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Teaching and Evaluation Scheme



Course Objectives and Outcomes

Course 

Objectives

1. To use knowledge of thermodynamics for various applications

2. To understand operation of thermodynamic systems

3. To study performance parameters of thermodynamic systems for Industrial applications

Course 

Outcomes

Upon successful completion of this course, student shall be able to:

CO1. Define various terminologies of compressor.

CO2. Classify types of internal combustion engine and its components.

CO3. Evaluate performance of IC engines on various parameters.

CO4. Analyze performance parameters of gas turbines and jet propulsion

CO5. Estimate the performance of refrigeration system.



Mapping of Course Outcomes with Program Outcomes and Program 

Specific Outcomes:

Course 

Outcomes

Program Outcomes and Program Specific Outcomes

PO1 PO2 PO3 PO4 PO5 PO6 PO7 PO8 PO9 PO10 PO11 PO12 PSO1 PSO2 PSO3

CO1 3 3 3 3 - 2 1 1 - - - 2 3 3 2

CO2 3 3 3 3 - - - 1 - - - 2 3 3 2

CO3 3 3 3 3 1 2 3 1 - - - 2 3 3 2

CO4 3 3 3 3 2 2 3 1 - - - 2 3 3 2

CO5 3 3 3 3 1 2 2 1 - - - 2 3 3 2



Syllabus

Unit Contents

Unit 1

Positive Displacement Compressors:
Reciprocating compressors : Construction and working, Work done during isothermal, Polytropic and 
adiabatic compression process, P-V diagram, isothermal efficiency,  volumetric efficiency, Effect of 
clearance, Mechanical efficiency, Multistage compression, condition for minimum work input, Actual 
indicator diagram
Centrifugal compressor: Construction and working, Velocity diagram, Work input, Efficiency, Effect of 
blade shape, Slip factor, Surging and choking 

Unit 2

I C. Engines:
Introduction to I.C. Engines: Air standard cycles, Classification of I C Engines, Various parts and working 
of engines, Difference between SI & CI Engines, Two strokes and four strokes Engines, Basics of Fuel 
supply systems used in I C Engines

Unit 3

I C. Engine Testing: 
Measurement of Indicated, friction and brake power, fuel and air consumption, Calculation of indicated 
and brake thermal efficiency, volumetric efficiency and mechanical efficiency, Percentage of excess air, 
Heat balance sheet, Performance characteristics and factors influencing the performance of I.C. Engines



Syllabus

Unit Contents

Unit 4

Gas Turbines:
Classification of gas turbines, Ideal cycles, Isentropic and small stage efficiency, Applications of gas 
turbines, Pressure losses, Effect of inter-cooling, reheating and regeneration, Fuel – air ratio, 
Combustion efficiency, Performance calculation, Open cycle and Closed cycle gas turbine plants

Unit 5

Refrigeration and Air-conditioning:

Introduction to refrigeration and air conditioning. Vapour compression refrigeration system and its 
performance, Introduction to Basic psychometric properties and processes.



Study Material

Text
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1. Rathore M.M., Thermal Engineering, TMH Education Private Limited, 5th Edition, 2010

2. Ganeshan V., Gas Turbine, Tata McGraw publication, 3rd Edition, 2010

3.
Gupta H. N., Fundamentals of Internal Combustion Engines, Prentice Hall India Learning Private
Limited, 2nd Edition, 2012.

E-Books
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2. Carson J.K., Refrigeration: Theory and Application, 1st Edition, 2012
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3.
Cohen H., Rogers G.F.C and Saravanamattoo H.I.H., Gas Turbine Theory, Pearson Education limited,
Fifth edition, 2001

4. Refrigeration and air conditioning by C.P. Arora, Publisher McGraw Hill Education, 3rd edition 2017
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Compressor
Introduction 

An air compressor is a machine to compress the air and to raise its pressure.
The air compressor sucks air from the atmosphere, compresses it and then
delivers the same under a high pressure to a storage vessel (Receiver).

From the receiver, it may be conveyed by the pipe line to a place where the
supply of compressed air is required. Since work is required for compression,
a compressor must be driven by some prime mover.
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Uses of compressed air

• The compressed air is used for many purposes such as for

operating pneumatic drills, riveters, road drills, paint

spraying, in starting & supercharging of I.C. Engines, in gas

turbine plants, jet engines and air motors etc.

• It is also utilized in the operation of lifts, rams, pumps and a

variety of other devices.

• In industry, compressed air is used for producing blast of air

in blast furnaces.
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Classification of compressor
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Classification of compressor

Basic classification

1) According to working principle-

a) Reciprocating and b) Rotary compressor

2) According to action of air

a) Single acting and b) Double acting

3) According to no. of stages-

a) Single stage and b) Multi-stage compressor
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Terminology used in compressor

• Suction pressure: Absolute pressure of air at the inlet of the compressor.

• Discharge pressure: Absolute pressure at the outlet of compressor

• Compression ratio: Ratio of discharge pressure to suction pressure

• Compressor Capacity: Volume of air delivered by the compressor. 

• Free Air Delivery (FAD): It is the actual volume delivered by a compressor when 

reduced to the normal temp & pressure conditions. The capacity of compressor is 

generally given in terms of FAD (Free Air Delivery).

• Swept Volume: The volume of air sucked by the compressor during its suction stroke. 

• Mean effective pressure: Air pressure on the piston keeps on changing with the 
movement of the piston in the cylinder The mean effective pressure of the compressor 
is found by dividing the work done per cycle by the stroke volume.
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Construction and Working of Reciprocating compressor

• Consists of cylinder, piston, crankshaft, 
connecting rod, inlet & delivery valves

• Driven by a motor/engine, converting rotary 
motion to reciprocating motion 

• During suction stroke, piston moves down 
→ air enters through inlet valve 

• During compression stroke, piston moves up 
→ air is compressed 

• When pressure exceeds delivery pressure → 
delivery valve opens, air discharged 

• Cycle repeats → continuous compressed air 
supply 
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Work done by single stage reciprocating compressor

Process of compression are-

1) Isothermal Compression

2) Polytropic Compression

3) Adiabatic compression

where 1<𝑛<𝛾
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Work done during Isothermal Compression 
Process
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Work done during Polytropic Compression ProcessL-03



Work done during Adiabatic Compression Process
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Numerical on Work done
A single stage reciprocating air compressor is required to compress 1 kg of air from 1 
bar to 4 bar. The initial temperature is 27 degree Celsius. Compute the work required in 
the following case.
i) Isothermal compression
ii) Polytropic compression with index n = 1.2 
iii)       Isentropic compression
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Numerical on Work done
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Effect of clearance volume on Work done

In the case of compression without clearance
volume, the entire volume of air in the
compressor cylinder is compressed by the
inward stroke of the piston.

However, in actual practice, it is not possible
to reduce the clearance Vc to zero. The
passages leading to the inlet and outlet
valves always contribute to Vc. The Vc is
typically expressed as a percentage of the
piston displacement
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Effect of clearance volume on Work done

The delivery stroke is completed when the piston reaches point 3. At this stage, 
some air is left in the clearance volume. 

This air will expand (from point 3 to 4) during the return stroke. Compression 
and expansion processes may be isothermal, polytropic, or isentropic.

Mathematical equation For a Polytropic process, the Work Done (WD) per cycle 
is calculated as-

Clearance volume does not affect the work done on the air and the power
required for compressing the air. Work required to compress the air in
clearance volume is recovered during the expansion process (3-4).
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Multistage Compression
Sometimes, the air is required at high pressure. In such cases, either we employ a
large pressure ratio (in a single cylinder) or compress the air in two or more
cylinders in series. It is found that if we use single-stage compression for producing
high-pressure air (say 8 bar to 10 bar), it suffers the following disadvantages:

1) Size of Cylinder: The size of the cylinder will be too large.
2) Due to compression, the temperature of air will rise. It is difficult to reject heat 

from the air in the small time available during compression.
3) Sometimes, at the end of compression, the temperature of air is too high. It 

may heat up the cylinder head or burn the lubricating oil.

To overcome the above problems, compression is carried out in stages (2 or 3) 
connected in series with intercooling between the stages. Such an arrangement is 
called Multistage Compression.
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Advantages of Multistage Compression

• The work done per kg of air is reduced in multistage compression with intercooling 

as compared to single-stage compression for the same delivery pressure.

• It improves the volumetric efficiency for a given pressure ratio.

• It reduces the leakage loss considerably.

• It gives more uniform torque, and hence a smaller size flywheel is required.

• It provides effective lubrication because of the low temperature range.

• The sizes of two cylinders (LP & HP — Low Pressure & High Pressure) may be 

adjusted to suit the volume and pressure of the air.

• It reduces the cost of the unit (compressor).
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Two stage Reciprocating air  Compressor with intercooler

Arrangement of components                                                Perfect Intercooling 

When the temperature of air leaving the intercooler T3 is equal to the original 
atmospheric air temperature T1 the intercooling is considered perfect or complete. 
Point 3 lies on the isothermal curve.
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Two stage Reciprocating air  Compressor with intercooler

Imperfect Intercooling 

When T3 > T1
Point 3 lies on the RHS (Right Hand Side)
of the isothermal curve as shown in the
following P-V

The amount of work saved due to
intercooling is represented by the shaded
area 2-3-4-5.

Work saved with perfect intercooling > Work saved with imperfect intercooling
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Volumetric efficiency of Reciprocating air  Compressor

The ratio of actual free air delivered (FAD) 

by the compressor per stroke to the 

displacement of the compressor is known 

as the volumetric efficiency of the 

compressor.

Actual volume of air intake (v1-v4) 

delivered by the compressor having 

clearance volume Vc is less than the swept 

volume of the compressor (V1-V3)
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Volumetric efficiency of Reciprocating air  Compressor
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Isothermal efficiency of Reciprocating air Compressor

The work required for compression per kg of air can be reduced by decreasing the
index of compression. This can be achieved by cooling the compressor by air or water
circulated through the cooling jackets.
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Mechanical efficiency of Reciprocating air Compressor

It is the ratio of Indicated Power to the shaft power (or Brake power) of
the motor or engine required to drive the compressor.

Mechanical efficiency =
𝑰𝒏𝒅𝒊𝒄𝒂𝒕𝒆𝒅 𝑷𝒐𝒘𝒆𝒓

𝑩𝒓𝒂𝒌𝒆 𝒑𝒐𝒘𝒆𝒓
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Condition for Minimum work required for 2 stage RA Compressor
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Numerical on Multistage Compressor

A three  stage compressor delivers air at 70 bar from an atm. press of 1 
bar & 30°C. Assuming the intercooling complete, estimate the amount 
of min. work required to deal with 1 kg of air. Also find the amount of 
heat rejected in each inter-cooler.  
(n = 1.2, Cp = 1.005 KJ/Kgk )
Solution:-
P4 = 70 bar, P1 = 1 bar, 
T1 = 300 C =303 K   m = 1kg  & n =1.2

Amount of minimum work required,
W = 3n/(n-1) *mRT1 [{(P4/P1)^(n-1/3n)} - 1]
= 417070 J
= 417.07 kJ
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Heat rejected in each intercooler,
Let, T2 = Temp. of air at the end of stage 

P2/P1  = ( P4/P1)^1/3 = (70/1)^1/3 = 4.12
T2/T1  = ( P2/P1)^n-1/n = (4.12)^n-1/n = 1.266
T2 = 383.6 K
Since the pr. Ratio & index of compressor is same for each stage and 
internal cooling is complete, therefore temp. of air will be same on 
entering each intercooler.

Heat rejected in each intercooler = Cp ( T2 – T3 )
=1.005 ( 383.6 -303)
= 81 KJ
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Actual Indicator diagram for RA Compressor
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Actual Indicator diagram

• Actual ID differs from the theoretical as there are intake and discharge losses.

• The intake losses includes the friction loss in pipe, friction loss in inlet valve

and valve inertia loss. Theoretically valve should open at 4, but actually it

opens little afterwards due to inertia of the valve & the press inside the

cylinder falls below atmosphere.

• The oscillating part of the curve indicates the valve flutter due to vibration of

spring loaded valve.

• Similar situation occurs in delivery side also. Theoretically the discharge valve

thus should open at 2, but actually it opens little afterwards due to inertia of

spring loaded discharge valve.

• The effect of these losses is to increase the work required per kg of air

delivered to the receiver.
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Centrifugal compressor

A centrifugal compressor is a
dynamic machine that increases
gas pressure by accelerating it
with a high-speed impeller and
converting that kinetic energy
into pressure energy through a
diffuser.

It consists primarily of an inlet,
a rotating impeller, a stationary
diffuser, and a collector
(volute), using centrifugal forces
to achieve high-pressure ratios
and mass flow rates.
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Centrifugal compressor
A centrifugal compressor are used to supply large quantities of air but at a lower pressure ratio. It
consists of a rotating impeller, diffuser, and casing as shown in Fig.

The impeller consists of a disc on which radial blades are attached. The impeller of a centrifugal
compressor can run at speeds of 20,000 to 30,000 r.p.m.

The diffuser is the other important part of the compressor which surrounds the impeller and provides
a diverging passage for air flow, thus increasing the air pressure. The air coming out from the diffuser
is collected in the casing and taken out from the outlet of the compressor.

The air enters the eye of the compressor at low velocity and atmospheric pressure. The air moves
radially outward passing through the impeller and is guided by the impeller vanes. The impeller
increases the momentum of the air flowing through it, causing a rise in pressure and temperature of
the air. The air leaving the impeller enters the diffuser where its velocity is reduced by providing more
cross-sectional area for the air flow. Part of the kinetic energy of the air is converted into pressure
energy passing through diffuser and pressure of the air is further increased.
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Parts of Centrifugal compressor

The principal components of a 
centrifugal compressor are shown in 
Fig. 

• Inlet casing with accelerating 
(converging) nozzle

• Inlet guide vanes (IGV)
• Impeller
• Diffuser
• Scroll or volute
• Inducer section
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Velocity and pressure variation in Impeller and diffuser

Nearly half of the total pressure rise is achieved in
the impeller and remaining half in the diffuser.

A pressure ratio of 4 can be achieved with single
stage centrifugal compressor. For higher pressure
ratios, multistage compressors are used. In
multistage compressors, the outlet of the first stage
is passed to the second stage and so on.

A pressure ratio of 12 : 1 is possible with multistage
centrifugal compressors.

The change of pressure and velocity of air passing
through the impeller and diffuser are shown in Fig.
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Impeller and its types

Types of Compressor Impellers by Structure

Enclosed/Shrouded Impeller: Vanes are enclosed by a
shroud on both sides. These are highly efficient and are
standard for high-pressure, clean gas centrifugal
compressors.

Semi-Open or Semi enclosed Impeller: Vanes are
attached to a back shroud but free on the front side.
These offer a balance between efficiency and handling
fluids that might clog a closed impeller.

Open/Un-shrouded Impeller: Vanes are attached
directly to the hub with no shrouds. Often used in
specialized applications, these are structurally weaker
and generally less efficient.
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Types of Compressor Impellers by Blade Angle
Backward-Curved Vanes (ϕ< 90 degree): These are the most common in modern high-
efficiency compressors because they offer a stable pressure-flow characteristic and high
efficiency.
Radial Vanes (ϕ=90 degree): Blades extend radially from the hub. These are used for
lower pressure applications and provide lower efficiency than backward-curved types, but
offer high structural strength.
Forward-Curved Vanes (ϕ>90 degree): These vanes curve in the direction of rotation,
providing high pressure at lower speeds, but they are rarely used in high-efficiency
compression due to instability.
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):&source=lnms&fbs=ADc_l-aN0CWEZBOHjofHoaMMDiKpaEWjvZ2Py1XXV8d8KvlI3o6iwGk6Iv1tRbZIBNIVs-6lto6-3aNUADBtReCZUIrpCSvtJ2n2Dl5r5xPF7AjcceSsrZfAr12urbe-Qpeeh8JqIF707DFNrDFlSaFAi44fcwU3JC42Db8svCJb-B6uxqHIaIbsXS6qc1wt3dTf6dLASgQFZzpLSBIyzpXZhagWnYFRVnpX9ork2wq1MTV4VJbUTGA&sa=X&ved=2ahUKEwiumI6RudOTAxW2R2wGHSkZNsIQgK4QegQIBRAB&biw=1548&bih=730&dpr=1&mstk=AUtExfDnb9Kg-buCbGVtta2pylhIbB7HDup35qOWnL2duDJZ0iQpd6s_1dQYh4VEdLQcbEAWlBBetE7yF4qDC5XM-aK2mnojNlt025ILyIW5cTYfHOq73HYwhaPy8Klwq1YxoeLSKATmsmsvWF0qxy4XqPayQUzoEWZAjeaBxzt_Wmt9Y_W_oC6eCs8UO0fZ7V8veLaTMlRWSWVFIL_ibbHGFHUCsHbbwNT4rVKstKJXD9lRCsE_HaLgkee7Jt_OjuBS-FBas1P2jkAOM4VUPxWUFmyqXlT3psRJQJMl9eGnXi5Yjw&csui=3
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%F0%9D%9C%B7
%F0%9D%9F%90
>
%F0%9D%9F%97
%F0%9D%9F%8E
%E2%88%98
):&source=lnms&fbs=ADc_l-aN0CWEZBOHjofHoaMMDiKpaEWjvZ2Py1XXV8d8KvlI3o6iwGk6Iv1tRbZIBNIVs-6lto6-3aNUADBtReCZUIrpCSvtJ2n2Dl5r5xPF7AjcceSsrZfAr12urbe-Qpeeh8JqIF707DFNrDFlSaFAi44fcwU3JC42Db8svCJb-B6uxqHIaIbsXS6qc1wt3dTf6dLASgQFZzpLSBIyzpXZhagWnYFRVnpX9ork2wq1MTV4VJbUTGA&sa=X&ved=2ahUKEwiumI6RudOTAxW2R2wGHSkZNsIQgK4QegQIBRAH&biw=1548&bih=730&dpr=1&mstk=AUtExfDnb9Kg-buCbGVtta2pylhIbB7HDup35qOWnL2duDJZ0iQpd6s_1dQYh4VEdLQcbEAWlBBetE7yF4qDC5XM-aK2mnojNlt025ILyIW5cTYfHOq73HYwhaPy8Klwq1YxoeLSKATmsmsvWF0qxy4XqPayQUzoEWZAjeaBxzt_Wmt9Y_W_oC6eCs8UO0fZ7V8veLaTMlRWSWVFIL_ibbHGFHUCsHbbwNT4rVKstKJXD9lRCsE_HaLgkee7Jt_OjuBS-FBas1P2jkAOM4VUPxWUFmyqXlT3psRJQJMl9eGnXi5Yjw&csui=3


Head capacity and power capacity curves of Compressor Impellers.
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Types of Compressor Impellers by suction side

Single eye type: Air enters into the compressor from one side.

Double eye type: Air enters into the compressor from both sides as shown in
figures.

These have equal axial forces in opposite direction which is advantage over single
eye impeller
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Velocity diagram for Centrifugal compressor
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Work done by Centrifugal Compressor

The work supplied to fluid in a stage of compressor may be found out by applying the 
moment of momentum theorem.
Consider 1 Kg of air passing through the impeller. 
The torque which must be applied to impeller = Rate of change of angular momentum

𝑻𝒐𝒓𝒒𝒖𝒆 𝑻 = 𝑽𝑾𝟐.𝒓𝟐 − 𝑽𝑾𝟏.𝒓𝟏

If  ω – Angular velocity in rad/s, then Work done per Kg of air

𝑾 = 𝑻𝒉𝒆𝒐𝒓𝒆𝒕𝒊𝒄𝒂𝒍 𝑻𝒐𝒓𝒒𝒖𝒆 ∗ 𝑨𝒏𝒈 𝑽𝒆𝒍𝒐𝒄𝒊𝒕𝒚 = 𝑻 ∗ ω

𝑾= ( 𝑽𝑾𝟐.𝒓𝟐 − 𝑽𝑾𝟏.𝒓𝟏)*ω

𝑾=( 𝑽𝑾𝟐.𝑼𝟐 − 𝑽𝑾𝟏.𝑼𝟏)

𝑾= ( 𝒉𝒐𝟐−𝒉𝒐𝟏)

OR 𝑾=𝑪𝒑( 𝑻𝒐𝟐 − 𝑻𝒐𝟏)

This equation is Euler’s equation or Euler’s Work
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Work done by Centrifugal Compressor

If the working fluid enters radially, 𝑽𝑾𝟏 = 0,  (α = 90 degree)

This equation is Euler’s equation or Euler’s Work

𝑾 = 𝑽𝑾𝟐∗ 𝑼𝟐

If the exit from the impeller is radial , (ϕ = 90 degree)

𝑽𝑾𝟐 =𝑼𝟐

𝑊 =m* (U2)2 ----------Joule     

𝑊 = (U2)2 ----------------J/Kg     

𝑾=𝑪𝒑( 𝑻𝟐 − 𝑻𝟏)

𝑾=𝑪𝒑 ∗ 𝑻𝟏{𝑹𝒑
γ−1

γ − 𝟏}
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Isentropic efficiency of Centrifugal Compressor

This equation is Euler’s equation or Euler’s Work
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Numerical on Centrifugal Compressor

This equation is Euler’s equation or Euler’s Work

The ambient conditions at the inlet are 20 degree Celsius and 1 bar. At the exit the 
total head temperature and pressure are 150 degree Celsius & 3.5 bar and static 
pressure at the exit is 3 bar. Calculate-
1) Isentropic efficiency
2) Polytropic efficiency
3) Air velocity at exit
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Numerical on Centrifugal Compressor

This equation is Euler’s equation or Euler’s Work
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Slip and slip factor
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Surging and choking in Centrifugal compressor

The characteristic curves of any turbo 
compressor define the operating zone 
for the compressor at different speed 
lines and is limited by the two 
phenomenon called choke and surge. 

These two opposing constraints can be 
seen in Figure. Choke conditions occurs 
when a compressor operates at the 
maximum mass flow rate.
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Surging and choking in Centrifugal compressor

Surging and choking" primarily refers to two distinct operational instabilities in gas

compressors, particularly in centrifugal and axial flow types. These

phenomena define the limits of a compressor's stable and efficient

operating range.

Surging

Surging is an unstable, complete breakdown of steady flow through the

compressor. It is the lower limit of operation, occurring at low flow rates

and high discharge pressure.

Choking (Stonewalling)
Choking, also known as stonewalling, is the upper operational limit of a
compressor, occurring at a maximum possible mass flow rate.
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Difference between Reciprocating and Centrifugal compressor

S.N. Reciprocating compressor Centrifugal Compressor

1 They are suitable for low discharge of air

at very high press.

For large discharge of air at low

pressure

2 Maxm delivery pr. may be as high as 1000

bar.

10 bar only.

3 Maxm free air discharge is about

300 m³/min.

as high as 3000 m³/min.

4 Speed of compressor is low. The speed is high upto 50000

rpm.

5 The air supply is intermittent, therefore

receiver is required.

Air supply is continuous. No

receiver is required.
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Difference between Reciprocating and Centrifugal compressor

S.N. Reciprocating compressor Centrifugal Compressor

6 size of compressor is large for the 

given discharge.

Size is small for the same 

discharge.

7 Balancing is major problem. There is no balancing problem.

8 The lubrication system is complicated. Lubrication system is simple.

9 Air delivered is less clean as it comes in 

contact with lubricating oil.

The air delivered is more clean, as 

it does not come in contact with 

lub. oil.

10 Isothermal efficiency is used for all 

sorts of calculations.

Isentropic eff. is used for all sorts of 

calculations.
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Air  Standard Cycle

Accurate analysis of I C Engine is complicated. In order to understand them, it is

advantageous to analyze the performance of an idealized closed cycle that closely

approximates the real cycle. One such approach is Air standard cycle.

An air standard cycle is an idealized thermodynamic cycle in which air is used as the 

working fluid, and all processes are assumed to be reversible, with heat addition 

and rejection replacing actual combustion and exhaust, to simplify the analysis of 

engine performance.
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Assumptions in Air  Standard Cycle
• Working Fluid: The working fluid is considered to be air, behaving as an ideal gas, throughout the entire

cycle.

• Closed System: The mass of the air within the cylinder remains constant (no mass leakage).

• Constant Specific Heats: The specific heats of air are assumed to be constant at all temperatures.

• Reversible Processes: All processes are assumed to be internally reversible (no friction, no turbulence).

• Isentropic Compression/Expansion: Compression and expansion processes are assumed to be adiabatic

and reversible (isentropic).

• Heat Addition/Rejection: Combustion is replaced by heat addition from an external source, and exhaust

is replaced by heat rejection to an external sink, restoring the air to its initial state.

• No Chemical Reaction: No chemical reactions or changes in chemical equilibrium occur in the working

fluid.
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Air  Standard Cycles

• Otto cycle- Constant Volume cycle

• Diesel cycle- Constant Pressure cycle

• Dual cycle- Limited pressure cycle
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Otto Cycle

Process 0 -1 and 1-0 on PV diagram represents  
the suction and exhaust Process and their 
effects are nullified

Process 1-2: Isentropic compression
Process 2-3: Heat addition at Constant volume 
Process 3-4 Isentropic expansion 
Process 4-1: Heat rejection at constant volume

Efficiency of Otto cycle = 1 −
1

𝑟Ὑ−1

Where r = compression ratio= =
𝑉1

𝑉2
Ὑ - Adiabatic Index of 
Compression & Expansion
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Diesel Cycle

• Process 0 -1 and 1-0 on PV diagram 
represents  the suction and exhaust Process 
and their effects are nullified

• Process 1-2: Isentropic compression
• Process 2-3: Heat addition at Constant 

Pressure 
• Process 3-4 Isentropic expansion 
• Process 4-1: Heat rejection at constant 

volume

Where    r - compression ratio= =
𝑉1

𝑉2

γ - Adiabatic Index of Compression & Expansion

ρ - Cut-off ratio=
𝑉3

𝑉2
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Duel Cycle

Efficiency of Otto cycle =

rp = Pressure ratio= =
𝑃3

𝑃2 k- Adiabatic Index of Compression & Expansion

• Process 1–2: Isentropic compression
• Process 2–3: Constant volume heat 

addition
• Process 3–4: Constant pressure heat 

addition
• Process 4–5: Isentropic expansion
• Process 5–1: Constant volume heat 

rejection

rc- Cut-off ratio=
𝑉4

𝑉3
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Numerical on Air standard cycle

In an engine working on an ideal Otto Cycle the temperatures at the beginning and
end of compression are 50 and 323 degree Celsius respectively. Find the compression
ratio and the air standard cycle efficiency.
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Numerical on Air standard cycle

In A diesel engine has a compression ratio of 20 and cut-off takes place at 5% of stroke.
Find the air standard efficiency. (Take gamma , γ =1.4)
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Various Parts of I C Engine
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Terminology used in I C Engine

• Bore- Bore is the diameter of the engine cylinder.

• Stroke - It is the linear distance traveled by the piston from Top dead centre (TDC) 
to Bottom dead centre (BDC).

• Stroke-bore ratio -The ratio of length of stroke (L) and diameter of bore (D) of the 
cylinder is called stroke-bore ratio (L/D). In general, this ratio varies between 1 to 
1.45

• Swept volume - It is the volume (A x L) displaced by one stroke of the piston 
where A is the cross sectional area of piston and L is the length of stroke

• Top dead centre - When the piston is at the top of its stroke, it is said to be at the 
top dead centre (TDC),

• Bottom dead centre - when the piston is at the bottom of its stroke, it is said to be 
at its bottomdead centre (BDC). 
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Terminology used in I C Engine

Compression ratio –

It is the ratio of the volume of the

cylinder at the beginning of the

compression stroke to that at the end

of compression stroke, i.e. ratio of

total cylinder volume to clearance

volume.

The Compression ratio of diesel engine

varies from 14:1 to 22:1 and that of

carburetor type engine (spark ignition

engine) varies from 6:1 to 10:1.
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Working of 4 stroke (SI or CI) Engine

In four stroke cycle engines the four events namely suction, compression, power and 

exhaust take place inside the engine cylinder. The four events are completed in four 

strokes of the piston (two revolutions of the crank shaft). 
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Working of 4 stroke (SI or CI) Engine

Suction stroke

During suction stroke inlet valve opens and the piston moves downward. Only
air or a mixture of air and fuel are drawn inside the cylinder. The exhaust valve
remains in closed position during this stroke. The pressure in the engine
cylinder is less than atmospheric pressure during this stroke.

Compression stroke

During this stroke the piston moves upward. Both valves are in closed
position. The charge taken in the cylinder is compressed by the upward
movement of piston. If only air is compressed, as in case of diesel engine,
diesel is injected at the end of the compression stroke and ignition of fuel
takes place due to high pressure and temperature of the compressed air. If a
mixture of air and fuel is compressed in the cylinder, as in case of petrol
engine, the mixture is ignited by a spark plug.
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Working of 4 stroke (SI or CI) Engine

Power stroke

After ignition of fuel, tremendous amount of heat is generated, causing very
high pressure in the cylinder which pushes the piston downward. The
downward movement of the piston at this instant is called power stroke. The
connecting rod transmits the power from piston to the crank shaft and crank
shaft rotates. Mechanical work can be taped at the rotating crank shaft. Both valves

remain closed during power stroke.

Exhaust stroke

During this stroke piston moves upward. Exhaust valve opens and exhaust
gases go out through exhaust valves opening. All the burnt gases go out of the
engine and the cylinder becomes ready to receive the fresh charge. During
this stroke inlet valve remains closed. Thus it is found that out of four strokes,
there is only one power stroke and three idle strokes in four stroke cycle
engine. The power stroke supplies necessary momentum for useful work.
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Working of 2 stroke (SI Engine)

Two Stroke engine 
consist of ports instead 
of valves.
• Inlet port
• Transfer port
• Exhaust port

• Cycle is completed in 
two strokes of piston 
or one revolution of 
crankshaft.
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Working of 2 stroke (SI or CI) Engine

Upstroke (Compression & Intake): 
As the piston moves up, it compresses the air-fuel mixture above it in the
cylinder, ready for ignition. Simultaneously, a vacuum is created in the crankcase
below, which draws a fresh air/fuel/oil mixture into the crankcase through a
port.

Down stroke (Power & Exhaust): 

The spark plug ignites the compressed fuel, forcing the piston down,
which turns the crankshaft. As the piston moves down, it uncovers the
exhaust port, allowing exhaust gases to escape, and a transfer port, allowing the
fresh mixture in the crankcase to rush into the cylinder (known as scavenging)
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Basic Fuel supply system for Engine
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I C Engine testing

Engine Testing includes the measurement of the following
parameters
• Indicated Power (IP)
• Brake Power (BP)
• Frictional Power (FP)
• Mechanical Efficiency
• Thermal Efficiency
• Brake Specific Fuel Consumption (bsfc)
• Heat Balance Sheet
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I C Engine testing

Brake Power (BP)-Power available at output shaft/ crank shaft

Mechanical Losses/Frictional Power(FP)-Sum of frictional losses and
pumping losses including power required to operate engine
accessories like water pump, dynamo etc.

Indicated Power (IP)/Theoretical Power-Power produced within
engine cylinder

IP = BP + FP
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I C Engine testing

Tests Performed on IC Engines
• Indicated Power (IP)
• Brake Power (BP)
• Frictional Power (FP)
• Mechanical Efficiency
• Air-Fuel Ratio
• Brake Specific Fuel Consumption (bsfc)
• Thermal Efficiency
• Working out Heat Balance Sheet
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Measurement of Indicated power (I.P.)
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Heat Balance Sheet 
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A 6 cylinder gasoline engine operates on 4 stroke cycle. Bore of cylinder is 80mm and
stroke 100mm.Clearance volume per cylinder is 70CC. At 4000 RPM, Fuel consumption is
20kg/hr and the torque developed is 150Nm.
Calculate- (a) BP (b) Brake mean effective pressure (c) Brake thermal efficiency
If CV of the fuel is 43000kJ/kg, find relative efficiency on brake power basis, assuming
engine works on Constant volume cycle and gamma for air =1.4.

Numerical on I C Engine testing 
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Numerical on I C Engine testing 
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During trial of a single cylinder, 4 stroke oil engine the following results were obtained:
Cyl bore=200mm, Stroke=400mm, mep=6 bar, Torque=407Nm, speed=250 RPM,
Oil consumption=4kg/hr, CV of fuel=43MJ/kg, Cooling water rate=4.5kg/min, Air used
per kg of fuel=30kg, Rise in cooling water temp=45°C, Temp of Exhaust gases=420°C,
Room temp=20°C, mean sp. heat of exhaust gases=1kJ/kgK, Sp. Heat of water=
4.18kJ/kgK, Barometric pressure=1.01325 bar Find IP, BP and draw up heat balance sheet
in kJ/hr.

Numerical on I C Engine testing 
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During A 4 cylinder 4 stroke SI engine has a bore of 5.7cm and stroke 9cm. Its rated speed
is 2800 RPM and it is tested at this speed against a brake which has a torque arm of
356mm. The net brake load is 155N and fuel consumption is 6.74 lit/hr. Sp gravity of
petrol is 0.735 and CV is 44200kJ/kg. A Morse test is carried out and cylinders are cut off
in order of 1, 2, 3 & 4 with corresponding brake loads of 111, 106.5, 104.2 and 111N.
Determine engine torque, bmep,brake thermal efficiency, sfc, mech efficiency and imep.

Numerical on I C Engine testing 
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Numerical on I C Engine testing 
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Gas Turbines

A gas turbine converts chemical energy of fuel (natural gas, diesel, or
aviation fuel) into mechanical energy or electricity by burning fuel
with compressed air.

It operates on the Brayton or Joule Cycle consisting of compressor,
combustor and turbine stages commonly used for power generation.
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Brayton or Joule cycle for Gas Turbines

Process 1-2: Isentropic compression process
Process 2-3: Constant Pressure heating 
Process 3-4: Isentropic Expansion process
Process 4-1: Constant Pressure cooling 
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Brayton or Joule cycle for Gas Turbines

Work  done by Turbine per Kg of air

𝑾𝑻 = 𝑪𝑷(𝑻𝟑−𝑻𝟒)

Work  required by compressor per Kg of air

𝑾𝑪 = 𝑪𝑷(𝑻𝟐−𝑻𝟏)

Net Work  done per Kg of air

𝑾𝑵𝒆𝒕 = 𝑾𝑻 −𝑾𝑻

= [𝑪𝑷 𝑻𝟑 −𝑻𝟒 − 𝑪𝑷(𝑻𝟐−𝑻𝟏)]
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Classification of Gas Turbines

According to the path of working substance-

1) Closed cycle Gas turbines

2) Open cycle Gas turbines

3) Semi-Closed cycle Gas turbines

According to the process of heat absorption-

1) Constant Pressure Gas turbines

2) Constant Volume Gas turbines
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Closed cycle Gas Turbine

A closed-cycle gas turbine operates by 
continuously recirculating a pressurized 
working fluid (such as air, helium, etc.) 
through a compressor, heat exchanger 
(heater), turbine and cooling chamber. 

It uses an external heat source to heat 
the gas indirectly, keeping the working 
fluid clean, reducing corrosion, and 
allowing for high-efficiency.
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Open cycle Gas Turbine

It consists of Compressor, Combustion chamber and
Gas turbine.

The compressed air is heated by the combustion of
fuel and the products of combustion gets mixed up
with compressed air, thus increasing the mass of
compressed air.
The hot gas is then made to flow over the turbine
blades. The expansion of gas will takes place & finally
gas is exhausted to atmosphere.
Unlike closed-cycle turbines, which recirculate the
working fluid, open-cycle systems exhaust the gas
after a single pass.
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Difference between Closed and Open cycle Gas Turbine

S. No. Closed cycle Gas turbine Open cycle  Gas Turbine

1 The compressed air is heated in a heating 
chamber, since the gas is heated by an external 
source, the amount of gas remains the same.

The compressed air is heated in a  combustion 
chamber. The products of combustion get mixed up in 
the heated air.

2 The gas from the turbine is passed into the 
cooling chamber.

The gas from the turbine is exhausted into the 
atmosphere.

3 The working fluid is circulated continuously. The working fluid is replaced in each cycle.

4 Any fluid with better thermodynamic 
properties can be used.

Only air can be used as working fluid.

5 The turbine blades do not wear away earlier as 
the enclosed gas does not get contaminated 
while flowing through the heating chamber.

Turbine blades wear away earlier, as the air from 
atmosphere gets contaminated while flowing through 
the combustion chamber.
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Difference between Closed and Open cycle Gas Turbine

S. No. Closed cycle Gas turbine Open cycle  Gas Turbine

6 Since the air from the turbine is cooled by 
water, it is best suited for stationary 
installations or marine uses.

Since the air is discharged into the atmosphere, it is 
best suited for moving vehicles

7 Mass of installation per kW is more. Mass of installation per kW is less.

8 Its maintenance cost is high. Its maintenance cost is low.

9
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Uses of Gas Turbines

Important uses of Gas Turbines are:

• Generation of electric power: They are extensively used in the
generation of electric power.

• Turbojet & Turbo propeller engines: Gas turbines are used to drive
compressors in turbojets. They are also used to drive air compressors
and turbines in turbo-propeller engines.

• Superchargers: They are used to drive superchargers fitted in aviation
gasoline engines as well as for heavy-duty diesel engines.

• Marine Engines: G.T. are used in marine engines. They do not
require water storage tanks or distillation plants.

• Railway Engines: They have also entered the field of railway engines.
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Thermal Efficiency of Gas turbine 

The following assumptions are made for the analysis of GT:

1. Compression & expansion processes are considered isentropic.

2. The pressure losses in the system are neglected.

3. The specific heat of working fluid remains constant throughout the 
cycle     

4. The heat losses are neglected.

5. The KE (Kinetic Energy) of the fluid entering the compressor& leaving 
the turbine is same.
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Thermal Efficiency

The energy balance for a steady-flow process can be expressed, on 
a unit–mass basis, as

The heat transfers to and from the working fluid are:

The thermal efficiency of the ideal Brayton cycle,

is the pressure ratio.where

Constant specific heats
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Turbine and compressor internal  Efficiencies of Gas turbine 
L-30

η𝐶𝑜𝑚𝑝𝑟 =
𝑇2
′ − 𝑇1

𝑇2 − 𝑇1
η𝑡𝑢𝑟𝑏𝑖𝑛𝑒 =

𝑇3−𝑇4
𝑇3 − 𝑇4

′



Numerical on Gas turbine 

A gas turbine plant with a pressure ratio of 1: 5 takes in air at 15 degree Celsius. 
The maximum temperature is 600 degree Celsius and develops 2200 Kw. The 
turbine and compressor efficiencies are equal to 0.85. Take Cp = 1 KJ/Kg-K and 
Cv = 0.714 KJ/Kg-K. Determine-
a) Actual overall efficiency of the turbine, 
b) Mass of air circulated by the turbine

Solution: 
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Methods to improve the thermal efficiency of Gas 
Turbines plant

The thermal efficiency and specific output of the Gas Turbines 
plant can be increased with the help of following methods:

1) Regeneration

2) Intercooling and 

3) Reheating
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Regeneration

Regeneration in gas turbines
is a heat recovery process that
uses hot turbine exhaust gases
to preheat compressed air
before it enters the combustion
chamber.

By utilizing this waste heat via a
regenerator, fuel consumption
is reduced and the overall
thermal efficiency of the cycle
is improved.
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Intercooling-

Intercooling in gas turbines is a 
technique that breaks 
compression into multiple stages, 
using a heat exchanger 
(intercooler) to cool the air 
between them. 

This process reduces the 
compressor's specific volume and 
temperature, decreasing the work 
required to drive it, which 
increases the net power output of 
the plant. 
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Reheating-

Reheating in a gas turbine is a
method that increases total net
work output by reheating
exhaust gases from the first
turbine stage in a second
combustor before further
expansion, without increasing
compressor work.

This process raises the average
temperature of heat addition,
increasing thermal efficiency
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Turbojet engine

In a turbojet unit, the turbine of the gas turbine
power plant produces just sufficient power to drive
the compressor by partial expansion in the turbine.

The gases coming out from the turbine, which are at
a higher pressure than atmospheric pressure, are
expanded in a nozzle and produce a very high-
velocity jet. This provides forward motion to the
aircraft through jet reaction.

Key Characteristics
Efficiency: Turbojets provide higher propulsion 
efficiency at higher speeds.

Suitability: They are best suited for aircraft traveling 
above 800 km/hr.
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Turbo propeller engine

In this system, the gases are partially expanded in the
turbine and partially in the nozzle. Nearly 80%
expansion takes place in the turbine and remaining 20%
in the nozzle.

The total power developed by the turbine is used to run
the compressor as well as propeller. The forward
motion to the aircraft is given partly by the propeller
and partly by the jet produced by the nozzle.

The turbo-prop combines the merits of a turbojet (i.e.
low specific weight and simplicity in design) and the
merits of a propeller (i.e. high power for take-off and
high propulsive efficiency at speeds less than 600
km/hr.
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What is a Refrigeration 

• Refrigeration is defined as an art of producing and maintaining the temperature in a

space below the temperature of surrounding.

• Refrigerants are used as working substances in a Refrigeration systems.

• Refrigerant absorbs heat from the place to be cooled, carries and reject it to the
atmosphere.

• The heat transfer generally takes place through a phase change of the refrigerant.

• “Refrigerant is the fluid used for heat transfer in a refrigerating system that absorbs heat
during evaporation from the region of low temperature, low pressure and rejects heat during
condensation to a region of higher temperature.

L-34



• Refrigerants absorb heat at low temperature and low pressure and release
heat at a higher temperature

• Most refrigerants undergo phase change during heat absorption
(evaporation) and heat release (condensation)

• The thermodynamic efficiency of a refrigeration system depends mainly
on its operating temperatures.

What is a Refrigeration 
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Refrigerator works on Reverse Carnot Cycle as shown in PV & TS 
diagram

Reversed Carnot cycle for Refrigeration system

The Coefficient of performance (COP)

for a reversed Carnot refrigeration
cycle is defined as the ratio of
refrigeration effect to work input

It is expressed using absolute 
temperatures as

𝑪𝑶𝑷 =
𝑻𝟐

𝑻𝟏 − 𝑻𝟐

Where-
T1 - Condenser temperature (Higher)
T2 - Evaporators temperature (Lower)
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Refrigerator and Heat Pump

COP of Refrigerator and Heat Pump

𝑪𝑶𝑷𝑹𝑬𝑭 =
𝑻𝟐

𝑻𝟏 − 𝑻𝟐

𝑪𝑶𝑷𝑯𝑷 =
𝑻𝟏

𝑻𝟏 − 𝑻𝟐

Refrigeration  is an equipment used to remove the heat continuously from the space and maintain the 
temp below atmospheric temp & reject the heat to the atmosphere with the help of external work.

Heat Pump is an equipment used to supply the heat continuously to the space & maintain its temp above 
atmospheric temp with the help of external work.
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Refrigerator works on Reverse Carnot Cycle as shown in above PV & TS 
diagrams

① Process 1-2:  Isentropic compression of working fluid (air) by using 
external work. Temperature rises from  T2 to T1 (TH)

② Process 2-3: Isothermal compression, heat is rejected at constant 
temperature T1 (TH)

③ Process 3-4:  Isentropic expansion. Temperature falls from  T1  to T2

④ Process 4-1:  Absorption of heat from refrigerator at constant 
temperature (isothermal expansion)  T2. (TL)

COP of a refrigeration system depends mainly on its operating
temperatures.

Carnot cycle for Refrigeration system
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Simple Vapour Compression Refrigeration Cycle (VCR)
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Vapour Compression Refrigeration Cycle
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Unit of Refrigeration

• The rate at which heat is absorbed from the space to be cooled is known
as the refrigerating effect

• The standard unit used for expressing the capacity of refrigerating
machine is TON of refrigeration (TR)

• Capacity of a refrigerating machines is expressed by its cooling capacity.

• A ton of refrigeration is equivalent to the rate of heat transfer needed

to produce 1 tone of ice at 0 degree Celsius from water at 0 degree

Celsius in 24 hours.

1 TR  =  210 kJ/min = 3.516 kW
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Ton of  refrigeration

• A ton of refrigeration is equivalent to the rate of heat transfer needed to produce 1 ton of ice at 0 oC from
water at 0 oC in 24 hours

• A machine capable of producing a net refrigeration effect of 210 kJ/min or 3.516 kW is called a 1 ton
machine.

• Heat extracted from water  at  0o C  = Latent heat of ice 

Latent heat of ice                              = 335 kJ/kg

• i.e., 335 kJ of heat should be extracted from 1kg of water at 0o C to convert it into ice at 0o C .

• One ton of refrigeration (1TR)   = 335 x 1000 kJ/24 hrs.

= 335  x  1000 /(24 x 60)    kJ/min

=  210 kJ/min

=  3.516 kJ/s = kW
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Psychrometry

Psychrometry is the branch of science which deals with the study of properties of moist air

and its behavior under different conditions

Dry Air:

Air consisting of N2, O2, CO2, H2 Argon etc.is called dry air;

(Air without water vapour)

Moist Air:

It is a homogeneous mixture of dry air and water vapour. The amount of wv present in the 

air depends on absolute pressure and temp. of the mixture   
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Dalton’s Law of Partial Pressure:
The total pressure exerted by the moist air is equal to the sum of pressures, which
each constituent exerts, if it occupies the same space by itself.

Ptotal=Pbarometric (Pt or Pb)

Pb= Pda+Pwv or             Pb= Pa+Pv

Pda=Partial pressure of dry air

Pv=Partial pressure of water vapour

Since Pv is very small ,the saturation temperature of w v is also low thus the w
v in the air exists in superheated state (superheated vapour)
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Psychrometric Properties of Air

Dry Bulb Temperature (DBT):

It is the temperature of air/moist air measured by a thermometer.

Wet Bulb Temperature (WBT):

It is the temperature of air/moist air measured by a thermometer
when its bulb is covered with wet cloth or wick over which air is
moving at a velocity of 2.5m/s to 10m/s

Wet bulb temperature is the lowest temperature that can be
reached by the evaporation of water only.
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Wet bulb depression

The difference between DBT and WBT is known as wet bulb depression

Wet bulb depression=DBT-WBT

If wet bulb depression is zero

DBT=WBT, air is saturated (RH=100%)

For saturated air DBT=WBT= DPT
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Saturated Air/Unsaturated Air

Saturated Air:

The moisture holding capacity of the air depends upon its temperature and
pressure. Air at higher temperature can hold more moisture than the air at low
temperature

If air is saturated with water vapour, is known as saturated air.

It is the condition of air that holds maximum quantity of water vapour into it at
a given temperature.
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Degree of saturation:

It is the ratio of actual mass of w.v. (water vapour) in a unit mass of dry air to 
the mass of w.v. in the same mass & pressure of dry air when it is saturated at 
the same temp.

Humidity / Specific humidity / Humidity Ratio:

It is the mass of w.v. in 1 Kg  of dry air. Expressed in gm/Kg  of d.a

Absolute humidity:

It is the mass of w.v. present in  1m3 of dry air. Expressed in gm/ m3 of d.a.

Relative Humidity

It is the ratio of the actual mass of water vapor (w.v.) in a given volume of 
moist air to the mass of water vapor in the same volume of saturated air at the 
same temperature and pressure.
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Dew Point Temperature (DPT):

• If unsaturated air is cooled at constant pressure, its temperature goes on
decreasing. The temperature at which the first drop of dew is formed is called
dew point temperature(DPT).

• Condensation occurs at the Dew Point Temperature.
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Dew Point Temperature (DPT):

Dew Point Temperature (DPT):

The temperature at which moisture starts to

condense out of the air is known as DEW POINT.

Dew point is also known as saturation temperature corresponding to

the partial pressure of water vapour (Pv)
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Humidity ratio or specific humidity

Humidity ratio or specific humidity(w):

The moisture content or the amount of water vapour in a moist air is known as
specific humidity.

It is the ratio of mass of w v to the mass of dry air contained in the sample of
air.



it is expressed in g/kg of d. a.

  

  

wv

da

mmass of wv
w

mass of da m
 
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Humidity ratio or Specific humidity

• Dry Air                PaVa=maRaTa ---------------------(1)

• Water vapour PvVv=mvRvTv ---------------------(2)

• Here Va=Vv,             and Ta=Tv

• Equation (1)/Equation (2)

• Ra, Rv= Characteristic gas constant

• R=Universal gas constant=8.314kJ/kgK

• M=Molecular weight,   Ma=29,   Mv=18

     and        --------------(3)a a a a a a a a

v v v v v v v v

PV m R T P m R

PV m R T P m R
 
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Humidity ratio or specific humidity

• Put in equation (3)

• Pb= Pa+Pv

• At saturation (Pv=Ps)

a a a

v v v

P m R

P m R


8.314 8.314
0.287 kJ/kgK    and        0.461 kJ/kgK

29 18
a v

a v

R R
R R

M M
     

   Rearranging  equation (3)  we get   a a a v v a

v v v a a v

P m R m PR

P m R m P R
 

v

a

m 0.287
 

m 0.461

v

a

P
w

P
 

0.623        or    0.623  v v

a b v

P P
w w

P P P
 



max 0.623 s

b s

P
w

P P



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Relative Himidity

Relative Humidity (RH= Ø):

• It is the ratio of actual mass of w.v. (mv) in a given volume of moist air to the
mass of w.v. if the air is saturated at the same P&T

w v in unsaturated air          PvVv=mvRvTv --------------(1)

w v in  saturated air (Pvs)(Vvs)=(mvs)(Rvs)(Tvs) --------(2)

Here Vv= Vvs and      Rv= Rvs and       Tv= Tvs

 
v

v sat

m
RH

m
 
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Relative Humidity

• Equation (1)/Equation (2)

• Here Vv= Vvs and      Rv= Rvs and       Tv= Tvs

• Pv=Partial Pressure of wv (actual air/unsaturated air)

• Pvs=Partial Pressure of wv if air is saturated

  v v v v v

vs vs vs vs vs

PV m R T

P V m R T


  v v

vs vs

P m

P m


v

vs

P
RH

P
 
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Psychrometric Chart
Psychrometric chart is a graphical representation of the thermodynamic
properties of moist air.

The chart is normally drawn for standard atmospheric pressure of 760
mm Hg or 101.325 kPa.

1.DBT

2.DPT

3.WBT

4.Enthalpy

5.Sp humidity

6.RH

7.Specific volume
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1. Dry Bulb Temperature (DBT) lines
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2. Dew Point Temperature(DPT)  linesL-38



3. Wet Bulb Temperature(WBT)  linesL-38



4. Enthalpy(total heat) linesL-38



5. Specific humidity (w)L-38



6. Relative Humidity (RH) lines
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7. Specific volume lines (v)L-38



Psychrometric ChartL-39



Psychrometric Processes

• O-A: Sensible heating

• O-B: Sensible Cooling

• O-C: Humidification

• O-D: Dehumidification

• O-E: Heating and Humidification (Winter AC)

• O-F: Cooling and Dehumidification (Summer AC)

• O-G: Cooling and Humidification

• O-H: Heating and dehumidification
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1)  A machine working on a Carnot cycle operated between 305 K and 
260 K. Determine the COP when it is operated as refrigerator, heat pump 
and heat engine.

Solution: T1 = 305 K  T2 = 260 K

𝑪𝑶𝑷𝑹𝑬𝑭 =
𝑻𝟐

𝑻𝟏−𝑻𝟐
=

260

305−260
= 5.78

𝑪𝑶𝑷𝑯𝑷 =
𝑻𝟏

𝑻𝟏−𝑻𝟐
=

305

305−260
= 6.78

𝑪𝑶𝑷𝑬𝒏𝒈𝒊𝒏𝒆 =
𝑻𝟏−𝑻𝟐

𝑻𝟏
=

305−260

305
= 0.147 or Efficiency is 14.7%

Numerical 
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2)

Numerical 

A Vapour compression refrigerator uses R40 (Methyl chloride) as a refrigerant and operates 

between temperature limits of – 10 and 45 degree Celsius. At entry to the compressor, the 

refrigerant is dry saturated and after compression it acquires a temperature of 60 degree 

Celsius. Find the COP of the refrigerator. The required properties OF r40 are as follows-  

Sat. temp (
0
C) Enthalpy in KJ/Kg Entropy in KJ/Kg-K 

 Liquid Vapour Liquid Vapour 

-10 45.4 460.7 0.183 1.637 

45 133.0 483.6 0.485 1.587 
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