always adequate to propel it up 

to the same height. This is granted that air resistance and friction can be disregarded. Furthermore, 

it is limited in height. 
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By changing an external parameter, mechanical work is defined as a transferring energy to the 

system. The only energy that enters the system through external macroscopic forces is work. 

Consider the mechanical work done on a gas as a result of a reversible, tiny volume change: dV = 

adx, where an is the piston's active area. In an equilibrium state, F = P an is the relationship between 

the external force F and the pressure P.When the location of the wall is changed by dx for an 

infinitesimal process, work W is performed:  

W = F dx = P dV, W = P adx. (3.1) 

The total work done is W = V2 V1 P dV for a system transformation over a finite reversible route 

in the equation-of-state space (i.e. for a process with finite change of volume). 

Heat 

When no physical work is done, or when W = P dV disappears, energy is transported in the form 

of heat in a system. Compare (3.1). (3.1). It is also thought that other types of energy, such as 

magnetic, electric, gravitational, etc., are constant. A thermodynamic process known as heat 

transfer involves the transmission of energy via the thermal agitation of the component particles. 

In actuality, one requires heating factors, such as a flame, to complete the task. It assume two 

isolated systems with temperatures TA and TB such that TA > TB as an illustration of a process 

where only heat is transmitted. Without moving the wall between the two systems, they are brought 

together. Since the temperatures are different, no work is done as the energy passes through the 

static wall without changing the volume of the system. In these circumstances, heat is the energy 

that is transported from A to B. Capability for heat. A system's temperature increases 

proportionately by an amount T if it absorbs a quantity Q of heat: Q = CT. (3.2)  

The radiometric constant C is a substance's heat capacity (W armekapazit at).  It is a large amount. 

Particular heat. The intense heat capacity c might take many several shapes: each particle Per-mole 

C/N: C/n per volume unit: C/V.The calorie, or its counterpart, the joule, is the unit of heat. 

Internal Energy 

Although the words "heat" and "temperature" are sometimes used interchangeably, this use is 

incorrect. Think about applying the same quantity of heat energy to two different bodies. Despite 

the fact that the two bodies are composed of the same material, the temperature change will 

probably be different in each (but are different size). The heat capacity (C) of the material is what 
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causes this temperature difference. In other words, a substance with a low heat capacity (small C 

value) will experience a sharper increase in temperature upon input of a fixed amount of heat 

compared to a substance with a high heat capacity. Heat capacity measures a material's ability to 

store or release heat without changing temperature (large C value). Trends in conductivity and 

trends in heat capacity have an intriguing relationship; materials with high heat capacities tend to 

be excellent electrical insulators, while those with low heat capacities tend to be strong conductors 

of electricity. This is how heat capacity is expressed: 

The capacity for heat is affected by two elements. C rises as the mass (m) of the substance 

increases. The intrinsic structure of matter, including its intramolecular forces and intermolecular 

interactions (which define its phase), also affects its capacity for heat (defining its bonding). The 

term "specific heat" (S.H.) of a material refers to these intrinsic contributions, which might be 

substantial or independent of the quantity of matter present. The amount of energy needed to 

increase the temperature of one gramme of material by one degree is measured as specific heat. 

S.H. is given using one of two chosen energy units depending on the application. On the left, a few 

illustrations are shown. By dividing these values by the molar mass of the substance, one may 

convert them to molar specific heats, as in the case of liquid water: 4.184 (J g-1 oC) divided by 

18.016 (g mol-1) results in 75.38 (J mol-1 oC). 

Because of the very strong intermolecular interactions that hold water molecules together in a 

liquid, H2O has a high specific heat. The considerable difference in the electronegativities of the 

bound O and H results in this phenomena, which is known as hydrogen bonding (this phenomenon 

also occurs when other highly electronegative elements, namely F and N, are bonded to H). A net 

negative area forms in the molecule as a result of the more electronegative oxygen atom drawing 

electron density. The hydrogens are now electron-deficient and make up a net positive area. A 

highly structured environment is created in a bulk sample by the negative ends of water molecules 

drawing and aligning with the positive ends of their neighbours. These so-called hydrogen bonds 

must be broken with a lot of energy (44 kJ per mole), allowing water to easily transition from a 

liquid to a gaseous state. The input heat energy is disseminated throughout the liquid by increasing 

the rotations, vibrations, and (mostly) translations of individual water molecules before the 

commencement of unrestricted phase transition, which we refer to as boiling. Water is a highly 

efficient temperature regulator (taking in enormous amounts of heat with tiny temperature change) 

and is thus crucial to temperature control in processes as varied as internal combustion engines 

and climate systems since so many of these storage modes are accessible. Despite the planet's 

extensive exposure to solar radiation, the large volume of water on Earth keeps daily temperature 

variations to a maximum of around 20 degree Celsius.  

The reverse happens at night, when Earth's oceans slowly release the heat energy they've been 

storing into the atmosphere in order to maintain relatively constant temperatures in the absence of 

sunshine. Compare this to the Moon, which is located at the same distance from the Sun as Earth 

but lacks any bodies of water. The temperature may shift by up to several hundred degrees Celsius 

from night to day. It is difficult to determine what effect such significantly fluctuating temperatures 
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has had on the emergence of life on Earth if such enormous amounts of water were absent.  q 

Represents the heat energy. For q, a crucial sign convention has been provided to distinguish 

between the addition and removal of heat. A system is losing heat energy if q is negative. It is 

known as exothermic process. The process is known as endothermic when q is positive and energy 

is introduced into the system. Systems capable of exchanging heat energy are those in thermal 

touch with their environment. According to the First Law's conservation of energy, the system's 

thermochemical processes cause energetic changes in the environment. An endothermic system 

absorbs energy from the environment (qsys > 0, qsurr 0), while an exothermic system deposits its 

released energy into the environment (qsys 0, qsurr > 0). The relationship: measures the system's 

heat exchange. 

Represents the heat energy. For q, a crucial sign convention has been provided to distinguish 

between the addition and removal of heat. A system is losing heat energy if q is negative. It is 

known as exothermic process. The process is known as endothermic when q is positive and energy 

is introduced into the system. Systems capable of exchanging heat energy are those in thermal 

touch with their environment. According to the First Law's conservation of energy, the system's 

thermochemical processes cause energetic changes in the environment. An endothermic system 

absorbs energy from the environment (qsys > 0, qsurr 0), while an exothermic system deposits its 

released energy into the environment (qsys 0, qsurr > 0). The relationship: measures the system's 

heat exchange. 

A process that is endothermic (q > 0) always leads in an increase in temperature (Tf > Ti), while a 

process that is exothermic (q 0) always causes a reduction in temperature (Tf Ti, since m and S.H. 

are intrinsically positive). This equation also demonstrates that a temperature change is inversely 

related to sample mass for a given quantity of heat energy. Consider, for instance, that each of 

three copper blocks with the following masses received 725 J of heat. Blocks 1 and 2 each contain 

10.0 g, whereas Block 3 has 20.0 g. The blocks' temperature will fluctuate in the following ways: 

(Remember that adding heat means that the energy is positive.) The aforementioned illustration 

demonstrates how doubling a material's bulk reduces its temperature change by 50%. Next, 

imagine removing 1.00 kJ of heat from three materials with the same mass: 50.0 g each of H2O, 

Al(s), and Au (s). Each will suffer a distinct temperature change as a result of the variations in 

their individual heat capacities: 

(Take note that the elimination of heat implies a negative q value, and that q must be stated in J 

for correct dimensional analysis.) The relationship: is used to determine the ultimate temperature. 

Assuming that the initial temperature of all three is 25.0 oC, removing 1 kJ of heat from 50.0 g of 

each would result to Tf values for H2O(l), Al(s), and Au(s) of 20.2 oC, 2.8 oC, and -130 oC, 

respectively. 

Let's say that in an adiabatic container, a 125 g block of iron heated to 65.0 oC is put in thermal 

contact with a 215 g block of copper heated to 20.0 oC. As stated by the first law: 
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As only between them can heat be transferred, qsys = qFe + qCu = 0. 

qCu - qFe 

Up until a temperature Tf is attained, the colder block heats and the hotter block cools. The two 

blocks would stay at Tf for all time if the system is completely insulated. The heat capacity formula 

may be substituted to get this equilibrium temperature: Under the above circumstances, the 

equilibrium temperature of two separated metal blocks would be 38.1 oC. 

Work and Internal Energy 

Concerted motion, which consists of particles moving uniformly in one direction, may be 

harnessed to provide energy for labour (w). On the other hand, energy may be employed to create 

net motion or perform work on a system. Processes that may create or demand work include 

electrons flowing through a charge, coiling or uncoiling a spring, and compressing fluids 

(hydraulic action). In this session, we'll look at a fourth sort of work termed PV-work, which causes 

a gas to expand or contract in response to an outside resistance. 

The aforementioned notation may benefit from some clarity. An opposing force to the internal 

pressure of a gas sample is the external pressure. Pext is often provided by the environment, for 

example, when evaporation prevents an H2O from evolving into an H2O (g). The picture on the 

left, which shows a gas contained inside a cylinder by a moving piston, provides a more illustrative 

example. The piston is pulled back and increases the gas volume when Pint > Pext (while its Pint 

lowers in accordance with Boyles' Law). When Pint = Pext, the piston stops. Given that Vf > Vi, 

w 0, we conclude that the gas is doing the work. Think of the situation where Pint Pext. As it 

advances inward, the piston builds up internal pressure until the two pressures are equal. Here, w 

> 0 and Vf Vi. In this instance, we say that the gas has undergone labour. The pressure-volume 

product's unit analysis reveals that it has the same properties as energy: 

The same result is obtained by state functions regardless of the path followed as from initial to the 

final state. Consider measuring volume changes as an example. The number of ways in which the 

volume of a jar may be modified from its initial volume to a final volume by adding and/or 

withdrawing water in various aliquots is almost endless. No matter how several intermediate stages 

are completed, the volume change will always be the same. How much of chemistry is quantified 

in a relative sense, or as the difference between two absolute values, is very amazing. State 

functions have a significant impact on difference measures. Consider calculating a chemical 

reaction's energetics. Energy would need to be measured at each stage of the process, including 

the breaking of the reactant and product bonds, if it weren't a state function. Furthermore, energy 

is widespread (or extrinsic), which means that it scales in accordance with the quantity of material 

present. Volume, pressure, and mass are further extensives. If a quality is intense (or intrinsic), it 

means it doesn't rely on how much material is there. The temperature and matter's density are 

intensives. 

Analyzing a gas that is being heated when being compressed using a state function. 
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The link between a system's internal energy and the heat and work it exchanges with the 

environment is as follows: 

E = q + w 

(For this discussion, the sort of labour will be limited to gaseous, PV-type.) Curiously, neither q 

nor w are state functions. They are path-dependent, which means that the magnitude of their values 

depends on the direction of the heat and work transfer. But when they come together, they create 

E, which is independent of how the system is put up. As a result, there is a relationship between 

heat and work that we will now try to go further into. The internal energy expression is simplified 

to: If a system is heated at constant volume, there is no potential for expansion work to happen. 

Where qV is the heat at constant volume and E = qV 

qV = CVT 

Be aware that because to the constant-volume constraint, the heat capacity must be stated as a 

specific empirical value: the constant volume heat capacity (CV). We shall also determine the 

constant pressure heat capacity under constant pressure circumstances (CP). Laboratory chemistry 

occurs in a setting that is ideal for research under the constant atmospheric pressure, and there, we 

are needed to incorporate the work term with in internal energy expression. There is an intrinsic 

propensity for expansion when a gas is heated under steady pressure. As a consequence, a part of 

the endothermic heat energy introduced into a system is returned to the environment as expansion 

work instead of being stored as internal energy. 

Be aware that because to the constant-volume constraint, the heat capacity must be stated as an 

intriguing value: the constant volume heat capacity (CV). We shall also determine the constant 

pressure heat capacity under constant pressure circumstances (CP). Laboratory chemistry occurs 

in a setting that is ideal for research under the constant atmospheric pressure, and there, we are 

needed to incorporate the work term in the entropy expression. There is a natural propensity for 

expansion when a gas is heated under steady pressure. As a consequence, a part of the endothermic 

heat energy introduced into a system is returned to the environment as expansion work instead of 

being stored as internal energy. Consider a 1.00 mole sample of argon gas that fills a balloon at 

STP and has a molar constant pressure heat capacity of 20.79 J/(oC mole) (standard temperature 

and pressure of 0.00 oC and 1.00 atm pressure). Let's say the helium is heated to 50 o. The gas's 

internal energy changes as follows: 

Similar to how a system cools and contracts during a constant-pressure exothermic process, part 

of the heat lost is recovered when the environment exerts pressure on the system to cause it to 

shrink. Materials heated or cooled at constant volume will suffer a bigger temperature change than 

they do at constant pressure because they lack the expansion/contraction process. This debate 

suggests that CP always triumphs over CV. 
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Why then do we even need a constant-volume heat capacity? Let's examine the unique situation 

of an ideal gas experiencing a change in its capacity and heat content to provide a response. We 

shall divide the procedure into two stages (which we are allowed to do because of the properties 

of a state function). Isothermal expansion occurs first, then continuous volume heating comes next. 

We start by changing the volume in an isothermal (constant temperature) manner. Since the perfect 

gas abides by kinetic theory, none of its component particles possess any kind of interactional 

potential energy. The temperature (and mass) of the particles affects how much kinetic energy they 

have. The gas particles will be pushed closer together or spread farther apart while keeping their 

same average velocities if the gas is permitted to expand or contract isothermally. There is no 

change in internal energy as a result of their relocation since they lack potential energy (energy of 

position). Thus, as the ideal gas increases volume while maintaining a fixed temperature, there is 

no change in internal energy. Let's now look at the constant volume leg. The constant-volume heat 

capacity may be used to calculate the energy shift in this situation. We draw the following 

conclusions for an ideal gas as this leg is the only one to contribute to the internal energy: 

CVT + optimum gas 

We may thus utilise the constant-volume heat capacity to track all of an ideal gas' energetic 

activities in the exceptional situation. A perfect gas must cool as it expands its work energy since 

it expands adiabatically (allowing no heat exchange). As a gas with CV = 12.47 J/oC doubles its 

volume adiabatically in opposition to air pressure, the following temperature change is observed: 

Wideal gas = ideal gas + CVT 

T = -(PextV)/CV = - ((1 atm) ((2 atm) ((101.3 J/L atm)))/12.47 J/oC = - 16.2 oC 

Consider the unique situation of an ideal gas going through an isothermal process. We infer that E 

= 0 since T = 0. In other words, the ideal gas's internal energy doesn't change until its temperature 

does. Because the internal energy of an ideal gas undergoing isothermal expansion or contraction 

remains constant: Gas optimum for isothermal processes equals zero. Wide gas equals ideal gas 

Heat and labour operate in opposing ways to keep the internal energy of the ideal gas at the same 

level, as the final line above demonstrates. Heat energy must be provided to make up for this loss 

if the gas is expanding since it is using energy to push back its opposing force (and maintain its 

temperature at the same value). For instance, an ideal gas must absorb the following amount of 

heat to isothermally double its volume against atmospheric pressure: 

The formula is: qideal gas = 

- wideal gas = -(-Pet) = + 1.00 atm 2.00 L 101.3 J/(L atm) = +203 J. 

Work 

In thermodynamics, a system's work is defined as the energy it transfers to its environment. Energy 

is a component of work, but it is potential in motion. Work is a procedure carried out by or through 
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a system; a system does not include work. In general, the impact of a force on an item across a 

distance is referred to as work for mechanical systems. 

w = f . d 

Where: 

W = work (J) 

f = force (N) 

= displacement (m) 

PΔV Work 

When a system's volume V changes, pressure-volume work (also known as pV Work) takes place. 

The area beneath the process curve displayed on the strain diagram corresponds to the pV Work. 

It's also called "border work." In order to move the boundary surface, a force equal to the pressure 

times the surface temperature is exerted on it by the mass of the material inside the system 

boundary. When a system's volume V changes, boundary work (also known as pV work) takes 

place. In a closed system, it is utilised to compute piston displacement work. This occurs when the 

piston in a piston-cylinder mechanism is forced to move by the expansion of steam or gas within 

the device. 

A thermodynamic system goes through a number of intermediate stages as it transitions from an 

initial state to a final one. This chain of states is referred to as a route. These intermediate states 

may exist in an unlimited number of distinct ways. The route may be seen on a pV-diagram after 

they are all in their equilibrium states. Among the most crucial findings is that: 

The system's work is dependent on the route as well as the starting and ending states, or the path's 

intermediate stages. While Eint is path-independent, Q and W are path-dependent. The p-V graphic 

illustrates how work is a direction variable. The pV is represented by the blue region. From a start 

point I to a final state (f), a system works. Work W is advantageous because the system's volume 

rises. The second phase demonstrates that there is more effort involved, depending on the direction 

the process takes. 

Additionally, we may put the system through a sequence of states that create a closed loop, such I 

f i. Although the system's overall work product is not zero in this instance, the end state is exactly 

the same as the beginning state. A high score for work shows that the system is active in its 

environment. A negative number indicates that the system's surroundings are working on it. 

Work In Thermodynamic Processes 

Pressure-volume work is defined as the alteration of a system's volume (V). A quasi-static process 

is a thermodynamic event that takes place in a closed system when the rate of compaction is slow 
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enough for the pressure (P) to stay constant and uniform across the system. Work (W) is expressed 

in this instance as: 

W = PdV, where W is the system's infinitesimal increase of work and dV is its infinitesimal 

increment of volume 

W is the work that the system does over the full reversible process, and W = PdV. 

Process Isobaric 

In this process, the size of the system changes because the pressure (P) is constant. Calculating the 

work (W) done is as simple as W = P. (Vfinal - Vinitial). 

The work done is positive if V is positive (expansion). The work completed when V is negative 

(contraction) is negative. 

Process of Isochorism 

In an isochoric process, the volume doesn't change. As a result, the system accomplishes no work 

(because V = 0, P = 0, and W = 0). Placing a thermostatic system in a closed container that neither 

shrinks nor expands will result in a process where there is no change in volume. As a result, for an 

isochoric process, the change in the internal energy equals the heat transmitted (Q = U + W; U = 

Q) according to the first rule of thermodynamics. 

Although it is an energy form, heat is energy in motion. Heat is not a system's property. However, 

a temperature difference causes the energy to be transmitted as heat to take place at the molecular 

level. Q is a common symbol used to indicate how much heat is transmitted during a 

thermodynamic process. In general, heat will transfer between two things when they come into 

thermal contact until they reach an equilibrium state. When there is a temperature differential, heat 

will flow naturally from the warmer to the colder system. Heat is the quantity of energy that flows 

spontaneously from one body to another as a result of their different temperatures, while internal 

energy refers to the total energy of all the molecules inside the thing. Although it is an energy 

form, heat is energy in motion. Heat is not a system's property. However, a temperature difference 

causes the transfer of energy as heat to take place at the molecular level. 

Zeroth-law-of-thermodynamics-heat 

Consider an object made of atoms that are vigorously bouncing about their typical locations at 

high temperatures. The atoms still vibrate at low temperatures, although less vigorously. When a 

hotter block of metal touches a cooler block, the intensively oscillating hotter block's edge atoms 

release their kinetic energy into the less intensely oscillating cool block's edge atoms. In this 

instance, energy is transferred between the two blocks, and heat is transferred by these random 

vibrations from the hotter to the cooler block. 

In general, heat will transfer between two things when they come into thermal contact until they 

reach an equilibrium state. When there is a temperature differential, heat will flow naturally from 
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the warmer to the colder system. Thermal radiation or conduction are the two methods of 

transferring heat. They are considered to be at that temperature after the heat flow ceases. Then, it 

is stated that they are in thermal equilibrium. 

Like with labour, the route determines how much heat is transmitted rather than only the system's 

beginning and ultimate state. The gas may be transported from state I to state f in a variety of ways. 

It's crucial to differentiate between heat that is withdrawn from a system's surroundings and heat 

that is introduced to it, just as it is with labour. Q is positive when heat is introduced to the system 

and negative when heat is removed. Since the system's work is represented by W in the equation, 

if a task is performed on the system, W will be negative and Eint will rise. 

When referring to the amount of heat given to or withdrawn from a unit per unit mass, the sign q 

is sometimes employed. It is equal to the mass divided by the total amount of heat (Q) supplied or 

withdrawn (m). These three qualities may be distinguished from one another with the use of the 

kinetic theory. The kinetic energy of a material's molecules and temperature are connected. It is 

the kinetic energy on average of all molecules. The sum of the energies held by every single 

molecules within an item is referred to as internal energy. When two hot steel ingots of similar 

mass are at the same temperature yet have two times as much internal energy as one, this is an 

extended attribute. Finally, heat is the energy that spontaneously transfers from one body to the 

due to a change in temperature. When there is a temperature differential, heat naturally transfers 

from the warmer to the colder system, thus it must be provided. Thus, even though the exergy of 

the 20°C cubes is significantly bigger due to the fact that there is so much more of it, heat flows 

from the 5 kilogramme cube of steel at 100°C to the 500 kg cubic of steel at 20°C. Thermodynamic 

equilibrium is a notion that is very significant. In general, heat will transfer between two things 

when they come into thermal contact until they reach an equilibrium state. 

Heat Capacity 

The addition of heat affects various substances in varying degrees. Various materials' temperatures 

rise by different amounts when a given quantity of heat is applied to them. The heat capacity C of 

an item is the proportionality constant between the amount of heat Q that the object gains or loses 

and the corresponding change in temperature T of the object. 

C = Q / ΔT 

Because heat capacity is a broad feature of matter, it depends on the size of both the system. Energy 

per degree or energy per kelvin is the unit for heat capacity C. The heat capacity is reduced by the 

quantity of material, mass, or volume when describing the same phenomena as an intense attribute. 

As a result, the amount is unrelated to the size or scope of the sample. 

Particular Heat Capacity 
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The term "specific heat capacity" refers to a substance's heat capacity per unit mass (cp). The heat 

capacity and specific heat capacity are applicable when the heat is supplied or withdrawn at 

constant pressure, as indicated by the subscript p. 

Particular Heat Capacity 

The intense characteristics cv and cp for pure, simple compressible substances are specified in the 

Ideal Gas Model as partial derivatives of internal energy u(T, v) and enthalpy h(T, p), respectively: 

Constant Volume & Constant Pressure Specific Heat 

Where the variables kept constant throughout differentiation are indicated by the ̂ v and p. The 

terms "specific heats" relate to the characteristics cv and cp (or heat capacities). They link a 

system's temperature change to the energy contributed by heat transfer under certain, particular 

circumstances. They use J/kg K or J/mol K as their SI units. Gases have two recognised specific 

heats: constant volume (cv) and constant pressure (cp). 

Ideal gas molar specific heats 

The molar specific heat for a constant volume process with a monatomic ideal gas will be, in 

accordance with the first rule of thermodynamics: 

Cv = 3/2R = 12.5 mol K J/mol 

Because, 

U = 3/2nRT 

The molar calorific value at constant pressure may be calculated to be: 

Cp=Cv+R=5/2R=20.8 J/mol K 

This Cp is more than the mole specific heat at constant volume Cv because energy will now be 

given to the gas in order for it to do work due to the gas's altered volume in addition to raising its 

temperature. 

Latent Heat of Vaporization 

In general, a certain amount of energy is required for a substance to transition from molten state 

or from liquid to gas. This quantity of energy, commonly referred to as the (latent) heat of 

vaporisation or heat of evaporation, is the enthalpy of vaporisation (symbol: Hvap; unit: J) in the 

event of liquid to gas phase shift. The heat added to or withdrawn from a material to cause a phase 

shift is known as latent heat. The energy required to expand the gas (the p-V work), which breaks 

the intermolecular attraction forces, must come from this source. There is no change in temperature 

when latent heat is introduced. The pressure at which the transition occurs affects the enthalpy of 

vaporisation. 

Water at 0.1 MPa: Latent heat of vaporization (atmospheric pressure) 
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kJ/kg = 2257 hlg 

Water's latent heat of vaporisation at 3 MPa (pressure inside a steam generator) 

1795 kJ/kg for hlg 

Water's latent heat of vaporisation at 16 MPa (pressure inside a pressurizer) 

kJ/kg = 931 hlg 

While the boiling point rises with pressure, the heat of vaporisation decreases. At a certain point, 

known as the critical point, it fully disappears. The material is referred to be a supercritical fluid 

when the liquid and vapour phases cannot be distinguished above the critical point. 

The amount of heat needed to fully evaporate a unit of saturated liquid is known as the heat of 

vaporisation (or condense a unit mass of saturated vapor). Its formula is hlg = hg hl. 

The heat of fusion, which is equal to hsl = hl hs, melts (or freezes) a unit mass of a material under 

constant pressure. Here, hs is the enthalpy of a saturated solid, and hl is the enthalpy of a saturated 

liquid. 

Exchange of heat and work between two interacting systems 

When two thermodynamical system are uncorrelated and noninteracting, or independent, the 

quantity of heat or work transmitted from one system to the other is equal to the heat or work 

received by the other system. Our context changes this image for heat exchange but not for the 

transferred work due to the interactions and correlations between S and B. The infinitesimal works 

carried out by S and B are in fact achieved as by substituting equation into equation. 

The work that system S or system B absorbs or releases depends on the scalars S, B, which is 

similar to the non-gauge-invariance property of work9. However, we always have 

The subadditivity of the von Neumann entropy  in the case of a compound system SB (we use B 1 

for the Boltzmann constant throughout the study) indicates that the shared knowledge is never 

negative. The complete correlations (classical and quantum) that the two subsystems S and B share 

are described by mutual information. It seems sense that if S and B have stronger connections, 

then will also be stronger.  

Since the whole system SB is considered to be closed, it develops unitarily and its von Neumann 

entropy SB is constant across time (even if its Hamiltonian depends on time). As a result, dividing 

equation produces with the understanding that SB's starting state is uncorrelated (i.e., (0) = 0), one 

may integrate both sides of this equation in the time range leading to as found in reference. 

According to this connection, the sum of the total fluctuations of the entropies of S and B is always 

nonnegative as long as one observes subsystems S and B locally and their starting state is devoid 

of any correlations. This characteristic may be seen as a particular instance of the second law of 

thermodynamics for the compound system SB. 
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In typical nonequilibrium systems, "temperature" is not a well-defined quantity, in contrast to 

equilibrium thermodynamics (see, e.g., refs 24 and 25 for some recent discussions). However, one 

may add a time-dependent pseudo-temperature at a constant "volume" (V) and "number of 

particles" (N) by using the internal energy and the von Neumann entropy via this resembles the 

traditional, equilibrium notion in certain ways.  It is not always evident how to define V and N in 

general quantum systems (or other relevant thermodynamic properties). Additionally, we deal with 

the partial derivative rather than the ratio of two total derivatives (), which might represent distinct 

values, when thermodynamic equilibrium is present. The free parameter S (and B), taking into 

account equations (15) and (16), would likewise show up in the pseudo-temperature. Therefore, 

unless certain circumstances apply, it is generally not advisable to anticipate that the pseudo-

temperature will have a clear relationship with the equilibrium temperature. In later instances, we 

clearly demonstrate how, in certain circumstances, the pseudo-temperature may relate to the 

equilibrium temperature by setting the scalar S in accordance with the thermodynamic 

characteristics of the system in question. 

---------------------------------- 
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Though they seem to be easy to express, the principles of thermodynamics have profound effects. 

According to the first law, if heat is considered to be a kind of energy, then the entire energy of a 

system, including its surrounds, is conserved, meaning that the total energy of the system stays 

constant. By taking into account the flow of energy across the barrier separating a system from its 

surroundings, the first rule is put into practise. Think about the traditional illustration of a gas 

contained in a cylinder with a moveable piston.  

The moveable piston serves as a mechanism for the gas to conduct work by expanding against the 

force keeping the piston (assumed frictionless) in place. The cylinder walls serve as the barrier 

separating the gas within from the outside environment. A net flow of energy W Q over the 

boundary to the surroundings results if the gas exerts work (W) while expanding and/or absorbs 

heat (Q) from its surroundings via the walls of the cylinder. The internal energy of the gas must 

fluctuate in a counterbalancing way so that U = Q W (1) in order to maintain the total energy U. 

The first law establishes a form of rigid energy accounting system in which the difference between 

deposits (Q) and withdrawals (U) matches the change in the energy account (U) (W). The 

difference between the amount U and the associated energy values Q and W is significant. It is 

said to be a state function because any change in energy is entirely determined by the initial I and 

final (f) states of the system because the internal energy U is characterised entirely by the quantities 

(or parameters) that uniquely determine the state of the system at equilibrium: U = Uf Ui. Q and 

W, however, are not state activities.  

Similar to the example of a balloon that bursts, the gas within may exert no effort at all or exert 

the greatest amount of effort by expanding inside a cylinder with a moveable piston to achieve the 

same ultimate condition. All that must happen is for the energy change (U) to stay constant. By 

example, several combinations of deposits and withdrawals might result in the same change in a 

person's bank account. Since their values rely on the specific process (or route) joining the same 

beginning and ending states, Q and W are not state functions. It is only meaningful to talk of the 

internal energy of a system rather than its heat or work content, just as it is more meaningful to 

speak of the balance in one's bank account than its deposit or withdrawal content. 

The equivalent incremental increases in heat and work, d′Q and d′W, are not accurate differentials 

since their definite integrals rely on the route taken, but the incrementalism dU in internal energy 

is (see differential equation). A accurate mathematical definition of thermodynamic may greatly 

benefit from the use of these ideas. Energy is always conserved, meaning it cannot be generated 
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or destroyed but may be moved from one form to another, much like mass. The term "internal 

energy" refers to the kinetic and potential energy that is associated with the system's molecules 

and is defined as a thermodynamic feature of the system. 

 

Numerous energy transfers and conversions occur after every change in a system caused by the 

interplay of heat, work, and internal energy. However, there is no net change in the overall amount 

of energy throughout these exchanges. The first law of thermodynamics also confirms that heat is 

a kind of energy. It indicates that the principle of energy conservation governs thermodynamic 

processes. The Law of Conservation of Energy is another name for the fundamental law of 

thermodynamics. 

The internal energy is a state variable that exists in a thermodynamic system at equilibrium (E). 

The difference in heat transfer into and work performed by two systems is equal to the change in 

internal energy between the two systems. The universe's energy is constant, according to the 

fundamental rule of thermodynamics. It cannot be generated or destroyed, but it may be 

transmitted between the system and its surroundings. The law essentially deals with how labour 

and heat transport cause changes in energy states. It redefines the idea of energy conservation. 

According to the First Law of Thermodynamics, heat is a kind of energy, and as a result, 

thermodynamic processes are governed by the idea of energy conservation. Heat energy cannot be 

generated or destroyed, hence this implies. But it can be moved from one place to another and 

changed into and out of various types of energy. 

We may use the prevalent illustration of a heat engine to assist you comprehend the First Law. In 

a Heat engine, thermal energy is transformed into mechanical energy, as well as the other way 

around. Most heat engines fall under the open system category. A heat engine's fundamental 

operating concept is that it utilises the many correlations between heat, pressure, and size of a 

working fluid, which is often a gas. A gas may sometimes transition from a liquid to a gas and 

back again. 

Equation for the First Law of Thermodynamics 

The first law of thermodynamics' equation is as follows: 

ΔU = q + W 

Where, 

U stands for the system's internal energy change. 

q is the algebraic total of heat transmission from the system to its surroundings. 

W stands for the system's interaction with its environment. 

Energy (E) for an isolated system is always constant. 
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Internal Energy is a system's point function and characteristic. While specific energy is an intense 

characteristic, internal energy is a broad attribute (depending on mass) (independent of mass). 

The internal energy of an ideal gas depends exclusively on temperature. 

Several examples 

A. The pressure of a gas in a system is constant. A 45 J heat loss occurs in the area around the 

system. 450 J worth of work are applied to the system. Find the internal energy of the system. 

Solution: 

ΔU = q+w 

ΔU = 45J + 450J 

ΔU = 495J 

In general, it is vital to take into account the link between the environment and the system if we 

want to identify the internal energy, which is represented by U. The law already tells us that energy 

neither creates nor destroys itself. As a result, we may infer that whatever the environment loses, 

the system will gain. Additionally, the region will reduce the temperature and exert some effort on 

the system. Therefore, if we examine q and w in the equation, they are positive. This is mostly 

because the system is becoming hotter and doing work on itself. 

First Law of Thermodynamics Limitations 

For instance, when a metallic rod becomes heated at one end but not the other, and vice versa, the 

first rule is unable to explain why heat moves from hot end to cold end. Only the transmission that 

occurs throughout this phase is measured by the first law. The criteria for determining whether 

particular processes are feasible are provided by the second law of thermodynamics. We'll use an 

illustration to help us comprehend the idea better. 

The First Perpetual Motion Machine (PMM1) 

A machine that can continually produce mechanical work without using any energy at the same 

time cannot be built. The perpetual movement machine of the first kind is a hypothetical device of 

this kind. These kinds of devices are unreal and go against the first rule of thermodynamics. 

Thermodynamics' First Law for a Closed System 

The sum of the pressure that is applied and the volume that changes as a result of that pressure 

produces the work for a closed system: 

w = − P ΔV 

Where P denotes the system's constant external pressure and V denotes the system's fluctuating 

volume. This kind of job is known as "pressure-volume" work. 
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Depending on the work interaction that occurs across a system's boundaries, its internal energy 

may either rise or decrease. If work is done on the system, internal energy would rise, and if project 

is finished by the system, internal energy would fall. The system's internal energy is altered by any 

thermal interactions it has with its environment. However, since energy is a constant (according to 

the first rule of thermodynamics), there is never a net change in internal energy. In the event that 

the system loses energy, the environment absorbs it. When energy enters a system, it is assumed 

that the energy was discharged by the environment: 

Usystem = Uenvironments 

Where System is the change in the system's total internal energy and Surroundings is the increase 

in the environment's total energy. 

State Variables 

The macroscopic elements that decide a system's thermodynamic equilibrium state are known as 

thermodynamic state variables. State variables cannot adequately represent a system that is not in 

equilibrium. Additional categories for state variables include intense and extensive variables. 

While extensive variables rely on system characteristics like volume, energy, internal energy, etc., 

intensive variables, like pressure and temperature, are independent of those dimensions. 

The First Law of Thermodynamics is a thermodynamic adaptation of the Law of Conservation of 

Energy. "The total energy in a system stays constant, even when it may be transformed from one 

form to another," is a straightforward expression. "Energy cannot be generated or destroyed" is 

another often used phrase (in a "closed system"). This is the fundamental tenet of the First Law, 

while there are several nuances and consequences that may be better expressed in more intricate 

forms. 

It differentiates between heat and thermodynamic work as two different types of energy 

transmission for a system with a constant quantity of matter. The legislation also specifies a 

system's internal energy, a broad attribute for accounting for the system's energy balance. 

According to the rule of conservation of energy, any isolated system that is unable to interchange 

energy or matter will always have a constant total energy. Energy cannot be generated or 

destroyed, but it may be changed from one form to another. It is common to formulate the first law 

of a thermodynamic process. 

 display style Delta U=Q-W, where Delta U denotes the change in internal energy of a closed 

system (for which heat or work through the system boundary are possible, but matter transfer is 

not possible), Q denotes the amount of energy supplied to the system as heat, and Delta U denotes 

the amount of thermodynamic work done by the system on its surroundings. 

The equivalent statement is that first-generation perpetual motion machines cannot exist because 

the work W that a system performs on its environment causes the system's internal energy U to 

decrease or be consumed, and the amount of internal energy that is lost as a result of that work 
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must be replaced as heat Q from an external energy source or as work from a third-party machine 

acting on the system (so that U is recovered) in order to keep the system running continuously. 

The cosmos serves as an example of the ideal isolated system, which is often solely utilized as a 

model. The study of internal chemical or nuclear processes, as well as transfers of matter into or 

out of the system, is necessary for many systems in practical applications. For these reasons, open 

systems, closed systems, and other categories are all defined by thermodynamics. 

Thermodynamic approach 

Every time heat is used to generate work, the amount of heat consumed is proportionate to the 

amount of work completed; on the other hand, an equivalent amount of heat is produced when an 

equal amount of labour is expended. 

The rule was also stated by Clausius in another way, mentioning the internal energy as a function 

of the system's state and expressing it in terms of a differential equation for thermodynamic process 

increments.  

The increase in internal energy in a thermodynamic process involving a closed system is equal to 

the discrepancy between the system's heat accumulation and work output. The value of a system's 

internal energy is not specifically stated since it is defined in terms of increments. It is only 

specified up to a freely chosen additive integration constant, which may be changed to provide 

freely chosen reference zero levels. This non-uniqueness is consistent with the internal energy's 

abstract mathematical makeup. The internal energy is often expressed in terms of a traditionally 

selected, baseline reference condition for the system. 

Bailyn finds the idea of internal energy to be of "enormous importance." Its amount cannot be 

determined immediately; instead, it must be estimated by comparing real instantaneous 

measurements. It is compared by Bailyn to the atomic energy states that Bohr's energy connection, 

hv = En" En', disclosed. In each instance, the difference between the measured amounts reveals an 

immeasurable quantity (the internal energy, the atomic energy level) (increments of internal 

energy, quantities of emitted or absorbed radiative energy). 

George H. Bryan discussed closed systems systems between which no matter may be transferred 

in a 1907 essay. Definition: "Heat" is the term used to describe energy that is transmitted from one 

system or component of a system to another without the aid of mechanical labour.  This definition 

might be seen as conveying the following conceptual modification. Max Born had brought this to 

Constantin Carathéodory's notice, who thoroughly explained it in 1909. This updated conceptual 

approach to the notion of heat became popular in the 20th century, largely due to Born's influence. 

It might be referred to as the "mechanical method." 

Along with the movement of matter, energy may also be moved from one thermodynamic system 

to another. Born draws attention to the fact that such energy transfer generally cannot be divided 

into only work and heat components. In general, work and heat transfers can only be separated 

when they travel through barriers that are physically distinct from those for matter transfers when 



 
47 Concept of Thermodynamics 

there is an energy transfer connected with the transfer of matter. The "mechanical" method 

presupposes the rule of energy conservation. Additionally, it assumes that energy may be stored 

as the internal energy of a thermodynamic system and that energy can be moved adiabatically from 

one thermodynamic system to another as work. Additionally, it suggests that energy may be 

transported from one thermodynamic system to another through a non-adiabatic route without the 

movement of matter. At first, it "cleverly" avoids classifying such a non-adiabatic, unaccompanied 

movement of energy as "heat," according to Bailyn. It is based on the archaic idea of walls, 

particularly adiabatic walls and non-adiabatic walls, which are described as follows. One may 

temporarily forbid the transmission of energy as labour over a wall of interest, but solely for the 

sake of this definition. Then, walls of interest may be classified as either adiabatic (those that allow 

arbitrary systems separated by them to maintain independence in their own previously established 

respective states of internal thermodynamic equilibrium) or non-adiabatic (those that do not allow 

such independence).   

This method draws the concepts of heat transmission and temperature from theoretical advances 

rather than treating them as fundamental concepts. Calorimetry is seen as a derived theory in this 

theory. It has its earliest roots in the nineteenth century, including but not limited to the work of 

Helmholt and several others.  Conceptually updated claim made via the mechanical method. The 

revised first law postulates that a change in a system's internal energy caused by any arbitrary 

process that moves it from a given initial thermodynamic state to a given final equilibrium 

thermodynamic state can be predicted by the physical existence, for those given states, of a 

reference process that happens solely through stages of adiabatic work. 

The amended assertion is then made. The change in internal energy for a closed system is the same 

as the change in internal energy for a reference adiabatic work process that connects the beginning 

and end states of internal thermodynamic equilibrium. This is true independently of the direction 

taken by the process of interest or whether it is adiabatic or not. From the class of all such 

processes, the reference adiabatic work process may be selected at random. However, this 

statement is frequently regarded as conceptually sparse because it only relies on the concepts of 

adiabatic work and non-adiabatic processes, rather than the concepts of transfer of energy as heat 

and empirical temperature that are assumed by the original statements, despite being much further 

from the empirical basis than the original statementsIt is often viewed as conceptually superior 

because of its conceptual parsimony, mostly because to Max Born. Born notes in particular that 

the updated strategy avoids using what he considers the "imported engineering" idea of heat 

engines.  

Born suggested to change the concept of heat in 1921 and again in 1949, basing his ideas on the 

mechanical method. Specifically cited Constantin Carathéodory's work, which in 1909 established 

the first rule without quantifying the amount of heat. Born's formulation, which was intended 

exclusively for energy transfers without a corresponding transfer of matter, has been extensively 

used in textbooks (Born notes that when matter is transferred between two systems, internal energy 

that cannot be broken down into heat and work components is also transferred. There may be 



 
48 Concept of Thermodynamics 

connections to other systems that are geographically apart from those of matter transmission and 

that provide simultaneous and independent heat and work transfer with matter transfer. These 

transfers preserve energy. 

Cyclic processes 

Every time heat is used to generate work, a proportionate amount of heat is spent in relation to the 

amount of work completed; conversely, an equal amount of heat is produced in relation to the 

amount of work completed. Another way that Clausius defined the rule was by mentioning the 

presence of a function of system state, the internal energy, and expressing it in terms of something 

like a differential equation for the steps of a thermodynamic process. 

 

The following description fits this equation: 

When a closed system is involved in a thermodynamic process, the increase in internal energy is 

equal to the discrepancy between the system's heat accumulation and its work output. The amount 

of internal energy in a system cannot be precisely described since it is expressed in terms of 

increments. It is only specified up to an arbitrary additive integration constant that is tunable to 

provide arbitrary reference zero levels. The internal energy's non-uniqueness is consistent with its 

abstract mathematical makeup. Typically, the internal energy is expressed in relation to a 

traditionally selected standard reference state of the system. 

Bailyn believes there is "enormous interest" in the idea of internal energy. Its amount can only be 

deduced by comparing real instantaneous measurements, since it cannot be measured instantly. 

The energy states of an atom, as revealed by Bohr's energy relation hv = En" En', are what Bailyn 

compares it to. By taking into account the difference between measured quantities, an 

unmeasurable quantity (the internal energy, the atomic energy level) is disclosed in each scenario 

(increments of internal energy, quantities of emitted or absorbed radiative energy). The 

"mechanical approach," a reworking of concepts 

In a 1907 essay titled "Closed Systems," George H. Bryan discussed systems in which there is no 

material transfer: "Definition. The energy thus transmitted is termed heat when it moves from one 

system or portion of a system to another without the need of mechanical labour." This definition 

might be seen as representing a conceptual modification in the manner described below. Max Born 

had brought this to Constantin Carathéodory's notice, and he developed it methodically in 1909. 

Many authors of the 20th century began to favour this new conceptual approach to the definition 

of heat, mostly due to Born's influence. The "mechanical method" could be a better name for it. 

Along with the transmission of matter, energy may also be exchanged across thermodynamic 

systems. Born notes that such energy transfer generally cannot be resolved solely into work and 

heat components. In general, when there is an energy transfer involved in the movement of matter, 
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work and heat transfers can only be differentiated when they travel through barriers that are 

physically distinct from those involved in the movement of matter. 

The concept of "mechanics" presupposes the rule of conservation of energy. It also assumes that 

energy may be stored as a thermodynamic system's internal energy and that energy can be moved 

adiabatically from one thermodynamic system to another as work. Additionally, it assumes that 

energy may be moved across thermodynamic systems in a non-adiabatic manner without 

transferring any matter. In the beginning, it "cleverly" (according to Bailyn) avoids classifying 

such non-adiabatic, unaccompanied transmission of energy as "heat." It is based on the archaic 

idea of a wall, particularly adiabatic and non-adiabatic walls, described as follows. One may 

restrict the transmission of energy as work across a wall of interest temporarily, but solely for the 

sake of this definition. Then, walls of interest can be categorised into two groups: (a) those that 

allow arbitrary systems to remain independently in their own previously established respective 

states of internal thermodynamic equilibrium; these are known as adiabatic walls; and (b) those 

that do not; these are known as non-adiabatic walls.  

In contrast to other approaches, this one derives the concepts of temperature and the transmission 

of energy as heat as theoretical advancements. According to it, calorimetry is a derived theory. It 

first appeared in the nineteenth century, for instance, in the work of Helmholtzas well as in the 

work of many other people. Statement that has been conceptually altered using the mechanical 

method 

The revised first law postulates that a change in a system's internal energy caused by any arbitrary 

process that moves it from a given initial thermodynamic state to a given final equilibrium 

thermodynamic state can be predicted through the physical existence, for those given states, of a 

reference process that happens exclusively through stages of adiabatic work. 

The amended statement is next made. The change in internal energy for a closed system in any 

arbitrary process of interest that moves it from an initial to a final state of internal thermodynamic 

equilibrium is the same as that for an example adiabatic work process that connects those two 

states. No matter the course of the process of interest or whether it is an adiabatic or non-adiabatic 

process, this is true. A random choice may be made from the class of all such processes to serve 

as the reference thermal work process. 

This statement is much less grounded in reality than the original statements, but it is frequently 

regarded as conceptually sparse because it only relies on the ideas of adiabatic work and non-

adiabatic processes, rather than the ideas of heat transfer and empirical temperature that are 

assumed by the original statements. Because of its conceptual parsimony, which is mostly due to 

Max Born, it is often seen as conceptually desirable. Born points out that the updated strategy 

avoids using the "imported engineering" notion of heat engines, as he defines it. 

Born advocated changing the concept of heat in 1921 and again in 1949, both times relying on the 

mechanical way of thinking He specifically cited Constantin Carathéodory's work, who had 
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established the first rule without quantifying the amount of heat in 1909, in this context. Born's 

concept, which is often used in textbooks, was designed expressly for transfers of energy without 

transfers of matter. Born notes that when matter is transferred between two systems, there is also 

a transfer of internal energy that cannot be broken down into heat and work. There may be 

connections to other systems that enable heat and effort to transfer simultaneously and 

independently of matter transfer in a space distinct from the transmission of matter. In these 

transfers, energy is preserved.  

Various statements of the law for closed systems 

The law is considered of from a variety of perspectives because of its significance and universality. 

The law is most carefully stated in textbooks when it applies to closed systems. It is expressed in 

many ways, even sometimes by the same author.  

The difference between energy transfers as work and as heat is crucial for the thermodynamics of 

closed systems and is covered in this article. A difference like this is beyond the scope of the 

current article's discussion of thermodynamics of open systems, although some brief remarks are 

made about it in the part below under "First law of thermodynamics for open systems." 

A law of thermodynamics may be expressed either physically or numerically. They ought to be 

mutually compatible and logically coherent.  Planck (1897–1903) provided the following physical 

statement as an illustration: 

It is not feasible to achieve perpetual motion using mechanical, thermal, chemical, or other 

systems. In other words, it is not possible to build an engine that would run continuously and 

generate kinetic energy from nothing. 

This physical statement applies to open systems as well as systems with states that are not at 

thermodynamic equilibrium; it is not confined to closed systems or systems with states that are 

properly specified for thermodynamic equilibrium. Crawford (1963) provided the following 

mathematical statement as an illustration: 

We define E kin as large-scale mechanical energy, E pot as large-scale potential energy, and E tot 

as total energy for a particular system. The first two numbers may be specified in terms of suitable 

mechanical variables, and by definition, t o t = k I n + p o t +. 

E-mathrm "tot" = E-mathrm "kin" + E-mathrm "pot" + U, 

Any finite process, whether it is reversible or irreversible, has the formula: t o t = k I n + p o t +. 

Delta Erithmetic Total = 

Delta Mathrm, "kin," plus Delta Mathrm "pot" plus The Delta U. 

The first rule in a version that incorporates the more general notion of energy conservation is t o t 

= + 
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Delta E math formula total = Q + W, 

There are no limits on whether the process is reversible, quasistatic, or irreversible when Q and W 

are heat and work added.  

The sign convention of the IUPAC, not Clausius, is used in this assertion by Crawford for the letter 

W. Although it is not stated specifically, this sentence alludes to closed systems. However, in 

theory, internal energy U is more generally the sum of the kinetic and potential energies of all the 

particles in the system, typically relative to a reference state. Internal energy U is typically 

evaluated for bodies in states of thermodynamic equilibrium, which have well-defined 

temperatures. 

The development of formulations of the law for closed systems may be divided into two primary 

time periods: before and after the works of Bryan (1907), Carathéodory (1909), and Born's 

endorsement of Carathéodory's work (1921). 

The older, more conventional interpretations of the law for closed systems are now often seen as 

outdated. The famous equilibrium thermodynamics presentation by Carathéodory[19] refers to 

closed systems that are permitted to have many phases linked by internal barriers with variable 

degrees of impermeability and permeability (explicitly including walls that are permeable only to 

heat). The first law of thermodynamics, as established by Carathéodory in 1909, was not explicitly 

defined or specified in terms of temperature or the amount of heat transported. This axiom states 

that the internal energy of an equilibrium phase is a function of state, the total internal energy of 

the system is the sum of the internal energies of the phases, and the quantity of adiabatically 

performed work affects the total internal energy of the system's value. According to that article, 

this claim embodies the energy conservation rule in such systems. This version is currently 

regarded as authoritative and is presented by many writers in somewhat different ways. 

These first-law assertions for closed systems claim that internal energy exists as a function of state 

as specified in terms of adiabatic work. Thus, heat is not measured in terms of calories or as a 

result of a temperature differential. When the work performed on the system does not fully account 

for the change in internal energy and the system is not adiabatically isolated, there is a residual 

discrepancy between the change in internal energy and the work.  

The 1909 Carathéodory declaration of the law in axiomatic form does not mention heat or heating 

rate, but the equilibrium states to which it refers are explicitly defined by variable sets that must 

include "non-deformation variables," such as pressures, which, within reasonable bounds, can be 

rightly interpreted as empirical temperatures.Additionally, the walls bridging the phases of the 

system are explicitly defined as potentially impermeable to heat or permeable on light. 

A somewhat unsatisfactory aspect of Carathéodory's theory, according to Münster (1970), is that 

it is sometimes impossible to reach any state 2 from any other state 1 using an adiabatic process. 

This is a consequence of the Second Law, which must be taken into account at this point. No 

adiabatic process can lower a system's internal energy at constant volume, as shown by the Münster 



 
52 Concept of Thermodynamics 

case. According to Carathéodory's article, the first law's formulation precisely matches Joule's 

experimental setup, which is considered as an example of adiabatic work. It does not mention that 

Joule's experimental setup produced essentially irreversible work through friction of paddles in a 

liquid, passage of electric current through an internal resistance driven by motion of a coil and 

inductive heating, or by an external current source, which can access the system only by the 

passage of electrons and is therefore not strictly adiabatic because electrons are a form of matter, 

which cannot penetrate adiabatic walls. The potential of quasi-static adiabatic work, which is 

basically reversible, is the basis for the paper's major argument moving forward. Carnot cycles, 

but instead bases its reasoning on cycles of forward and backward quasi-static adiabatic phases, 

with isothermal stages of zero magnitude. Sometimes the sentence may not explicitly mention the 

idea of internal energy. In the formulation of the first postulate of thermodynamics, work is 

sometimes explicitly omitted while the presence of internal energy is sometimes included. In a 

non-adiabatic process, heat provided is thus defined as the remaining change in internal energy 

after work has been taken into account.   

The first law of thermodynamics is stated as "Heat is a type of energy" by a well-known 

contemporary source, without making any explicit reference of internal energy or adiabatic work. 

The definition of heat is defined as energy transmitted by thermal contact with a reservoir that has 

a temperature and is typically sufficiently vast that the addition and removal of heat have no effect 

on the temperature of the reservoir. Heat is defined as "the exchange of thermal energy between a 

system and its surroundings induced by a temperature differential" in a recent student chemistry 

textbook. The author then discusses the definition of heat and how it is measured by calorimetry 

in terms of temperature, molar thermal expansion, specific heat capacity, and heat capacity. 

Evidence for the first law of thermodynamics for closed systems 

It was experimentally observed data, such as calorimetric data, that led to the initial induction of 

the first law of thermodynamics for simple diffusion. However, it is currently accepted to define 

work in terms of changes to a system's external properties and to define heat using the law of 

conservation of energy. The rule was first discovered gradually over a period of maybe fifty years 

or more, and some of the early investigations were done in terms of cyclic processes. The 

description that follows describes state changes in a closed system caused by complex processes 

that aren't always cyclic. This description initially takes into consideration adiabatic processes (in 

which there is no heat transfer) and adynamic processes, for which the first rule is readily 

confirmed due to their simplicity (in which there is no transfer as work). 

Adiabatic process 

Energy is transferred as work in an adiabatic process but not as heat. Regardless of how the work 

is accomplished, for all adiabatic processes that move a system from a given initial state to a given 

final state, the provided initial and final states alone define the ultimate total amounts of energy 

transmitted as work. Changes in mechanical or quasi-mechanical variables outside of the system 

serve as both a definition and a measure of the work done on the system. Physically, adiabatic 
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enclosures are necessary for the flow of energy as work. For instance, the starting equipment in 

Joule's experiment is a water tank with a paddle wheel inside. We can connect the temperature rise 

to the mass's descent in distance if we thermally isolate the tank and move the paddle wheel using 

a pulley and weight.  

The system is then brought back to its starting condition, isolated once again, and the same amount 

of work is performed on the tank using various tools (an electric motor, a chemical battery, a 

spring). The quantity of effort can always be determined objectively. The system is not subjected 

to adiabatic work in order to achieve the return to the starting condition. The data demonstrates 

that the end condition of the water in each instance is the same, including its volume and 

temperature. Any kind of work may be done as long as it is done adiabatically, or without 

transferring heat into or out of the system, whether it be electrical, mechanical, chemical, etc. 

This kind of evidence demonstrates that it is irrelevant what sort of adiabatically performed work 

is done while trying to raise the temperature of the water in the tank. The temperature of the water 

in the tank has never been shown to fall under any qualitative kind of adiabatic operation. A 

transition from one state to another, such as an increase in temperature and volume, may take place 

over several stages, such as through the application of external electrical energy to a resistor within 

the body and the process of adiabatic expansion, which enables the body to exert its own forces on 

the environment.  

The quantity of adiabatic effort required for the change of state must be shown to be unaffected by 

the timing of the stages and their relative sizes. According to a reputable academic: "Unfortunately, 

it seems that no such trials have ever been thoroughly conducted. Therefore, we must acknowledge 

that this assertion, which is analogous to the fundamental rule of thermodynamics, is not well 

supported by direct experimental data."  This viewpoint is also expressed in the statement that "no 

systematic exact trials to explicitly prove this generalisation have yet been conducted."  

The existence of an important state variable that corresponds with adiabatic work would be 

demonstrated by this type of evidence for the independence of the stage sequence in combination 

with the previously mentioned evidence for the independence of the qualitative type of work, but 

not that such a state variable represented a conserved quantity. The latter requires more proof, 

which might be connected to the idea of reversibility.  

Clausius initially identified and labelled that crucial state variable as U in 1850, but he did not 

name it at the time and characterised it in terms of both work and heat transmission in the same 

process. Rankine and Kelvin independently noticed it in 1850 and 1851, respectively. Kelvin first 

referred to it as "mechanical energy" and then "intrinsic energy." After some hesitation, Clausius 

started referring to his state function U as "energy" in 1865. Helmholtz gave it the moniker 

"internal energy" in 1882. Internal energy would barely be necessary or even relevant if just 

adiabatic processes were of concern and heat could be disregarded. As planned in Helmholtz's 

1847 article on the principle of energy conservation, the idea of potential energy would essentially 

encompass the relevant physics. However, since it did not address forces that cannot be represented 
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by a potential, the study did not completely validate the principle. Furthermore, the early Joule 

work that had been completed at the time internal energy idea has the major advantage of allowing 

thermodynamics to be treated in terms of thermodynamic states and releasing it from the 

confinement of cyclic processes. 

A system in an adiabatic process is moved either from a reference state O with internal energy ( ) 

U(O) to an arbitrary one A with internal energy ( ) U(A), or from the state A to the state O via 

adiabatic work: 

U(A)=U(O)-W O to adiabatic, mathematical, mathematical or U(O)=U(A)-W A to O mathematics 

adiabatic. 

Only one of the processes, adiabatic, mathematical, O to A or adiabatic, mathematical, A to O, is 

experimentally achievable by a simple application of externally provided effort, with the exception 

of the peculiar, and strictly speaking, fictitious, condition of reversibility. 
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According to the first rule of thermodynamics, every process involving the transfer of heat and 

activity between a system and its environment must preserve energy. Because it would create its 

own energy out of nothing and so operate indefinitely, a machine that broke the first rule would 

be referred to as a perpetuum mobile of the first type. Even in principle, such a machine would not 

be conceivable. The creation of a device that could harness almost endless quantities of heat from 

its environment (earth, air, and sea) and turn it fully into work would not be prevented by this 

impossible, however. The second rule of thermodynamics was discovered as a result of inventors' 

complete inability to create a hypothetical perpetual motion machine of the second sort, which 

would not have violated the conservation of energy. As initially proposed in the 19th century by 

the German physicist Rudolf Clausius and the Scottish scientist William Thomson (Lord Kelvin), 

the second rule of thermodynamics may be exactly expressed in the two ways listed below: 

It is impossible for a cycle of transformation to have a single outcome of turning heat from a 

constant-temperature source into work. It is impossible for a cyclic transformation to have a single, 

desired outcome of transferring heat from one body to another that is at a higher temperature. 

The first statement is comparable to the second because, if it were true, the labour accomplished 

might, for instance, be utilised to create electricity that could be released by an electric heater 

placed within a body at a greater temperature. The second (Clausius) variant of the second law 

would be broken since the overall result would be a heat movement from a lower temperature to a 

higher temperature. On the other hand, if the second form were feasible, the heat that was moved 

to the higher temperature might be utilised to power a heat engine, which would partially transform 

the heat into work. The end consequence would be a constant temperature conversion of heat into 

work, which would be against the first (Kelvin) formulation of the second law. 

The idea of an air is heated capable of producing almost endless quantities of heat at a constant 

temperature is fundamental to the explanation of entropy that follows. This is obviously an 

idealisation, but if a modest quantity of heat is taken out to power a heat engine, the temperature 

of a big body of water like the Atlantic Coast does not vary much. The key idea is that the 

temperature reservoir is believed to have a set temperature that is unaffected by the operation under 

consideration. 

The second rule of thermodynamics is a basic principle based on the knowledge of how heat and 

energy are transformed throughout the world. A simple explanation of the rule is that warmth 

always transfers from hotter to cooler things (or "downhill") unless energy of some kind is used to 
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change the flow of heat. The phrase "not all heat energy can be turned into work in such a cyclic 

process" is another definition. 

 

In some interpretations, the idea of entropy is established as a physical characteristic of a 

thermodynamic system by the second law of thermodynamics. It offers required criteria for 

spontaneous processes and may be used to determine if activities are prohibited even when they 

comply with the first rule of thermodynamics' need for energy conservation. The fact that isolated 

systems subjected to spontaneous development always reach a state of equilibria where entropy is 

greatest at the available internal energy may be used to establish the second law. The immutability 

of natural processesoften referred to in terms of the arrow of time is explained by a rise in the joint 

entropy of system and environment. 

The second law was historically an empirical discovery that was acknowledged as a postulate of 

thermodynamic theory. A microscopic explanation of the rule is provided by statistical mechanics 

in terms of probabilistic of states of huge assemblages of atoms or molecules. There are several 

ways to interpret the second law. Carnot's theorem, which Sadi Carnot, a French physicist, 

originally proposed in 1824, demonstrated that the efficiency of converting heat to work in a heat 

engine had an upper limit. It predates the precise definition of entropy and was based on caloric 

theory. Rudolf Clausius, a German physicist who developed the idea of entropy and the first formal 

description of the second rule, said that heat can never go from a colder to a warmer body without 

another change associated with it also happening at the same time.  

The first law of thermodynamics defines a thermodynamic system's internal energy and describes 

how it changes in a closed system in terms or work and heat. It is related to the principle of energy 

conservation. The direction of biological cycles is addressed by the second law. It states that a 

natural process has just one possible outcome and cannot be reversed. For instance, heat always 

transfers spontaneously from a hotter to a cooler body when a conduit for conduction or radiation 

is made available. Entropy change may be used to explain such events. If an isolated system with 

distinct subsystems is initially kept in internal thermodynamic equilibrium by partitioning the 

subsystems with impermeable walls, and then an operation makes the walls more permeable, then 

the system instantaneously evolves to reach a new internal equilibria, and its total entropy, S, rises. 

An infinitesimal increment (d Mathrm dS) in the entropy of the system of interest is outlined to 

result from an infinitesimal transfer of heat (delta Q) to the system of interest, divided by the 

common thermodynamic tetrahedron. This idealised process of transfer of energy as heat to a 

closed thermodynamic system of interest is reversible or quasi-static and allows the entry or exit 

of energy but not the transfer of matter. 

Various statements of the law 

The second rule of thermodynamics may be represented in a variety of precise ways, but the most 

well-known classical expressions are those made by Rudolf Clausius (1854), Lord Kelvin (1851), 
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and Constantin Carathéodory in axiomatic thermodynamics (1909). In these assertions, the rule is 

described in broad physical terms and the impossibility of particular operations is cited. It has been 

shown that the Clausius and Kelvin assertions are comparable. 

In Sadi Carnot's theoretical examination of the heat movement in steam engines, the second law 

of thermodynamics had its historical inception (1824). The main component of that analysis, now 

referred to as a Carnot engine, is an ideal heat engine that is hypothetically operated in the limiting 

mode of extremely slowness known as quasi-static, with the goal of transferring heat and work 

between subsystems that are constantly in their own internal states of thermodynamic equilibrium. 

It reflects the optimum efficiency a heat engine might theoretically achieve while working between 

any two thermal or heat reservoirs with varying temperatures. Prior to the discovery of the first 

rule of thermodynamics and the mathematical formulation of the idea of entropy, Carnot 

recognised the principle at a time when the caloric theory represented the preeminent 

understanding of the nature of heat. Carnot's analysis, when considered in the context of the first 

law, is physically equal to the thermodynamics and is still relevant today.  

Motive power may be generated everywhere there is a temperature differential. Therefore, the 

creation of motive power in steam engines results from the transit of caloric from a warm body to 

a cold body rather than from real caloric consumption. The amount of heat is exclusively 

determined by the temperatures of the bodies between which the ultimate caloric transfer takes 

place; its motive power is independent of the agents used to achieve it. Using more specific 

language, the current equivalent of Carnot's premise is:  Regardless of the working material, the 

efficiency of a quasi-static or reversible Carnot cycle relies simply on the temperatures of the two 

heat reservoirs. The most effective heat engine employing those two temperatures is a Carnot 

engine run in this manner. 

Claudius assertion 

In 1850, German researcher Rudolf Clausius investigated the connection between work and heat 

transmission in order to provide the groundwork for the second rule of thermodynamics. Heat can 

never go from a colder to a warmer body without another change happening at the same time, 

according to Clausius's formulation of the second law, which was published in German in 1854. 

Clausius refers to "passage of heat" in his statement. This refers to the "net transfer of energy as 

heat," as is customary in discussions of thermodynamics, and not to contributing transfers in either 

direction. 

Without external effort being done on the system, heat cannot move naturally from cold to hot 

areas, as is obvious from everyday experience with refrigeration, for instance. Heat is only driven 

from cold to hot in a refrigerator by an external force, the refrigeration system. A self-acting 

mechanism cannot transfer heat from one body to another at a greater temperature without 

assistance from an outside source. Any piece of matter cannot be mechanically affected by an 
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inanimate item by being cooled below the temperature of the coldest object in the immediate 

vicinity. 

Clausius Statement is used to derive the Kelvin Statement 

Assume there is an engine that defies the Kelvin assertion, i.e., one that continuously drains heat 

and entirely transforms it into work (the drained heat is fully transformed into work). As seen in 

the right figure, combine it now with a reversed Carnot engine. Since a conventional heat engine 

has an efficiency of 1, a reversed heat engine has an efficiency of 1. The combined effect of the 

two engines is to transport heat only. In other words, the Clausius statement entails the Kelvin 

statement, and a violation of one implies a violation of the other. In a similar way, we may 

demonstrate that the Clausius and Kelvin statements are identical since they each imply the other. 

Planck's hypothesis 

Planck made the following claim, which was directly based on experience. Although this is 

sometimes viewed as his formulation of the second law, he saw it more as a beginning point for 

the second law's derivation. It is not feasible to build an engine that operates in a whole cycle and 

does nothing but raise a weight and cool a heat reservoir. 

Relationship between Kelvin's assertion and Planck's hypothesis 

The "Kelvin-Planck statement" of the law is often mentioned in textbooks, such as in the work by 

ter Haar and Wergeland. This application of the second law, sometimes referred to as the heat 

engine statement, asserts that 

It is difficult to create a machine that operates in cycles with the sole purpose of absorbing heat 

energy from a single thermal reservoir and delivering an equal quantity of work. 

Planck's assertion 

The second law was outlined by Planck as follows. Every natural process moves forward in a way 

that causes the total entropies of all the bodies involved to rise. The total of the entropies is constant 

in the limit, i.e. for reversible processes.  The assertion of Uhlenbeck and Ford regarding 

irreversible events is similar to Planck's. 

Entropy always rises when there is an irreversible or spontaneous transition from one equilibrium 

state to another, for is when two bodies A and B's temperatures equalise when they come into 

contact. 

The Carathéodory Principle 

Thermodynamics was developed by Constantin Carathéodory using just mathematical axioms. 

The Principle of Carathéodory, which is how he expressed the second rule, may be stated as 

follows 
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There exist states inaccessible from S in every neighbourhood of any state S in an adiabatically 

contained system introduced the idea of adiabatic accessibility with this formulation and laid the 

groundwork for a new branch of classical thermodynamics known as geometrical 

thermodynamics. The amount of energy that is quasi-statically transported as heat is a holonomic 

process function, or = delta Q=TdS, according to Carathéodory's principle.  Although claiming 

that Carathéodory's principle embodies the second rule and treating it as equal to the Clausius or 

the Kelvin-Planck assertions is almost a standard in textbooks, this is not the case. Planck's 

principle, which states that isochoric work always raises the internal energy of a closed system that 

was originally in its own internal thermodynamic equilibrium, must be added to Carathéodory's 

principle in order to fully understand the second law.  

The rule of PlanckmMax Planck published a significant article on the fundamentals of 

thermodynamics in 1926. He stated the fundamental idea. A closed system's internal energy is 

raised by an adiabatic process, during which the system's volume doesn't change at all. Although 

the second law's substance is implied, this version omits mentions of heat, temperature, or even 

entropy and does not necessary implicitly depend on such ideas. The adage "Frictional pressure 

never produces positive work" is closely connected. Friction is an irreversible source of heat 

generation, according to Planck. 

This Planck principle, which does not include entropy, is expressed in terms of physics. It is closely 

similar to the remark made by Kelvin above. It matters that the entropy is a monotonic function of 

the internal energy for a system with constant volume and mole numbers. However, this Planckian 

principle, which is based on the notion of entropy, is not Planck's preferred formulation of the 

second rule, which is cited above, in a previous subsection of the present part of this current page. 

Borgnakke and Sonntag make a claim that in some ways complements Planck's principle. They 

don't provide it as a complete formulation of the second law: In a [closed] system, there is only 

one method to reduce entropy, and that is to transport heat out from the system. In contrast to 

Planck's previously stated principle, this one expressly refers to entropy change. Entropy may also 

be reduced in a system by removing matter from it. 

Thermodynamic potentials 

Most real thermodynamic systems are open systems that exchange heat and work with their 

environment, rather than the closed systems described thus far. For example, living systems are 

clearly able to achieve a local reduction in their entropy as they grow and develop; they create 

structures of greater internal energy (i.e., they lower entropy) out of the nutrients they absorb. This 

does not represent a violation of the second law of thermodynamics, because a living organism 

does not constitute a closed system. 

In order to simplify the application of the laws of thermodynamics to open systems, parameters 

with the dimensions of energy, known as thermodynamic potentials, are introduced to describe the 

system. The resulting formulas are expressed in terms of the Helmholtz free energy F and the 
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Gibbs free energy G, named after the 19th-century German physiologist and physicist Hermann 

von Helmholtz and the contemporaneous American physicist Josiah Willard Gibbs. The key 

conceptual step is to separate a system from its heat reservoir. A system is thought of as being held 

at a constant temperature T by a heat reservoir (i.e., the environment), but the heat reservoir is no 

longer considered to be part of the system. Recall that the internal energy change (ΔU) of a system 

is given by 

ΔU = Q − W, 

where Q is the heat absorbed and W is the work done. In general, Q and W separately are not state 

functions, because they are path-dependent. However, if the path is specified to be any reversible 

isothermal process, then the heat associated with the maximum work (Wmax) is Qmax = TΔS. 

With this substitution the above equation can be rearranged as 

−Wmax = ΔU − TΔS. 

Note that here ΔS is the entropy change just of the system being held at constant temperature, such 

as a battery. Unlike the case of an isolated system as considered previously, it does not include the 

entropy change of the heat reservoir (i.e., the surroundings) required to keep the temperature 

constant. If this additional entropy change of the reservoir were included, the total entropy change 

would be zero, as in the case of an isolated system. Because the quantities U, T, and S on the right-

hand side are all state functions, it follows that , Wmax must also be a state function. This leads to 

the definition of the Helmholtz free energy 

F = U − TS  

such that, for any isothermal change of the system, 

ΔF = ΔU − TΔS 

is the negative of the maximum work that can be extracted from the system. The actual work 

extracted could be smaller than the ideal maximum, or even zero, which implies that W ≤ −ΔF, 

with equality applying in the ideal limiting case of a reversible process. When the Helmholtz free 

energy reaches its minimum value, the system has reached its equilibrium state, and no further 

work can be extracted from it. Thus, the equilibrium condition of maximum entropy for isolated 

systems becomes the condition of minimum Helmholtz free energy for open systems held at 

constant temperature. The one additional precaution required is that work done against the 

atmosphere be included if the system expands or contracts in the course of the process being 

considered. Typically, processes are specified as taking place at constant volume and temperature 

in order that no correction is needed. 

Although the Helmholtz free energy is useful in describing processes that take place inside a 

container with rigid walls, most processes in the real world take place under constant pressure 

rather than constant volume. For example, chemical reactions in an open test tube—or in the 

growth of a tomato in a garden take place under conditions of (nearly) constant atmospheric 
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pressure. It is for the description of these cases that the Gibbs free energy was introduced. As 

previously established, the quantity 

−Wmax = ΔU − TΔS 

is a state function equal to the change in the Helmholtz free energy. Suppose that the process being 

considered involves a large change in volume (ΔV), such as happens when water boils to form 

steam. The work done by the expanding water vapour as it pushes back the surrounding air at 

pressure P is PΔV. This is the amount of work that is now split out from Wmax by writing it in the 

form 

Wmax = W′max + PΔV, 

where W′max is the maximum work that can be extracted from the process taking place at constant 

temperature T and pressure P, other than the atmospheric work (PΔV). Substituting this partition 

into the above equation for −Wmax and moving the PΔV term to the right-hand side then yields 

−W′max = ΔU + PΔV − TΔS 

This leads to the definition of the Gibbs free energy 

G = U + PV − TS such that, for any isothermal change of the system at constant pressure, 

ΔG = ΔU + PΔV − TΔS 

is the negative of the maximum work W′max that can be extracted from the system, other than 

atmospheric work. As before, the actual work extracted could be smaller than the ideal maximum, 

or even zero, which implies that W′ ≤ −ΔG, with equality applying in the ideal limiting case of a 

reversible process. As with the Helmholtz case, when the Gibbs free energy reaches its minimum 

value, the system has reached its equilibrium state, and no further work can be extracted from it. 

Thus, the equilibrium condition becomes the condition of minimum Gibbs free energy for open 

systems held at constant temperature and pressure, and the direction of spontaneous change is 

always toward a state of lower free energy for the system (like a ball rolling downhill into a valley). 

Notice in particular that the entropy can now spontaneously decrease (i.e., TΔS can be negative), 

provided that this decrease is more than offset by the ΔU + PΔV terms in the definition of ΔG. As 

further discussed below, a simple example is the spontaneous condensation of steam into water. 

Although the entropy of water is much less than the entropy of steam, the process occurs 

spontaneously provided that enough heat energy is taken away from the system to keep the 

temperature from rising as the steam condenses. 

A familiar example of free energy changes is provided by an automobile battery. When the battery 

is fully charged, its Gibbs free energy is at a maximum, and when it is fully discharged (i.e., dead), 

its Gibbs free energy is at a minimum. The change between these two states is the maximum 

amount of electrical work that can be extracted from the battery at constant temperature and 

pressure. The amount of heat absorbed from the environment in order to keep the temperature of 
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the battery constant (represented by the TΔS term) and any work done against the atmosphere 

(represented by the PΔV term) are automatically taken into account in the energy balance. 

Direction of spontaneous processes 

According to the second rule, a suggested physical or chemical process is either prohibited or 

allowed to happen naturally. Since the environment cannot provide energy to isolated systems, the 

second law dictates that now the entropy of the system itself must rise: ΔS > 0. The following are 

some instances of spontaneous physical phenomena in isolated systems  Heat may go from an area 

with a greater temperature to one with a temperature lower (but not the reverse Thermal energy 

may be produced from mechanical energy (but not the reverse). 

A solute may transition from an area of greater concentration to one of lower intensity (but not the 

reverse). Some non-isolated systems that are capable of exchanging energy with their environment, 

however, have processes that go in the other direction because the environment exerts enough 

force on the system or exchanges enough heat with it.  

This is achievable as long as the second law's requirement that the total diffusion coefficient of the 

system and its surroundings be positive is met: Stot = Stot + SR > 0. For the three aforementioned 

illustrations:  In a refrigerator or a heat pump, heat may be moved from a lower temperature area 

to an increased heat area. The system must get enough work from these devices. Thermal energy 

may be transformed to physical labor in a heat engine. 

In the physiological process of active transport, a solute may move from an area of concentration 

to regions of lower of higher concentration if enough effort is given by a concentration gradient of 

a chemical like ATP or by an electrochemical gradient. 

Statistical mechanics 

James Clerk Maxwell provided the first mechanical justification for the Kinetic theory of gases in 

1860.  Ludwig Boltzmann also made a similar justification in 1872 with his H-theorem, which 

claimed that owing to collisions, gases should eventually gravitate toward the Maxwell-Boltzmann 

distribution. 

Due to Loschmidt's paradox, derivations of the Second Law must incorporate a historical 

assumption, meaning that the system was uncorrelated at some earlier point in time. This enables 

a straightforward probabilistic approach. The second Law is ultimately a result of the starting 

circumstances that existed in the past, most likely during the Big Bang, but alternative scenarios 

have also been proposed. This assumption is often thought of as a boundary condition. [67][68][69] 

Given these presumptions, the Second Law of Statistics is not a postulate in statistical mechanics; 

rather, it is an outcome of the basic postulate, also known as the equal prior probability postulate, 

provided that it is understood that simple probability arguments only apply to the future and that 

there are additional sources of information that indicate the past had low entropy. ] If we limit the 

concept of entropy to systems in thermal equilibrium, the first portion of the second law—which 
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stipulates that the entropy of a thermally isolated system can only increase—is a straightforward 

consequence of the equal prior probability assumption. An isolated system with an amount of 

energy E and thermal equilibrium has the following entropy 

Where the number of quantum fluctuations in a brief window between E and + E +delta E is given 

by Omegaleft (Eright). In this case, delta E is a fixed, macroscopically tiny energy interval. This 

essentially indicates that the choice of delta E affects the entropy. However, the specific 

temperature (entropy per unit volume or per unit mass) doesn't quite rely on delta E at the 

thermodynamic limit (i.e., in the limit of infinitely large system size). 

One of the three Laws of Thermodynamics is the Second Law. The terms "thermo" and "dynamic," 

which both signify power, are the roots of the name "thermodynamics." The laws of "Heat Power" 

are thus the laws of thermodynamics. These Laws are unchangeable in so far as we can ascertain. 

The Laws of Thermodynamics apply to and govern everything in the observable world. 

In accordance with the First Law of Thermodynamics, sometimes referred to as the Law of 

Conservation of Matter, matter and energy cannot be generated or destroyed. The amount of 

matter/energy is constant. Although it may transform from to liquid to solid to gas to plasma & 

back again, the universe's overall quantity of matter and energy never changes. 

Standalone system whose macroscopic state is determined by a variety of factors. These macro-

variables may, for instance, relate to the system's overall volume or the locations of its pistons. 

Omega will thereafter be dependent on these variables' values. The free variable in equilibrium 

will be such that Omega is maximised at the given energy of the isolated system if a variable is 

not fixed (for example, if we do not clamp a piston in a particular position), as that is the most 

likely scenario in equilibrium. This is because all accessible states are fairly probable in 

equilibrium. 

The fact that the variable will adjust itself such that Omega is maximized after being originally set 

to a certain value and after the new equilibrium has been established means that the entropy will 

either have grown or remained constant (if the value at which the variable was fixed happened to 

be the equilibrium value). Let's say we start in an equilibrium state and abruptly eliminate a 

variable restriction. After then, there are Omega accessible microstates, but equilibrium has not 

yet been established, therefore the actual probabilities of the system being in one of these states 

are not yet equal to the prior probability of 1 / 1/Omega., the entropy will either be higher or lower 

than it was in the initial equilibrium state in the final equilibrium point. However, Boltzmann's H-

theorem demonstrates that during the intermediate out of steady state, the amount H rises 

monotonically as a time variable. 

The Law of Increased Entropy is the name given to the Second Law of Thermodynamics. The 

quality of matter/energy steadily degrades over time while quantity stays constant Usable energy 

must always be put to use for growth, repair, and production. Usable energy is changed into useless 

energy throughout the process. As a result, useable energy is permanently lost as useless 
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energy.The definition of "entropy" is a measure of wasted energy in a closed or isolated body (the 

universe for example). "Entropy" rises when the ratio of useable to useless energy falls. Entropy 

may also be used to measure chaos or unpredictability in an isolated circuit. Chaos, disorder, and 

irrecoverable loss of useable energy are all related. 

The Second Law of Thermodynamics has a wide range of effects. The cosmos never gains useful 

energy; it only ever loses. Therefore, we deduce that the cosmos is not everlasting. The point at 

which the cosmos reached "zero entropy" was its origin (its most ordered possible state). The 

cosmos is winding down, like a wind-up clock, as if it was completely wound up once and has 

been coming to a close ever since.  

Theological ramifications are clear. Astronomers are oddly worried about these implications, while 

theologians are often thrilled with the confirmation that the cosmos had a beginning, according to 

NASA Astronomer Robert Jastrow. When our views are at odds with the data, it turns that the 

scientist acts like the rest of us. 

The entropy principle, which forms the foundation of the second law of thermodynamics. Entropy 

is a measurement of a system's disorganisation. Entropy also refers to the amount of energy that 

cannot be used for labour. The less of a system's vitality is available to conduct work the more 

disorganised and entropic it is. 

It is feasible to employ all sources of energy for labour, but this cannot be done with all of the 

energy that is accessible. As a result, not all of the energy transmitted by heat may be used to 

produce work; part of it can be lost as waste heat, or heat that is not used to generate work. The 

absence of energy is crucial to thermodynamics; in fact, attempts to use engines to turn heat into 

work gave rise to the discipline. 

The equation for the entropy change, S, is 

ΔS=QT, 

Where T is the temperature that occurs when the process occurs, and Q is the temperature that 

moves energy across a process. 

When heat transfers energy into a system, Q is positive; when heat transfers energy out of a system, 

Q is negative. Entropy is measured in SI using the joules per kelvin (J/K) unit. In order to avoid 

more difficult arithmetic, it is often a decent approximation (for tiny variations in temperature) to 

assume T to be the mean temperature if temperature fluctuates throughout the procedure (calculus). 

Another way to look at it is that no process can have heat moving energy from a colder to a hotter 

item as its only outcome. The entropy of the whole system would increase if heat spontaneously 

transferred energy from colder to hotter. 

Let's imagine we combine identical amounts of water that were initially at two temperatures, let's 

say 20.0 °C and 40.0 °C. The outcome will be water that is 30.0 °C, which is an intermediate 
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temperature. Entropy has risen, some energy is no longer accessible for work, and the system has 

grown less ordered as a consequence. Let's consider each of these outcomes. 

Initially, why has entropy risen? The two bodies of water are combined, which has the same result 

as heat being transferred from one material at a higher temperature to another at a lower 

temperature. The entropy of hotter water is reduced by the mixing, while the entropy of the cooler 

water is increased more, leading to an overall rise in entropy.  

Second, once the two water masses are combined, there is no longer a temperature differential that 

may cause heat transfer and, therefore, work. Although the electricity is still there in the water, it 

can no longer be used for labour Third, the combination is less structured, or less organised, to use 

another expression. We now have a single mass with a wide spread of molecular speeds, the 

average of which gives an intermediate temperature, rather than two masses at various 

temperatures and with separate distributions of molecular speeds. Entropy, lack of energy, and 

chaos are three outcomes that are not just linked but also almost identical. The propensity for 

systems to degenerate in nature and for there to be less energy available for use as work are both 

connected to heat exchange of electrons from hot to cold. 

Since it was first stated by Clausius a very long time ago, the second law of thermodynamics (SLT) 

has been a subject of discussion. It is a basic and universal empirical property of physics. It asserts 

the existence of an arrow of time that appears to be in opposition to the moment of classical and 

quantum mechanical theory by stating that entropy is constantly increasing in the dynamics of all 

macroscopic systems, ranging from chemistry to biological life, engines, and cosmic events. The 

idea of entropy is abstract, which presents a second challenge. Phase-space volume and 

information are still sufficiently disconnected from typical actual processes to be useful. It is self-

evident that this volume will grow if a restriction is The onset of motion following the release of 

a constraint was mathematically demonstrated to follow the SLT but this mathematical 

demonstration of a specific situation does little to support the idea that the dynamical background 

of the everyday micrometer scale is represented by the increase in entropy. 

The SLT does not specifically mention any force; rather, it describes a general dynamic rule of 

macroscopic systems. But entropic forces are also recognised to be in charge of rubber's elasticity, 

isothermal pressure, and macromolecular structure through internal fluctuations Entropy 

effectively acts as static forces stabilising equilibria in these situations. This also applies to the 

entropic hydrophobic force in aqueous, which is generally thought to be a factor in the process of 

protein folding  

The purpose of this research was to identify a direct, all-encompassing, and didactically 

understandable link between the change in entropy and a force that can be attributed with initiating 

the process. Although such a connection does not theoretically prove the second rule, it does lead 

to a different formulation known as a force law. The incidence of irreversibility is also being 

clarified by the new interpretation of the second law. 
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Of fact, the idea of a force is only applicable to classical mechanics. The Born-Oppenheimer 

approximation predicts that nuclei effectively move on the a potential energy surface in the 

electromagnetic ground state, which is where the following principles apply to macroscopic 

processes all the way down to molecule movements and reactions. A discussion of classical 

statistical mechanics will be made later in relation to chemical processes, although it is also 

assumed that it applies.   

The use of this concept in chemical reactions, including biological processes like catalytic 

reactions, where bonds are destroyed and new ones are generated, needs special attention. 

Quantum physics still calls for taking into account tunnelling and transmission coefficients, zero-

point energies, and entropies when computing equilibrium numbers, as we do here, for a given 

Born-Oppenheimer potential energy function (BOP). BOP is just an approximation to the 

traditional force field v(q,p,x) that generates accurate Gibbs bond energies, since it would provide 

negative entropy and too low energy for chemical bonds in the absence of quantum mechanical 

correction. This force field is different from BOP in that it has somewhat different temperature 

dependence and shorter potential wells for chemical bonds (and bond angles). Such force barriers 

are still being built with a lot of effort. The only thing that counts for the force law under discussion 

is that quantum physics points to the presence of a traditional force field that produces the right 

PMF in Equation. 

Newton's second law establishes a precise, analytical relationship between force and acceleration 

that is independent of motion direction. Since it holds in both directions and does not entail that 

motion follows the force, it is time-reversible. However, the new force law f>0, which in the 

context of mass centres is equal to the SLT s>0, is a statistical assertion that captures the actions 

of the underlying assemblage. It favours one route over another when given two states A and B, 

with the other direction being severely repressed under macroscopic conditions. Motion typically 

follows the mean force. It seems that the arrow of the net force coming from a realist ensemble 

represents the arrow of time. The fundamental cause of irreversibility is relaxation, which is 

implicitly taken into account whenever ensembles and mean values are used. 

The integrals found in Equations (4) and (5) form the basis for the force law's aforementioned 

derivations, which are based on the proper probability distributions through their partition 

functions (6). The undamped pendulum, a counterexample of a time-reversible system, highlights 

the significance of this need. One may tell that the pendulum is ideally at high potential energy by 

looking at the time average. Both irreversible behaviour and a realistic allocation only appear when 

damping is added via coupling to a heat bath, demonstrating the intimate relationship between the 

two properties.  

The entropy of an isolated system or indeed any cyclic process will never decrease; it will always 

either grow or stay the same, according to the second rule of thermodynamics. The second law 

states that time can only advance in the direction of improving entropy as a result, giving a clear 

direction in which time must move. This tackles the problem of figuring out the path of time just 
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by observation. Specifically, most processes, particularly those that occur on a microscopic size, 

are symmetric with respect to time, meaning that they seem the same while time is moving 

normally and in reverse, respectively. It's not enough to just watch the process to know which way 

time is going. it asserts that there cannot be a mechanism that reduces the entropy of the an isolated 

system and that time always moves the cosmos from one spatiotemporal plane of lower entropy to 

another of equal or higher entropy. The thermodynamic analysis of the second law is based on the 

latter result. 

The path that spontaneous processes adopt is covered by the second law of thermodynamics. Many 

spontaneous processes only go in one way, or they are irreversible, under a certain set of 

circumstances. While partial irreversibility may be seen in everyday life (a shattered glass does 

not return to its former condition, for example), total permanence is a statistical fact that cannot be 

observed during the universe's existence. An irreparable process is one that relies on route, to put 

it more exactly. If a process can only travel in one way, the reverse route varies significantly from 

the original path, making reversibility impossible. 

For instance, heat is the movement of energy from a temperature that is greater to one that is lower. 

A cold item in touch with a heated one never becomes colder; instead, the hot object absorbs heat 

from the cold one, increasing its temperature. Friction may also entirely transform mechanical 

energy, including such kinetic energy, into thermal energy, but it cannot do the opposite. A heated 

item that is immobile can never naturally cool down and begin to move. Another scenario is the 

development of a puff of gas that is placed into a vacuum chamber's one corner. Although the gas 

enlarges to fill the chamber, it never gathers in the nook. They may all return to the corner due to 

the gas molecules' random motion, but it is never seen to happen.  

The absence of certain processes shows that there is a legal prohibition against them. None of the 

operations contravene the first law of thermodynamics, which permits them to take place. The 

second law of thermodynamics is the rule that prohibits certain actions. We'll demonstrate that 

there are several methods to express the second rule that, despite their apparent differences, are 

equal. The second rule of thermodynamics offers insights into nature, as do all other natural laws, 

and it is implied by its many expressions that it is extensively relevant and profoundly affects a 

variety of seemingly unrelated activities. Our initial interpretation of the second rule of 

thermodynamics is based on the well-known path of heat transmission, from hot to cold. 

A heat engine in thermodynamics is a device that transforms heat or thermal energy into 

mechanical work. All heat engines that function by using a portion of heat transfer by some source 

include jet engines, steam turbines, gasoline and diesel engine components, and automobile 

engines. While heat transfer into cold object (or cold reservoir) is represented by Qc, and work 

performed by the engine is denoted by W, heat transfer from the heated object (or hot reservoir) is 

designated by Qh. The cold and hot reservoirs are Th or Tc, respectively, in temperature. 

The hot reservoir is heated outside, which consumes a lot of energy, thus it's critical that the 

operation be completed as effectively as possible. In reality, we want W to equal Qh and Qc to 
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equal 0 so that there is no heat transmission to the environment. This is unfortunately not doable. 

The second formulation of the second rule of thermodynamics also asserts that it is impossible for 

heat transfer from a reservoir to entirely transform into work in a cyclical process that causes the 

system to return to its beginning state in any system. 

The system returns to its initial state at the conclusion of each cycle in a cyclical process. The 

internal energy U of such a system is, by definition, 0 at the start and end of each cycle. U=QW, 

where Q is the total combined heat transfer throughout the cycle (Q=QhQc) and W is the net work 

performed by the system, is the first law of thermodynamics. Since U=0 for a whole cycle, W=Q 

follows. Consequently, the system's network is equal to its net heat transfer, or 

One of the most crucial factors for any combustion engine is efficiency. The issue is that 

considerable heat transfer QC is lost to the environment throughout every procedure. We always 

struggle with getting less out than we put in when converting energy into work. Calculate a heat 

engine's efficiency (Eff) as the network output W divided by the heat transfer here to engine. 
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Properties of pure substances 

There are characteristics that may be utilised to distinguish and define substances. The four 

characteristics of temperature, pressure, volume, and mass should be well-known to you. Milk is 

quantified by volume, while meat is quantified by mass. By taking a temperature reading, we can 

determine how "hot" or "cold" the air is. An indicator of the force required to confine a fluid is 

provided by pressure. Between intense and extensive properties, we make a distinction. The value 

of temperature is an.intense feature since it is independent of the substance's mass. Water may be 

found at 20 in a cup. 

C as well as a water drop. Mass and volume are both significant qualities. The quantity of matter 

that makes up a material directly proportionally determines its mass and volume. Water can get 

the same mass in a cup as it does in a drop. 

Property values now are independent of a substance's past, which is another attribute of properties. 

A cup of water's current temperature is unrelated to its previous temperature from a few minutes 

earlier. At one point, the water could be warmer or colder. Therefore, point functions are the name 

given to attributes. On the other hand, distance is a route function since it depends on the path 

taken to go from point A to point B. As will be obvious later, path functions also include work 

done and heat transmitted. 

Temperature 

Temperature may be expressed in degrees Celsius or Kelvin. Add 273.15 to a temperature in C to 

get it in K. As a result, 50 C is equivalent to 323.15 K. Additionally, it indicates that a temperature 

differential represented in degrees Celsius and Kelvin has the same numerical value. 0K is the 

absolute minimum temperature. A major variable is temperature. 

Pressure 

The force per unit area is known as pressure (P): 

P \s= \sF \sA 

P will be in [ k N m 2 ]=[ k P a ] with F in [ k N ] and A in [ m 2 ] The intense variable is pressure. 

Other typical pressure units include: 
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Atmosphere (one atm equals 101.325 kPa) and bar (1 bar equals 100 kPa). 

Absolute or total pressure 

Total pressure is calculated by dividing the total force acting on a surface by the surface's area. 

The force applied to a surface by a gas is the result of the gas molecules slamming onto the surface. 

The lowest total pressure that can be achieved has a limit. The pressure gradient is 0 when there is 

no force applied to a surface. Since there are no molecules interacting with the container's surface, 

there is no pressure in a vacuum. The pressure recorded above this zero point is known as absolute 

pressure (P a b s). Total pressure's value is always positive. 

Pressure In The Atmosphere 

The total pressure brought on by the weight of the ambient air is known as atmospheric pressure 

(P a t m). Depending on the region and the weather, this pressure changes. At sea level, the average 

value is 101.325 k P a. The average atmospheric level in Potchefstroom is 87.0 kPa, and between 

86 and 88 kPa is the range in which it will be 99 percent of the time.. It is obvious that the average 

value is greatly influenced by the height over sea level. 3 The term "ambient pressure" also refers 

to atmospheric pressure. 

Gauge pressure 

The difference between the total pressure within the vessel and the total pressure outside is known 

as gauge pressure (P g).  Normal conditions call for the total pressure outside to be equal to 

atmospheric pressure, however for a submerged object like a submarine or a scuba diver's air tank, 

the total pressure without may not match atmospheric pressure. The gauge pressure will just be 

negative if the internal pressure is lower than the external pressure and positive if the internal 

pressure is greater. The pressure shown by a pressure gauge is the gauge pressure, unless it is 

clearly indicated that it is a total or ideal pressure gauge. We monitor the gauge of the air in our 

automobiles' tyres using a flow meter at the gas station. 

Single phase systems 

A mass of material with a homogenous chemical composition and physical structure is referred to 

as a phase. When matter has a homogeneous physical structure, it is entirely made of solid, liquid, 

or gas. A combination of oil and water contains two liquid phases: an oil phase and a water phase. 

Although they are both liquids, their chemical makeups are different. I, the three parts of water are 

shown. Phase boundaries that have zero thickness divide the three phases, however they must be 

represented on the graph by lines that have a finite thickness since they would otherwise be 

invisible. 4 It implies that the point could never slip off the line when the temperature and pressure 

are specified. For example, water will be an liquid at P = 87.00 kPa and T = 95.78C, and it will be 

a gas at the same tension but a little higher temperature of T = 95.79C. There is no limit to how 

many numbers you may use; the water will either be a vapour. (It is easy to overlook this while 

utilising software to do computations.)  
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As long as we keep clear of the phase borders, we may modify the values of two intensive attributes 

separately for single-phase substances. For example, changing the temperature won't necessarily 

influence the stress. Think of the liquid water at 

 

 

When we microwave a cup of cold water, we raise the temperature while maintaining the same 

level of atmospheric pressure on the water. The temperature will now decrease when we place the 

cup in a freezer, but the pressure won't. Additionally, steam pressure and temperature may be 

changed.refer to a single-phase material as having two degrees of freedom since we may 

independently vary the values of two intensive attributes. 

5 It implies that in order to set the system's current state and the values of the other intense 

characteristics, we only need to define the values of two separate intensive attributes. The situation 

of the material as indicated by its attributes is known as the substance's state. When water is heated, 

its condition is said to have altered due to the change in temperature. The worth of the other 

qualities might be ascertained in various ways. 

Ideal gases 

An ideal gas is a fictitious gas whose molecules or atoms crash elastically with one another and 

the container walls without being attracted to or repelling one another. They are tiny point particles 

that hardly take up any space. The density of gases is low (the particles will take up very little 

space) and the kinetic energy of each particle is significantly larger than any potential inter-particle 

interactions at high temperatures and low pressures. Gases behave more as they would in an ideal 

gas state. The Ideal Gas Law states that for an ideal gas, the connection between pressure, 

temperature, and total volume is as follows: 

It's crucial to remember that this equation does not take the gas's molecular mass into account. At 

25 degrees Celsius and 100 kilogrammes per square inch, a kilomole of helium and a kilomole of 

air both occupy the same volume, even though helium weighs 4 kilogrammes and air 28.97 

kilogrammes, respectively. As a result, a balloon that is inflated with one kilogramme of helium 

can raise a load of approximately 25 kilogrammes. Such a sphere balloon will have a 3.4 m 

diameter.  

Working with mass is preferred in engineering. The Classical Physics Law is now expressed as P 

V = m R T where R = R M M. R is the ideal gas ratio for the material under investigation, and 

MM is its molecular mass. Its units are [k P a m 3 k g 1 k K 1] and each substance's value 

corresponds to one of these units. 
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Liquids and solids 

The steam tables include the precise volume of pressurized liquid water as a function of 

temperature and pressure. In Borgnakke (Sonntag and Borgnakke 2012). Note that the precise 

amount of liquid water seldom changes as pressure increases. The specific volume of water at 20 

°C varies from 0.001002 m 3 / k g to 0.001000 m 3 / k g with a tenfold rise in pressure (from 500 

k P a to 5000 k P a). As a result, liquids (and solids) are often thought of as being incompressible.  

The chart also shows that the specific size of water does indeed rise somewhat with temperature. 

Therefore, even though the pressure in saturated liquid water will just be different from P, it is 

customary to assume that the specific volume of compression liquid water at T and P is equal to 

the specific volume of saturation liquid water at T. includes the volume of saturable solid water 

(ice) as a function of temperature. It is also possible to suppose that ice is incompressible. Detailed 

tables are often not available for other compounds. However, at ambient temperature, the density 

of a number of liquids and solids. 

Two-phase systems 

Phase change 

Liquid water continues to boil and change phases if heated enough. Studying some of the processes 

that take place while a pure material changes phases might be helpful. Consider water in a piston 

ring at 101.325 kPa. It is a simple mechanism since the water is at 20 C, which is below the boiling 

point. There are two levels of freedom. Without causing the water's phase to change, the 

temperature and pressure may be separately changed. The pressure is maintained at 101.325 kPa 

while the water is heated. As the water is heated and the temperature goes up, the volume 

somewhat increases. 

Vapor will begin to develop at the boiling point (100 C). The quality (see Paragraph 1.3.2) is still 

equal to zero at the boiling point, when the first molecule of liquid water is ready to turn into a 

vapour, and the liquid is referred to as a saturated liquid. More vapour is produced when heat is 

supplied. The device uses the whole heat input to convert the liquid to vapour while maintaining a 

consistent temperature. Temperature and pressure cannot be changed separately any more without 

the system going through a phase change. The vapour will condense, emit heat, and return the 

system to a single-phase state if the pressure is increased (for example, by adding weight to the 

piston). The temperature will increase to a greater value (as before) before vapour forms once 

again if heating is resumed at this higher pressure. The liquid will ultimately all turn to vapour. 

The phase is referred to as a saturated vapour after the last watery molecule evaporates. The 

temperature of the saturated vapour will increase when heated, and super-heated vapour will 

develop. 

No phase separation will occur if the pressure is increased enough. Without establishing two 

phases, the liquid will transition from just a liquid-like side to a gas-like phase. This may be seen 

taking place in at 40000 k P a. The critical pressure is the lowest pressure at which there is no 
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phase separation. The critical temperature is the temperature at the critical pressure. Water has a 

critical pressure of 22.09 MPa and a critical temperature of 374.14 C. The system is in the saturated 

condition as long as there are two phases present. Both the liquid and the gas are referred to be 

saturated. Both the temperature and the pressure are at saturation, also known as vapour pressure. 

This circumstance is often referred to as a vapor-liquid equilibrium mixture. 

The constant pressure heating of water will appear as a horizontal line on a P v diagram. On a T-

P phase diagram, the constant pressure heating of water may alternatively be represented by a 

horizontal line In the critical point marks the end of the liquid-gas phase barrier. Makes it obvious 

that the maximum pressure is a special function of temperature10 and that heat are no longer 

independent for a two-phase combination. The volume of the saturated liquid and vapour as well 

as the degree (or pressure) are fixed after the pressure (or temperature) has been determined. Since 

all of the variable are fixed once one element is established, it seems that the vapor/liquid two 

methods only has a degree of freedom. For the intense variables, this is accurate. 

Determining the phase of water 

To fix the configuration of a material, two out of a potential four variables must be given numerical 

values. Pressure, temperature, a certain volume, and quality are the four variables. We must first 

identify the phase (solid, liquid, or gas) of the material in order to calculate the values of the 

undetermined variables. Knowing the phase allows us to choose which table to employ (tight 

liquid, saturated liquid, or super-heated vapour).  

 Pressure and temperature 

Temperature and pressure numbers are provided or specified. Comparing the stated temperature 

to the saturation temperature at the specified pressure, as well as the specified pressures to the 

saturation pressure at the specified temperature, yields information on the phase. Plotting the 

condition on a Pressure-Temperature Phase diagram is what this really entails. So when pressure 

and temperature are given, only the three phases of solid, liquid, and gas are feasible. As previously 

stated, the state will either be a solid OR a liquid OR a vapour since the lines dividing the phases. 

On a pressure-temperature graph, the slope of the water solid/liquid equilibrium line is very 

negative. Because of this, liquid water under high pressure will freeze at a slightly lower 

temperature than liquid water under low pressure. (The slope of both the solid/liquid border is 

positive for most other substances, and they compress as they freeze.) 14 The triple point of water 

is 0.01 C, but the melting point of ice at 100 kPa is 0 C, due to the negative slope of the solid/liquid 

phase border. In these notes, it is assumed that ice melts at zero degrees Celsius under any pressure 

and that the phase boundary between ice and liquid water is vertical.  

Take into account the waterat 100 kPa and 50 °C. The given pressure is more than 12.34 kPa, the 

saturation pressure at the stated temperature, and the specified temperature than 99.62 C, the 

saturation temperature at 100 kPa 16. The phase's location on the phase diagram also makes it clear 

that it is a compressed (or sub-cooled) liquid. The volume of the material is equal to that of the 
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saturated vapour at 50 degrees Celsius, or 0.001030 m 3 k g, according to the tables for saturated 

water, even if the quality is unknown Taken into account water at 100 kPa and 150 °C. Its 

temperature is greater than 99.62 C, the saturation temperature at the stated pressure, while its 

pressure is lower than 475.9 kPa, the saturation pressure at the prescribed temperature. 

Pure Substance 

A pure material is one that maintains a constant chemical makeup throughout. For instance, pure 

substances include carbon dioxide, water, nitrogen, and helium. However, a pure material need 

not consist of a single element or complex. As long because as mixture is homogenous, a 

combination of different chemical components or compounds is also acceptable as a pure material. 

For instance, while air is a combination of many gases, due to its homogeneous chemical makeup, 

it is often regarded as a pure entity. Oil and water together, however, are not a pure material. Oil 

is not water soluble, thus it will accumulate on top of the water, separating the two sections into 

two chemically distinct zones. 

As long as all phases of a pure material have the same chemical makeup, a combination of more 

than one phase of that substance remains pure. For instance, a combination of ice and liquid water 

is pure because both stages have the same chemical make-up. However, a combination of liquid 

air with gaseous air is not a pure material since the chemical homogeneity of the mixture has been 

lost because liquid air has a different composition from gaseous air. This is caused by the fact that 

various air constituents condense at various temperatures and pressures. 

Phases of a Pure Substance 

Mercury is a liquid, nitrogen is a gas, and copper is a solid. Each could show up in a different 

phase depending on the circumstances. Despite the existence of the three primary phases—solid, 

liquid, and a material may have many phases inside its primary phase, each having a distinct 

molecular make-up, including gas. In the solid phase, carbon, for instance, may exist as graphite 

or diamond. Iron has three solid phases whereas helium has two liquid phases. At high pressures, 

ice may exist in seven distinct phases. A phase may be recognised by its specific molecular 

organisation, uniform molecular arrangement throughout, and readily observable border surfaces. 

An excellent illustration of this is the two states of water (H2O) in iced water. 

The molecular makeup and behaviour of various phases are not important to consider when 

researching phases or phase shifts in thermodynamics. A short description of phase transitions is 

provided here. It is, however, highly important to have some grasp of the chemical events involved 

in each phase. Solids have the strongest intermolecular bonds, whereas gases have the weakest. 

One explanation is because molecules in solids are crammed together densely, while they are 

spread out widely in gases. The arrangement of molecules in a solid is repeated in a three-

dimensional pattern called a lattice. Because the distances between molecules in a solid are so 

close together, the attraction forces between molecules are strong and maintain the molecules' 

fixed locations. It should be noted that when the molecules move closer to one another, the 
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attraction forces between them. One kind of particle, which may have a definite or unchanging 

structure, makes up pure substances. These chemicals are further broken down into elements and 

compounds. Substances that cannot be divided into simpler ones are known as elements. Even 

with the use of physical or chemical methods, an element cannot be changed into a different 

element. Most often, they use metals, nonmetals, or metalloids. Contrarily, compounds are also 

pure entities created when two or more different elements are chemically joined with a 

predetermined proportion of their atoms. However, using chemical techniques, composite 

substances may be further divided into distinct components 

Typical Pure Substances 

The following are a few instances of pure substances: 

• Steel, 

• Iron, 

• Gold, 

• Diamond, 

• Water, 

• Copper, among other things. 

Please be aware that air is often seen as a pure material. But some of the substances like water, 

salt, crystals, or baking soda are also regarded as being pure. A phase is a specific molecular 

structural arrangement that is evenly distributed throughout the matter and can be clearly 

distinguished from other phases by its outwardly visible boundary surfaces. Thus, a pure material 

may exist in three states: solid, liquid, and gas. It is conceivable for the material to develop several 

phases, each with a distinct molecular structure, inside a principal phase. Ice, for instance, may 

exist in a variety of phases at high temperatures. While the two unique phases in which carbon 

may reside in the solid phase are graphite and diamond. Additionally, it has been shown that 

molecule bonding is stronger in the solid phase and weakest in the liquid phase. Molecules are 

grouped throughout materials in a three-dimensional arrangement called a lattice. They are unable 

to move in relation to one another, even though they perpetually fluctuate about their identical 

equilibrium point. 

Types of Pure Substances 

On the basis of their chemical makeup, the pure substances have been separated into two groups, 

namely: 

• Elements 

• Compounds 
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Elements:  

Because they contain just one kind of atom throughout their entire composition, elements are pure 

substances that cannot be converted into more basic ones via any physical or chemical process. 

Gold is thus still gold when it is broken down and is therefore regarded as a pure material and an 

element. In addition, it is divided into metals, nonmetals, and metalloids. 

Elements have the following characteristics: It is a pure material that is homogenous in nature and 

contains just one kind of element. Such as aluminium, sulphur, and iron. As a result, they are all 

regarded as elements. 

By any physical or chemical means, such as heat, electricity, or chemical reactivity with other 

compounds, they cannot be broken down into simpler components. As a result, when iron is heated, 

only iron melts. 

The smallest component of an element, an atom, is in charge of all of its characteristics. Thus, the 

iron atom exhibits all the characteristics of the metal iron. Elements have highly distinct melting 

and boiling points 

Compounds:  

A compound is a pure material that is fundamentally made up of two or more elements that have 

been chemically mixed in a certain proportion. Water is thus referred to as a compound since it is 

made up of the elements oxygen and hydrogen. The compound's characteristics are as follows: It 

is homogenous in nature since it is composed of the same kinds of molecules. 

The components of molecules cannot be separated by physical means, but they may be separated 

by a variety of chemical and electrochemical processes. As a result, water can be electrolyzed to 

produce hydrogen and oxygen. Fixed components make up a compound. A substance has a distinct 

melting and boiling point. A compound has a unique quality of its own that is different from the 

qualities of its constituent parts.  Energy is the ability to do work in physics. It might exist in 

several different forms, such as potential, reactive, thermal, electrical, chemical, radioactive, etc. 

Additionally, there is heat and work, which is energy being transferred from one body to another. 

Energy is always assigned based on its type once it has been transmitted. Thus, heat transmitted 

may appear as thermal energy while labour performed may result in mechanical energy. 

Motion is a property of all energy types. For instance, if a body is moving, it possesses kinetic 

energy. Even while at rest, a tensioned object like a spring or bow has the ability to move; this is 

due of its design, which includes potential energy. Similar to kinetic energy, nuclear energy is 

potential energy as it originates from the arrangement of subatomic particles in an atom's nucleus. 

Energy can only be transformed by one form to another; it cannot be generated or destroyed. The 

first rule of thermodynamics, sometimes known as the principle of energy conservation, governs 

this phenomenon. For instance, the potential energy that a box possesses from being high up on 

the slope is transformed into kinetic energy, the energy of motion, as the box slides down a hill. 
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The kinetic energy from the box's motion is transformed into thermal energy, which warms the 

box and the slope when it comes to a halt due to friction. 

Other mechanisms exist for converting energy from one form to another. For instance, several 

types of equipment, such as fuel-burning heat engines, generators, batteries, fuel cells, and 

magnetohydrodynamic systems, create usable mechanical or electrical energy. Energy is 

quantified in joules according to the Standard System of Units (SI). A one-newton force operating 

over a one-metre distance produces one joule of work. 

Several articles address the subject of energy. Mechanical, thermodynamics, and energy 

conservation for the evolution of the idea of energy and the conservation of energy principle. See 

coal, solar energy, wind power, nuclear fission, oil shale, petroleum, electromagnetism, and energy 

conversion for the main energy sources and the processes that allow energy to change its form. 

On earth, energy comes in a variety of ways. The elemental source of energy on earth is said to be 

the sun. Energy is seen as a quantifiable characteristic in physics that may be transferred from an 

item to carry out work. Thus, we might characterise energy as the capacity to engage in any form 

of physical action. So, to put it simply, we may define energy as Energy "can neither be generated 

nor destroyed but it can be changed from one form to another," according to the rules of 

conservation of energy. The SI unit for energy is called a joule. 

Units of Energy 

The unit of measurement for energy in the International System of Units is joule. James Prescott 

Joule is honoured with the name of the energy unit. The energy required to exert a force among 

one newton over a distance of one metre is measured in joules, a derived unit. However, there are 

also additional units outside of the SI that are used to measure energy, including ergs, kcal, British 

Thermal Units, kilowatt-hours, and kilowatt - hours, which need to be converted before being 

stated in the SI system.  

Law of Conservation of Energy 

One of the fundamental rules of physics is the law of conservation of energy. It controls how tiny 

individual atoms move during a chemical process. According to the rule of conservation of energy, 

"the entire energy of the system is preserved in a closed system, i.e., a system that is separated 

from its surroundings." The rule states that even if energy transformation takes place, the overall 

amount of energy of the system is preserved. Energy can only be changed by one form to another; 

it cannot be generated or destroyed. 

Kinetic Power 

Kinetic energy is the capacity of an item to do work as a result of its motion. For instance, a boat's 

sail is propelled forward by the kinetic energy of the wind. Water in motion contains kinetic 

energy, which has been used for millennia to power flour mill grinders. The symbol for kinetic 
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energy, K, stands for joules (J). It is written as: Here, K, m, and v represent the object's mass, 

kinetic energy, and speed, respectively. 

Power Potential 

A potential energy is the ability of an item to do work as a result of its location. A stretched bow 

string, for instance, has potential energy. The forward motion of the arrow is caused by the release 

of the bowstring. Another illustration may be a thing that is elevated above the earth. When the 

aforementioned item is released, it falls quickly. 

Potential energy is also present in compressed springs because when they are released, they expand 

violently. The symbol for potential energy (V) stands for joules (J). Here, we'll focus on an object's 

potential energy as a result of its location in relation to gravity on the earth. Let's think about the 

following example: 

Here, h is the object's height above the earth's surface in metres and m is the object's mass in 

kilogrammes. Here, the object's potential energy at height h may be written as follows: 

V(h) = mgh 

Here, g is assumed to represent the gravitational constant of the earth, with a value of 9.8 m/s2. 

We are aware that an object's rate of acceleration depends on how far it is from the earth's centre 

of gravity. The acceleration caused by the earth's gravitational attraction is assumed to remain 

constant for all practical purposes since the surface heights are negligible in comparison to the 

earth's radius. Energy is transported in the physical world in a variety of ways. Let's talk about a 

few of these forms. 

Warmth Energy 

Frictional force is connected to heat energy. For instance, our hands feel warm when we touch 

them together in the cold. Similar to this, when a dentist drills into a tooth, the drill's tip becomes 

very hot. As a result, the drill has a cooling system that uses a water jet to control the temperature. 

Let's take a look at the next example, in which an item is moving. Let's assume that the only source 

of this object's total stopping is the friction of the surface. 

Here, m is the object's mass, Vi is its beginning velocity, x is its displacement, and vf is its final 

velocity, which is equal to zero. Applying the work-energy theorem, the frictional force of the 

surface will provide the following work: 

W(friction) = K. 

Since Kf = 0, so W(friction) = - Ki = 1/2 [mvi2] and W(friction) = Kf - Ki. 

We also see that friction in this situation produces negative work. The frictional force converts the 

block's kinetic energy to heat energy. The temperature of the item and the surface are both raised 

by this heat energy. 
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Biological Energy 

The simplest straightforward way to describe chemical energy is as the force that holds the atoms 

and molecules of different substances together. Energy is released in huge amounts when these 

chemical connections are shattered. For instance, when we set some timber logs on fire, we 

disassemble the intricate organic molecules, releasing their chemical energy. Essentially, the 

transfer of energy drives a chemical process based on which there are two different sorts of 

reactions: 

Exothermic reactions:  

Chemical processes that produce heat. For instance, coal oxidation Burning coal produces 3 107 J 

of energy per kilogramme. A chemical process known as an endothermic reaction consumes 

energy. For instance, heat is necessary for the interaction between ammonium nitrate and water to 

continue. 

Nuclear Power 

The protons and neutrons in each element's nucleus are joined by nuclear energy. It is the universe's 

most powerful force. Uranium and plutonium's nuclear energy is used in nuclear weapons. When 

compared to the conventional bombing materials, the destruction of Hiroshima and Nagasaki at 

the conclusion of the Second World War was brought on by a negligible quantity of nuclear matter. 

There are many types of nuclear reactions: 

Fission: The splitting of a larger nucleus into smaller nuclei. For instance, the uranium nucleus 

may split into smaller nuclei like radium and thorium, among others. 

Fusion is the process of merging two or more smaller nuclei to create a larger nucleus. For instance, 

the fusion of hydrogen atoms produces the energy that powers our sun. 

Electric power 

Charges interact with one another and create an electrical energy as a result. Current has energy 

flowing through it. Electrical current may be used to capture this energy by running it through 

different objects and apparitions. For instance, light is produced when electrical current flows 

through a bulb's filament. And a fan's motor turns its blades when electrical power is supplied 

through it. 

Law of Energy Conservation 

According to the rule of energy conservation, energy cannot be created or destroyed. Simply said, 

energy transforms. For instance, when an item comes to a complete stop due to friction, its kinetic 

energy is converted into heat energy. 
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Broader outlook 

According to Einstein, matter and energy are equivalent, and their relationship may be written as 

E = mc2. Here, E stands for the total energy of the matter, m for its mass, and c for the speed of 

light in a vacuum. At 300,000,000,000,000 m/s, C is a constant. Consequently, a single 

kilogramme of matter possesses the same energy as 9 1016 J, or the same yearly output as a big 

power plant with a 3000 MW capacity. 

Chemical, electromagnetic, radiant, mechanical, thermal, and nuclear energy are the six main types 

of energy. Additional types including electrochemical, acoustic, electromagnetic, and others could 

be addressed in other studies. However, a lot of other shapes are only combinations of these six 

fundamental types. 

These six forms may all be altered or turned into one another. For instance, the chemical energy 

in wood transforms into thermal (heat) and radiant (light) energy while a fire is blazing in your 

fireplace. Consider a vehicle for something a bit more complicated. In order for a vehicle to drive, 

the chemical energy of a fuel (such as gasoline or natural gas) be transformed into mechanical 

energy. 

Chemical energy is contained in the links (the bonds) between very small pieces of a material 

(molecules). Chemical energy may be found in a variety of fuels, including coal, gasoline, natural 

gas, and even sugar! When we exercise, our bodies "reorganize" the sugar's components to liberate 

the vitality that was previously bound up in its chemical connections. 

Electron motion generates electrical energy. Atoms, which make up all matter, are composed of 

protons, neutrons, and electrons, three smaller particles with positive, neutral, and zero electric 

charges, respectively (which are negatively charged). The core, or nucleus, of an atom is where 

protons and neutrons are located. Similar to how the moon circles the Earth, electrons revolve 

around the nucleus. The electrons in certain substances, especially metals, are only tangentially 

bound to their atoms. If an electric or magnetic field is supplied to them, it is simple to make them 

travel from one atom to another. A current of electricity is produced when those electrons travel 

between the atoms of matter. 

The kind of energy linked with the motion of light, electromagnetic waves, or particles is known 

as radiant energy. In addition to things that are invisible to the unassisted eye like x-rays, gamma 

rays, and radio waves, radiant energy also contains visible light. One kind of radiant energy is 

light, such as the sunlight. Life on Earth is only possible because of this energy. 

The energy an item has as a result of its movement or location is known as mechanical energy. To 

put it another way, a thing has mechanical energy because it has the capacity to perform an action 

as a result of its position or motion. 
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Kinetic energy, or the energy generated by an object's motion, and potential energy, or the energy 

that is stored as a result of an object's location, are both examples of mechanical energy. We'll talk 

more about potential and kinetic energy later. 

The energy generated when atoms' nuclei are divided or fused is known as nuclear energy. For 

further information on the energy generated when atomic nuclei break, go to the Nuclear Energy 

area of this curriculum. 

Atoms are torn apart during fission to create useful nuclear energy. In stars like our Sun, fusion 

the fusing or merging of atoms occurs. 

Heat energy, or the power of moving or vibrating molecules, is referred to as thermal energy. 

Temperature has a direct correlation with heat and thermal energy. In an effort to reach the same 

temperature, nearby objects with differing temperatures may spontaneously transfer heat. As heat 

transfers from the coffee to the surroundings, a hot cup of coffee in a chilly environment loses part 

of its thermal energy. As the coffee loses heat, the molecules begin to vibrate less rapidly. 

Eventually, the coffee cools to about the same temperature as the surrounding space. 

Energy States 

Potential energy or wonderful are the two possible states for all energy. 

Potential energy is ready-to-use energy that has been stored. Potential energy may be seen in the 

gasoline-powered lawnmower, the automobile on a hill, and the book perched on the edge of a 

table. Potential energy may be combined with other expressions like "gravitational potential 

energy," which refers to the energy an item possesses as a result of height in relation to a lower 

elevation (such as the book on the edge of a table). 

Simply explained, kinetic energy is the energy that anything possesses due to motion. Kinetic 

energy is defined as the product of an object's mass and its squared velocity, which is a more 

complicated formula (KE=1/2 mv2).  

------------------------------ 
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Energy is a flexible substance that may be transformed from one condition or form to another. The 

book on the edge of the table that we stated in the last section possesses gravitational potential 

energy. Imagine that the book is pushed off the table. The book has kinetic energy and is falling 

to the earth. Some of the energy is converted to heat energy when the book collides with the 

ground. When the book hits the ground, some of the energy is converted into mechanical energy 

in the form of sound waves, which you can hear when you hear the "SMACK!" that results. 

You may take this concept even farther if you use the example of water flowing over a waterfall! 

The kinetic energy of falling water may be converted into mechanical (rotational) kinetic energy, 

which is then converted into electrical energy by means of a generator, and finally into other forms 

such as thermal, by utilising the electricity and a resistor to heat a building. Because of its intended 

use or the expected outcome from the transformation, energy is changed from one form or 

condition to another. We can heat our houses in the winter by capturing the energy of falling water 

and ultimately turning it into thermal energy. We produce light and heat by converting the potential 

energy contained in a piece of wood into radiant energy. 

The Law of Conservation of Energy is easier to grasp when you have a rudimentary knowledge of 

transformation. In essence, energy is uncreated and unrenewable. It is changed into many types of 

energy. According to this rule, the energy we spend transforms into something else rather than 

being "spent up."Since there is a strong effort to conserve energy, which means to preserve and 

not waste it, some students can find the phrase "conservation" confusing. According to the formal 

definition of the Law of Conservation, energy may be converted from one form to another or 

moved from one item to another within a system while yet being constant overall. Energy is 

transmitted from one ball to another during a game of pool when the cue ball slams against solids 

and stripes on the table. Some of the energy is also converted into heat energy due to friction 

between the balls and table's surface. It is because of these transfers and changes that the balls 

ultimately come to a standstill. The balls lose energy (and hence speed) when they contact, transmit 

energy to other balls, and lose energy when that energy is converted to heat. 

Calorie Content 

Burning organic material and monitoring the heat emitted allows one to determine the amount of 

energy contained inside (Calorific Value). A sample of known mass is used in a bomb calorimeter, 

a device that is totally sealed and insulated to stop heat loss, to do this. The rise in temperature just 
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after sample is entirely burned is measured using a thermometer that is within but can be read from 

the outside. The energy content of the organic substance may be determined using this information. 

The amount of heat emitted during the full combustion of a unit weight of fuel is measured as the 

fuel's heating value. Gross Calorific Value (GCV) or Net Calorific Value are the two ways to 

represent it (NCV). The heat of atomic hydrogen and moisture vaporisation (conversion to water 

vapour) in the fuel is what distinguishes GCV from NCV. Heavy fuel oil typically has GCV and 

NCV of 10,500 kcal/kg and 9,800 kcal/kg, respectively. 

2. Energy Basics and its Various Forms 

Energy Efficiency Bureau 46 

Heat Exchange 

Regardless of the method, heat will always be moved from higher temperatures to lower 

temperatures. Joules are used to measure the transmitted energy (kcal or Btu). Joules/second 

(kcal/hour or Btu/hour) are units of measurement for the rate of energy transmission, also known 

as heat transfer. 

There are three main ways that heat is transmitted: 

The conduct (Energy transfer in a solid) 

The Convection (Energy transfer in a fluid) 

 Radiation (Does not need a material to travel through) 

Conduction 

When two bodies come in touch with one another, heat conduction occurs. If one body is hotter 

than the other, the motion of the molecules in the hotter body will cause the molecules at the point 

of contact with the cooler body to vibrate, raising the temperature of the colder body as a 

consequence. The temperature differential, the material's characteristics, its thickness, the surface 

contact area, and the length of the transfer all affect how much heat is transported through 

conduction. 

Typically, thick compounds that contain molecules close together are good heat conductors. As a 

result, the material may be readily penetrated by the molecular agitation process. Metals are hence 

efficient heat conductors, while gaseous substances with large molecular spacing or low densities 

are inefficient heat conductors. Insulators are often referred to be poor heat conductors. Thermal 

resistance is a key indicator of a material's insulation capacity. Typically, this is referred to as the 

R-value (RSI in metric). Thermal conductivity, or the capacity to transmit heat, is often inversed 

by the R-value. 

The following are typical measurements for conductive heat transfer: 
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Per-unit surface (for a given thickness) 

Watts per square metre (W/m2) in metric units. 

Watts (W) or kilowatts are the general SI units (kW) 

Convection 

The flow of a fluid, such as a gas or liquid, from the hot to the cool section is necessary for the 

convectional transfer of heat. Convection comes in two flavours: natural and forced. The fluid near 

or in touch with a body with a high temperature is heated via conduction in the case of natural 

convection. When something is heated, it expand, loses density, and then rises. This starts a phase 

of fluid motion in which a flowing stream of fluid passes by the heated body, continually removing 

heat from it. 

In the case of forced convection, a fan, pump, or other external device drives the fluid's movement. 

Forced convection is effectively shown by a central hot air heating system. Convection is 

influenced by the fluid's temperature characteristics, surface conditions on the body, and other 

variables that impact the fluid's capacity to flow. A rough surface may trap air against it with a low 

conductivity fluid like air, which lowers the conductive heat. 

Energy Basics and its Various Forms 

Energy Efficiency Bureau 47 transfer, hence lowering convective currents. 

Convective heat transfer rate is measured in the following units: 

Watt (W) or kilowatts in metric units (kW) 

Temperature Radiation 

Energy is delivered via the process of thermal radiation using electromagnetic waves that resemble 

light waves. Both visible (light) and unseen waves may be present. A heater's heating element is a 

fairly typical illustration of thermal radiation. Although the radiation from the heater element is 

unseen when it is initially turned on, you may still feel its warmth. Some of the radiation is now 

visible as the element warms up and glows orange. The element shines brighter and emits more 

radiant energy as it becomes hotter. The following are the main mechanisms by which a material 

interacts with heat radiation: Radiation enters a body via the process of absorption, where it 

transforms into heat. 

Reflection is the mechanism by which radiation bounces off the body rather than being absorbed 

or transmitted through it. Transmission is the method through which radiation goes through a 

body.When electromagnetic waves hit an object, thermal radiation is produced, which disturbs the 

molecules and atoms. Increased agitation results in increased energy and body warmth. Without 

physical touch or the use of a carrying medium like air or water, energy is transmitted from one 
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body to another. In actuality, the only kind of heat transmission that works in a vacuum is thermal 

radiation. 

Radiation is emitted by all living things to some extent. The quantity is influenced by the body's 

surface characteristics and temperature. Some substances, referred to as low emissivity materials, 

only release a little quantity of radiant radiation compared to their temperature (abbreviated low-

E). In order to reduce heat radiation into and out of buildings, low-E windows are utilised. 

Windows may be made to reflect, absorb, and transmit various solar radiation components. 

The quantity of thermal radiation that is absorbed, reflected, or re-emitted depends on the state of 

a body's surface. Nearly all of the energy that hits black, rough surfaces like black iron will be 

absorbed and reemitted. Polished and smooth surfaces will reflect a significant portion of the 

incoming radiant energy rather than absorb it. 

Standard units of measurement for radiant heat transfer rate 

Watts per square metre in metric units (W/m2) 

Evaporation 

The process through which a material changes from a liquid condition to be expelled as a vapour. 

As an example, sweat evaporates from the skin to cool people, while liquid refrigerant evaporates 

to provide refrigeration. Evaporation is a method of cooling. 

Condensation 

The process of changing a material from its gaseous state to its liquid form. 

 Energy Basics and its Various Forms 

Energy Efficiency Bureau 48 \example: On the other hand, condensation is a heating process. 

Vapour molecules' latent heat of vaporization manifests themselves once again as sensible heat 

when they condense and turn into liquid, as seen by an increase in temperature. The significant 

increase in ambient temperature that is often seen when fog develops and as rain or snow starts to 

fall is brought on by this heating action of condensation. 

Steam 

Since the industrial revolution, the use of steam for energy transportation has been commonplace. 

Steam is so common and beneficial in the industry because it has the following qualities: high 

specific and latent heat; high heat transfer coefficient; ease of distribution and control; cheap cost; 

and inertness. 

In addition to being utilized in process industries including sugar, paper, fertilizer, refineries, 

petrochemicals, chemical, food, synthetic fibre, and textiles, steam is also used to generate 

electricity. The high pressure steam generated in the boiler is first expanded in a steam turbine to 
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create power in the process industries. The procedure uses the extraction or bleed from the turbine, 

which are typically at low pressure. Cogeneration is the term used to describe the process of 

generating electricity utilizing the steam produced by the boiler. 

Basic Principles of Unsteady-Flow Analysis 

Because both the flow and the height of the water surface are uncertain, unsteady-flow analysis 

requires the explicit solution of two governing algebraic equations. The conservation of water 

volume is one of the governing equations, while the loss of water momentum is the other. Since 

the flows in steady-flow analysis were constant and utilised to account for the flows throughout 

the channel, the equation for water volume conservation was easy to solve (known elevations were 

unnecessary). However, a numerical solution of water volume conservation must be explicitly 

calculated for flows and heights in unsteady-flow analysis. 

 

In unsteady-flow analysis, two algebraic equations must be created for each computational 

element, expressed in terms of elevations and flows at the ends of the element, using computational 

elements and algebraic approximations to the differential or integral terms in the governing 

equations. Compared to the governing equations for steady-flow analysis, these equations are more 

complicated. A computational factor with regard to time must also be taken into account for 

unsteady flow, but it is a straightforward one: the time axis is split into finite increments that, 

ideally, will be brief enough to allow for correct algebraic estimations of the differential and 

integral terms. The algebraic governing equations must account for the unknown flow and 

elevation at two places along the channel and at two points in time because of this dependency on 

time. 

It is necessary to locate control sites with established relationships between flow and elevation as 

well as locations where the flow is quickly changing or where channels interact that are not covered 

by the algebraic governing equations. Similar to steady-flow analysis, these points define the 

governing equations' range of application with regard to location along the channel and provide 

known values for the analysis. However, in unsteady-flow analysis, a beginning point for the 

calculations must be decided upon when all flow values at the computational nodes (ends of the 

computational elements) are known. At the beginning of the system, it is presumptively believed 

that all flows are constant. The first significant distinction between steady flow and unstable flow 

is the need for a steady-flow analysis in order to determine the starting point for an unsteady-flow 

analysis. 

The information required at the borders of the stream system is a second significant distinction 

between steady-flow analysis and unsteady-flow analysis. In steady-flow analysis, one elevation 

at the downstream boundary or the upstream boundary is required to begin the calculations for 

subcritical flow or supercritical flow, respectively. Unsteady-flow analysis requires more 

information, as shown by a brief study of the number of equations that are currently accessible in 
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the field. For instance, a single channel without any unique characteristics is split into 9 

computational components, resulting in 10 nodes. There are only 18 equations when there are 2 

unknowns at each node (per computational element). As a result, the unknowns cannot be 

identified without some more data from the system's borders. Information at both the system's 

upstream and downstream boundaries is required when the flow is subcritical. There are three ways 

that this information may be expressed: as a function of time known flow, known water-surface 

height, or as a connection between flow and water-surface elevation. The downstream boundary 

is often a known relationship between flow and water-surface elevation, while the upstream 

boundary is typically flow known as a function of time (a hydrograph) (a rating curve). Border 

conditions are the details provided at a boundary. 

An internal boundary condition is a term used to describe the information provided at a particular 

feature located within the stream system. Internal boundary conditions are modelled as steady-

flow relations in unsteady-flow analysis because distinctive features are often short enough to 

allow for little changes in water volume and momentum. Unsteady-flow analysis includes the 

separation and description of the distinctive characteristics as a key element. 

Due to the fact that both analyses employ algebraic approximations for the differential and integral 

terms, computational issues might occur for both steady-flow and unsteady-flow studies. These 

estimates were created for a computational element with a limited length. An improper answer 

happens if the computational component is too lengthy. The studies are different in that 

computational issues in unsteady-flow analysis are more complicated and prevalent than in steady-

flow analysis. Unsteady-flow analysis requires calculations across a broad range of marine 

elevations, while most steady-flow analysis only requires calculations over a small range of water-

surface elevations, which explains the higher frequency. Further difficulties are brought forth by 

the temporal dimension. 

Mass and Energy Balance of Unsteady-flow Processes 

It was discovered that due to their extended operating times, nozzles, diffusers, turbines, 

compressors, and other equipment go through a steady-flow process. However, since their states 

fluctuate over time, transient operations are performed during their startup and shutdown phases. 

Unsteady-flow processes or transient-flow processes are the terms used to describe the related flow 

processes. Unsteady-flow processes begin and conclude in a limited amount of time (t), in contrast 

to steady-flow processes. Filling or emptying a tank is another instance of an unsteady-flow 

procedure.An unsteady-flow process involves a changing mass in the control volume over time. A 

system's mass balance throughout any operation may be utilised to regulate volume as in where I 

= inlet and e = exit 

Mi is the mass flow into the control volume via one inlet, and Me is the mass flow out of the 

control volume through one exit. mCV = mCV@final - mCV@initial 

For Unsteady-flow Processes, Mass Balance, or in Rate Form 
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Where I is the rate of mass flow from an inlet into the control volume. equals the rate of change in 

mass within the control volume and the rate of mass flow out of the control volume via an exit. 

Additionally, during an unsteady-flow process, the energy content of a control volume fluctuates 

with time. The control volume may be utilised with the overall energy balance as 

ECV = Ei - Ee 

Where Ei is the total energy transmitted by heat, work, and mass into the control volume. 

Ee is the total energy (heat, work, and mass) that has been expended outside of the control volume. 

ECV stands for energy change in the control volume, which may take the form of internal, kinetic, 

potential, etc. energies or using a scale. 

 

 

 

where rate of energy change in the control volume in terms of internal, kinetic, potential, etc. 

energies = rate of energy transfer into the control volume by heat, work, and mass = rate of energy 

transfer out of the control volume by heat, work, and mass 

The energy balance may be recast as follows after it is taken into account that energy can only be 

transported through heat, work, and mass 

where = h + v2/2 + gz, and ECV = (U + KE + PE)CV is the total energy of a flowing fluid per unit 

mass. 

Uniform-flow Methods 

Specialized unsteady-flow procedures include uniform-flow processes. The control volume's state 

fluctuates over time in an unform-flow process, but it does so consistently. This is, The control 

volume is in the same condition at all times during the procedure. As a result, at any given time, 

the mass inside the control volume and the mass departing via the exit are in the same condition. 

At an aperture, fluid flows uniformly and steadily. In other words, across the cross section of an 

inlet or exit, the characteristics do not vary with time or location. However, they vary depending 

on the opening. 

The mass and energy balances for uniform-flow systems become more accurate with these 

identifications. where 2 represents the control volume's ultimate state 1 represents the control 

volume's starting state. 

I = Inlet, and E = Exit 
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When all of the inlets and endpoints are closed, the system reduces to a closed system. The energy 

equation may be simplified to the first law relation for closed systems when no mass is entering or 

exiting the control volume and the kinetic energy changes connected to the control volume are 

insignificant. 

Unsteady Flow Simulation in Hydraulic Systems 

When the parameters fluctuate over time, there is an unstable flow. Any liquid flow is inherently 

unstable. However, when a hydraulic system operates under constant boundary conditions, the 

fluid flow's characteristics vary gradually; as a result, this flow is regarded as stable. In addition, 

quasi-steady flow 1 is referred to when the parameters of a fluid flow fluctuate over time in relation 

to a constant value 

The majority of fluid flows in real life are constant or almost steady. In Figure below, examples of 

the three flows are shown. A straightforward pipe provides a steady flow. A channel with sharp 

edges serves as a representation of the quasi-steady flow. An outflow from a reservoir provides 

the unstable flow. 

 

 

Figure 7.1 represnet the flow of Unsteady Flow Simulation in Hydraulic Systems 

Unsteady Process of Hydraulic Systems 

Hydraulic systems operate in operational modes when they operate continuously over lengthy 

periods of time. Over a brief period of time, two separate operational modes are switched (called 

a transient mode). But why is the unstable flow so crucial if any hydraulic system operates in these 

modes more than 95% of the time? Since the loads are time-dependent. The maximum system 

pressure is greater with a lower load. 

Hydraulic controls are made to limit the time interval of transient modes so that they don't go 

outside of a safe range. Engineers must, however, take into account the worst-case scenario for an 

active system. The worst case scenario for any hydraulic fluid is an abrupt cessation of fluid flow. 
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In this instance, the channel's maximum pressure is at its highest but linearly dependent on the 

fluid's density, operating mode speed, and sound velocity. 

For many applications, unsteady flow is the preferred approach. For instance, the actuators in 

braking systems for all vehicle types (automobiles, freight vehicles, transit, and aircraft) are moved 

using short interval time modes. In this situation, the fluid's acceleration value determines how 

well the hydraulic system works. Due to the fluid's modest overall mass, the water hammer is 

greatly reduced. A gas may be utilised as a working fluid to lower the peak pressure value. For 

instance, air, which has a mass density significantly lower than that of a liquid, is the fluid used in 

a railway braking system. 

The risk of water hammer in gas turbine systems used for energy generation is quite low. These 

installations use a number of fundamental kinds of hydraulic systems, including lubrication, fuel, 

and control systems.  The start mode9's uneven flow is the most fascinating, but it's neither 

dangerous nor significantly important. Water hammer is quite harmful in the sectors of aviation 

and rocketry because it may break a fuel pipeline system. This kind of hydraulic system is 

destroyed either during operating mode 11 or the preparatory phase of the fuelling process 10. It's 

crucial to be aware of the potential for water hammer in reusable rocket systems because on-off 

cycles change often during the flight. 

Simulation of an Unsteady Flow at the Stop of the Work Fuel System 

For many applications, unsteady flow is the preferred approach. For instance, the actuators in 

braking systems for all vehicle types (automobiles, freight vehicles, transit, and aircraft) are moved 

using short interval time modes. In this situation, the fluid's acceleration value determines how 

well the hydraulic system works. Due to the fluid's modest overall mass, the impact hammer is 

greatly reduced. A gas may be utilised as a cryogenic liquid to lower the peak pressure value. For 

instance, air, which has a mass density significantly lower than that of a liquid, is the fluid used in 

a railway braking system. 

The risk of water hammer in gas turbine systems used for energy generation is quite low. These 

installations use a number of fundamental kinds of hydraulic systems, including lubrication, fuel, 

and control systems. The start mode9's uneven flow is the most fascinating, but it's neither 

dangerous nor significantly important. 

Water hammer is quite harmful in the sectors of aviation and rocketry because it may break a fuel 

pipeline system. This kind of hydraulic system is destroyed either during operating mode 11 or the 

preparatory phase of the fuelling process 10. It's crucial to be aware of the potential for water 

hammer in reusable rocket systems because on-off cycles change often during the flight Predicting 

potentially serious events like the LOX Geyser or the Water Hammer is part of a test 

programme.Sierra uses the Rocket Engine Transient Test Program, which includes forecasting 

potentially catastrophic events like the LOX Geyser or Water. 
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Concepts of heat engines and heat pumps/refrigerators 

Utilizing heat to do tasks for us is one of the most significant things we can accomplish with it. A 

heat engine does this by converting heat into work by using the laws of thermodynamics. Examples 

of heat engines include gasoline and diesel engines, jet engines, and steam turbines that produce 

electricity. One of the methods through which heat transmits energy to do work. The burning of 

fuel provides chemical energy, which heats the gas in a cylinder. This raises the temperature of the 

gas, which in turn raises its pressure and, therefore, the force it applies to a moving piston. The gas 

does have some influence on the outer environment because of the power used to move the piston. 

Work is done as a consequence of the energy being transferred from the heat to the gas in the 

cylinder. 

The piston must be brought back to its starting position in order to continue this operation. The 

gas's pressure is now reduced as a result of heat transfer from the gas to the environment, and the 

environment exerts a force to move the piston back a short distance. At the conclusion of each 

cycle, a cyclical process restores a system, such as the gas in a cylinder, to its initial condition. 

Circular processes are used by all heat engines. 

The piston must be brought back to its starting position in order to continue this operation. The 

gas's pressure is now reduced as a result of heat transfer from the gas to the environment, and the 

environment exerts a force to move the piston back a short distance. At the conclusion of each 

cycle, a cyclical process restores a system, such as the gas in a cylinder, to its initial condition. 

Circular processes are used by all heat engines. 

The energy that is transmitted by heat from a source is used in part by heat engines to 

operate. Illustrates how heat moves energy from a high-temperature item (or hot reservoir) to a 

low-temperature object (or cold reservoir), where it transfers wasted energy (Qc) and the work 

done by the engine is W. A reservoir is an endlessly big mass that, depending on the requirements 

of the system, may either absorb or emit an infinite quantity of heat. The hot reservoir's temperature 

is Th, whereas the cold reservoir's temperature is Tc. 

The hot reservoir is heated outside, which consumes a lot of energy, thus it's crucial that the 

operation be completed as effectively as possible. In reality, we want the atmosphere to be 

completely cool (Qc=0) and for W to equal Qh. This is unfortunately not doable. The second law 

of thermodynamics declares that heat engines cannot convert heat into work perfectly. Recall that 

flux is a measurement of a system's disorder and an indicator of the amount of energy that is not 

accessible for work. The overall entropy of a system must either rise or stay the same during any 

process, according to the second rule of thermodynamics. There is a minimal quantity of Qh that 

is prohibited from being utilised for work. The effectiveness of the heat engine determines how 

much heat is rejected towards the cold reservoir, Qc. More heat energy is available to do work the 

lower the rise in entropy, S, the smaller the value of Qc, and the smaller S. 
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The reverse of what heat engines do, heat pumps, air conditioners, and freezers use heat transfer 

of energy from low to high temperatures. Heat sends energy Qh into a hot reservoir while 

transferring energy Qc from a cold reservoir. This necessitates the input of work (W), which results 

in the transfer of energy through heat. the total heating to the hot fluid is as a result. 

Qh=Qc+W. 

A heat pump's main function is to transmit heat energy to a warm environment, such a house in 

the winter. A heat pump delivers Qh=Qc+W, which is a significant benefit over just burning fuel 

in a fireplace or furnace to heat your house. Even when it is below freezing outdoors, heat Qc 

enters the internal room from the outside air. You simply need to pay for W, and you get free extra 

Qc heat transmission from the outside. In many instances, at least twice as much energy as is 

required to operate the heat pump is transmitted to the heated area. You pay the full cost of the 

fuel you consume to be warm. The drawback of a heat pump is that, depending on whether 

electrical energy is used to supply the work (as needed by the second law of thermodynamics), it 

may be more costly to use a heat pump than to simply burn fuel. 

The compressor, which is powered by electricity (work input W), increases the gas's temperature 

and pressure before forcing it into the heated space's condenser coils. The gas condenses into a 

liquid because its temperature is greater than the temperature within the room, which causes heat 

to move from the room to the gas. The fluid then passes via an expansion (pressure-reducer) valve 

before flowing back. After cooling via expansion, the liquid goes back to the outside evaporator 

coils to complete the cycle. The efficiency of a heat pump is assessed by comparing the amount of 

energy that is transported by heat into warm room (Qh) to the amount of input effort (W) that is 

necessary. 

Refrigerators and air conditioners work by transporting heat Qc from a cold environment to a warm 

one, where heat Qh is released, in order to chill things. In the case of a refrigerator, heat is 

transferred from the inside of the appliance to the space around it. Heat from within a residence is 

sent outside by an air conditioner. In the summer, heat pumps are often used in reverse to cool off 

rooms. Work input is necessary for heat transfer of energy from cold to hot, same as with heat 

pumps. The efficiency of refrigerators and air conditioners is determined by how much energy is 

taken by heat Qc from a cold environment in comparison to the amount of effort W needed. So 

what is waste heat in a refrigerators is considered the energy advantage in a heat pump. 

We always struggle with the issue of producing less work than we put into the process of 

converting energy into labour. The issue is that heat Qc always transmits some energy to the 

environment, and in most processes, it does so significantly. The thermal efficiency of a machine 

may be used to measure how well it operates. The ratio of usable energy production to energy 

intake is how we define thermal efficiency, abbreviated as Eff (or, in other words, the ratio of what 

we get to what we spend). The efficiency of a heat engine is calculated by dividing the net-work 

output (W) by the heat-transferred energy input (Qh) of the engine. 
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Eff=WQh. 

The only way to achieve an efficiency of 1, or 100 percent, is if the environment is completely 

cool (Qc=0). 

Saturated Vapor and Superheated Vapor 

Once boiling begins, the temperature doesn't rise again until all of the liquid has been converted 

to vapour. That is, if the pressure is maintained constant, the temperature will stay constant during 

the phase-change process. By putting a thermometer in pure boiling water on top of a burner, this 

is simply verifiable. If the pan is left uncovered or has a light lid on it, the thermometer will always 

register 100°C at sea level (P 1 atm). The only changes we will see throughout a boiling process 

are a significant rise in volume and a continuous decrease in the liquid level as more liquid turns 

to vapour. Equal quantities of liquid and vapour are present in the cylinder at the midpoint of the 

vaporisation line. The vaporisation process continues as heat is transferred, and it does so until the 

last drop of liquid is evaporated. The cylinder is now completely filled with vapour that is almost 

on the cusp of becoming liquid. Some of the vapour will condense if there is any heat lost from it 

(phase change from vapour to liquid). A saturated vapour is a vapour that is going to condense. 

State 4 is a saturated vapour state as a result. Since the liquid and vapour phases coexist in 

equilibrium at states between 2 and 4, these states are known as saturated liquid-vapor mixtures. 

Some Consequences of Tsat and Psat Dependence 

This phenomenon, which has many practical uses, enables us to modify the boiling point of a 

material by only adjusting the pressure. We provide some instances below. Behind the scenes, 

there is a natural tendency to allow some liquid to evaporate in order to establish phase equilibrium. 

Consider a sealed can of R-134a liquid in a 25°C room. The temperature of the refrigerant within 

the can is also 25°C if the can has been in the space for a sufficient amount of time. The pressure 

within the container will now start to decline until it reaches atmospheric pressure if the lid is 

gently lifted and some refrigerant is allowed to escape. If the air is humid, you could even see ice 

forming outside the can as the temperature of the can quickly drops while you are holding it. When 

the pressure falls to 1 atm, a thermometer put in the can will read 26°C, which is the saturation 

temperature of refrigerant-134a at that pressure. Until the final drop of the liquid refrigerant 

vaporises, the temperature will stay at 26°C. 

The fact that a liquid cannot evaporate until it absorbs energy equal to the latent heat of 

vaporisation, which is 217 kJ/kg for refrigerant-134a at 1 atm, is another intriguing element of this 

physical process. Therefore, the rate of refrigerant vaporisation is a function of the rate of heat 

transmission to the can: the greater the rate of vaporisation, the higher the rate of heat transfer. By 

extensively insulating the can, the rate of heat transmission to the can and thus the rate of 

refrigerant evaporation may be reduced. The refrigerant will forever stay a liquid at 26°C in the 

container in the extreme scenario of no heat transmission. At atmospheric pressure, nitrogen has a 
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boiling point of 196 °C. This indicates that because some nitrogen will be evaporating, the 

temperature of liquid nitrogen exposed to the atmosphere must be 196°C. 

Until it is exhausted, liquid nitrogen has a constant temperature of 196°C. Because of this, nitrogen 

is often employed in cryogenic applications and low-temperature scientific research to keep a test 

chamber at a consistent temperature of 196°C. The test chamber is submerged in a freeze bath that 

is exposed to the outside air to accomplish this. The nitrogen absorbs any heat transfer from the 

environment to the test section, and since it evaporates isothermally, the test chamber's temperature 

remains constant at 196°C. To reduce heat transmission and, hence, the need for liquid nitrogen, 

the whole test area must be well-insulated. In medicine, liquid nitrogen is often used to remove 

unattractive skin lesions. This is accomplished by dipping a cotton swab in liquid nitrogen and 

applying it to the desired location. By quickly collecting heat from the afflicted skin as it 

evaporates, the nitrogen freezes the skin. 

There are two separate phases in the vacuum cooling process. The operation starts in the first step 

when the products are put into the chamber at ambient temperature, such as 25°C. Until the 

chamber reaches the saturation pressure, which is 3.17 kPa at 25 °C, the temperature stays constant. 

Following the first stage, the second stage maintains saturation conditions inside at gradually 

decreasing pressures and lower temperatures until the required temperature is obtained. Vacuum 

cooling is often more costly than traditional refrigerated cooling, and it is only used in situations 

when a rapid cooling is required. Products like lettuce and spinach that have a high propensity to 

leak moisture and have a lot of surface area per unit mass are good candidates for vacuum chilling. 

Low surface area to mass products are not recommended, particularly those with reasonably 

resistant skins like tomatoes and cucumbers. By moistening certain items initially, such as green 

peas and mushrooms, vacuum cooling may be done effectively. If the vapour pressure in the 

vacuum chamber falls below 0.61 kPa the saturation pressure of water at absolute zero—vacuum 

cooling turns into vacuum freezing. It's not a novel concept to use a vacuum pump to create ice. 

In Scotland in 1775, Dr. William Cullen succeeded in creating ice by removing the air from a water 

tank.By using the significant latent heat of fusion of water, package icing is often employed in 

small-scale cooling applications to remove heat and keep the items cold throughout transportation. 

However, its usage is restricted to products that are not damaged by contact with ice. Ice offers 

moisture in addition to cooling.  

---------------------------- 
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A system can alter its thermodynamic state through a thermodynamic process. A transition from 

an initial to a permanent shape of thermodynamic equilibrium characterizes a change in a system. 

The actual course of the activity is not the main focus in classical thermodynamics and is frequently 

disregarded. Until a thermodynamic event that starts a thermodynamic process interrupts a 

condition of thermodynamic equilibrium, it remains unchanged. An appropriate collection of 

thermodynamic system parameters that depend solely on the system's present state and not on the 

course followed by the processes to produce the state completely specify each equilibrium state 

individually. 

 The route of idealized adjustments to the system's state variables can be visually shown to 

represent a quasi-static thermodynamic process. The example illustrates a cycle made up of four 

quasi-static processes. Each process in the pressure-volume subspace has a clearly defined 

beginning and ending point. Activities 1 and 3 in this example are isothermal, but procedures 2 

and 4 are advanced and sophisticated. Since the area within the curve of a phase represents the 

amount of work performed by the system throughout that process, the PV diagram is a terribly 

good tool for visualizing a quasi-static process. Work is therefore regarded as a process variable 

as its precise value is determined by the specific route followed between the process's start and 

finish locations. 

A system goes through several quasi-static states to reach a final state f, which is represented by a 

force pf, a volumetric Vf, and a temperatures Tf, starting from an initial state I that is described by 

a number pi, a volume Vi, and a temperature Ti. Energy can be transported from and in to the 

system during this process, either by the system itself or on it. Increasing gas pressure while 

keeping temperature constant is an illustration of a thermodynamic process. Illustrations of 

thermodynamics processes are described in detail in the section that follows since they are crucial 

to the design of heat engines. A system goes through several quasi-static states to reach a final 

state f, which is represented by a force pf, a volumetric Vf, and a temperatures Tf, starting from 

an initial state I that is described by a number pi, a volume Vi, and a temperature Ti. Energy can 

be transported from and in to the system during this process, either by the system itself or on it. 

Increasing gas pressure while keeping temperature constant is an illustration of a thermodynamic 

process. Illustrations of thermodynamics processes are described in detail in the section that 

follows since they are crucial to the design of heat engines. 

Types of Thermodynamics process: 
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1. Reversible Process: 

A reversible operation is one that can be stopped by causing little changes to a system's 

property, according to the thermodynamics definition. It makes no changes to the environment 

or the system as a result. Entropy does not rise throughout the reversible process, and the unit 

is in thermodynamic close agreement. 

2. Irreversible Process: 

In thermodynamics, an irreversible system is one that cannot be stopped and that does not allow 

the environment or the system to return to its initial state. Entropy of the system grows during 

irreversible processes. 

3. Adiabatic process:  

A thermodynamic process known as an adiabatic process (Q = 0) occurs when there is no heat 

transport into or out of system. It might be said that the system is completely insulated. Only work 

is exchanged as energy in an adiabatic process. Since we can only utilize the adiabatic. 

Approximation in very quick processes, the requirement of no heat transfer is crucial. In these 

quick operations, there isn't enough time for heat to be transferred from or to the system. There are 

heat losses and combustion process losses in actual machines (such turbines, pumps, and 

compressors). Even yet, these losses are often negligible as compared to the overall transfer of 

energy, and the adiabatic can be used to approximation several thermodynamic processes [3]. 

3. Isothermal Process: 

A thermodynamic process known as an isothermal process occurs when the system's temperature 

stays constant (T = const). In order for the system to continuously adjust to the reservoir's 

temperature through heat exchange, the heat exchange into or out of the easily allows needs to 

occur at such a slow rate. Each of these states preserves the thermal equilibrium. The situation n = 

1 corresponds to both a polytrophic and temperate (constant-temperature) procedure for an ideal 

gas. In an endothermic reaction, there is no change in the stored energy (due to T=0), leading to U 

= 0 (for ideal gases) and Q 0. This is in contrast to an adiabatic process, where n = and a system 

communicates no heat with its environment (Q = 0; T0), and Q 0. A process is not always adiabatic. 

    5. Cyclic Process 

 A cyclic process is one that eventually brings a system back to its starting point. All attributes 

retain the same value at the end of a cycle as they had at the start. Since the ultimate state of such 

a process is identical to the beginning state, the reflection energy must be zero. It should be 

emphasized that not all heat supplied to a cycle may be converted into an equivalent quantity of 
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work, in accordance with the second rule of thermodynamics. Heat must be rejected in some way. 

Any heat engine's thermal efficiency (th) is defined as the ratio of both the work it does (W) to the 

heat input (QH) at the high temperature. 

6. Quasi static process  

The phrase "quasi-static process" or "quasi-equilibrium process" refers to a process in which the 

system maintains a near proximity to a thermodynamic equilibrium at each time. A person using 

ladder steps to descend from a roof to the ground level is an example of a quasi-static process. 

However, if he leaps first from roof to the ground floor, the procedure won't be quasi-static [4]. A 

system goes through several quasi-static states to reach a final state f, which is represented by a 

force pf, a volumetric Vf, and a temperatures Tf, starting from an initial state I that is described by 

a number pi, a volume Vi, and a temperature Ti. Energy can be transported from and in to the 

system during this process, either by the system itself or on it. Increasing gas pressure while 

keeping temperature constant is an illustration of a thermodynamic process. Illustrations of 

thermodynamics processes are described in detail in the section that follows since they are crucial 

to the design of heat engines. 

Zeroth law of Thermodynamics: 

One of the four laws of thermodynamics is the zeroth law, Ralph H. Fowler deserves praise for 

creating the law. It's interesting to note that the fourth and final law of thermodynamics was 

literally invented considerably later than the other three. Regarding the terminology, there was 

some disagreement about whether the fourth law or another name should be used. The difficulty 

occurred because the law change changed what the previous three statutes had to declare and 

provided a better definition of temperature. The bodies B and C is also in thermal equilibrium with 

one another [2]. 

 

Figure 8.1 represents the Zeroth law of Thermodynamics: 
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If body A is in thermal equilibrium with body b and with a different body C independently, the 

definition of the zeroth law of thermodynamics may be found here. Temperature measurement is 

the foundation of the law. Finally, Fowler had the name that would put an end to this argument. 

Above figure States the zeroth law of thermodynamics which keeping the object thermally 

equilibrium state. The zeroth law of thermodynamics recognizes that temperature is an important 

quantity to measure since it indicates whether or not heat will move between things. No matter 

how the things interact, this is true. Heat can still pass between two things even if they are not 

physically touching one other thanks to the radiation mechanism of heat transmission. In contrast, 

the zeroth law of thermodynamics stipulates that no heat flow will occur if the subsystems are in 

thermal equilibrium. 

Equivalence relation 

A thermodynamic system is by definition in a state of internal thermodynamic equilibrium, which 

means that neither its observable state (also known as the macrostate) nor any fluxes change over 

time. The relation of thermal equilibrium is an equivalence relation on pairs of thermodynamic 

systems, according to one exact interpretation of the zeroth law. 52 In other words, the set of all 

systems, each in a state of internal thermodynamic equilibrium, may be subdivided into subsets, 

each of which contains only the systems that are members of that subset and are in thermal 

equilibrium with each other, and none of which contain any systems that are members of any other 

subset. This implies that each system may be given a distinct "tag," and if the "tags" of two systems 

match, they are in thermal equilibrium; if they don't, they are not. Empirical temperature is utilised 

as a labelling method because of this characteristic. However, they are not suggested by the 

conventional formulation of the zeroth rule. Empirical temperature offers additional relations of 

thermally equilibrated systems, such as order and continuity with reference to "hotness" or 

"coldness." 

The zeroth law may be written as follows if it is assumed that a thermodynamic system is in thermal 

equilibrium with itself (i.e., thermal equilibrium is reflexive): A and B are in thermal equilibrium 

with one another if a body C is in thermal equilibrium with two other bodies, A and B. This claim 

states that a left-Euclidean link exists between thermodynamic systems and thermal equilibrium. 

When we add the additional definition that every thermodynamic system is in thermal equilibrium 

with itself, we now get the reflexive relation of thermal equilibrium. Equivalence relations are 

binary relations that are both reflexive and Euclidean. The zeroth law is so frequently stated as the 

following right-Euclidean assertion, again implicitly assuming reflexivity: 

They are in thermal equilibrium with one another if two systems are in thermal equilibrium with a 

third system. Equivalence has the effect of making the equilibrium connection symmetric, meaning 

that if A and B are in thermal equilibrium, then so are they. Thus, we may refer to two systems as 

being in mutual equilibrium or being in thermal equilibrium with one another. Thermal equilibrium 

is a transitive connection and is sometimes phrased as such, which is another result of equivalence: 

If A and B are in thermal equilibrium and if B and C are in thermal equilibrium, then A and C are 
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in thermal equilibrium. An equivalency connection is not always implied by a reflexive, transitive 

relationship. In order for the aforementioned claim to be accurate, reflexivity and symmetry must 

both be taken for granted.The Euclidean connections are the ones that directly relate to 

thermometry. A thermometer that does not appreciably alter the condition of the system it is 

monitoring is an ideal thermometer. The systems are in thermal equilibrium if a thermometer 

produces the same reading for each system, assuming that the constant reading of an ideal 

thermometer is a valid tagging system for the equivalence classes of a collection of equilibrated 

thermodynamic systems. No further change in either system's state is possible if they are thermally 

coupled. When the two systems are thermally connected, the states of both systems change if the 

measurements are different. Regarding this ultimate interpretation, the zeroth law says nothing. 

Foundation of temperature 

The notion of thermodynamics includes the zeroth law, however this is no longer the standard 

definition of temperature. The Boltzmann constant B displaystyle k mathrm B, which relates 

temperature to the kinetic energy of freely moving tiny particles like molecules, is the basis for the 

current fundamental international definition of temperature. Thermal equilibrium is recognised as 

an equivalence connection by the zeroth law. Any member of the set is a member of one and only 

one of the different subsets (referred to as "disjoint subsets") created by an equivalence relationship 

on the set (such as the set of all systems, each in its own state of internal thermodynamic 

equilibrium). These subsets in the case of the zeroth law are systems that are in mutual equilibrium. 

Any member of the subset may be uniquely "tagged" with a label designating the subset to which 

it belongs thanks to this partitioning. Temperature is one such labelling procedure that makes use 

of the real number system for tagging, despite the fact that the labelling may be fairly arbitrary. 

The use of appropriate thermodynamic systems as thermometers, which provide a wide range of 

potential empirical temperature scales, is justified by the zeroth law. The employment of the 

second law of thermodynamics to produce an absolute, or thermodynamic, temperature scale is 

also justified. These temperature scales provide the idea of temperature extra continuity and 

ordering (i.e., "hot" and "cold") aspects. 

Zones of constant temperature provide a surface in the area created by thermodynamic factors, 

which naturally arranges neighbouring surfaces. Therefore, a global temperature function that 

offers a continuous ordering of states may be created. It is a two-dimensional surface for an ideal 

gas characterised by the three thermodynamic parameters P, V, and N since a surface of constant 

temperature has one less dimension than the number of thermodynamic parameters. 

P1V1 / N1 = P2V2 / N2, where Pi is the pressure in the ith system, Vi is the volume, and Ni is the 

quantity (in moles, or simply the number of atoms) of gas, for instance, if two systems of ideal 

gases are in joint thermodynamic equilibrium across an immovable diathermal wall. One may label 

defining T such that PV / N = RT, where R is any constant, defines surfaces of same 

thermodynamic temperature. PV / N = constant defines surfaces. Now, additional systems may be 
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calibrated using these systems as a thermometer. These devices are referred to as "perfect gas 

thermometers." 

According to Maxwell's maxim, "All heat is of the same sort," there is only one kind of diathermal 

wall or one kind of heat in the sense that it is the centre of the zeroth law. But in another sense, 

Sommerfeld's thesis that "heat is transported in distinct ranks" is true "Thermodynamics looks into 

the factors that control how heat is converted into work. We learn to understand temperature as a 

representation of the work-value of heat. Higher temperature heat has more energy and can do 

more work. Work may be thought of as heat that is always accessible and has an indefinitely high 

temperature." This is why the zeroth law's declaration of equivalence designates temperature as 

the specific variable. 

Dependence on the existence of walls permeable only to heat 

Heat is not described directly in Carathéodory's (1909) theory, but it is hypothesised that there are 

barriers that are "permeable exclusively to heat." A physical hypothesis of existence is this one. 

The statement that there is just one kind of heat is untrue. In proviso 4 of his explanation of such 

walls, Carathéodory writes: "Systems S1 and S2 are in mutual equilibrium whenever each of the 

systems S1 and S2 is made to attain equilibrium with a third system S3 under identical 

circumstances." 

This sentence in the paper, which is not designated as the zeroth law there, serves to not only 

establish the existence of energy transfer other than through work or material transfer, but also to 

establish that such transfer is distinct in that there is only one type of such wall and one type of 

such transfer. The postulate of this article by Carathéodory indicates that, in addition to the 

essential deformation variables, the number of which is not constrained, exactly one non-

deformation variable is required to complete the definition of a thermodynamic state. Therefore, 

it is unclear what Carathéodory means when he remarks in the opening of this study, without 

admitting the concept of heat, which is a quantity having a distinct character from the usual 

mechanical quantities, the whole theory may be developed. 

Explain the Zeroth Law of Thermodynamics 

Consider containing two bodies that are in touch with one another within an adiabatic boundary 

with an adiabatic wall separating the two bodies. Consider two structures A and B that each contain 

a fluid. Body A and B each have a pressure, volume, and temperature of Pa, Va, Ta, and Pb, Vb, 

and Tb, respectively. Since there is no heat transmission, the bodies are in thermal equilibrium 

even if T1 and T2 are different temperatures.  

So, if the question arises, "Can two bodies with differing temperatures be in thermal equilibrium?" 

answer affirmatively. Because the bodies are maintained in an adiabatic frame, your response will 

be "yes." As a result, their condition doesn't change. Now imagine that A, B, and C are three bodies 

that are in touch with one another as depicted below 



 
101 Concept of Thermodynamics 

The environment in which the entities A and B are located is adiabatic, but the wall separating C 

and AB is conducting. As we saw in the set theory of mathematics, if two systems, i.e., two bodies 

A and C will come into thermal equilibrium over time and B and C also achieve thermal balance, 

then the systems A B should be in thermal equilibrium each other. The zeroth law of 

thermodynamics follows this transitive relationship between three bodies in contact. The two 

bodies The B's states, however, continue to be the same as they are at the adiabatic border. They 

also exist in thermal equilibrium, however.  

Application of Zeroth Law of Thermodynamics 

When comparing the temperatures of various items, one uses the zeroth law. We use a reference 

body and examine specific properties that vary in it to get an accurate temperature. Let's use the 

idea of temperature to further comprehend its applicability Take into account two conducting 

substances that are maintained side by side; the border between them is adiabatic. The wall 

between these two bodies is, however, either a conducting wall or a diathermic wall. Let's imagine 

that fluid has the following properties: Pa, Va, Ta for fluid in container A, and Pb, Vb, and Tb for 

fluid in the other body. Assuming that body A's temperature is higher than body B's (Ta > Tb), 

heat will flow from the body with the higher temperature to the body with the lower temperature. 

As seen in the graphic above, this is what occurs when two conducting bodies of different 

temperatures are maintained in touch with one another.Because body A's molecules vibrate more 

than those of body B due to its greater kinetic energy, these two bodies are not now in thermal 

equilibrium. As a result, their molecules interact. Now, heat transfer occurs when molecules with 

high kinetic energy collide with molecules with lower kinetic energy and transmit their energy to 

the latter.Their kinetic energy will eventually balance out. As a result, Ta = Tb and the temperature 

also equalises. Heat transmission has now stopped. These two bodies' states change, but nothing 

else will change after that. The two substances are thus in thermal equilibrium. The first rule of 

thermodynamics is this. 

Mechanism of Heat 

Conduction, through direct contact of immobile bodies, or through an impermeable to matter wall 

or barrier; or radiation between separated bodies; or friction due to isochoric mechanical, electrical, 

ferromagnetism, or gravitational work done by the surroundings on the system of interest, such as 

Joule heating due to an electric current driven through the system of interest by an external system, 

or through a wall or barrier; or radiation between separated bodies; or friction due to isochoric 

mechanical, electrical, magnetic, or gravitational When a suitable path exists between two systems 

with different temperatures, heat transfer from the hotter to the colder system occurs inexorably, 

immediately, and spontaneously. Thermal conduction occurs as a result of the stochastic (random) 

movement of microscopic particles (such as atoms or molecules).  

Contrarily, thermodynamic work is described by factors that because the system's entire state 

variables macroscopically and directly, such as altering the volume of the system with an external 

sources measurable force or altering the internal electric polarization of the system with an 
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externally reform in electric field. The notion of heat transmission does not call for any kind of 

smoothness in the operation. For instance, a lightning strike can cause a person to lose heat.  

Convective circulation permits one body to warm another via the use of an intermediary circulating 

fluid that transfers energy from one boundary to the other; the actual heat transfer between the 

fluid and the corresponding bodies happens through conduction and radiation. While spontaneous, 

convective circulation does not always happen right away just because there is a little temperature 

difference. Instead, a threshold must be reached in a particular configuration of systems for it to 

happen. It is feasible to create a heat pump that employs labor to move heat from a colder to a 

hotter body, despite the fact that heat naturally moves from a warmer to a cooler body. In contrast, 

a heat engine lowers an already-present temperature differential in order to provide work to this 

other system. Another thermodynamic form of heat transfer device is an active heat spreader, 

which works to hasten the energy transfer from a warmer object, such a computer equipment, to a 

cooler environment. 

The unit of energy for heat in the International System of Units is the joule (J) (SI). However, in 

many practical sectors of engineering, the British Thermal Unit (BTU) and also the calorie are 

often utilised. The unit of measurement for the increase of heat transmission is the Watt (W), which 

is equal to one joule per second. The term "Q" was first used by Rudolf Claudius to designate the 

entire quantity of energy that must be transported as heat in order for a gas to transition in a defined 

way from one state to another, where its volumes is v and also its temperatures is t, in 1850. 

There are three ways to convey heat: conduction, which involves direct physical contact; radiation, 

which involves sending electromagnetic waves a distance; and convection. Convection, if the 

substance in contact with the heating element is fluid, is only a mix of transmission and physical 

movement. The fluid absorbs heat by conduction when it comes into touch with the heat source, 

changing density as a result. Since fluids are allowed to move independently, this newly heated 

and less dense region of the fluid rises, carrying its newly created heat energy with it physically 

away from the heating source. 

One of the main issues with contemporary electronics is the excessive heat produced by integrated 

circuits. Here, it is demonstrated that the main mechanism for thermal charge transfer dissipation 

of energy in a nanotube device constructed on a polar substrates, such as SiO2, is surface phonon 

polariton scattering. The Joule losses for the several energy dissipation routes were computed as 

functions of the electrostatic potential, doping, temperature using microscopic quantum models  

Heat is the energy that moves from one substance to another when temperatures are different. Heat 

passes from the hotter to the colder body when two bodies with differing temperatures are brought 

together. Usually, and not always, this energy transfer results in a rise in the temperatures of both 

the colder body and a fall in the temperatures of the hotter body. By transitioning by one physical 

state (or phase) to the next, for instance from a liquid to solid (melting), from such a solid to a 

vapour (vaporisation), from just a liquid to something like a vapour (boiling), or from one 

concentrated shape to another, a substance can absorb heat without increasing in temperature.  
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The heat capacity, also known as the specific heat, of a substance is the quantity of energy needed 

to elevate a unit mass of that substance over a certain temperature range. The amount of energy 

required to increase a body's temperature by one degree depends on the constraints put in place. 

The amount of energy required to raise a gas' temperature by one degree when it is contained at a 

constant volume is lower than when the same gas is allowed to expand freely (as in a cylinders 

with a moving piston), and this causes work to be done. Speaking about a body's heat is wrong 

since heat is only the transmission of energy. Body energy is not heat when it is stored. However, 

it is common to use the terms latent and sensitive heat. The quantity of energy it takes to transform 

a liquid into a cloud at the same pressure and temperature is known as the heat capacity, also 

known as the heat of vaporization. The heat of fusion is the energy needed to transform a solid 

into a liquid, while the heat of dissolution is the power required to transform a solid straight into a 

vapor. Both of these transformations occur at constant temperatures and pressures. 

Heat combustion in Thermodynamics 

A self-propagating exothermic oxidation chemical process called combustion, which mostly 

occurs in the gas phase, generates light, heat, and smoke in a nearly adiabatic flame front. 

Combustion is typified by the extremely high temperatures attained; the main process is identical 

to those occurring in fusion reactors and living-matter oxygen, therefore the same broad 

conclusions apply throughout all three situations, despite their specifics being so different. In terms 

of the many physic-chemical processes involved, the practical purpose of combustion study is just 

the projection of its performance for a safe, effective, and clean planning and operation of heat 

equipment; as a result, it is a precursor to analysis of the latter. These phenomena can be divided 

into two categories: kinetics and equilibrium behaviors (what we require and what we receive) 

(how we get it; at what rate). Combustion kinetics focuses on the mixing process, flame shape, 

ignition, fading, propagation, stability, etc., whereas Ignition Thermodynamics  focuses here on 

former physical and chemical phenomena: fuel air proportions, heating values, maximum work 

achievable, exhaust composition, etc. 

The quantity of heat created during the burning of a specific amount of a substance, generally a 

fuel or meal  , is known as the thermal efficiency (or energy value our calorific value) of that 

substances  The entire amount of energy that is produced as temperature when a material 

completely burns with oxygen takes on a calorific value under normal circumstances. A 

hydrocarbon or any other chemical molecule normally reacts with oxygen to produce carbon 

dioxide, water, and heat while the chemical reaction takes place. It may be stated using the 

following quantities: 

 Energy per fuel mole 

 Energy per fuel mass  

 Energy per fuel mole 
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Figure 8.2 represent the heat conduction 

Above figure describes the function of Heat Conduction in Thermodynamics. An intriguing source 

of energy is heat. In addition to helping us cook food, make ourselves comfortable, and preserve 

life, knowledge of its qualities is essential to several scientific domains. For instance, everything 

from creating heaters and comprehending seasonal variation to launching spacecraft into space 

depends on understanding how heat is transported and the degree to which certain elements can 

interchange thermal energy. A difference in temperature is a proportionality constant that indicates 

the direction and pace of a location's temperature change. Since cold is nothing more than the lack 

of heat energy, temperature always rises first from hottest to the coldest source. When the 

temperature differential between the body’s decays and thermal equilibrium takes place, this 

transfer between the bodies continues. Insulators are substances that are bad at conducting heat. 

Air is a remarkable insulator since it can be contained inside of an enclosed area and has a 

conduction value of.006. This is why air compartments are utilized in artificial insulators, like 

double-paned glass windows, which are intended to save heating costs. In essence, they serve as 

heat loss. The elastic connection between the particles in dielectric solids causes the molecules' 

vibrations to travel through the structure like waves. Although they have far frequency range and 

the same basic structure as sound waves, these waves' energy are quantized by phonons. Phonons 

generally transmit more energy from warm to colder regions than the other way around. The 

phonons are treated in concepts of heat conduction as unless they were gas particles flowing inside 

the solid's area and being dispersed by flaws in the substance.  

Conduction in nonmetal liquids has characteristics that fall between those of solids and gases. 

Ohm's Law, which regulates electrical conduction, and the rules regulating heat conduction are 

quite similar. A substance that easily permits the passage of electrical current, or electrons, is said 

to be a good conductor in this context. Contrarily, an electric insulator is any substance that, when 

subjected to the effect of an electric field, makes it exceedingly difficult for an electric current to 

conduct because its internal electric fields do not flow freely. One of the three fundamental thermal 

energy transport methods the other two being convection and radiation heat conduction is used in 

almost all process heat-transfer procedures. For instance, heat is transferred through a solid wall 

and separates two substances with various temperatures in professional heat exchange equipment. 

Additionally, the idea of thermal resistance which results from the basic equations of heat 

conduction is frequently employed in the study of issues that arise in the development and usage 
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of industrial machinery. Heat conduction is the flow of electrons and tiny particle collisions within 

a body that transfers internal thermal energy.  

Macromolecules, atoms, and electrons are examples of the microscopic elements involved in heat 

conduction. Kinematic and hypothetical energy of tiny particles are examples of internal energy. 

The law in heat conduction, often known as the Fourier's law, states that the rate of heat 

transmission through a medium is inversely related to the area and the negative temperature 

gradient. According to the atomic hypothesis, "atoms," which are minuscule particles, make up 

solids, liquids, and gases. The material's temperature gauges how quickly the atoms are moving, 

and heat gauges the total energy produced by the movement of the atoms [4]. When a substance is 

heated in one area, conduction can take place. In this portion, the atoms vibrate more quickly and 

are more prone to collide with one another. These atoms receive the heat energy by moving faster 

due to the collisions. The energy passes through the solid in this way. (Similar to how energy 

moves along a line of toppling dominos. The latent heat of vaporization (LHV; net energy content; 

NCV, or combustion efficiency; LCV) is a unit of energy per mass unit of substance generated by 

fuel burning. Unlike the HHV, the Article also addresses takes into account energy waste like the 

energy necessary to evaporate water - however its true meaning is not universally agreed upon. 

One definition is to take the heat of vaporisation of the water and subtract it from the high specific 

heat capacity. This applies to any vaporized H2O. As a result, the energy necessary to evaporate 

the water is not converted to heat. 

The quantity of heat released during combustion is referred to as the heat of combustion of a certain 

material, also known as the energy value or calorific value. The calorific value, which can be 

defined as the total amount of energy released when the mass of a substance undergoes complete 

combustion in the presence of an adequate amount of oxygen under the usual conditions for 

pressure and temperature, is generally recognised to be synonymous with the heat of combustion. 

The chemical formula for ethanol may also be used to determine the heat of combustion. 

Units of Heat Released During Substance Combustion 

The calorific value of hydrocarbons, which are utilised as fuels, is often stated in terms of their 

propensity to burn with oxygen to create carbon dioxide and water. It should be noted that the units 

listed below are used to represent a substance's heat of combustion. 

When one mole of fuel completely burns with oxygen, energy (measured in joules or kilojoules) 

is released. When one liter of fuel completely burns with oxygen, energy (measured in joules or 

kilojoules) is released. When one gramme or one kilogramme of fuel is completely burned with 

oxygen, energy (measured in joules or kilojoules) is released.It should be mentioned that a bomb 

calorimeter may be used to determine the heat of combustion of fuels. 

Calculation of Combustion Heat 

The two forms of heat produced during combustion are outlined below. 
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Increased Heating Value and Gross Calorific Value are other names for higher calorific 

value.Lesser Heating Value and Net Calorific Value are other names for lower calorific value. 

Making a Decision about a Higher Calorific Value 

Bringing back the complete combustion products to the beginning temperature (the reaction 

environment's temperature before the combustion happens) yields the higher calorific value of a 

substance (commonly abbreviated as HCV). Also to be noted is the fact that any vapour generated 

by the combustion process must be condensed. It should be noted that these measurements were 

carried out under certain normal circumstances, with the reaction environment's temperature set at 

25°C.Because the reaction enthalpy transition assumes a certain compound temperature both 

before and after the combustion phases, in the scenario when the combustion water is condensed 

into a liquid, the Gross Calorific Value (GCV) may be calculated similarly to the thermodynamic 

combustion heat. 

Additionally, it should be emphasised that in the ultimate combustion product, the gross calorific 

value is regarded as the latent heat of water vaporisation. Measuring heating values for fuels when 

condensation of reaction products is a possibility, as in the case of a gas-fired boiler used for space 

heating, is also highly relevant. 

Making a Decision about a Lower Calorific Value 

The lower heating value and net calorific value of a fuel are other names for a substance's reduced 

calorific value. It may be calculated by deducting the gross calorific value from the latent heat 

value of water vaporisation produced during the process (which is the higher heating value). The 

assumption that the water generated during the combustion event, if any, will be in the form of 

vapour is part of this technique of expressing the heat of combustion. Thus, during this amount 

calculation, the energy used during the reaction to turn water into water vapour (and, thus, not 

released as heat during the reaction) is taken into account. 

Compared to the higher heating value calculations, the lower heating value (LHV) calculations 

assume that the water component of the combustion process is in the vapour phase at the 

conclusion of the combustion reaction (HHV). Where HHV makes the assumption that all water 

involved in the combustion process remains liquid after it has finished. 

 

The lower calorific value (LCV) assumes that neither the fuel nor the reaction materials include 

any latent heat recovery from water evaporation. This makes it easier to compare fuels in situations 

where condensation of the combustion product is difficult or when heat cannot be utilised below 

150 °C. 

 

 



 
107 Concept of Thermodynamics 

Measuring Heating Values and Their Determination 

In a bomb calorimeter, the greater heating value may be empirically measured. An ignition source 

may start the combustion of a stoichiometric combination of fuel and oxidizer (for instance, one 

mole of oxygen and two moles of hydrogen) in a steel container at 25°C. The processes can then 

be allowed to finish. Water vapour is created during burning when oxygen and hydrogen react. 

The greater heating value is then determined as the heat released between identical beginning 

temperature and final temperature after the vessel and its contents have been cooled to its original 

temperature of 25 °C. When a lower heating value (LHV) is established, cooling stops at 150 °C 

and reaction heat is only partly recovered; the 150 °C restriction is based on the dew-point of acid 

gas. 

It should be noted that the result of water being in liquid form may be used to compute a Higher 

Heating Value (HHV). The product of water being in vapour form, however, may be used to derive 

a Lower Heating Value (LHV). 

The quantity of heat released during the burning of a specific material is known as the heat of 

combustion, also known as the energy value or calorific value. In general, it is acknowledged that 

the term "heat of combustion" is a synonym for "calorific value," which is defined as the total 

amount of energy released when the mass of a substance is subjected to complete combustion in 

the presence of an adequate amount of oxygen under the usual conditions for pressure and 

temperature. Additionally, ethanol's chemical formula may be used to determine the heat of 

combustion. 

Heats of Combustion in Units of a Substance 

According to the combustion process that hydrocarbons go through with oxygen to form carbon 

dioxide and water, their potential, which is utilised to make fuels, is often described in terms of 

calorific value. It should be noted that the units shown below are used to represent how hot a 

material will burn when it is burned. 

One mole of fuel undergoes full combustion with oxygen to release energy (measured in joules or 

kilojoules). 

One litre of fuel that has undergone full combustion with oxygen releases energy (measured in 

joules or kilojoules). 

One gramme or one kilogramme of fuel undergoes full combustion with oxygen, releasing energy 

(measured in joules or kilojoules) into the atmosphere. 

A bomb calorimeter may be used to determine the heat of combustion of fuels, it should be noted. 

Calculating the Heat of Combustion 

There are two main categories for combustion heat, which are given below. 
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HigherHeating Value - Also known as gross calorific value, higher calorific value 

Lower Calorific Value is also known as Net Calorific Value and Lower Heating Value. 

Let's talk about calculating each kind of combustion heat. 

Calculating a Higher Calorific Value 

By reheating the entire combustion products to the beginning temperature (the reaction 

environment's temperature before the combustion starts), it is possible to calculate a substance's 

higher calorific value (commonly abbreviated as HCV). 

The condensation of any vapour generated by the combustion event is also something to keep in 

mind. Also worth noting is that the reaction environment's temperature was set at 25°C for these 

experiments, which were carried out under certain normal settings. 

In the scenario when the combustion water is condensed into a liquid, the reaction enthalpy 

transition assumes a certain compound temperature both before and after the combustion phases, 

allowing the Gross Calorific Value (GCV) to be calculated similarly to the thermodynamic 

combustion heat. 

Also to be emphasised is the fact that the gross calorific value of the final combustion product is 

regarded as the latent heat of water vaporisation. In the case of a gas-fired boiler used for space 

heating, for instance, measuring the heating values for fuels where the condensation of reaction 

products is a possibility is also highly helpful. 

Choosing a Lower Calorific Value 

A substance's lower calorific value is also often referred to as its lower heating value or the fuel's 

net calorific value. It may be calculated by deducting the water vaporisation reaction's latent heat 

value from the total calorific value (which is the higher heating value). This technique of 

representing combustion heat makes the assumption that any water that is produced during the 

combustion event will be in the form of vapour. This amount estimate thus takes into account the 

energy used during the reaction to turn water into water vapour (and, hence, not released as heat 

during the process). 

Comparatively to the higher heating value calculations, the lower heating value (LHV) calculations 

rely on the assumption that the water component of the combustion process is in the vapour phase 

at the conclusion of the combustion reaction (HHV). Whereas HHV implies that all of the water 

involved in the combustion process is still liquid once it has finished. 

The lower calorific value (LCV) assumes there is no water vaporisation latent heat recovery in the 

fuel and reaction materials. In situations like this, when condensation of the combustion product 

is impossible or heat cannot be utilised below 150 °C, this aids in fuel comparison. 
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Measurement Heating Values Calculation 

A bomb calorimeter may be used to experimentally determine the greater heating value. An 

ignition device may start the reactions, which are then allowed to finish, to ignite a stoichiometric 

combination of fuel and oxidizer (for instance, one mole of oxygen and two moles of hydrogen) 

in a steel container at 25°C. During combustion, water vapour is created when oxygen and 

hydrogen react. When the vessel and its contents are cooled to its original temperature of 25 °C, 

the greater heating value is acquired as a result of the heat released between the two temperatures. 

When a lower heating value (LHV) is established, cooling is stopped at 150 °C and only a portion 

of the reaction heat is recovered. This limit of 150 °C is based on the dew-point of acid gas. It 

should be noted that a Higher Heating Value (HHV) may be determined using the result of liquid 

water. A Lower Heating Value (LHV), on the other hand, may be computed utilising the result of 

water being in vapour form. 

 

 

------------------------ 
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CHAPTER 9 

FORCED CONVECTION AND NATURAL CONVECTION 
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Forced convection 

In order to improve the heat transfer, fluids are pushed to circulate during a unique form of heat 

transfer called forced convection. An air - conditioning, a pump, a suction tool, or another tool can 

be used to force anything. The phrase "heat rises" is well known to many people. The concept that 

heated fluids are often less dense than the same fluid when cold is simplified in this fashion, but 

there are certain instances. Due to the increased buoyancy of the heated material and the difference 

in density, the hotter material will naturally end up on top of the cooler substance .  The rate of 

convective heat transfer coefficient, stated in units, is proportional to the change between the 

material's beginning temperature and end temperature through the use of a proportionality 

constant, according to Newton's theory of Heating and Cooling, despite being a complicated heat 

transmission process. The form and roughness of the material getting heated have a significant 

influence on the speed of heat transmission. Not whether the convection being forced affects 

Newton's second Law of Electric heating. The value is the same number for natural cooling. Forced 

Convection heat transfer is a method in which heat is extracted from or transferred to objects at 

temperatures other than the flow temperatures using fluid flow produced by external forces, such 

as with a fan or an externally applied pressure gradient. Applications for forced convection include 

cooling electronic components with fans, heating houses with blowers that push air, cooling oil 

and coolants in cars with mechanically forced air, etc. The fundamentals of forced convection will 

be covered in this course before discussing the specifics of the thermal and velocity boundary 

layers. 

In addition to thermal conduction, convection and thermal turbulence are types of heat transfer 

that enable hassle-free conversion of a significant amount of heat energy. The categorization of 

heat transmission known as forced convection is actually rather unique. A fluid is given the 

impression to travel from one location to another by exerting force from the outside thanks to 

forced convection heat transfer. Heat rises is another word for this situation when there is an 

increase in the quantity of heat transmission. 

Natural convection  

Convection, in general, is the bulk movement of molecules inside fluids like gases and liquids, 

which causes either the heat transfer or the heat flux to occur. Despite not being particularly strong 

heat conductors in general, liquids and gases may move heat rather quickly through convection. 

Advection, diffuse, or both can cause convection. In earlier chapters, we discussed forced 

convection, which is convection transfer across fluid flows caused by an external forcing 

condition. This chapter examines natural convection, in which any fluid motion originates from 

organic processes like buoyancy. Natural convection, often referred to as heat conduction, is a 
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process, or form of mass and heat transfer, in which fluid motion is produced only by density 

variations within the fluid that arise as a result of temperature gradients, rather than by any 

independent factor (like a pump, fan, suction device, etc.) Natural convection occurs when fluid 

near a heat source absorbs heat, loses density, and rises as a result of thermal expansion. The fluid's 

thermal expansion is of utmost importance. In other words, there will be a movement of the bulk 

fluid as heavier (more dense) particles sink and lightest (less dense) components rise. Similar to 

forced convection, natural convection involves the random mobility of fluid molecules called 

thermal diffusion as well as the larger-scale motion of fluid currents called advection, which 

transports matter or heat. Even in convection, energy transport at the surface happens only through 

conduction. It is as a result of the constant presence of a thin layer of stagnant fluid film on the 

heat transfer. However, conduction and permeation movement both take place at the microscopic 

or macroscopic levels in the following layers. The mass movement causes a faster rate of energy 

transmission. The stationary fluid film thickness will be thinner and the rate of heat flow will be 

higher with larger mass movement rates. 

Engineers frequently utilise appropriate characteristic values to represent natural convection heat 

transfer since the majority of heat transfer correlations in natural convection. The Nusselt, which 

is described as the proportion of thermal energy conducted to the fluid to thermal energy conducted 

inside the fluid, is the characteristic amount that characterizes convective heat transmission (i.e., 

the heat transport coefficient). The Nusselt number describes how much more efficiently heat is 

transferred across a fluid layer by convection than by conduction does. Heat transfer correlations 

(for the Nusselt number) are typically described in terms of the Rayleigh number in the case of 

free convection, however. 

The main distinction between forced and natural convection is that in forced convection, external 

forces are used to control fluid motion whereas in convective heat transfer, the fluid motion is 

influenced by natural forces. The distinction between forced and natural convection in terms of 

heat transmission is that forced convection can be caused by external forces, but natural convection 

is not affected by external variables. Convective heat transfer is a form of heat transmission in 

which natural forces impact the fluid's velocity. There is no impact from outside factors. The 

movement of molecules in a fluid is caused by changes in density between various parts of the 

same fluid. When a fluid warms, its density reduces and vice versa. This is due to the fluid's thermal 

expansion. 

Forced convection is a heat transmission mechanism in which external forces impact the fluid's 

velocity. Extrinsic factors such as pumps, fans, suction devices, and so on are helpful in creating 

fluid motion. This approach is extremely useful since it effectively transfers heat from either a 

heated item. Climate control, steam turbines, and other typical instances of this mechanism. When 

it comes to the process of conduction and convection, it is more sophisticated than the natural 

manner. This is due to the fact that we must regulate two components in this method: fluid motion 

and heat conduction. These two variables are inextricably linked because fluid motion can improve 

heat transmission. For example, the faster the fluid's rate of motion, the greater the heat transfer. 

Natural convection is a heat transmission mechanism in which the fluid's velocity is affected by 

natural forces. Forced convection is really a heat transmission method in which the fluid's velocity 
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is altered by external forces. When evaluating the elements influencing heat transmission, natural 

convection has no external factors influencing heat transfer, but forced convection can have 

external factors influencing heat transfer. 

Using natural forces to affect the fluid's velocity, natural convection is a technique for transferring 

heat. There is no outside fact impact. The varying densities of various sections of the same fluid 

are what cause the molecules to flow in that fluid. When a fluid warms up, its density drops, and 

vice versa. This is due to the fluid's thermal expansion, which occurs as the temperature rises and 

causes molecules to move more quickly, increasing the fluid's volume. Even when the volume 

grows, the mass stays the same. Consequently, the density falls. The density of the bottom layer 

of a fluid in a container reduces as the fluid is heated from the bottom up. The lower density area 

therefore has a tendency to travel to the container's top. The bottom section is then replaced by the 

colder fluid at the container's top. Convection happens as a consequence of this continuing. 

Difference between Natural and Forced Convection 

A technique for transferring heat known as natural convection involves using natural forces to 

affect the fluid's velocity. In the case of forced convection, external factors are used to control the 

fluid's velocity during the heat transfer process. When examining the variables influencing heat 

transmission, natural convection has no external influences, however forced convection may be 

affected by external variables. The change in fluid density that results from heating causes the fluid 

motion in natural convection. However, external sources like pumps, fans, and suction devices 

provide the fluid motion in forced convection. Examples of natural convection include the cooling 

down of a cooked egg when left in ambient air, the loss of cool in a cold drink container, etc. 

Examples of forced convection include air conditioning, steam turbines, etc. 

In order to improve the heat transfer, fluids are pushed to circulate during a unique form of heat 

transfer called forced convection.  A ceiling fan, a pump, a suction tool, or another tool may be 

used to force anything. 

The phrase "heat rises" is well known to many people. The concept that heated fluids are often less 

dense than the same fluid when cold is simplified in this fashion, although there are certain 

exceptions (see the layers of the atmosphere and thermohaline circulation for exceptions). Due to 

the increased buoyancy of the hotter material and the difference in density, hotter stuff will 

naturally end up on top of cooler material.  The temperature inside a house may vary noticeably 

due to natural convection. This often results in areas of the home that are warmer in some areas 

and colder in others. The whole house is kept at a more consistent and pleasant temperature thanks 

to forced convection.  

Turning on a fan is all it takes to create forced convection. The blower, a fan within the ventilation 

system, circulates warm air around the home after it has been heated in the furnace. A certain 

amount of air from this blower is distributed across all of the output screens (also known as heater 

vents) in a house.   The heated, treated air is discharged into the rooms of a home via floor or 

ceiling vents after having been forced through into the vents by fans. This air then moves through 

the space with the aid of natural convection, warming the space as it climbs to the top and gradually 
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cooling as it descends to the bottom. The process of heating the air and distributing it to warm the 

whole home then starts over again.  

 

It matters how the treated air is delivered to the output vents since the ductwork's design might 

restrict airflow at elbows, divisions, or locations where the ductwork's size varies. Since they all 

share the output flow of air from one source the furnace this change in turn affects how successfully 

this forced air system can heat a house. As a result, it's crucial to design the ducting effectively. 

As a rule, because curves and angles hinder air flow, the ideal method for air to pass through a 

duct is to have a straight duct that is round in form with a smooth inside wall. This recommendation 

should be followed whenever feasible to make sure that the forced air from the furnace warms the 

home effectively. Additionally, ensuring that output vents are not hidden behind curtains or 

blocked by furniture allows the warm air produced by the furnace to travel freely throughout the 

space. 

It is a widespread misperception that the more air a fan "pushes" out, or the more air it "flows," 

the larger the benefits of forced convection will be. This is because the fan is pushing out a lot of 

hot or cooled air. This is not totally accurate, however. The pressure and temperature in a space 

before additional air is forced through have a role in how air travels through a house or other 

structure. The pressure difference in the transitional "warm" region, also known as the space 

between the cold and warm areas, influences how successfully a fan will be able to transport warm 

air to the cold area, for instance, if a room has a cold spot and the objective is to heat the room 

uniformly. It will be harder for the fan to force warm air into the chilly part of the room if the 

pressure drop in the warm region is greater since there will be less air flowing into it. It is easier 

to understand this phenomena, known as the pressure drop over the heat sink, by noting that it is 

more challenging for a fan to force warm or cold air through a region between two locations of 

differing temperatures that also has a significant pressure differential across its border. 

Mechanism of Forced Convection 

Despite being a sophisticated heat transmission technique, convection may be described by 

Newton's Law of Heating and Cooling This just states that a proportionality constant causes the 

rate of convection heat transfer, stated in units, to be proportional to the difference between 

material's beginning temperature and final temperature. The form and roughness of the material 

being heated have a significant impact on the rate of heat transmission. Whether or not the 

convection is forced affects Newton's Law of Heating and Cooling. The value is the same number 

for natural cooling. However, it is possible to alter this proportion constant and accelerate the 

heating or cooling of an item by causing convection and moving heated or cooled air from one 

location to another. 

Natural Convection – Heat Transfer 

Similar to forced convection, natural convection involves the random mobility of fluid molecules 

called thermal diffusion as well as the larger-scale motion of fluid currents called advection, which 

transports matter or heat. Even in convection, energy transport at the surface happens only via 
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conduction. It occurs as a result of the constant presence of a thin layer of stagnant fluid film on 

the heat transfer surface. However, conduction and propagation movement both take place at the 

molecular or macroscopic levels in the following layers. The mass movement causes a faster rate 

of energy transmission. The stationary fluid film layer will be thinner and the rate of heat flow will 

be greater with larger mass movement rates. 

The amount of heat transfer caused by natural convection between a surface and a fluid is inversely 

proportional to the fluid's flow rate. The rate of heat transmission increases with flow rate. The 

dynamic balance of friction and buoyancy determines the flow rate in the case of natural 

convection. 

Assume that a plate at temperature Twall is submerged in a fluid at temperature Tbulk that is 

quiescent, where (Twall > Tbulk). Less dense than the fluid further away is the fluid that is close 

to the plate. In order to capture heavier fluid from the quiescent area, buoyancy forces create a 

natural convection boundary layer where the heated, lighter fluid rises vertically. The resultant 

velocity distribution is dependent on the fluid viscosity and differs from that of forced convection 

boundary layers. In particular, viscous forces cause the velocity to be zero at both the surface and 

the boundary. It should be emphasised that natural convection also occurs if (Twall Tbulk), 

although in this situation, a downward fluid motion will occur. 

 

Figure 8.3 represent the heat flux mechanism 

The geometry of the issue affects both the existence and strength of natural convection. Natural 

convection currents are not always present just because a gravitational field contains a fluid density 

differential. The accompanying diagram (Tupper Tlower) shows how this issue is presented with 

a fluid confined between two sizable, horizontal slabs of differing temperatures. In scenario A, the 

bottom plate's temperature is greater than the top plate's temperature. In this instance, the density 

falls off in the gravitational force's direction. This form encourages fluid circulation, and natural 

circulation is how heat transmission happens. While the lighter fluid rises and cools as it flows, 
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the heavier fluid descends and warms in the process. In scenario B, the bottom plate's temperature 

is lower than the top plate's temperature. In this instance, the density rises in the gravitational 

force's direction. The temperature gradient is steady due to its shape, and fluid circulation is not 

induced. Thermal conduction is the only way that heat is transferred. 

Correlations for Natural Convection 

Engineers often utilise appropriate characteristic values to represent natural convection heat 

transfer since the majority of heat transfer correlations in natural convection primarily based on 

experimental data. The Nusselt number, which is calculated as the proportion of thermal energy 

conducted to the fluid to thermal energy conducted inside the fluid, is the characteristic number 

that characterises convective heat transmission (i.e., the heat transfer coefficient). The Nusselt 

number describes how much more efficiently heat is transferred across a fluid layer by convection 

than by conduction does. Heat transfer correlations (for the Nusselt number) are often described 

in terms of the Rayleigh number in the case of free convection, however. 

Natural convection heat transfer is expressed using the Rayleigh number. The size of the Rayleigh 

number provides a reliable indicator of the laminar or turbulent nature of the air flow boundary 

layer. The straightforward empirical correlations for natural convection's typical Nusselt number, 

Nu, have the following form: 

C. Raxn = Nux 

The constants C and n are dependent on the surface's shape and the flow regime, which is defined 

by the Rayleigh number's range. For laminar flow, the value of n is typically 1/4, whereas for 

turbulent flow, it is 1/3. 

Combined Forced and Natural Convection 

Advection, diffusion, or a combination of the two may cause onvection. In earlier chapters, we 

discussed forced convection, which is convection transfer in fluid flows caused by an external 

forcing condition. This chapter examines natural convection, in which any fluid motion originates 

from organic processes like buoyancy. There are certain flow regimes where both forcing 

processes must be taken into account. In addition to forced convection, natural convection also 

plays a role when flow velocities are modest. The following factors may be used to determine if 

free convection is important for heat transfer: 

Free convection dominates if Gr/Re2 > 1 

Forced convection dominates if Gr/Re2 1. 

Both should be considered if Gr/Re2 1. 

The direction of the buoyant force in relation to the flow direction has a significant impact on the 

effect of buoyancy on heat transfer in a forced flow. Depending on the relative orientations of 

buoyancy-induced and forced convection movements, natural convection may aid or hinder the 

heat transfer during forced convection. The buoyancy-induced and driven movements relate to 

three particular instances that have received substantial study: 
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• Facilitating flow the forced motion and the buoyant motion are both in the same direction. 

• Oppositional flow In contrast to the forced motion, buoyancy moves in the opposite 

direction. 

• Transverse movement the buoyant motion is opposed to the forced motion in all directions. 

Obviously, buoyancy increases the rate of heat transfer associated with pure forced convection in 

aiding and transverse flows. Opposing flows, on the other hand, slow down the rate of heat 

transmission. It is tempting to sum the contributions of natural and forced convection in aiding 

flows and to remove them in opposing flows when calculating the Nusselt number under combined 

natural and forced convection conditions: 

 Connection between combined forced and spontaneous convection 

The Nusselt data the correlations for pure forced and natural (free) convection for the particular 

geometry of interest are used to calculate Nuforced and Nunatural. Exponent n = 3 often yields the 

best data-to-experiment correlation, however it may range from 3 to 4 depending on the geometry 

of the issue. 

Natural flow in a closed-loop system 

Natural circulation is the movement of fluid inside open swimming pools or pipe systems as a 

result of density changes brought on by temperature variations. Natural circulation may be 

maintained without the aid of any artificial machinery. 

Although this phenomena is comparable to natural convection in nature, the heat transfer 

coefficient is not being studied in this instance. The bulk flow through the loop is the subject of 

investigation in this instance. Rather than a heat transmission issue, this occurrence is a hydraulic 

one. However, as a consequence, natural circulation is crucial for maintaining reactor safety 

because it carries heat away from the heat source and toward the heat sink. 

Convection is the movement of a fluid caused by variations in temperature being forced through 

the fluid. The region nearest to the heat source is less dense when a fluid is heated due to increased 

kinetic energy in the particles. The denser component of the fluid sinks, while the less dense part 

rises. The process repeats itself, with less dense fluids sinking as they move away towards their 

source of heat and denser fluids rising as they go closer to it. In the process or technique of transport 

known as forced convection, fluid motion is induced by an outside source. Forced convection is 

one of the heat transfer methods that, together with natural convection, heat flux, and thermal 

conduction, permits the very effective transmission of enormous amounts of heat energy. 

Example: The process of convection involves moving heat from one location to another by use of 

fluid currents. In essence, forced convection uses this mechanism to efficiently warm or cool a 

building, such as with the aid of a fan. Despite the fact that there are numerous different equations 

for various systems and flow regimes, convective heat transfer problems can appear to be 

extremely complex. However, it helps to remember that the main objective of the problem is to 

determine the rate of heat transfer, h, from NuL so that we can describe the heat transfer from 

objects in the fluid medium. Finding NuL therefore becomes a challenge, and it may sometimes 

turn unpleasant. The distance down the item in the direction of the flow, or x, may be used to 
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construct a local dimensionless quantity in certain situations (like flat plates). To solve for hx, the 

"local" heat transfer coefficient, one must first get the local Nusselt number. The average h (which 

is the one we are acquainted with from all the heat transfer work we have done) is the one we are 

normally interested in knowing rather than the heat transfer coefficient at a specific location on the 

surface, and this is exactly the one we obtain from NuL. 

So, how can we get NuL? The issue is that the equations used to determine NuL are very situation-

specific. In general, though, you may locate the precise equation you want in your situation by 

identifying 2 unique features: 

1. Laminar or turbulent flow? Re decides whether the flow is turbulent or laminar for forced 

convection situations. The transition zone from laminar to turbulent for flow through flat surfaces 

is around 105 Re107. If Re is significantly greater than 105, go ahead and presume turbulence. 

There isn't exactly an analogue for the local dimensionless numbers, therefore "L" (the length-

scale) has somewhat different interpretations for convection issues involving cylinders and 

spheres. In these circumstances, NuL is sometimes referred to as NuD. 

Additionally, it may not be as simple to categorise anything as "laminar" or "turbulent" using 

cylinders and spheres. In order to be accurate throughout a certain (and sometimes rather limited) 

range, various equations have been created. The product Gr Pr is used to define the flow regime 

for natural convection issues. The equations for laminar natural convection that we are given are 

valid up to 104 Gr Pr 109. The equations for turbulent natural convection are applicable starting 

at 109 Gr Pr 1012. Is the Prandtl number high or low? Check the Prandtl value after determining 

if the system is turbulent or laminar. Typically, numerous formulae exist for various Prandtl 

number ranges. 

Available Energy, Availability and Irreversibility 

The second rule of thermodynamics that a continuous process cannot completely convert heat into 

work. A reversible power cycle has also been shown to be the most effective cycle for producing 

work (Carnot cycle). The conversion efficiency can never be increased, even in a Carnot cycle. It 

is necessary to define the maximum theoretical work that may be done with regard to some datum 

in order to compare the work-energy conversion in real operations. This chapter is devoted to 

achieving this goal. 

A system's energy content may be split into two categories. Energy that is now available and could, 

in a perfect world, be entirely turned into work. Energy that isn't readily accessible and is often 

considered waste. Consider the heat energy in Q units that is present at a temperature of T. By 

assuming that the heat is given to a Carnot engine, the available portion of energy may be 

determined. The work done by the Carnot engine. 

Similarities between Energy and Entropy  

It is important to keep in mind that the first rule of thermodynamics was only taught to systems 

that were going through thermodynamic cycles. Then, it was expanded to include non-cyclic 

processes, resulting in the introduction of a new attribute called energy. To extend the first rule to 

non-cyclic processes, the notion of energy was crucial; however, the concept of entropy is crucial 
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to extend the second law to non-cyclic processes. Because the trait entropy is so valuable and 

significant, it is used for a number of significant and crucial reasons in almost every chapter that 

follows. 

Energy is a term that is often used in everyday speech, albeit it may not necessarily have the same 

connotations as it does in science or engineering. The reader may get the false impression that he 

is acquainted with energy because of how common the term is. In actuality, it is not required to be 

the case. In contrast, the term "entropy" is not often employed in everyday speech. Entropy is also 

difficult to see physically. 

When energy was first established, it was said that its movement in any process is proportional to 

the sum of the two interactions—heat and work—that make up that process. This may be 

understood using very basic maths. As we will see later, the definition of Entropy requires higher 

mathematics, namely calculus-based integration. This might further compel the reader to believe 

that entropy is a concept that is hard to comprehend. It is not true in practise. It might be as simple 

or as complex as figuring out what energy is. This is the rationale for this comparison between 

energy and entropy. If attention is focused and attempts are made to comprehend what entropy is 

and what it can achieve, the issue becomes clear and straightforward rather than battling to 

comprehend what it is. 

Principle of Increase of Entropy 

The change in entropy in an unsteady state must always be more than zero or, in the limiting 

situation of a controllable adiabatic process, must be equal to zero according to the principle of 

growth of entropy. As a result, the change in entropy in an adiabatic process can never be negative. 

It is helpful to utilise the fact that ds 10 occurs during an adiabatic process to determine if a certain 

process is either reversible or irreversible. This fact has applications beyond of only adiabatic 

processes. It may also be used to determine if a process is reversible or irreversible, regardless of 

whether heat contact occurs throughout the process or not. When changes in the system and its 

surroundings are taken into account, all processes may be classified as adiabatic processes. Any 

process simply involves interactions between the system and its environment. Because nothing 

crosses this barrier, the system and its surroundings are always an isolated system. An adiabatic 

system is one that is isolated. Thus, dssystcm + dssmtmdings'0y may be used to generalise the 

principle of rise in entropy, where equality holds for reversible processes and inequality applies 

for irreversible processes. The change in enthalpy change is equal to the change in entropy of the 

surroundings with respect to their magnitudes, but it is clear from equation that their directions are 

opposite in a reversible process. In other words, if one system's entropy rises, the other system's 

entropy falls by a similar amount. The electron density of the system and its surroundings are not 

the same during an irreversible process. However, the modifications will be such that their total is 

always positive in line with the growth of entropy concept. As a result, when applied to the @verse, 

the principle of rise in entropy has the form uunivase How to assess the feasibility of a process 

quantitatively is one of the key concerns posed at the beginning of the lesson on the second law of 

thermodynamics.  
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Available energy is the fraction of low-grade energy that is transformed into productive labour. 

The part of low-grade energy that is not used to produce productive work is unavailable. Ir-

reversibility is the distinction between complete availability and beneficial labour produced. Every 

process has the ability to be reversed. 

It is brought on by a loss of energy, potential energy, or heat. Internal and exterior ir-reversibility 

both exist. Every process has ir-reversibility. Food preparation and consumption are irreversible 

actions. Planck's and Clausius' two well-known formulations of the second law of thermodynamics 

demonstrate that no process is irreversible. Ir-reversibility may be diminished but not totally 

removed. There is no ir-reversibility in a reversible process. But since it cannot be done in reality, 

it is merely a theoretical idea. 

If a thermodynamic process (states I through f) can be stopped and the system and its surroundings 

revert to their original states with no further changes to the universe, the process is said to be 

reversible. As far as we are aware, reversible processes are impossible in nature. Therefore, it is 

simple to describe reversible processes as idealisations or models of actual processes that serve as 

the basis for defining the limitations of a system or device. They assist us in determining a system's 

maximal efficiency under optimal operating circumstances and, therefore, the goal design that may 

be established. 

When a process begins, it is said to be irreversible if the system and its surroundings do not 

immediately revert to their prior state. Consider a vehicle engine that has driven a certain distance 

using fuel that totals 'x' amount. The process involves the fuel burning to provide energy for the 

engine while simultaneously transforming it into heat and smoke energy. We are unable to recreate 

the original shape or recover the energy that the fuel lost. There are several reasons why a process 

becomes irreversible, including: 

The friction that transforms the fuel's energy into heat energy  

The fluid expands out of control, making it impossible to return the fuel to its former shape. Heat 

transmission over a limited temperature, where the forward process is spontaneous and the reverse 

is not conceivable mixture of two distinct substances that can also be separated since the process 

of mixing is once again spontaneous and cannot be reversed. Therefore, depending on their 

capacity to transform back into their initial condition from their final state, certain processes are 

reversible whilst others are resistant to biodegradation. 

Thermodynamic Relations 

Some significant thermodynamic relations are derived, most notably those that can be used to 

calculate the work and heat transfers involved in a liquid's or solid's processes and those that can 

be used to create tables of properties from sparse experimental data. It should be emphasised that 

the relations only apply to a material in the solid phase when the pressure, or stress, is uniform 

throughout; otherwise, the system cannot be given a single value for the pressure. The preceding 

chapters presented the eight parameters of a system: pressure (p), volume (v), temperature (T), 

internal energy (u), enthalpy (h), entropy (s), Helmholtz function (f), and Gibbs function (g). 

Thermodynamic potentials are sometimes used to refer to h, f, and g. When thinking about 
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chemical processes, both f and g are helpful, and the former is crucial in statistical 

thermodynamics. When thinking about processes involving a shift in phase, the Gibbs function is 

also helpful. Only the first three, namely p, v, and T, are directly quantifiable out of the 

aforementioned eight characteristics. 

In order to calculate the values of the other characteristics, we will find it helpful to introduce 

additional combinations of properties that are reasonably simple to measure and work in 

conjunction with measurements of p, v, and T. These sets of characteristics may be referred to as 

"thermodynamic gradients," and they are all defined as the rate at which two characteristics change 

while a third remains constant. 

Ideal Gas Mixtures 

Delton's Rule 

A thermal equilibrium will be reached if two or more gases are combined due to molecular 

collisions. The average kinetic energy of the molecules is the same for all gases at the same 

temperature. As a result, every gas abides by the ideal gas law independently and applies the same 

amount of pressure to a container's walls as it would if it were acting alone. Since perfect gas 

behavior and the absence of chemical interactions between the components are assumed, the total 

pressure in a mixture of gases is the sum of the partial pressures of the component gases. The 

partial pressure of a gas component, which is determined by the pressure that particular component 

in the gas mixture would impose on the wall if it were alone, may be calculated using Dalton's law. 

Each gas in a mixture of gases has a partial pressure, which is the pressure that would exist if that 

gas alone had taken up the complete volume of the initial mixture at the same 

temperature.   According to Dalton's Law, a perfect gas mixture's total pressure equals the sum of 

its constituent gases' individual partial pressures. The thermodynamic activity of a gas's molecules 

is gauged by its partial pressure. Gases react, disperse, and dissolve based on their partial pressures 

rather than the concentrations they have in liquids or other gas combinations.  

This common characteristic of gases holds true in biological chemical interactions involving gases. 

For instance, the partial pressure of oxygen alone determines the difference between the quantity 

of oxygen required for human respiration and the amount that is hazardous. As a result, mixture 

ratios, such as those of breathable 20% oxygen and 80% nitrogen, are defined by volume rather 

than by weight or mass. This is true throughout a very broad range of variable amounts of oxygen 

found in different inhaled breathing gases or dissolved in blood.   Furthermore, crucial factors in 

arterial blood gas testing include the partial pressure of oxygen of oxygen and carbon dioxide. 

Nevertheless, it is also possible to detect similar pressures in other fluids, such cerebrospinal fluid. 

Vapor pressure 

The pressure of a vapor in equilibrium with its non-vapor phases is known as vapors pressure (i.e., 

liquid or solid). The phrase is most often used to describe a liquid's propensity to evaporate. It 

gauges how easily atoms and molecules may break off from a solid or liquid. The temperature at 

which a liquid's vapor pressure equals the ambient air pressure is known as the liquid's atmospheric 

pressure boiling point, also known as the normal boiling point. 



 
121 Concept of Thermodynamics 

The typical boiling point of a liquid decreases with increasing vapors pressure at a given 

temperature. Graphs of the vapor pressures vs temperatures for a range of liquids are shown on the 

vapour pressure chart that is on display. The liquids with the largest vapors pressures also have the 

lowest normal boiling points, For instance, methyl bromide has the greatest vapour pressure of all 

the liquids in the table at any given temperature. The point where the vapour pressure curve for 

methyl chloride (the blue line) crosses the horizontal pressure line within one atmosphere (atm) of 

absolute vapour pressure is also where it has the lowest normal boiling point (around 24.2 °C). 

Keep in mind that since the air pressure is lower at higher elevations than it is at sea level, the 

boiling points of liquids are lower. According to the graph, the air pressure at the summit of Mount 

Everest is roughly 0.333 atm, while the heating value of diethyl ether at sea level is 34.6 °C (1 

atm). 

 

------------------------------------- 
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Reversible process: 

 If a thermodynamic process (states I through f) can be stopped and the system and its surroundings 

revert to their original states with no further changes to the universe, the process is said to be 

reversible. As far as we are aware, reversible processes are impossible in nature. Therefore, it is 

simple to describe the reversible processes as romanticized notions or models of actual processes 

on which the system's or device's boundaries should be established. They assist us in determining 

the greatest efficiency a unit can offer under optimal operating conditions and, consequently, the 

achievable goal design. 

 

Figure 10.1 represent the Reversible process 

A spontaneously process that takes place in all-natural processes is an irreversible process. The 

process marches in one way because heat spontaneously moves from the heat source to the cold 

object without returning to the heated object. The object current is converted once the procedure 

gets going. It is thought that melting milk froth on top of coffee is an irreversible process. Warmth 

is transferred from milk froth to coffee. When heat enters milk's froth, it disturbs the sequence of 

the molecules in the milk, causing them to rearrange. As a result, the milking foam is no longer a 

foam. Because it is more likely to occur, this process often causes a considerable shift in the 

entropy of the cosmos. In the reversible process, the environment and system may be returned to 

their original state from the end state, but this is not possible in the irreversible process. The only 

thing we can count on in this world is change. Paper burns and turns into smoke and ash, ice melts 

into water, which dissipates into water vapor, plants and animals mature, age, and pass away, etc. 

An irreversible process is one that, once it has begun, cannot be stopped, leaving the system and 

its surrounding unchanged. Take the example of an automobile engine that has used a given 

quantity of gasoline and travelled a particular distance. When fuel is burned, it produces heat and 
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smoke as well as the energy needed to power the engine,   will never be able to make up the energy 

the fuel lost, and we will never will never be able to get back to how it was. When a system gets 

disturbed and then returns to its initial condition, this is known as a reversible process. This is best 

shown by the water cycle. Ice melting is a well-known example, as is the reverse. Water starts off 

as a liquid, freezes to form ice, and then when heated, melts back into water. The fact that a 

reversible operation comprises two steps should be made clear to students [3]. While participants 

transform into a different form at the beginning phase, the opposite reaction takes place in the 

second step, with the outcomes going back to the initial stage. 

Understanding this will help with future exploration of the difference between reversible and 

irreversible processes. A reversible process, also known as hysteresis, that is classified as none, 

friction, viscosity, high resistance, and magnetic resistance. For instance, when the ideal gas 

expands in a vacuum, we may swiftly push back the piston or, by removing part of the gas's heat, 

we can double the initial volume of the ideal gas and reestablish its temperature and pressure. 

Irreversible Process: 

A process is said to be irreversible if it begins with neither the system nor its surroundings returning 

to their original condition. In other words, there will be some measurable difference in the universe 

if an irreversible process results in the system and its surroundings returning to their initial 

condition after having followed specific routes. Take the example of a car engine that has driven 

a certain distance while consuming 'x' quantity of gasoline. When fuel is burned, it produces heat 

and smoke as well as the energy needed to power the engine, not be able to make up the energy 

the fuel lost, and will not be able to get back to how it was done. 

Relevant instances of mechanical deterioration include irreversible processes including matrix 

cracking, delamination, fiber-bundle rupture, localized compressive instability, interface failure, 

and inelastic plasticity (plastic strain). Despite the fact that each of these damage types is 

potentially less damaging than the others, the combined impact of numerous damage modes can 

be harmful. Transverse ply fractures and in-plane micro cracks in the matrix monomers of multi-

axial composites are the most important damage mechanism present in high-temperature 

polymeric composites. 

Numerous factors contribute to a process being irreversible, including friction, which converts the 

fuel's energy into heat energy. Heat transfer through a limited temperature, which prohibits the 

fuel from returning to its initial state and which cannot be reversed in this situation since the 

forward operation is spontaneous. Combining two different substances that cannot be separated 

because mixing happens naturally and spontaneously; it is not feasible to do the contrary. As a 

result, certain procedures are reversible while others are irreversible depending on whether it is 

possible to change them back to their initial condition from their final state. Heat transmission, 

throttling, and relative velocity with friction A few examples of irreversible processes are 

electricity flow over a resistance. 



 
124 Concept of Thermodynamics 

Processes that are irreversible cannot be reversed, or at least not without a significant time and 

financial investment. Economic factors (costs) govern irreversible processes, and these factors 

typically exclude two or more variables from the balanced equation. This is due to the fact that 

eliminating any one of the variables would tip the reaction's balance, rendering the system 

incapable of sustaining itself. Because it's what occurs in nature, it is sometimes referred to as a 

natural process. Take this as an illustration: When we drive uphill, the automobile uses a lot of 

fuel. However, when we go downhill, this fuel is lost since combustion gases is a product of 

combustion that cannot be reversed. This means that the procedure is irreversible. Allowing a 

particular volume of gas to escape into a vacancy and then allowing it to fill a huge space without 

releasing pressure is another illustration of an irreversible process. The system and its surroundings 

are not out of equilibrium as it expands. We refer to this phenomena as irreversibility. 

Heat Pump and Refrigeration 

Heat Pump is a heat engine that operates in the other way. A heat pump, then, is a machine that 

transfers heat output to a high temperature reservoir. By collecting heat from the refrigerant area 

and expelling it to one that is warmer, they are frequently employed to transmit thermal energy. 

Heat pumps use mechanical energy that is provided to them by an outside source to transport heat 

from a cold component to a hot body. Greater and more cooling occurs to the chilled body. A 

condenser, compressor, expansion valve, and evaporator are the four main parts of a heat pump, 

respectively. Refrigerant is the name of the active ingredient utilized in these components.  A heat 

pump is an appliance that extracts energy from the air to either heat or cool a place. The practice 

is referred to as space conditioning like use electricity as an input to move heat from a cold area to 

a warm place, heat pumps act as a heat engine in reverse. The main reason this doesn't, despite the 

fact that it would appear to do so, just because this heat exchange is just not spontaneous; it needs 

an energy input to occur. A heat pump draws heat from the outside air, increases the temperature 

of the warm air, and transports it within to heat a dwelling. Below figure describes the process of 

heat pump configuration. 

 

 

Figure 10.2 represents the Heat Pump and Refrigeration 
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Types of Heat Pump 

1. Air Source Heat Pump 

An air source, often called an air-to-air pump, brings heated outdoor air into your house. One of 

the simplest, least expensive, and leased space-consuming heat pumps is this one. In warm regions, 

ductless air conditioners are more energy-efficient than alternative ground- and water-sourced 

systems; in really cold climates, they are less efficient than an underground source pump with the 

well ground loop. According to the Department of Energy, a space heat pump can assist cut energy 

use by 50%. 

2.  Ground Source Heat Pump 

A heat exchanger, commonly referred to as a ground source heat pump, draws heat energy from 

the earth and ground around your home's foundation. Ground source heat pumps are more effective 

than air source heat pumps, particularly during the winter months, because the ground temperature 

is nearly always warmer than the air. An air source system is noisier and less dependable than a 

geothermal heat pump. The expensive expense of installation is the major reason heat pumps 

haven't become more common. Long lines of plastic tubing must be inserted beneath the house 

through excavation for the system to function properly. 

3. Water Source Heat Pump 

 The last alternative is only practical a freshwater lake nearby, such a pond, on your land or at your 

residence. A water source heat pump uses direct water pumping from the source through the heat 

pump to generate heat energy from the water. This approach is far less expensive to implement 

than a ground origin pump and offers a more stable input temp than an air source pump. Source of 

water heat pumps need a steady supply of water, and in the dead of winter, a backup heat source 

could be required. A variable-flow device would be ideal for heating a large building because it 

operates in zones. 

Refrigeration 

Removing heat from such a container or a material in order to reduce the temperature is known as 

refrigeration. Refrigeration is mostly used to keep goods at low temperatures in industrialized 

countries and wealthy areas of developing countries, impeding the damaging action of microbes, 

yeast. Since many perishable goods may be frozen, they can be stored for several months or even 

years without significantly losing their flavor, nutrition, or appearance. Below describes the overall 

process of refrigeration. 
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Figure 10.3 represent the Refrigeration 

In more developed countries, air conditioning the use of refrigerant for comfortable cooling has 

also proliferated. Ancient peoples, such as the Greeks and Romans, chilled their food using ice 

hauled from the mountains before modern refrigeration methods were invented. To store the ice, 

wealthy people used snow cellars, holes excavated into the earth and lined with wood and straw. 

Ice and snow that had been piled together in this way might be kept for months. Up until the turn 

of the 20th century, stored ice served as the primary form of refrigeration, and it is still utilized in 

some places today.  

Air - conditioning system and refrigeration have very distinct differences, the goal of both is to 

reduce the temperature relative to the outside environment. We may readily observe similar events 

in our household and commercial products, such as air conditioners and refrigerators, etc. The 

equipment transfers thermal energy during the refrigeration process from one location to another 

at a higher temperature. The air conditioning process, on the other hand, uses the thermal energy 

of the air to chill it. As a result, thermal energy moves from one location with a higher temperature 

to another with a lower temperature. These electrical gadgets use applications for heat pumps and 

refrigerators. Such equipment employs liquids that often turn into gas at very room temperature 

for the refrigeration process. The majority of them use frons, which are chlorofluorocarbons, as 

coolants. Inside the fridge's network of hermetically sealed tubes that are linked to one another, 

Freon circulates continuously. Without being heated, Freon may change from a liquid to a gas and 

vice versa. As the temperature rises, this liquid Freon acts as an insulator and transforms into a 

gas. The warmth of the materials held inside it therefore drops. 
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For the refrigeration process, a vapour compression freezing cycle is used. In this procedure, 

copper or steel tubes are used to link the expansion valves, compressor, condenser, and evaporator 

the liquid refrigerant is inserted in evaporator tubes all around the refrigerator; when heat is 

absorbed, it absorbs the heat and changes to vapour. Through the compressor, the heat transferred 

from the absorbed condition of vapour to the surrounding factors is changed to a liquid. When heat 

is taken up and transferred from the evaporator to the expansion valve, the process is repeated. 

This procedure aids in maintaining constant refrigerator cooling. 

Refrigeration Cycles 

A popular technique for transporting heat from a low temperature to a high temperature is the 

vapour compression refrigeration cycle.the goals of heat pumps and freezers are shown in the 

previous diagram. The cooling load, or heat removed from a low-temperature medium, is what 

makes a refrigerator work. A heat pump's primary function is to transport heat to the heating load, 

a high-temperature medium.  

The appliance is referred to as a refrigerator when we are interested in the heat energy taken from 

a low-temperature room. The appliance is referred to as a heat pump when we are interested in the 

heat energy delivered to the hot room. The cycle in which heat energy is extracted from the low-

temperature region and rejected to the high-temperature space is often referred to as a heat pump. 

The coefficient of performance (COP), which is outlined in Chapter 10-2, is used to describe how 

well heat pumps and refrigerators function. COPR and COPHP may both be more than 1. The 

COPs are connected by COP COP HP R = +1 when the same operating circumstances are used. 

 

Figure 10.4 Represent the Refrigeration Cycles 
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The Vapor-Compression Refrigeration Cycle 

The evaporator, compression, condenser, and expanding (or throttle) valve are the four parts of the 

vapor-compression refrigeration cycle. The vapor-compression refrigerant is the one that is most 

often utilised. The refrigerant enters the compressor as a saturated vapour and is cooled to the 

saturated liquid in the condenser in an ideal vapor-compression refrigeration cycle. When it 

reaches the evaporator pressure, it is throttled, and when it warms up from the refrigerator, it 

vaporises. 

A refrigerator is a device designed to take heat away from an area that is cooler than the air around 

it. The same apparatus may be used to heat a space that is already warmer than its surrounds. In 

this instance, the gadget is known as a Heat Pump. Instead of a difference in principle, a 

refrigerators and a heat pump differ in their intended use. As a result, the focus of this section will 

be on refrigeration, with distinctions between both the two devices only being made as needed. 

According to the Clausius interpretation of the Second Law of Thermodynamics, no apparatus can 

be made that, when used in a cycle, produces any results other than the heat transfer from a colder 

to a hotter body. This implies that without outside aid, energy cannot move from hot to cold 

locations. By using mechanical power or comparable natural heat exchanges, the heat pump and 

refrigerator both meet Clausius' need for external activity. 

Several techniques may be used to maintain continuous refrigeration. In essence, any heat recovery 

cycle may be inverted to create a refrigeration engine cycle. In applications involving air 

conditioning and refrigeration, the vapour compression cycle is most often used. A different 

system is offered by the vapour absorption cycle, especially in situations where heat is 

economically feasible. While air-cycle refrigeration is often utilised for aviation cooling, steam-

jet systems are also effectively employed in many other cooling applications. 

The operating liquids in refrigeration systems are refrigerants. They must possess a number of 

qualities, including as strong heat transmission capabilities, low heat resistance and toxicity, 

compatibility with metals and lubricating oils for compressors, and good refrigeration 

performance. They are often designated by a number based on their molecular make-up. Numerous 

refrigerants are available, and the ASHRAE Handbook of Fundamentals (1993) includes them all 

along with their qualities.  

Alternative fluids have been developed in recent years as a result of environmental concerns over 

the usage of chlorofluorocarbons (CFCs) as the working fluids in refrigerators and air-conditioning 

systems. The majority of these can be divided into two groups: hydrofluorocarbons (HDCs), which 

do not contain chlorine and have no ozone depletion potential, and hydrochlorofluorocarbons 

(HCFCs), which do contain chlorine but almost all of it is dispersed with in lower atmosphere 

before it can reach the ozone layer due to the addition of hydrogen to the CFC structure. As a 

result, HCFCs have ozone depletion potentials that are 2 to 10% lower than those of CFCs. The 

Vienna Convention, a pact designed to regulate the manufacturing of compounds known to be 
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reducing the ozone layer, has been ratified by a large number of countries. The 1987 Montreal 

Protocol to this treaty lays out the methods for obtaining specific production caps for various drugs 

as well as a timeline for their phase-out. The features of novel ozone-friendly fluids and mixes are 

the subject of extensive investigation. 

These cycles have recently attracted considerable attention due to their potential use in energy-

saving facilities as well as the fact that they employ more ecologically friendly refrigerants than 

vapor-compression cycles. Figure 6 schematically depicts a fundamental vapor-absorption 

mechanism. Like with the vapour compression system, the condenser, throttling valve, and 

evaporator are practically identical (Figure 3). The main difference is the substitution of an 

absorber, generator, and solution pump for the compressor. The pressure differential between the 

absorber (operating at evaporator pressure) and also the generator is additionally maintained using 

a second throttling valve (at the condenser pressure). 

When the refrigerant exits the evaporator, some heat, known as QA, is rejected and is instead 

absorbed in some kind of a low-temperature absorbent medium. After being pushed to the greater 

pressure, the generator, QG, heats the refrigerant-absorbent solution. The high heat and pressure 

in the generator causes the refrigerant vapour to separate from the solution. The weak solution is 

throttled back to the absorber as the vapour travels to the condenser. To improve the energy 

efficiency of the system, a heat exchanger may be positioned between the absorber and the 

generator. Pumping the liquid solution involves far less labour than the compressor's comparable 

vapor-compression cycle would. The system's primary energy input, QG, may be provided in any 

practical way, including via a fuel-burning device, electrical heating, steam, solar energy, or waste 

heat. It is necessary to choose the right refrigerant/absorbent combinations. Ammonia and water 

are a typical combination for a refrigerant and an absorbent. Water as the refrigerant and beta 

bromide as the absorbent are an alternate combination. There is a growing amount of research 

being done to uncover novel combinations that work. 

Heat will always flow spontaneously from hot to cold, never the other way around, according to 

the Second Law of Thermodynamics. By putting out labour, a refrigerator forces heat to transfer 

from cold to hot, cooling the area within. When work is applied, a coolant is compressed and 

heated above the ambient temperature.the temperature of the coolant is lowered when heat is 

transferred from the coolant to the surrounding air.When the coolant expands, the temperature 

drops below that of the refrigerator. The temperature within the refrigerator drops as heat moves 

from the refrigeration to the coolant. This cycle of events enables refrigerators to operate for as 

long as required. The equation provides the amount of work required as input to the system. 

Efficiency 

The effectiveness of refrigerators has significantly increased over time. Compared to 1972, when 

the average U.S. refrigerator used 1800 kWh annually, modern refrigerators use less than 500 

kWh. The insulation, compressor effectiveness, heat exchange in the evaporator and condenser, 

blades, and other elements of the refrigerator have all been improved and are still being improved. 
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Advanced Power Cycles 

Power plant performance is gauged by its thermal efficiency. The Rankine and Brayton cycles are 

the two primary thermodynamic cycles that are extensively employed in the production of 

electricity. These cycles, which transform heat input into mechanical work output, are also known 

as power cycles. Heat engines, which generate the bulk of the world's electric power and power 

the great majority of automobiles, function on thermodynamic power cycles. Real cycles and ideal 

cycles are the two categories into which power cycles may be divided. The existence of 

complicating variables (such as friction) and the lack of enough time for the creation of equilibrium 

conditions make it challenging to study the cycles seen in real-world systems. Idealized models 

(ideal cycles) are made for research and design purposes; these ideal models enable engineers to 

investigate the impact of important characteristics that dominate the cycle without needing to 

invest a lot of effort in figuring out minute details found in the actual cycle model. 

The sort of heat engine that each power cycle aims to replicate may also be used to split them into 

subcategories. The Otto cycle, which represents gasoline engines, and the Diesel cycle, which 

models diesel engines, are the two cycles that are most often used to simulate internal combustion 

engines. The Brayton cycle, which mimics gas turbines, the Rankine cycle, which models steam, 

the Stirling cycle, which models hot air vehicles, and the Johansson cycle, which further models 

hot air engines, are cycles that simulate external combustion engines. 

 

Rankine cycle  

A Scottish engineer named William John Macquorn Rankine published the "Manual of the Steam 

Power and Other Prime Movers" in 1859, which improved the research of heat engines. Rankine 

created a thorough theory for all heat engines, including the steam engine. He made contributions 

to thermodynamics together with William Thomson (Lord Kelvin) and Rudolf Clausius, 

concentrating especially on the first of the three thermodynamic laws. The Rankine cycle, which 

bears his name, defines how steam turbine systems operate, however the basic idea also holds true 

for reciprocating engines like steam locomotives. The Rankine cycle is a hypothetical 

thermodynamic cycle for a heat engine operating at constant pressure and converting a portion of 

heat into mechanical work. In this cycle, the heat is provided externally to a closed loop that 

typically employs water as the working fluid (in both the liquid and vapour phases). The working 

fluid in the Rankine cycle undergoes a phase shift from a liquid to a vapour phase and vice versa, 

unlike the Brayton cycle. 

Water is typically chosen as the working fluid in the Rankine cycle despite the fact that many other 

substances both inorganic and organic could be used. This is because water has many advantageous 

characteristics, including a non-toxic and biologically inert chemistry, abundance, low cost, and 

thermodynamic properties. The common material with the greatest specific heat, for instance, is 

water (4.19 kJ/kg K). Additionally, due to its very high heat of vaporisation, it is a useful medium 

and coolant in thermal power plants or other energy businesses. The Ideal Gas Law nearly cannot 
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be applied to the Rankine cycle since steam does not obey pV=nRT. As a result, "Steam Tables" 

are used to compile all relevant water and steam parameters. 

The fact that the Rankine cycle's compression process occurs in the pump on a liquid is one of its 

main benefits. The pressure at the turbine outlet is decreased by condensing the working vapour 

to a liquid (inside a condenser), and just 1% to 3% of the turbine's output power is used to operate 

the feed pump. These elements help the cycle run more efficiently. In modern thermal power 

plants, at which an operating fluid is continually evaporated and condensed, the Rankine cycle is 

the basic operational cycle. Due to the fact that most of the world's turbines are steam-driven, it is 

one of the thermodynamic cycles that occurs most often. 

Large steam generators all use the Rankine cycle as their core technology. This cycle generates 

high-pressure, high-temperature steam using a heating device (or boiler). This is done in fossil 

fuel-powered plants by transforming the chemical energy contained in fossil fuels into thermal 

radiation and passing it to the working fluid (such as water), which then flows through the boiler 

to create steam. The thermal energy in nuclear power plants comes from a controlled nuclear 

reaction. In a sequence of high- and low-pressure steam turbines, the steam from the boiler is 

expanded, converting the energy into mechanical shaft work that powers an electric generator and 

creates electricity. Following the final turbines, the steam is sent to a condenser, where it condenses 

into a liquid that is then fed back into the boiler to complete the cycle. 

Increased boiler pressure and temperature, reheats (where steam is expanded in a high-pressure 

turbine first and then returned to the boiler to be warmed), and a regeneration step where steam is 

"bled" from the turbine stages to pre-heat the boiler feedwater are all ways to increase cycle 

efficiency. Modern supercritical power plants run at temperatures and pressures more than 300 bar 

and 625 oC. 

Hamilton Cycle 

The traditional Brayton cycle is an open cycle gas turbine in which fuel and compressed air are 

burnt in a combustor. In a turbine connected to an electric generator, the heated gases are then 

expanded. The working fluid is pressed, heated, and then expanded in a turbine during a closed 

cycle. After that, the gases are further cooled before being compressed and recycled. A second 

combustion, intercooling, and the addition of a recuperator to pre-heat the fluid before the 

combustor all contribute to improvements in cycle efficiency while using less fuel. 

Combined Cycle 

By using a gas turbine (Brayton cycle) to generate electricity and a heat recovery boiler to turn 

waste heat into steam (Rankine cycle), the combined cycle power plant increases the total 

efficiency of energy output. High input temperatures and low output temperatures are possible 

when Brayton and Rankine cycles are combined, producing a high Carnot efficiency. Given that 

both cycles are fueled by the same fuel source, the co - generation efficiency is the total of the 

efficiency of the two cycles. 
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Energy is attempting to develop and demonstrate sophisticated, high-efficiency electricity 

conversion systems based on the supercritical CO2 cycle, near-zero emissions gas turbines, and 

other energy-related technologies. Carleton University and Sandia National Laboratories have 

recently joined forces on this project as part of the International Nuclear Energy Research Initiative 

Exterior Hyperlink. Due to its low critical temperature and pressure, favourable heat transfer and 

thermodynamic properties, and accessibility, supercritical CO2 offers benefits as a working fluid. 

The high density of the coolants entering the compressor gives this cycle a significant advantage 

over other enclosed gas turbine cycles. Because the compressor only contributes a small amount 

of the total turbine power, cycle efficiency as a whole is greater. 

A thermodynamic cycle is made up of a series of interconnected thermodynamic processes that 

include the flow of heat and work into and out of the system while adjusting pressure, heat, and 

other state variables within the system. The cycle ends with the system returning to its starting 

state. The working fluid (system) may function as a heat engine throughout the course of a cycle 

by converting heat from a heated source into productive work and expelling the leftover heat to a 

cool sink. Alternately, the cycle might be reversed and used as a heat pump to transport heat from 

a cold source or transfer it to a warm sink. The cycle is reversible if the system is in equilibrium 

point at each stage of the cycle. Entropy is a state function, therefore whether reversible or 

irreversible actions are taken, the system's net entropy change is zero. 

The system returns to its initial thermodynamic condition of pressure and temperature throughout 

a closed cycle. Heat and work are examples of process numbers (or path quantities) that rely on 

the process. The first law of thermodynamics is applicable for a cycle in which the coninued to its 

beginning state: 

According to the aforementioned, the system's internal energy (U) does not vary during the cycle. 

The total work and heat intake throughout the cycle is denoted by E in, while the total work and 

thermal output during the cycle is denoted by E out. The cycle is a crucial idea in thermodynamics 

because the recurring structure of the process route enables continued operation. When a device's 

operation is being mathematically modelled, thermodynamic cycles are often described as 

quasistatic. 

Real systems and equipment may be modelled using thermodynamic cycles, usually by making a 

number of assumptions. Simplifying presumptions are often required to transform the issue into 

one that is easier to handle. Devices like a gas turbine or jet engine, for instance, may be 

represented as a Brayton cycle, as shown in the picture. Each of the phases that make up the real 

device is treated as an idealised thermodynamic process. Despite the fact that each step that affects 

the working fluid is a complicated real device, it is possible to represent them as idealised processes 

that closely resemble their actual behaviour. If energy is provided other than via combustion, it is 

further assumed that the working gas will be recycled at the input stage and that the exhaust gases 

will be transported from the output to a heat exchanger that will sink the waste heat to the 



 
133 Concept of Thermodynamics 

environment. An idealised cycle and real performance could vary significantly.the disparities 

between the work output anticipated by an ideal Stirling cycle and the actual ability. 

Carnot cycle 

Nicolas Léonard Sadi Carnot, a French engineer and scientist, expanded the study of Newton's 

second law in 1824 by formulating the Carnot's rule, a theory that places restrictions on the greatest 

efficiency that any heat engine may achieve. The effectiveness of a thermodynamic cycle, 

according to this theory, only relies on the difference between the hot and cold temperature 

reservoirs. 

According to Carnot's principle: 

No engine is capable of working between the same high-temperature and low-temperature 

reservoirs more efficiently than a reversible engine (Carnot heat engine). No matter the working 

material used or the specifics of the operation, all reversible engines (Carnot heat engines) running 

between the identical constant temperature reservoirs have the same efficiency. The Carnot cycle 

is the name of this engine's cycle. A Carnot heat engine is a system that is going through a Carnot 

cycle. It is a theoretical construct that cannot be produced in reality and is not a true thermodynamic 

cycle. Every genuine thermodynamic process is irreversible in some way. Theoretical fiction also 

prohibits them from being carried out indefinitely slowly or with infinitesimally tiny temperature 

changes. As a result of the heat engine cycle's intrinsic irreversibility, heat engines must operate 

at lower efficiencies than their efficiency limitations. 

Diesel Cycle  

One of the most prevalent thermodynamic cycles used in car engines, the diesel cycle depicts how 

a basic compression ignition piston engine operates. The functioning of a diesel engine is 

comparable to that of a gasoline engine. The most significant distinction is that: The compression 

stroke begins with the cylinder being empty of gasoline. Thus, diesel engines do not experience 

autoignition. Instead of spark ignition, a diesel engine employs compression ignition. 

The fuel is injected, and as a result of the high temperature created by the adiabatic compression, 

it spontaneously ignites. Consequently, spark plugs are not required. Direct fuel injection in to 

combustion chamber begins at the commencement of the power stroke thanks to the injectors. As 

a result, the beginning of the power stroke happens roughly at constant pressure. 

Effect of Thermodynamics Variables on Efficiency and Output of Rankine Cycle 

The thermodynamic factors listed below influence a Rankine cycle's effectiveness and production 

of work:  

1. scalding of steam 

2. boiler pressure or the steam pressure at the turbine's intake 
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3. Condenser pressure, exhaust steam pressure, or steam back pressure the effects of each are 

explained more below. 

4. Effect of Steam Superheating: 

5. The impact of superheating steam before it enters the turbine is shown in Figure A for the 

specified boiler pressure, p, and condensation pressure, P. 

6. It should be noted that the quantity of work produced rises by a factor of three times the 

darkened area (3-3'-four). 

7. The quantity of heat delivered is raised by the area under the process curve, or (3-3) area 

(3-3-b-a). But since the ratio of work done to heat provided for the Rankine cycle (1-2-3-

4) is less than the ratio of work done and heat supplied for steam, the cycle efficiency rises. 

Alternately, the capacity factor rises as a result of the superheating of steam, which raises the 

boiler's mean temperature for the heat addition phase while maintaining the same value for the 

mean temperature for the heat rejection process. 

1. Other benefits and factors of superheating steam include: It lowers the moisture content in 

the turbine expansion process, which lowers the corrosion of turbine blades brought on by 

steam moisture content.  

2. The materials used for different turbine components and the pipe lines, valves, etc. and 

their capacity to tolerate high temperatures are what determine the highest temperature for 

superheated steam utilised. 

3. Usually, metallurgical constraints restrict the highest steam temperatures utilised to 650°C. 

4. To prevent turbine blade corrosion and to lessen the inertia force on blades caused by 

steam's moisture content, the dryness percent of steam at the end of expansion should not 

be lower than 0.85. 

5. For practical reasons, the condenser pressure are fixed. The minimum pressure for steam 

turbines is capped at 0.05 to 0.1 mbar. 

Methods of Increasing the Efficiency of the Rankine Cycle 

There are three ways to increase the efficiency of the simple ideal Rankine cycle. 

 Decreasing the condenser pressure 

A T-s diagram on the left shows how reducing the condenser pressure affects the Rankine cycle's 

efficiency. At the saturation temperature corresponding to the condenser pressure, steam leaves 

the condenser as a saturated mixture. In order to reduce the condenser's pressure and steam's heat 

rejection temperature, respectively. The blue region represents the net increase in work as a result 

of the pressure is reached being lower. 

Superheating the steam to a high temperature 

A T-s diagram on the left shows how the Rankine cycle's efficiency is impacted by superheating 

steam to a high temperature. The average steam temperature during heat addition may be raised 



 
135 Concept of Thermodynamics 

by superheating the stream to a high enough temperature (from state 3 to state 3'). Due to the steam 

being superheated to a high temperature, the network in the blue region has risen. 

Increasing the boiler pressure 

A T-s shows how rising boiler pressure affects the Rankine cycle's efficiency. The heating rate of 

the steam automatically rises if the boiler's working pressure is raised (from process 2-3 to process 

2'-3'). The grey region represents a drop in net work at a certain intake turbine temperature, 

whereas the blue area represents a rise in net work. Additionally, a negative side consequence of 

this transition is an increase in the water content of the steam from state 4 to state 4'. By reheating 

the steam, this unintended consequence may be avoided, creating the reheat Refrigeration cycle. 

The Ideal Reheat Rankine Cycle 

The Rankine cycle's thermal efficiency can be increased, according to the section above, however 

doing so also results in an unacceptably high moisture content at the turbine's outflow. The 

straightforward Rankine cycle is changed with a reheat procedure to correct this adverse effect. 

On the left, a T-s diagram and the schematic of an ideal reheat Rankine cycle are shown. In this 

reheat cycle, steam is expanded isentropically in a high-pressure turbine (stage I) to an intermediate 

pressure before being returned to the boiler, where it is warmed at constant pressure to the high-

pressure turbine's intake temperature. After expanding to condenser pressure (stage II), the steam 

is then sent to a low-pressure turbine. The sum of the work output and the heat input is 

(h3 - h2) + qin = qprimary + qreheat (h5 - h4) 

(h3 - h4) + wtotal, out = qturb, I + qturb, II (h5 - h6) 

 

---------------------------- 
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Avogadro’s Law: 

According to Avogadro's law, equal volumes of various gases each possess an equal quantity of 

molecules at the same temperature and pressure. Under the presumption of an ideal (perfect) gas, 

this empirical relation may be deduced from the gas's kinetic theory. For actual gases, the rule is 

roughly applicable when temperatures and pressures are both low enough. Avogadro's number, or 

the Avogadro constant, is the precise number of molecules contained in one gram-mole of a 

material, expressed as the molecular weight in grames, which is equal to 6.02214076 1023. As an 

illustration, since oxygen has a molecular weight of 32.00, one gram-mole of oxygen weighs 32.00 

grammes and contains 6.02214076 1023 molecules [1]. All gases contain the same number of 

molecule in a same volume at a specific temperature and pressure, according to Avogadro's Law. 

The concept was initially explained in 1811 by Italian scientist and physicist Amedeo Avogadro. 

Italian physicist Amadeo Avogadro worked in the 1800s. He made significant contributions to 

chemistry at a time when the discipline was only beginning to emerge as a science. His work was 

completed at the same period as those of Robert Boyle, Jacques Charles, and other artist. 

Avogadro's Law, a theory he developed, forms a foundation for the Ideal Gas Law [2]. This 

mathematical relationship, known as the gas law, can be expressed in a number different ways. It 

might be 

  k = V/n 

Where k is a proportionality constant V is the volume of a gas, and n is the number of moles of a 

gas Avogadro's law also means the ideal gas constant is the same value for all gases,  

so: constant = p1V1/T1n1 = P2V2/T2n2 

V1/n1 = V2/n2 

V1n2 = V2n1 

Where p is pressure of a gas, V is volume, T is temperature, and n is number of moles. The 

contemporary interpretation of Avogadro's law states that the quantity (number of moles) variable 

area about an ideal gas are approximately equal to each other for a given value of the gas's mass 

at a constant temperature and pressure. Avogadro's law is closely connected to the ideal gas 

equation since it links temperature, pressure, volumes, and substance quantity for a particular gas. 

The interaction of gas molecules with the container's walls may be used to explain how ideal gas 

particles, which lack mass and are not inclined to one another, behave. Avogadro's law states that 
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a gas's volume, V, and particle count, n, are inversely linked. This connection can be 

mathematically explained as follows 

V ∝∝∝∝ n 

Chemists use mole counts to count the amount of molecules and atoms. Avogadro's number, or 

NA, is the number of particles that comprise a mole of a material. Through several studies, it has 

been shown that NA has a physical properties per mole of 6.02 1023. In other words, a proportional 

constant k is equal to the volume V towards the amount of gas particles n ratio. 

Boyle’s Law: 

Boyle's law, also known as the Boyle-Mariotte law or Mariotte's law (particularly in France), is an 

exploratory gas law it explains how the volume and pressure of a confined gas relate to one another. 

Boyle's law is defined as follows: 

If the pressure and temperature of the ideal gas stay constant in a closed system, the absolute 

pressure that a given mass of the gas exerts is inverse proportion to the space it takes up 

Boyle's law may be expressed mathematically as follows:  

Pressure is inverse proportion to volume. Or, PV = k Volume times pressure equals a certain 

constant. 

Where k is a constant, V is the gas's volume, and P is the gas's pressure.  

Charle’s law: 

Charles' Law, often called the law of quantities, provides a thorough explanation of how a gas 

expands as its temperature rises. On the other hand, a drop in temperature will result in a drop in 

volume. 

According to the aforementioned assertion, while comparing a material under two distinct 

circumstances, we may write this as follows: 

V2/V1=T2/T1 

V1T2=V2T1 

The aforementioned equation shows that as the gas's absolute temperature rises, so does its volume 

proportionally. To put it another way, Charlee’s law is an exception to the ideal gas rule. Ideal 

gases that are kept at a constant pressure but have varying temperatures and volumes are subject 

to the law. Charles' law states that if the pressure remains constant, the volume occupied by a 

certain amount of gas is precisely proportionate to its absolute temperature. J.-A.-C., a French 

physicist, proposed this empirical relationship initially. Charles in 1787, and was later put on a 

solid empirical foundation by chemist Joseph-Louis Gay-Lussac. It is a subset of the general gas 
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law and may be derived from gas kinetic theory under the condition of a perfect (ideally) gas. At 

appropriately low pressure and high temperature, measurements demonstrate that the thermal 

expansion of actual gases at constant pressure nearly follows Charles' law. Also see ideal gas. A 

deal gas, sometimes known as a perfect gas, is a gas whose physical behavior conforms to a 

specific idealized relationship between stress, volume, and temperature known as the ideal, or 

generalized, gas law. This law is a generalization that includes both Boyle's and Charles' laws as 

special instances, and it asserts that for a given quantity of gas, the combination of volume V and 

stress P is proportional to absolute temperature T; that is, PV = kT, where k is a constant. This type 

of relationship for a material is known as its equation of state, and it is adequate to define its gross 

behavior. 

Helmholtz free energy 

The Helmholtz free energy, often known as the Helmholtz energy, is a thermodynamic potential 

that calculates the useful work that a closed thermodynamic system may produce at a fixed 

temperature (isothermal). In a thermodynamic process when temperature is maintained constant, 

the greatest amount of work that the system is capable of doing is equal to the fluctuation in the 

Helmholtz energy throughout the process. At equilibrium, the Helmholtz free energy is minimised 

at constant temperature. 

In contrast, when it is practical for applications that occur at constant pressure, the Gibbs unlimited 

energy or free enthalpy is most often employed as a measure of thermodynamic potential 

(particularly in chemistry). Helmholtz free energy, for instance, is often utilised in the study of 

explosives since, by their very nature, explosive reactions result in pressure changes. Additionally, 

it is widely utilised to describe the basic equations of pure substance state. 

German scientist Hermann von Helmholtz created the idea of free energy, which he initially 

discussed in a speech titled "On the Thermodynamics of Chemical Processes" in 1882. The 

International Union of Pure and Applied Chemistry (IUPAC) suggests using the symbol A and the 

term Helmholtz energy, which are derived from the German word Arbeit (labour). physics, the 

free energy or Helmholtz function is sometimes denoted by the letter F.The work of a closed 

system with continuous both temperature and volume is measured using adiabatic potential under 

the notion of Helmholtz free energy. It may be modelled as the equation shown below: 

F = U -TS 

F is the Helmholtz free energy, expressed in Joules. 

U represents the system's internal energy in Joules. 

T = the environment's absolute temperature in Kelvin 

S = System entropy in joules per Kelvin 
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Helmholtz free energy is a thermodynamics concept. The thermodynamic potential in this energy 

makes it easier to estimate the work done by a closed system having constant volume and 

temperature. The greatest amount of work that may be performed by the system in a 

thermodynamic system when the volume is maintained constant is equal to the change's negative 

in the Helmholtz energy throughout a process. Furthermore, a portion of this effort would be 

performed as border work if the volume weren't maintained constant. As a result, systems with 

constant volume may benefit from the Helmholtz energy; otherwise, boundary work would be 

required to accomplish this task's component parts. 

Gibbs free energy 

Gibbs free energy, sometimes referred to as the Gibbs function, Gibbs energy, or free energy, is a 

unit used to quantify the most work that can be performed in a thermodynamic system while 

maintaining constant temperature and pressure. G is used to represent Gibbs free energy. 

Typically, its value is stated in joules of kilojoules. The greatest amount of work that may be wrung 

out of a closed system is known as Gibbs free energy. 

Josiah Willard Gibbs, an American scientist, discovered this trait in 1876 while performing tests 

to anticipate how systems would behave when joined or if a process may happen concurrently and 

spontaneously. Previously, "available energy" was another name for Gibbs free energy. It may be 

thought of as the volume of workable energy available in a thermodynamic system that can be put 

to use. 

Differences Present Between Gibbs free energy and Helmholtz Free Energy 

 According to experts, Helmholtz free energy is the usable work that may be produced by a certain 

system. Gibbs free energy, on the other hand, represents the greatest amount of reversible work 

that can be extracted from a given system. 

 The energy required to create a system with constant volume and temperature is known as the 

Helmholtz energy. The energy required to create a system at a constant pressure and temperature 

is called the Gibbs free energy. The use of Helmholtz energy is limited since the system's volume 

must remain constant. As the system's pressure remains constant, however, Gibbs free energy is 

more useful. 

Gibbs Free Energy Equation 

Gibbs free energy is equal to the enthalpy of the system minus the product of the temperature and 

entropy. The equation is given as; 

G = H – TS 

Where, 

G = Gibbs free energy 
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H = enthalpy 

T = temperature 

S = entropy 

OR 

or more completely as; 

G = U + PV – TS 

Where, 

U = internal energy (SI unit: joule) 

P = pressure (SI unit: pascal) 

V = volume (SI unit:  m3) 

T = temperature (SI unit: kelvin) 

S = entropy (SI unit: joule/kelvin) 

Variations of the Equation 

Since the Free energy is a state function, the route has no bearing on it. Therefore, a system's 

change in enthalpy is equal to its change in entropy minus its change in temperature. 

ΔG = ΔH – Δ(TS) 

ΔG = ΔH – TΔS 

This equation is called the Gibbs Helmholtz equation. 

ΔG > 0; the reaction is non-spontaneous and endergonic 

ΔG < 0; the reaction is spontaneous and exergonic 

ΔG = 0; reaction is at equilibrium 

The second rule of thermodynamics states that entropy in the cosmos always rises when a 

spontaneous event occurs. The direction and magnitude of chemical change are determined by G. 

Only reactions where the pressure and the temperature are constant have any relevance in terms of 

G. We typically start and conclude the procedure at ambient temperature with the system exposed 

to the environment (constant pressure)). 

The only controlling factor that determines whether a certain chemical change is thermochemical 

feasible is G. As a result, the reaction will tend to occur spontaneously if the net charge of the 

reactants is larger than that of the products. This is because when the reaction occurs as described, 

the entropy of world will grow. S systems plus S environments equal S universe. The process will 
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happen naturally and is known as exergonic if G is negative. So spontaneity is influenced by the 

system's temperature. 

Standard Energy Change of Formation 

Standard compound's Gibbs free energy of formation is essentially the change in Gibbs free energy 

that occurs when 1 mole of that substance is created from its component elements, which are 

present in their standard states or in their most stable form at 25 °C and 100 kPa. fG is its symbol. 

Standard Gibbs free energy change of formation is equal to zero for all elements in their fixed 

positions (diatomic oxygen gas, graphite, etc.), since there is no change occurring. 

ΔfG = ΔfG˚ + RT ln Qf, 

Where Qf is the reaction quotient. 

At equilibrium, ΔfG = 0, and Qf = K, so the equation becomes 

ΔfG˚ = −RT ln K, 

Where K is the equilibrium constant. 

Relationship between Free Energy and Equilibrium Constant 

The standard free energy change of the reaction, G°, which is equal to the difference in the binding 

energies of synthesis of the reactants and their products both in their standard states, is linked to 

the free energy change of the reaction in any state, G (where equilibrium has not been established). 

ΔG = ΔG° + RT InQ 

 

Where Q is the reaction quotient. 

At equIlibrium, 

∆G=0 aNd Q become equal to the equilibrium constant. Hence the equation becomes, 

ΔG° = –RT In K(eq) 

ΔG° = –2.303 RT log K(eq) 

R = 8.314 J mol-1 K-1 or 0.008314 kJ mol-1 K-1. 

On the Kelvin scale, T is the temperature. The free energy of the mixture is lower in reversible 

reactions than the free energies of the reactants and products. As a result, free energy drops whether 

we begin with reactants or products, meaning that G is negative in both backward and forward 

processes. 
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Helmholtz Function 

The Helmholtz function, a thermodynamic function, is the greatest amount of work that may be 

done during a reversible isothermal process. It is defined as the function's decline. 

Application of Helmholtz Free Energy 

The Helmholtz function, which is the sum of ideal gas and residual components, is used to 

accurately depict pure fluids (such as industrial refrigerants). 

In the Encoder, Experts utilise an artificial neural system called an auto-encoder to efficiently 

encode data. The specialists at this site also employ Helmholtz energy to calculate the total cost of 

the original code and the rebuilt code. 

Significance of Free Energy 

Open systems, which are analogous to those in real life, are what thermodynamics refers to as the 

means of exchanging heat and work with regard to the environment. For instance, ageing 

biological systems that naturally reduce their entropy. 

The second thermodynamic capability used to determine the amount of work done in a closed 

system with stable temperature and volume is the Helmholtz function. The last three 

thermodynamic potentials are Gibbs free energy, internal energy, and enthalpy. Energy 

dimensions, often referred to as thermodynamic potentials, are established in the system in order 

to preserve the integrity of thermodynamic laws in open systems. These formulas describe the total 

work done in the system using references to Helmholtz and Gibbs free energy.  

Air Standard Cycles 

The rotator and the reciprocating combustion engines are the two categories into which internal 

combustion engines fall. The gas turbine is an effective illustration of a rotating internal 

combustion engine. The two primary categories for reciprocating internal-combustion engines are 

spark-ignition and compression-ignition engines, which operate on Otto and Diesel cycles, 

respectively. 

These engines work on open cycles because the combustion byproducts are discharged into the 

environment. A new charge, which consists of a fuel and air combination, is added for every cycle. 

To investigate the functioning and performance of these engines, they are modelled after 

theoretical engines that run on thermodynamic cycles and are known as air standard engines since 

air serves as their working fluid. In these engines, heat is supplied from an outside source rather 

than being produced by the burning of fuel, and a heat sink is offered rather than exhaust, restoring 

the air to its initial condition. 

The air standard cycle is predicated on the following premises: The working fluid (gas) has a mass 

throughout the air cycle and is assumed to be perfect. Throughout the cycle, the air maintains its 

same specific heat capacity. 
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In contrast to the exhaust and intake procedures of a real engine, the heat transfer process out of 

an external heat source replaces the combustion process, and all processes remain internally 

reversible. The gas turbine is a nice illustration of a rotating internal combustion engine. The two 

primary categories for reciprocating internal-combustion engines are spark-ignition and 

compression-ignition engines, which operate on Otto and Diesel cycles, respectively. 

These engines work on open cycles because the combustion byproducts are discharged into the 

environment. A new charge, which consists of a fuel and air combination, is added for every cycle. 

To investigate the functioning and performance of these machines, they are modelled after 

theoretical engines that run on thermodynamics cycles and are known as air standard engines since 

air serves as their working fluid. In these engines, heat is supplied from an outside source rather 

than being produced by the burning of fuel, and a heating element is offered rather than exhaust, 

restoring the air to its initial condition. 

Humidity 

Particularly on hot days, is humidity? In contrast, this phenomena occurs more commonly in 

coastal areas. The ratio of the air's water vapour pressure to its saturation vapour pressure is known 

as the humidity level. Depending on a few distinct conditions, it expresses itself at various degrees. 

However, there is neither an official nor specialised SI unit for measuring humidity. The amount 

of water vapour in the air is known as humidity. The gaseous form of water, known as water 

vapour, is often undetectable to the naked eye. The presence of moisture, dew, or fog is predicted 

by the humidity. 

The temperatures and pressures of a system of interest affect humidity. In comparison to warm air, 

cold air has a greater relative humidity when the same quantity of water vapour is present. The 

dew point is another relevant variable. As the temperature rises, more water vapour is required 

until saturation is reached. A parcel of air will ultimately approach saturation as its temperature 

drops, without adding or losing water mass. A parcel of air may include a wide range of water 

vapour concentrations. For instance, a parcel of air that is close to saturation could have 28 g of 

water per cubic metre of air at 30 °C (86 °F), but only 8 g at 8 °C (46 °F). 

Absolute, relative, and particular measures of humidity are the three most used types. Either 

quantity of water vapour per volume of wet air (in grammes per cubic meter) or mass of water 

vapour per mass of dry air are used to indicate absolute humidity (usually in grammes per 

kilogram). [4] Relative humidity, which is sometimes stated as a percentage, compares the current 

level of absolute humidity to the highest humidity possible under the same temperature conditions. 

The ratio of water vapor mass to the total mass of moist air parcels is known as specific humidity. 

The level of humidity is crucial for surface life. High humidity reduces the rate of moisture 

evaporation from skin surfaces, which reduces heat exchange efficiency for animal life that relies 

on perspiration (sweating) to maintain internal body temperature. A temperature table, commonly 

referred to as a humidex, may be used to determine this impact. 
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In relation to the idea of relative humidity, it is often said that water vapour may "hold" or 

"saturate" the air. The quantity of water vapour that enters (or can enter) a given area at a particular 

temperature, however, is virtually completely independent of the amount of air (nitrogen, oxygen, 

etc.) that is there, which is why this statement is false. In fact, the equilibrium vapour pressure of 

water at the given temperature determines that a vacuum has about the same capacity to contain 

water vapour as a similar volume filled with air. There is a very little discrepancy, which may be 

disregarded in many computations unless extreme precision is necessary.  

Relative Humidity 

The amount of water vapour in the air is determined using the relative humidity. The ratio of the 

quantity of water in the air at a certain temperature to the maximum amount of moisture the air 

can sustain at that same temperature is known as the relative humidity. During wet seasons, the 

relative humidity reaches 100 percent. The ratio of the partial pressure of water vapour (p) in the 

air to the saturation vapour pressure (p s) of water at the same temperature is known as the relative 

humidity (RH) or displaystyle (phi) of an air-water combination. This ratio is often given as a 

percentage: 

= 100 / displaystyle phi = 100*p/p s 

To put it another way, relative humidity is the ratio of the amount of water vapour that is actually 

in the air to the amount that the air might theoretically hold at a certain temperature. Air 

temperature affects it because colder air can store less vapour. In other words, even if the absolute 

humidity doesn't change, altering the air's temperature might affect its relative humidity. 

Cooling the air raises the relative humidity, which may lead to water vapour condensation (the 

dew point is reached when the relative humidity exceeds 100%). The relative humidity also drops 

when the temperature rises. As the air between the water droplets becomes better equipped to store 

water vapour, warming some air that contains a fog may cause the fog to evaporate. 

Relative humidity simply takes the inert water vapour into account. Although their existence 

suggests that a body of air may be getting near to the dew point, mists, clouds, fogs, and water 

aerosols do not contribute to the calculation of the relative humidity of the air. Ordinarily, relative 

humidity is reported as a percentage; a larger percentage indicates a higher relative humidity of 

the air-water combination. The dew point is reached when the air is saturated and has a relative 

humidity of 100%. The relative humidity may approach 100% in the absence of a foreign substance 

on which droplets or crystals can form, in which case the air is referred to be supersaturated. When 

certain particles or a surface are introduced to an air mass with a relative humidity of more than 

100%, condensation or ice may develop on those nuclei, removing some of the vapour and bringing 

the humidity down. 

As a predictor of moisture, dew, or fog, relative humidity is a crucial statistic used in weather 

predictions and reports. When it's hot outside, a rise in relative humidity makes it seem hotter to 

people (and other animals) because it makes it harder for sweat to evaporate from the skin. For 



 
145 Concept of Thermodynamics 

instance, according to the heat index, an air temperature of 80.0 °F (26.7 °C) with a relative 

humidity of 75% would feel like 83.6 °F 1.3 °F (28.7 °C 0.7 °C). 

Specific Humidity 

The proportion of the mass of water vapour to the overall mass of the air parcel is known as specific 

dampness (or moisture content). The mixing ratio, which is determined by dividing the quantity 

of water vapour in an air parcel by the amount of dry air in the same parcel, is roughly equivalent 

to specific humidity. The quantity of water vapour required to accomplish saturation likewise 

reduces as temperature drops. A bundle of air will ultimately approach saturation as its temperature 

drops, without gaining or losing mass of water. 

Air density and volume 

Water evaporation and condensation, which in turn mostly rely on temperature, determine 

humidity. In light of this, the ideal gas law predicts that all components of a gas that has been 

saturated with water would first decrease in volume. The total volume that results deviates from 

what the ideal gas law anticipated because a part of the water will condense until the humidity is 

practically the same as it was before. Conversely, a drop in temperature would cause some water 

to condense as well, causing the ideal gas law's estimated ultimate volume to be off once again. 

Therefore, the dry volume, removing the humidity content, may also be used to indicate gas 

volume. This fraction adheres to the ideal gas law more closely. In contrast, a gas mixture's 

saturated volume is what it would be if humidity were added to it to saturating (or 100% relative 

humidity). 

Because a water molecule (M 18 u) is less heavy than either a nitrogen molecule (M 28) or an 

oxygen molecule (M 32), humid air is less dense than dry air. Nitrogen makes up around 78% of 

the molecules in dry air (N2). Additionally, oxygen makes about 21% of the particles in dry air 

(O2). Other gases make up the remaining 1% of dry air. 

Any gas has a constant number of molecules per unit volume at a given temperature and pressure. 

Therefore, if the temperature and pressure stay constant, the amount of air molecules in that 

volume of dry air must drop by the same amount when water molecules (vapour) are added. 

(Changing at least one of the following three factors is necessary for the addition of water 

molecules—or any other molecules—to a gas without also removing an equivalent number of other 

molecules: temperature, pressure, or total volume. The displaced dry air molecules will first spread 

out into the extra volume if pressure are held constant, and if neither change, the mixture will 

finally become uniform by diffusion. 

Pressure dependence 

The absolute pressure within the system of interest as well as the temperature have an impact on 

the relative humidity of an air-water system. The air-water system shown below serves as an 

example of this reliance. The relative humidity of the system drops if the system in State A is 
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isobarically treated (heating without changing the system pressure), as the equilibrium vapour 

pressure of water rises with rising temperature.  

The relative humidity of the system rises if the system in State A is isothermally compressed 

(compressed without a change in the system's temperature). This is because the air pressure of 

water in the system rises with the decrease in volume. In State C, this is shown. The RH would 

surpass 100% above 202.64 kPa, and water may start to condense. 

 The relative humidity wouldn't change if State A's pressure was altered by only introducing extra 

dry air without altering the volume.] So a change in system temperature, a change in system 

volume, or a change in both of these system variables may account for a change in relative 

humidity. 

Concept of temperature 

Temperature is a unit used to describe hotness or coldness. It may be stated in terms of any number 

of arbitrary scales and shows the direction in which heat energy would naturally flow, i.e., from a 

hotter body to a colder one (one at a lower temperature). Temperature is not the same as the energy 

of a heat engine; for instance, an iceberg has a significantly larger total heat energy than a match, 

despite the fact that a match is burning at a much higher temperature. As opposed to extensive 

characteristics, like mass or volume, temperature is referred to as an intense property—one that is 

separate from the amount of matter being considered—along with pressure, density, and other 

comparable qualities. 

Today, 3 different scales are often used. In the U. S. and a few other English-speaking nations, 

temperatures are measured using the Fahrenheit (°F) scale. Nearly all nations that have adopted 

the metric system of measurement utilise the Celsius (°C) temperature scale, which is also 

extensively used in the sciences. As the accepted global standard for scientific measuring 

temperature, the Kelvin (K) scale, a specific heat scale (obtained by moving the Celsius scale by 

273.15° such that absolute zero corresponds with 0 K), is used. 

Thermodynamic temperature 

A quantity specified in thermodynamics, as opposed to energy equation or statistical mechanics, 

is the thermodynamic temperature. A global agreement was reached in 2019 to redefine the kelvin 

in terms of phenomena that are now understood to be manifestations of the kinetic energy of 

motion of microscopic particles such as atoms, molecules, and electrons. Historically, Kelvin's 

definition of thermodynamic temperature was based on a macroscopic relationship between 

thermal work and heat transfer as defined in thermodynamics. 

 This microscopic dynamical definition is considered as an "empirical" temperature from a 

thermodynamic point of view due to its historical definition and measurement methods. Since it 

can often be measured more accurately in reality than Kelvin's thermodynamic temperature, it was 

accepted. The third thermodynamics places a premium on a thermodynamic temperature value of 
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zero. Conventionally, it is reported using the Kelvin scale of temperature, where the kelvin is the 

unit of measurement (unit symbol: K). To put that into perspective, 295 K is the same as 21.85 °C 

and 71.33 °F. 

The definition of thermodynamic temperature in terms of the macroscopic Carnot cycle 

distinguishes it from SI temperature. Due to the fact that it is only defined in thermodynamic terms, 

thermodynamic temperature is significant in thermodynamics. Conceptually, thermodynamic 

temperature is quite different from SI temperature. Before there was a good understanding of tiny 

particles like atoms, molecules, and electrons, the term "thermodynamic temperature" was 

carefully defined historically. 

The kelvin (unit symbol: K) is the unit of measurement for particular values along the worldwide 

absolute temperature scale as defined by the International System of Units (SI). According to the 

following example use, the kelvin may also be used to indicate temp intervals (a span or difference 

between two temperatures): "A 60/40 tin/lead solder is non-eutectic and is plastic across a range 

of 5 kelvins as it hardens." One kelvin is equivalent to one degree Celsius in terms of magnitude. 

In connection to the basic physical characteristic that underlies thermodynamic temperature—the 

kinetic energy of atomic free particle motion—the kelvin scale was revised in 2019. The 

Boltzmann constant was exactly set as 1.380649 joules per kelvin (J/K) by the redefinition. The 

Boltzmann constant's compound unit of measure is often represented as JK1, with a multiplication 

dot, the kelvin symbol followed by a superscripted negative 1 exponent.  

Another mathematical expression for the same quantity is joules per kelvin (the SI unit for energy, 

which Examining the ideal gas law, which describes, per the Boltzmann constant, how heat energy 

produces strictly defined fluctuations in the pressure and temperature of certain gases, makes it 

simple to comprehend the microscopic feature that gives material entities a temperature. This is 

due to the fact that monatomic gases including helium and argon behave kinetically in a manner 

similar to freely moving, fully elastic, spherical billiard balls that can only move in the three 

translational degrees of freedom. The 3D spaces X, Y, and Z axes correspond to the classic billiard 

ball-like translational levels of freedom. Because of this, all noble gases have the same specific 

energy capacity per atom, making it the lowest of all the gas properties. 

Since molecules (two or more chemically bonded atoms) have internal structure and consequently 

greater internal degrees of freedom, they absorb more heat energy than do monatomic gases for 

any given amount of temperature change. According to the equipartition theorem, heat energy is 

created in all degrees of freedom that are accessible, causing all internal degrees of freedom to 

have the same temperature as their three exterior degrees of freedom. However, the characteristic 

that gives all gases their pressure the net force per unit area on a container caused by gas particles 

recoiling off it is a result of the kinetic energy carried in the three translational degrees of freedom 

of the freely moving atoms and molecules.  
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In addition to other rule-making, fixing the Boltzmann constant at a certain value has the 

consequence of exactly determining the SI temperature unit interval, the kelvin, in regards to the 

average kinetic behavior of the noble gases. Additionally, absolute zero, the beginning point of the 

isothermal absolute temperature, was confirmed as the point at which a sample has zero average 

kinetic energy left, leaving only the motion of random vibrations caused by zero-point energy. 

Absolute zero of temperature 

Numbers represent temperature scales. The numerical zero of an absolute temperature is not 

constrained by the concept of absolute zero. Nevertheless, the zero point on certain temperature 

scales coincides with the 0 degrees of the temperature. Examples include the Rankine temperature 

scale, the thermodynamic temperature scale, and the International SI thermal scale. Other 

temperature scales feature numerical zeros that are quite different from the temperature's absolute 

zero. The Fahrenheit scale and indeed the Celsius scale are two examples. The particle components 

of matter have negligible motion and can never go colder than absolute zero, the thermodynamic 

temperature zero point The temperature of absolute zero, or zero kelvins (0 K), is exactly equal to 

273.15 °C and 459.67 °F. The only surviving particle motion in matter at absolute zero is caused 

by ZPE, a ubiquitous quantum mechanical phenomena. Matter at absolute zero has no residual 

transferable average kinetic energy (Zero-Point Energy).  Even though the atoms in a tank of liquid 

helium that was exactly at absolute zero would still slightly jostle due to zero-point energy, a 

theoretically ideal heat drivetrain with such helium as one of its liquids could never transfer any 

net velocity (heat energy) to another working fluid and no thermodynamic work could occur. 

In scientific studies of the interactions between temperature and many other physical 

characteristics of matter, such as its volume or pressure (see Gay-law) Lussac's or the wavelength 

of its emitted black-body radiation, temperature is often stated in absolute terms. Calculating 

chemical reaction rates may also benefit from using absolute temperature (see Arrhenius equation). 

Additionally, the term "absolute temperature" is frequently used in the context of cryogenics and 

related phenomena like superconductivity, as demonstrated by the following example usage: 

"Conveniently, tantalum's reaction temperature (Tc) of 4.4924 kelvin is marginally higher than the 

4.2221 K boiling point of helium. 

---------------------------- 
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According to the Third Law of Thermodynamics, a pure crystal's entropy at absolute zero is zero. 

Entropy is defined by Thermodynamics' Third Law. Entropy measures the degree of disorder in a 

system, and a perfect crystal is by definition completely organised, with zero entropy. Every time 

the Third Law of Thermodynamics is questioned, the pure Crystal condition of the matter must be 

brought up. 

Zero Percentage 

The degree of heat at which all particle motion almost ceases. Absolute zero is the lowest possible 

temperature, and it is recognised as such. It has a temperature equivalent to 0 kelvin, -459.67 

degrees Fahrenheit, and -273.15 degrees. The entropy of a flawless crystal at absolute zero (zero 

Kelvin) temperature is equal to zero, according to the third law of thermodynamics. Entropy, 

represented by the letter "S," is a gauge for how chaotic or unpredictable a closed system is. It is 

closely correlated with the number of accessible microstates (a fixed minuscule state that a system 

may occupy), i.e., the more microstates a closed system can occupy, the higher its entropy. The 

ground state of the system is the microstate in which the system's total energy is at its lowest. 

In a closed system, the essential phenomena may be seen at zero Kelvin: • There is no heat in the 

system; • All of the atoms and molecules are at their lowest energy states. 

As a result, the ground state of a system at absolute zero is the only microstate that can be accessed. 

According to the third rule of thermodynamics, this system has an entropy of precisely zero. 

Celsius. 

Entropy 

Entropy measures how chaotic or unpredictable a system is. The entropy of an organised system 

is low. The entropy of a disorganised system is high. S stands for any entropy or disorder change 

that occurs across the whole course of a process. 

The process is said to continue with gain in entropy (+S) or loss in entropy (-S) when the products 

of the reaction are less complex or more disordered than the reactants. The S is positive in all 

spontaneous reactions, including the oxidation of glucose and the melting of ice. 

Ageing, degradation, rusting, and other natural processes all tend to create more chaos (disorder) 

than order. When labour is done, useable energy is converted to useless energy. Higher entropy 

results from more energy dispersion. The condition of the material affects its entropy. Trends in 

Entropy and Physical Constraints Melting and evaporation result in an increase in entropy. When 

solids or liquids are combined with water, entropy rises. When gas is dissolved in water, entropy 
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drops. In contrast to pliable solids like metals, entropy is reduced in hard and brittle material. With 

increasing chemical complexity, entropy rises. 

The third law of thermodynamics' Nernst assertion states that it is impossible for a procedure to 

reduce a system's entropy to zero in a limited number of operations. 

When the entropy of each and every attribute (in their perfectly crystalline states) is assumed to be 

zero at absolute zero temperature, the entropy of every drug must have a positive, finite value, 

according to a different formulation of this law by the American physical chemists Merle Randall 

and Gilbert Lewis. Entropy may, however, be equal to zero at absolute zero, as is the case when a 

flawless crystal is taken into account. 

For a condensed system conducting an analog process that is reversible in nature, the associated 

entropy change approaches zero as the associated temperature approaches zero, according to the 

Nernst-Simon formulation of the third law of thermodynamics. The exchange of energy among 

two thermodynamic systems, whose combined behavior forms an isolated system, is limited, 

according to the third rule of thermodynamics. 

The third law of thermodynamics plays a significant role in the computation of a substance's 

absolute entropy at any temperature T. These conclusions are derived from measurements of the 

substance's heat capacity. If S0 is the entropy at 0 K and S is the entropy at T K for any solid, then 

S = S - S0 = T0CpdTT. The third rule of thermodynamics states that S0= 0 at 0 K and that  

S = T0CpT dT. 

Plotting the graph of Cp/T vs T and then determining the area of this curve between 0 to T will 

provide the value of this integral. The following is a short expression for a solid's absolute entropy 

at temperature T: 

S = T0CpT dT = T0Cp lnT = 2.303 Cp log T 

Here, Cp stands for the substance's heat capacity at constant pressure, and it is believed that this 

value will remain constant between 0 and T K. 

The third law of thermodynamics states: When a system's temperature reached absolute zero, its 

volatility approaches a constant value. This law relates to the characteristics of closed systems in 

thermodynamic equilibrium. No other element that makes up the closed system, such as air or the 

applied magnetic field, may have an impact on this constant value. The system must be at its lowest 

energy condition when temperatures drop to absolute zero (zero kelvin). Entropy is inversely 

correlated with the number of accessible autonomous regions, and there is often just one ground 

state, which has the lowest energy. At absolute zero, the entropy will be absolutely zero. 

When a system is cooled to extremely low temperatures, there may still be some finite entropy 

present if the order is poorly defined (for instance, if the order is glassy), either because the system 

is locked into a configuration with non-minimal energy or because the minimum energy state is 

not singular. The system's residual entropy is the term used to describe the constant value. Entropy, 

which may be found close to 0 K, is fundamentally a state-function, meaning that it defines the 

intrinsic worth of different atoms, molecules, and other particle configurations, including 
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subatomic or atomic material. The Nernst-Simons formulation of the third law of thermodynamics 

deals with thermodynamic processes at a constant, low temperature: The entropy change 

associated with any condensed system conducting a reversible isothermal process approaches zero 

as the temperature at which the operation is carried out approaches 0 K. In this context, liquids and 

solids are referred to as a condensed system. According to Nernst's classic formulation, no process, 

no matter how idealized, can ever decrease a system's entropy to zero in a limited number of 

processes (which is actually a result of the Third Law). There is a version of the third law that 

tackles the topic by assuming a certain energy behavior: Any energy exchange between the two 

systems is limited if the combination of the two thermodynamic systems represents an isolated 

system. 

A substance's entropy changes in direct proportion to its temperature. The entropy decreases as the 

temperature rises. For instance, at one atmosphere and 1000 C, water exists as a gas and has a 

greater entropy (higher disorder). The whole container is open to the water molecules, who are 

free to move around. The water vapors condenses into a liquid when the system cools. The water 

molecules may still move around a little bit freely in the liquid state. As a result, the system's 

entropy has reduced. Water cools more and crystallises into ice when it freezes. The ice crystal's 

water molecules are incredibly well organized, and the system's entropy is quite low. If we further 

chill the solid crystal, the molecules locked inside it vibrate more slowly, have less flexibility to 

move about (less disorder), and hence have less entropy. 

------------------------------ 
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Questions for Practice 

1. What is thermodynamics? 

2. On what grounds is thermodynamics based? 

3. Is it possible to liquefy a gas at any temperature just by increasing the pressure? 

4. What are concept of thermodynamics? 

5. What are the principles theory of thermodynamics? 

6. Define first law of thermodynamics. 

7. Define second law of thermodynamics. 

8. Define third law of thermodynamics? 

9. Under what conditions the heat evolved or absorbed is equal to the internal energy 

change? 

10. Define a cyclic process. 

11. Name two intensive and extensive properties of a system. 

12. What are the applications of Hess’s Law of constant heat summation? 

13. What is enthalpy? 

14. What is entropy?  

15. Define heat pump. 
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Related reference book for further reading 

1. A Textbook of Physical Chemistry, Dynamics of Chemical Reactions, Statistical 

Thermodynamics, Macromolecules and Irreversible Processes - Vol. 5 (SI Units) 

2. Engineering Thermodynamics” by M Achuthan 

3. “Thermodynamics: Kinetic Theory and Statistical Thermodynamics” by F W Sears and G 

L Salinger 

4. “Fundamentals of Engineering Thermodynamics” by M J Moran and H N Shapiro 

5. ‘“Fundamentals of Thermodynamics” by R E Sonntag and C Borgnakke and G J Van Wyle 

6. “Heat and Thermodynamics” by M W Zemansky 

7. “Engineering Thermodynamics: Work and Heat Transfer” by Rogers G F C and Mayhew 

Y R 

8. Fundamentals of Thermodynamics and Applications” by Muller 

9. “Basic Engineering Thermodynamics” by A Venkatesh 

10. “An Introduction to Statistical Thermodynamics” by Hill Terrel 

11. Molecular Thermodynamics of Fluid-phase Equilibria” by Prausnitz J M 

12. “Understanding Physics for JEE Main & Advanced Waves & Thermodynamics” by D C 

Pandey 

13. Advanced Thermodynamics Engineering” by Annamalai 

14. Understanding Physics for JEE Main & Advanced Waves & Thermodynamics” by D C 

Pandey 

15. Advanced Thermodynamics” by V K Selvaraj 

16. Advanced Engineering Thermodynamics” by Bejan Adrian Bejan 
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