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NCERC is committed to transform itself into a center of excellence in Learning and Research in 

Engineering and Frontier Technology and to impart quality education to mould technically 
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research scientists and intellectual leaders of the country who can spread the beams of light and 

happiness among the poor and the underprivileged. 
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 ABOUT DEPARTMENT 

 Established in: 2013 

 Course offered: B.Tech Mechatronics Engineering 

 Approved by AICTE New Delhi and Accredited by NAAC 

 Affiliated to the University of Dr. A P J Abdul Kalam Technological University.  

 

DEPARTMENT VISION 

To develop professionally ethical and socially responsible Mechatronics engineers to serve the 

humanity through quality professional education. 

 

DEPARTMENT MISSION 

1) The department is committed to impart the right blend of knowledge and quality 

education to create professionally ethical and socially responsible graduates. 

2) The department is committed to impart the awareness to meet the current challenges in 

technology. 

3) Establish state-of-the-art laboratories to promote practical knowledge of mechatronics to 

meet the needs of the society 

 

PROGRAMME EDUCATIONAL OBJECTIVES 

I. Graduates shall have the ability to work in multidisciplinary environment with good 

professional and commitment. 

II. Graduates shall have the ability to solve the complex engineering problems by applying 

electrical, mechanical, electronics and computer knowledge and engage in lifelong learning in 

their profession. 

III. Graduates shall have the ability to lead and contribute in a team with entrepreneur skills, 

professional, social and ethical responsibilities. 
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IV.     Graduates shall have ability to acquire scientific and engineering fundamentals necessary 

for higher studies and research. 

 

PROGRAM OUTCOME (PO’S) 

 

Engineering Graduates will be able to: 

PO 1. Engineering knowledge: Apply the knowledge of mathematics, science, engineering 

fundamentals, and an engineering specialization to the solution of complex engineering 

problems. 

 

PO 2. Problem analysis: Identify, formulate, review research literature, and analyze complex 

engineering problems reaching substantiated conclusions using first principles of mathematics, 

natural sciences, and engineering sciences. 

 

PO 3. Design/development of solutions: Design solutions for complex engineering problems 

and design system components or processes that meet the specified needs with appropriate 

consideration for the public health and safety, and the cultural, societal, and environmental 

considerations. 

 

PO 4. Conduct investigations of complex problems: Use research-based knowledge and 

research methods including design of experiments, analysis and interpretation of data, and 

synthesis of the information to provide valid conclusions. 

 

PO 5. Modern tool usage: Create, select, and apply appropriate techniques, resources, and 

modern engineering and IT tools including prediction and modeling to complex engineering 

activities with an understanding of the limitations. 

 

PO 6. The engineer and society: Apply reasoning informed by the contextual knowledge to 

assess societal, health, safety, legal and cultural issues and the consequent responsibilities 

relevant to the professional engineering practice. 
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PO 7. Environment and sustainability: Understand the impact of the professional engineering 

solutions in societal and environmental contexts, and demonstrate the knowledge of, and need 

for sustainable development. 

 

PO 8. Ethics: Apply ethical principles and commit to professional ethics and responsibilities and 

norms of the engineering practice. 

 

PO 9. Individual and team work: Function effectively as an individual, and as a member or 

leader in diverse teams, and in multidisciplinary settings. 

 

PO 10. Communication: Communicate effectively on complex engineering activities with the 

engineering community and with society at large, such as, being able to comprehend and write 

effective reports and design documentation, make effective presentations, and give and receive 

clear instructions. 

 

PO 11. Project management and finance: Demonstrate knowledge and understanding of the 

engineering and management principles and apply these to one’s own work, as a member and 

leader in a team, to manage projects and in multidisciplinary environments. 

 

PO 12. Life-long learning: Recognize the need for, and have the preparation and ability to 

engage in independent and life-long learning in the broadest context of technological change. 

 

PROGRAM SPECIFIC OUTCOME(PSO’S) 

 

PSO 1: Design and develop Mechatronics systems to solve the complex engineering problem by 

integrating electronics, mechanical and control systems. 

 

PSO 2: Apply the engineering knowledge to conduct investigations of complex engineering 

problem related to instrumentation, control, automation, robotics and provide solutions. 
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COURSE OUTCOME 

After the completion of the course the student will be able to 

CO 1 Understand about the concept of thermodynamics  

CO 2 Acquire knowledge about the concepts of energy and 1st law of thermodynamics 

CO 3 Define the concepts of 2nd  law of thermodynamics 

CO 4 Understand the concepts of entropy and law of degradation of energy 

CO 5 Identify the concepts of 3rd  law of thermodynamics 

CO 6 Analyze about the psychometric properties of atmospheric air 

 

 

CO VS PO’S AND PSO’S MAPPING 

 
CO PO1 PO2 PO3 PO4 PO5 PO6 PO7 PO8 PO9 PO10 PO11 PO12 PS01 PSO2 

C304.1 3 - 2 - - - - - - - - 3 2 2 

C304.2 3 2 - - - - - - - - - 3 2 - 

C304.3 3 1 - 1 - - - - - - - 3 2 1 

C304.4 3 - 1 - - - - - - - - 3 2 - 

C304.5 3 1 - - - - - - - - - 3 2 - 

C304.6 3 2 - - - - - - - - - 3 2 - 

 

Note: H-Highly correlated=3, M-Medium correlated=2, L-Less correlated=1 
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SYLLABUS 
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QUESTION BANK 

 

 

MODULE I 

 

Q:NO: 

 

QUESTIONS 

 

CO 

 

KL 

 

PAGE NO: 

1 What do you understand by macroscopic and 

microscopic viewpoints? 

CO1 K2 10 

2 What are thermodynamic systems? CO1 K1 12 

3 Explain the different thermodynamic system with 

example 

CO1 K1 13 

4 Define the terms :  

aChange of state 

b) Path 

c) Process 

CO1 K1 13 

5 Explain thermodynamics equilibrium CO1 K1 14 

6 What is quasistatic process CO1 K1 15 

7 Define Zeroth law of thermodynamics and explain its 

application 

CO1 K3 18 

8 Explain in detail about measurement of temperature CO1 K1 19 

9 What are the intensive and extensive properties CO1 K1 25 

10 Difference between extensive and intensive properties CO1 K2 25 

 

MODULE II 

1 What is pdV work CO2 K2 29 

2 Discuss about path and point functions CO2 K2 34 

3 What is an indicator diagram? Explain CO2 K2 37 

4 What is free expansion CO2 K1 45 

5 Discuss about heat transfer CO2 K2 46 

6 What is a PMM1? Why is it impossible CO2 K2 56 

7 State the first law of thermodynamics for a closed 

system undergoing a cycle 

CO2 K1 52 

8 State the first law of thermodynamics for a closed 

system undergoing a change of state 

CO2 K1 52 
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9 What is meant by specific heat CO2 K1 47 

10 Types of work transfer CO2 K1 27 

11 Problems CO2 K5 57 

 

MODULE III 

1 Explain Kelvin Planck statement CO3 K1 72 

2 Explain Carnot cycle and elucidate the four processes 

that are associated with the cycle  

CO3 K1 77 

3 Elaborate second law of thermodynamics  CO3 K1 72 

4 Explain cyclic heat engine. CO3 K1 69 

5 Explain carnot’s theorem CO3 K1 77 

6 What are the causes of irreversibility CO3 K2 76 

7 Types of irreversibility CO3 K1 76 

8 Explain Clausius statement CO3 K1 74 

9 Discuss about refrigerator and heat pump CO3 K1 71 

10 Equivalence of KP and clausius statement CO3 K1 74 

 

MODULE IV 

1 State and prove Clausius’ theorem?   CO4 K1 80 

2 Explain entropy principle and its applications CO4 K3 92 

3 Establish the inequality of Clausius. CO4 K2 86 

4 Discuss about available energy referred to a cycle CO4 K1 93 

5 What is meant by availability   CO4 K1 92 

6 Explain available and unavailable energy CO4 K1 92 

7 Discuss about properties of entropy CO4 K1 84 

8 Explain entropy principle with suitable application CO4 K3 92 

9 Derive the inequality of clausius.  CO4 K3 86 

10 Derive Helmholtz and Gibbs function CO4 K3 94 
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MODULE V 

1 Derive Tds equations.  CO5 K3 102 

2 What is third law of thermodynamics CO5 K1 97 

3 Derive Maxwell equations CO5 K3 99 

4  Explain Joule- Kelvin effect. What is inversion 

temperature 

CO5 K2 104 

5 Derive Clausius- Clapeyron equation CO5 K3 103 

6 What is Joule- Thomson coefficient? Why is it zero 

for an ideal gas? 

CO5 K2 105 

7 Explain about inversion temperature   CO5 K2 106 

8 Explain about inversion line  CO5 K2 106 

9 Explain about TdS equations CO5 K3 102 

10 Plot the T-P curve showing the important regions 

associated with JK effect 

CO5 K3 106 

MODULE VI 

1 What is relative humidity? How is it defined as the 

ratio of two mole fractions? 

 

CO6 K1 107 

2 What is degree of saturation? What are its limiting 

values 

CO6 K1 108 

3 Explain the phychrometric properties CO6 K1 107 

4 Explain specific humidity and relative humidity CO6 K1 108 

5 What do you understand by dry bulb temperature, wet 

bulb temperature and dew point temperature?  

CO6 K2 107 

6 What is degree of saturation? What are the limiting CO6 K1 108 
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values?  

7 What is relative humidity? How is it defined as the 

ratio of two mole fractions?  

CO6 K1 108 

8 Explain any three psychometric properties CO6 K2 107 

9 Define the terms in the psychometric processes (a) 

Sensible heating b) Sensible cooling c) By-pass 

factor 

CO6 K1 109 

10 What is meant by specific humidity, relative humidity 

and degree of saturation? 

CO6 K1 108 

 

 

 

 

 

 

 

 

APPENDIX 1 

 

CONTENT BEYOND THE SYLLABUS 

S:NO; TOPIC PAGE NO: 

1 AIR CONDITIONING 113 

2 HEATING, VENTILATION, AND AIR CONDITIONING 114 

 

 

 

 

 

 

 

 

 

 

 



         MR307 THERMODYNAMICS 

10 | P a g e  

Department Of Mechatronics, NCERC Pampady 

 

  MODULE – 1 
BASIC CONCEPTS &  ZEROTH LAW 
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Zeroth Law of Thermodynamics 
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Measurement of Temperature (Instruments) 
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SIMPLIFIED NOTES FOR REFERENCE 
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MODULE 2  

WORK,HEAT & 1st LAW OF THERMODYNAMICS 
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SIMPLIFIED NOTES ON pdV WORK IN VARIOUS QUASISTATIC PROCESSES
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SIMPLIFIED NOTES ON 1st LAW OF TD 
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Concept of continuum 

Even the simplification of matter into molecules, atoms, electrons, etc. is too complex a picture 

for many problems of thermodynamics. Thermodynamics doesn't make any hypotheses about the 

structure of the matter of system. The volumes of system considered are quite large as compared 

to molecular dimensions. The system can be regarded as continuum. The system is supposed to 

contain continuous distribution of matter. There are no voids and cavities present. The pressure, 

temperature, density and other properties are average values of action of several molecules and 
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atoms. This kind of idealization is a must for solving most of the problems. The laws and 

concepts of thermodynamics are not dependent of structure of matter. 

In accordance to this concept there is minimum limit of volume up to which the property remains 

continuum. Below this volume, there is sudden change in the value of the property. This type of 

region is called as region of discrete particles and the region for which the property are maintain 

is called as region of continuum. The volume up to which continuum properties are maintained is 

called as continuum limit. 

For Example: If we measure the density of a substance for a large volume (ν1), the value of 

density is(ρ1). If we go on reducing the volume by v', below which ratio äm/äv deviates from its 

actual value and value of äm/äv is large or small. 

Thus according to this concept design could be defined as 
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MODULE – 3 

2ND LAW OF THERMODYNAMICS 

 
 

 
 

THERMAL RESERVOIR 

 

• Thermal Reservoir is a hypothetical body with a relatively large thermal energy 

capacity that can supply or absorb finite amounts of heat without undergoing 

any change in temperature. Such a body is called a thermal energy reservoir, or just 

a reservoir. 

• A reservoir that supplies energy in the form of heat is called a source, and one 

that absorbs energy in the form of heat is called a sink 

• Thermal energy reservoirs are often referred to as heat reservoirs since they 

supply or absorb energy in the form of heat. 

 

HEAT ENGINE 

 

• Work can easily be converted to other forms of energy, but converting other 

forms of energy to work is not that easy. 

• The mechanical work done by the shaft for example, is first converted to the 

internal energy of the water. 

• This energy may then leave the water as heat. 

• From experience that any attempt to reverse this process will fail. 

• That is, transferring heat to the water does not cause the shaft to rotate. 
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From this and other observations, we conclude that work can be converted to heat 

directly and completely, but converting heat to work requires the use of some 

special devices. 

These devices are called heat engines 
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REFRIGERATORS AND HEAT PUMPS 

 

• The transfer of heat from a low-temperature medium to a high-temperature one 

requires special devices called refrigerators 

 
Coefficient of Performance 

 

• The efficiency of a refrigerator is expressed in terms of the coefficient of 

performance (COP), denoted by COPR. 
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HEAT PUMP 

• Another device that transfers heat from a lowtemperature medium to a high-

temperature one is the heat pump. 

• Refrigerators and heat pumps operate on the same cycle but differ in their 

objectives. 

• The objective of a refrigerator is to maintain the refrigerated space at a low 

temperature by removing heat from it. 

• The objective of a heat pump is to maintain a heated space at a high temperature. 

 
 

The Second Law of Thermodynamics: 

Kelvin–Planck Statement 

 

• It is impossible for any device that operates on a cycle to receive heat from a 

single reservoir and produce a net amount of work 

• No heat engine can have a thermal efficiency of 100 percent. 
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PMM2-Violates 2nd Law 

PMM2 

 

• A device that violates the second law of thermodynamics is called a perpetual-

motion machine of the second kind (PMM2). 
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THE SECOND LAW OF THERMODYNAMICS : 

CLAUSIUS STATEMENT 

 

• It is impossible to construct a device that operates in a cycle and produces no 

effect other than the transfer of heat from a lower-temperature body to a higher-

temperature body. 
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EQUIVALENCE OF TWO STATEMENTS 

 
Consider the heat-engine-refrigerator combination operating between the same two 

reservoirs. 

• The heat engine is assumed to have, in violation of the Kelvin–Planck statement, 

a thermal efficiency of 100 percent, and therefore it converts all the heat QH it 

receives to work W. 

• This work is now supplied to a refrigerator that removes heat in the amount of 

QL from the lowtemperature reservoir and rejects heat in the amount of QL+QH to 

the high-temperature reservoir. 

• During this process, the high temperature reservoir receives a net amount of heat 

QL (the difference between QL+QH and QH). 

Thus, the combination of these two devices can be viewed as a refrigerator, fig (b), 

that transfers heat in an amount of QL from a cooler body to a warmer one without 

requiring any input from outside. 

• This is clearly a violation of the Clausius statement. 

• Therefore, a violation of the Kelvin–Planck statement results in the violation of 

the Clausius statement. 

• It can also be shown in a similar manner that a violation of the Clausius statement 

leads to the violation of the Kelvin–Planck statement. 
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REVERSIBLE AND IRREVERSIBLE 

PROCESSES 

• A reversible process is defined as a process that can be reversed without leaving 

any trace on the surroundings 

• That is, both the system and the surroundings are returned to their initial states at 

the end of the reverse process. 

• This is possible only if the net heat and net work exchange between the system 

and the surroundings is zero for the combined (original and reverse) process. 

• Processes that are not reversible are called irreversible processes. 

• For irreversible processes, the surroundings usually do some work on the system 

Reversible processes actually do not occur in nature. 

They are merely idealizations of actual processes. 

• Reversible processes can be approximated by actual devices, but they can never 

be achieved. That is, all the processes occurring in nature are irreversible 

• Reversible processes are easy to analyze, since a system passes through a series 

of equilibrium states during a reversible process; second, they serve as idealized 

models to which actual processes can be compared. 

 

CAUSES OF IRREVERSIBILITY 

 

• The factors that cause a process to be irreversible are called irreversibilities. 

• They include friction, unrestrained expansion, mixing of two fluids, heat transfer 

across a finite temperature difference, electric resistance, inelastic deformation of 

solids, and chemical reactions. 

• The presence of any of these effects renders a process irreversible. 

• A reversible process involves none of these. 

• Some of the frequently encountered irreversibilities are discussed briefly below 

 

TYPES OF IRREVERSIBIITY 

 

• Friction 

• unrestrained expansion 

• mixing of two fluids 

• heat transfer across a finite temperature 

difference 

• electric resistance 

• inelastic deformation of solids 

• chemical reactions 

 



         MR307 THERMODYNAMICS 

78 | P a g e  

Department Of Mechatronics, NCERC Pampady 

 

THE CARNOT CYCLE 

 

Probably the best known reversible cycle is the Carnot cycle, first proposed in 

1824 by French  engineer Sadi Carnot. 

• The theoretical heat engine that operates on the Carnot cycle is called the Carnot 

heat engine. 

• The Carnot cycle is composed of four reversible processes—two isothermal and 

two adiabatic—and it can be executed either in a closed or a steadyflow 

system. 

• Consider a closed system that consists of a gas contained in an adiabatic piston–

cylinder device, 

• The insulation of the cylinder head is such that it may be removed to bring the 

cylinder into contact with reservoirs to provide heat transfer. 

• The four reversible processes that make up the Carnot cycle are as follows: 

 
Reversible Isothermal Expansion (process 1-2, TH constant). 

 

• Initially(state 1), the temperature of the gas is TH and the cylinder head is in close 

contact with a source at temperature TH. 

• The gas is allowed to expand slowly, doing work on the surroundings. 

• As the gas expands, the temperature of the gas tends to decrease. 
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• But as soon as the temperature drops by an infinitesimal amount dT, some heat is 

transferred from the reservoir into the gas, raising the gas temperature to TH. 

• Thus, the gas temperature is kept constant at TH. 

• Since the temperature difference between the gas and the reservoir never exceeds 

a differential amount dT, this is a reversible heat transfer process. 

 

Reversible Adiabatic Expansion (process 2-3, temperature drops from TH to 

TL). 

• At state 2, the reservoir that was in contact with the cylinder head is removed and 

replaced by insulation so that the system becomes adiabatic. 

• The gas continues to expand slowly, doing work on the surroundings until its 

temperature drops from TH to TL (state 3). 

• The piston is assumed to be frictionless and the process to be quasiequilibrium, so 

the process is reversible as well as adiabatic 

 

Reversible Isothermal Compression (process 3-4, TL constant). 

 

• At state 3, the insulation at the cylinder head is removed, and the cylinder is 

brought into contact with a sink at temperature TL. 

• Now the piston is pushed inward by an external force, doing work on the gas. 

• As the gas is compressed, its temperature tends to rise. 

• But as soon as it rises by an infinitesimal amount dT, heat is transferred from the 

gas to the sink, causing the gas temperature to drop to TL. 

• Thus, the gas temperature remains constant at TL. 

• Since the temperature difference between the gas and the sink never exceeds a 

differential amount dT, this is a reversible heat transfer process. 

• It continues until the piston reaches state 4 

 

Reversible Adiabatic Compression (process 4-1, temperature rises from TL to 

TH). 

 

• State 4 is such that when the low-temperature reservoir is removed, the insulation 

is put back on the cylinder head, and the gas is compressed in a reversible manner, 

the gas returns to its initial state (state 1). 

• The temperature rises from TL to TH during this reversible adiabatic 

compression process, which completes the cycle. 
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MODULE – 4 

ENTROPY 
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CLAUSIUS INEQUALITY 
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ENTROPY 
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ENTROPY PRINCIPLE 
 

 
This equation can be expressed as the entropy of an isolated system 
during a process always increases or, in the limiting case of a reversible 
process, remains constant. 
• In other words, it never decreases. 
• This is known as the increase of entropy principle. 
• Note that in the absence of any heat transfer, entropy change is due 
to irreversibilities only. 
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AVAILABLE AND UNAVAILABLE ENERGY 
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Availability functions: 

HELMHOLTZ AND GIBB’S FUNCTIONS 

 
 

Dead State 
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LAW OF DEGRADATION OF ENERGY 
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MODULE – 5 

ENTROPY 

 

 
 

 

THIRD LAW OF THERMODYNAMICS 

 

• The molecules of a substance in solid phase continually oscillate, creating an 

uncertainty about their position. 

• These oscillations, however, fade as the temperature is decreased, and the 

molecules supposedly become motionless at absolute zero. 

• This represents a state of ultimate molecular order (and minimum energy). 

• Therefore, the entropy of a pure crystalline substance at absolute zero 

temperature is zero since there is no uncertainty about the state of the molecules at 

that instant. 

The third law of thermodynamics provides an absolute reference point for the 

determination of entropy. 

• The entropy determined relative to this point is called absolute entropy, and it is 

extremely useful in the thermodynamic analysis of chemical reactions. 

• Notice that the entropy of a substance that is not pure crystalline (such as a solid 

solution) is not zero at absolute zero temperature. 

• This is because more than one molecular configuration exists for such substances, 

which introduces some uncertainty about the microscopic state of the substance. 
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JOULE –KELVIN EFFECT (JOULE–THOMSON EFFECT) 

 
In thermodynamics, the Joule–Thomson effect (also known as the 
Joule–Kelvin effect or Kelvin–Joule effect) describes the temperature 
change of a real gas or liquid (as differentiated from an ideal gas) when 
it is forced through a valve or porous plug while keeping it insulated so 
that no heat is exchanged with the environment.This procedure is 
called a throttlingprocess or Joule–Thomson process 

 
THE JOULE-THOMSON COEFFICIENT 

 

When a fluid passes through a restriction such as a porous plug, a capillary tube, or 

an ordinary valve, its pressure decreases. 

• The enthalpy of the fluid remains approximately constant during such a throttling 

process. 
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• The temperature of the fluid may remain unchanged, or it may even increase 

during a throttling process 

  

 
Joule-Thomson coefficient represents the slope of h =constant lines on a T-P 

diagram. 

• Such diagrams can be easily constructed from temperature and pressure 

measurements alone during throttling processes. 

• A fluid at a fixed temperature and pressure T1 and P1 (thus fixed enthalpy) is 

forced to flow through a porous plug, and its temperature and pressure downstream 

(T2 and P2) are measured. 

Repeating the experiment for different sets of inlet pressure and temperature and 

plotting the results, we can construct a T-P diagram for a substance with severalh = 

constant lines 
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Some constant-enthalpy lines on the T-P diagram past hrough a point of zero slope 

or zero Joule-Thomson coefficient. 

• The line that passes through these points is called the inversion line, and the 

temperature at a point where aconstant-enthalpy line intersects the inversion line is 

called the inversion temperature. 

• The temperature at the intersection of the P = 0 line (ordinate) and the upper part 

of the inversion line is called the maximum inversion temperature. 

Notice that the slopes of the h = constant lines are negative (μJT <0) at states to the 

right of the inversion line and positive (μJT >0) to the left of the inversion line. 

• A throttling process proceeds along a constant-enthalpy line in the direction of 

decreasing pressure, that is, from right to left. 
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MODULE – 6 

PSYCHROMETRICS 

 

 

 
 

PSYCHROMETRICS 

 

• Air consists of fixed gases principally, nitrogen and oxygen with an admixture of 

water vapour in varying amounts. 

• Water is always present in atmospheric air (1% to 3%) by weight. 

• The art of measuring the moisture content of air is termed as psychrometry. 

• The science which investigates the thermal properties of moist air, considers the 

measurement and control of the moisture content of air, and studies the effect of 

atmospheric moisture on material and human comfort may properly be termed 

“psychrometrics”. 

 

PSYCHROMETRIC PROPERTIES 

 

• Dry air: water free contents of air, no moisture. 

Dry air never found in practice. 

• Moist air (air): contain some amount of moisture. 

• Saturated air: if the water vapour is added to dry air, a limit will be reached 

when the air is saturated. Beyond this limit the cannot hold any more water vapour. 

• Dry bulb temperature (DBT): It is the temperature of air as registered by an 

ordinary thermometer (tdb).-when the air is not affected by the moisture present in 

the air. 

• Wet bulb temperature (WBT): It is the temperature of air as registered by a 

thermometer when the bulb is covered by a wetted wick and is exposed to a current 

of rapidly moving air (twb). 

Adiabatic saturation temperature: It is the temperature at which the water or ice 

can saturate air by evaporating adiabatically into it. It is numerically equivalent to 

the measures wet bulb temperature (twb). 

• Wet bulb depression: It is the difference between dry-bulb and wet-bulb 

temperature. (tdb- twb). 
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• Dew point temperature (DPT): It is the temperature to which air must be cooled 

at constant pressure in order to cause condensation of any of its water vapour. It is 

equal to steam table saturation temperature corresponding to the actual partial 

pressure of water in the air (tdp). 

Dew point depression: It is the difference between dry-bulb 

and dew point temperature. (tdb- tdp). 

• Specific humidity (Humidity ratio or moisture content): It is the ratio of the 

mass of water vapour per unit mass of dry air in the mixture of vapour and air. It is 

generally expressed as grams of water per kg of dry air. For a given barometric 

pressure it is a function of dew point temperature alone. 

• Relative humidity (RH) [φ]: It is the ratio of the partial pressure of water vapour 

in the mixture to the saturated partial pressure at the dry bulb temperature, 

expressed as percentage . 

• Sensible heat: It is the heat that changes the temperature of a substance when 

added to or abstracted from it. 

• Latent heat: It is the heat that does not affect the temperature but changes the 

state of a substance when added to or abstracted from it. 

• Enthalpy: It is the combination energy which represents the sum of internal and 

flow energy in a steady flow process. It is determined from an arbitrary datum 

point for the air. 

Degree of saturation (Percentage humidity) μ: ratio of actual mass of water 

vapour in a unit mass of dry air to the mass of water vapour in the same mass of 

dry air when it is saturated at the same temperature (dry bulb temperature). 

• Dry air: molecular mass of dry air is taken as 28, and the gas constant of air (Ra) 

is equal to 0.287kJ/kg K or 287J/kgK. 

• Density of dry air-1.293 kg/m3 at 1.0135 bar and at temperature 0°C. 

• Molecular mass of water vapour is taken as 18, and the gas constant for water 

vapour (Rv) is equal to 0.461kJ/kgK. 

• Unsaturated air: The water vapour in the air exists in the superheated sate and 

the moist air containing moisture in such a form (superheated state) is said to be 

unsaturated air. 

 

PSYCHROMETERIC PROCESSES 

 

• Inorder to condition air to the conditions of human comfort or of the optimum 

control of an industrial processes required, certain processes are to be carried out 

on the outside air available. 

• The processes effecting the psychrometric properties of air are called 

psychrometric processes. 
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• These processes involve mixing of air streams, heating, cooling, humidifying, 

dehumidifying, adiabatic saturation and mostly the combination of these. 

– Mixing of air streams 

– Sensible heating 

– Sensible cooling 

– Cooling and dehumidification 

– Cooling and humidification 

– Heating and dehumidification 

– Heating and humidification 

 

MIXING OF AIR STREAMS 

 

• Frequently used in air-conditioning. 

• Mixing normally takes place without the addition or rejection of either heat or 

moisture. 

• Adiabatically and at constant total moisture content. 

 
 

SENSIBLE HEATING 

 

• When air passes over a dry surface which is at a temperature greater than its (air) 

dry bulb temperature, it undergoes sensible heating. 

• Passing air over heating coil like electric resistance heating coils or steam coils. 

• Specific humidity remains constant but the dry bulb 
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temperature rises and approaches that of the surface. The extent to which it 

approaches at mean effective surface temperature of the coil conveniently 

expressed in terms of the equivalent “by-pass factor”. 

• Bypass factor (BF): defined as the ratio of the difference between the mean 

surface temperature of the coil and leaving air temperature to the difference 

between the mean surface and the entering air temperature. 

• The value of the by-pass factor is a function of the coil design and velocity. 

• In complete air-conditioning system the preheating and reheating of air are 

among the familiar examples of sensible heating. 

 
 

BYPASS FACTOR 

 

• The by-pass process of air is measured in terms of a by-pass factor. 

• The amount of air that by-passes or the by-pass factor depends upon thefollowing 

factors: 

– The number of fins provided in a unit length i.e. the pitch of the cooling coil fins. 

– The number of rows in a coil in the direction of flow. 

– The velocity of flow of air. 

• By-pass factor of a cooling coil decreases with decrease in fin spacing and 

increase in number of rows. 

• The performance of a heating or cooling coil is measured in terms of bypass 

factor. A coil with low by-pass factor has better performance 
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SENSIBLE COOLING 

 

• Air undergoes sensible cooling whenever it passes over a surface that is at a 

temperature less than the dry bulb temperature of the air but greater than the dew 

point temperature. 

• It is achieved by passing the air over cooling coil like evaporating coil of the 

refrigeration cycle or secondary brine coil. 

• Specific humidity remains constant and dry bulb temperature decreases, 

approaching the mean effective surface temperature. 

• For sensible cooling, the cooling coil may have refrigerant, cooling water or cool 

gas flowing through it. 

• Sensible cooling can be done only up to the dew point temperature (tdp). The 

cooling below this temperature will result in the condensation of moisture 

 
 

COOLING AND DEHUMIDIFICATION 

 

• Whenever air is made to pass over a surface or through a spray of water that is at 

a temperature less than the dew point temperature of the air, condensation of some 

of the water vapour in air will occur simultaneously with the sensible cooling 

process. 

 

• Apparatus Dew Point (ADP) : For process involving condensation, the effective 

surface temperature, (tdb3) is called Apparatus Dew Point (ADP). 

• Sensible heat factor (SHF) or Sensible heat ratio (SHR): 

– SHF=[ (SH)/(SH+LH)] 

– SH= Sensible heat removed 
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– LH= Latent heat removed 

– Total Heat (TH) = SH+LH 

• Sensible heat factor is shown on the right hand side of the psychrometric chart. 

• The dehumidification of air is only possible when the effective surface 

temperature of the cooling coil (td4) is less than the dew point temperature of the 

air entering the coil (tdp1) . The effective surface temperature of the coil is known 

as apparatus dew 

point(ADP). 

 

 
 

HUMIDIFICATION AND DEHUMIDIFICATION 

 

• The addition of moisture to the air, without change in its dry bulbtemperature, is 

known as humidification. 

• Removal of moisture from the air, without change in its dry bulb temperature, is 

known as dehumidification. 

• Cooling coil 

• Cold water spray 
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APPENDIX 1 

 

CONTENT BEYOND THE SYLLABUS 

 

 

 

AIR CONDITIONING 

 

Air conditioning is the process of removing heat and moisture from the interior of 

an occupied space to improve the comfort of occupants. Air conditioning can be 

used in both domestic and commercial environments. This process is most 

commonly used to achieve a more comfortable interior environment, typically for 

humans and other animals; however, air conditioning is also used to cool and 

dehumidify rooms filled with heat-producing electronic devices, such as computer 

servers, power amplifiers, and to display and store some delicate products, such as 

artwork. 

Air conditioners often use a fan to distribute the conditioned air to an enclosed 

space such as a building or a car to improve thermal comfort and indoor air quality. 

Electric refrigerant-based AC units range from small units that can cool a small 

bedroom, which can be carried by a single adult, to massive units installed on the 

roof of office towers that can cool an entire building. The cooling is typically 

achieved through a refrigeration cycle, but sometimes evaporation or free 

cooling is used. Air conditioning systems can also be made based 

on desiccants (chemicals that remove moisture from the air). Some AC 

systems reject or store heat in subterranean pipes. 

 

 

 

 

 

 

 

 

 

 

https://en.wikipedia.org/wiki/Computer_server
https://en.wikipedia.org/wiki/Computer_server
https://en.wikipedia.org/wiki/Power_amplifier
https://en.wikipedia.org/wiki/Car
https://en.wikipedia.org/wiki/Thermal_comfort
https://en.wikipedia.org/wiki/Indoor_air_quality
https://en.wikipedia.org/wiki/Cooling
https://en.wikipedia.org/wiki/Refrigeration_cycle
https://en.wikipedia.org/wiki/Evaporative_cooler
https://en.wikipedia.org/wiki/Free_cooling
https://en.wikipedia.org/wiki/Free_cooling
https://en.wikipedia.org/wiki/Desiccant
https://en.wikipedia.org/wiki/Geothermal_heat_pump
https://en.wikipedia.org/wiki/Geothermal_heat_pump
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HEATING, VENTILATION, AND AIR CONDITIONING 

 

 

Heating, ventilation, and air conditioning (HVAC) is the technology of indoor and 

vehicular environmental comfort. Its goal is to provide thermal comfort and 

acceptable indoor air quality. HVAC system design is a subdiscipline 

of mechanical engineering, based on the principles of thermodynamics, fluid 

mechanics and heat transfer. "Refrigeration" is sometimes added to the field's 

abbreviation, as HVAC&R or HVACR or "ventilation" is dropped, as in HACR (as 

in the designation of HACR-rated circuit breakers). 

HVAC is an important part of residential structures such as single family homes, 

apartment buildings, hotels and senior living facilities, medium to large industrial 

and office buildings such as skyscrapers and hospitals, vehicles such as cars, trains, 

airplanes, ships and submarines, and in marine environments, where safe 

and healthy building conditions are regulated with respect to temperature and 

humidity, using fresh air from outdoors. 

Ventilating or ventilation (the "V" in HVAC) is the process of exchanging or 

replacing air in any space to provide high indoor air quality which involves 

temperature control, oxygen replenishment, and removal of moisture, odors, 

smoke, heat, dust, airborne bacteria, carbon dioxide, and other gases. Ventilation 

removes unpleasant smells and excessive moisture, introduces outside air, keeps 

interior building air circulating, and prevents stagnation of the interior air. 
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https://en.wikipedia.org/wiki/Sick_building_syndrome
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