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VISION

KDKCE, Nagpur

‘Service to the Society through Quality Technical

Education’

Department of Mechanical Engineering, KDKCE, Nagpur

‘Developing technocrats in Mechanical

Engineering with computational and design

skills, leadership and industrial practices,

meeting the requirements of industry /

business and society, through Quality

Technical Education’



MISSION

KDKCE, Nagpur

• Academic Excellence in Engineering and Technology Through

Complete dedication to all round Growth of Students.

• Enable the Students to Develop Outstanding Professional with

Technical Competence and Management Skills.

• Fulfill the Expectance of the Society and Industries with Ethical

Standards for developing Sustainable Solutions

Department of Mechanical Engineering, KDKCE, Nagpur

• Developing Quality Mechanical Engineering graduates by

imparting theoretical and practical knowledge with the

exposure to work practices in Industry and Business.

• Develop graduates with over all personality, communication

skills, computational skills and managerial skills with ethics to

fulfill the expectations of the Industry and Society.

• Provide opportunities to practice industrial processes, pursue

higher studies and entrepreneurship skills for sustainable

growth.



PROGRAM 

OUTCOMES

• PO1.Engineering knowledge: Apply the knowledge of

mathematics, science, Mechanical Engineering

fundamentals, and an engineering specialization to the

solution of complex engineering problems.

• PO2.Problem analysis: Identify, formulate, review research

literature, and analyze complex engineering problems

reaching substantiated conclusions using first principles of

mathematics, natural sciences, and Mechanical Engineering

sciences.

• PO3.Design/development of solutions: Design solutions for

complex Mechanical 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.

• PO4.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 in the field of Mechanical Engineering.



Contd.

PROGRAM 

OUTCOMES

• PO5.Modern tool usage: Create, select, and apply

appropriate techniques, resources, and modern engineering

and IT tools including prediction and modeling to complex

Mechanical Engineering activities with an understanding of

the limitations.

• PO6.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 Mechanical Engineering

practice.

• PO7.Environment and sustainability: Understand the

impact of the professional Mechanical Engineering solutions

in societal and environmental contexts, and demonstrate

the knowledge of, and need for sustainable development.

• PO8.Ethics: Apply ethical principles and commit to

professional ethics and responsibilities and norms of the

engineering practice.



Contd.

PROGRAM 

OUTCOMES

• PO9.Individual and team work: Function effectively as an

individual, and as a member or leader in diverse teams, and

in multidisciplinary settings.

• PO10.Communication: Communicate effectively on complex

Mechanical 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.

• PO11.Project management and finance: Demonstrate

knowledge and understanding of the Mechanical

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.

• PO12.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 

EDUCATIONAL 

OBJECTIVES

Graduates of Mechanical Engineering shall

• PEO1-Have good technical competency to take up industrial

projects / responsibilities as per the national / International

requirements for enriched employability.

• PEO2-Design and develop innovative products / systems through

application of mechanical and allied engineering knowledge,

computing skills to promote research and higher studies.

• PEO3-Work successfully as leaders or as part of the team on

multidisciplinary projects and undertake consultancy and

entrepreneurship as their career option.



PROGRAM 

SPECIFIC 

OBJECTIVES

• PSO1- To acquire and apply knowledge in various domains

like Design, Thermal, Production and allied areas through

theory / practical / industrial visits.

• PSO2- To acquire Engineering knowledge, Computational,

Management, Soft skills and Entrepreneurship skills for the

betterment of Industrial and Social requirement.



COURSE 

OUTCOME

Course Outcomes

After successful completion of this course, the student will be able to:

CO1

Explain thermodynamics concepts, relate laws of the ideal gas, 

identify various thermodynamic processes and apply the laws to 

determine the energy transfer in terms of heat and work.

CO2
Explain the first law of thermodynamics and apply the law to 

evaluate open, closed systems, thermal components and devices.

CO3
Interpret the second law of thermodynamics, entropy, and apply the 

law to evaluate heat engine, heat pump, and refrigerator performance.

CO4

Relate various steam properties, and analyze the different types of 

processes using steam as working fluid to determine the energy 

transfer in terms of heat and work.

CO5
Compare various power cycles and analyze the cycles to determine

the energy transfer in terms of heat, work and efficiency.



COURSE 

OBJECTIVE

Sr. 

No

Course Objective

The objective of this course is–

1

This course deals with the fundamentals of Thermodynamics, including 

thermodynamic systems and properties, relationships among the thermos-

physical properties, the laws of thermodynamics and applications of these 

fundamental laws in thermodynamic systems

2
To present a comprehensive and rigorous treatment of classical 

thermodynamics while retaining an engineering perspective.

3
Explain the working principle of various power cycles used in thermal 

systems.



EXAMINATION
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COURSE 

SYLLABUS

SYLLABUS

Contents Hours

Unit I

Basic concepts of Thermodynamics, Systems and their types, Property, State,

Process, Phase, Cycles. Comparison of microscopic and macroscopic

approaches. Path and point functions. Thermodynamic Equilibrium.

Zeroth law of thermodynamics and its significance for temperature

measurement

Introduction to First law of thermodynamics, Energy transfer, Heat and work

transfer.

Ideal Gas laws: Boyle’s law, Charle’s law, Gay-Lussac’s law, Avagadro’s law,

Equation of state, General gas equation, Specific Heat, Universal gas constant.

Thermodynamic Processes: Constant pressure, Constant volume, Isothermal,

Isentropic and Polytropic process, representation on P-V and T-s Diagram,

Calculation of Heat transfer, Work done, Change in Internal Energy and

Enthalpy for these processes.

10

Unit II

The first law of Thermodynamics for Closed System undergoing a process and

cycle (Control Mass System) and Open System (Control Volume System)

Steady Flow process applies to Compressor, Pump, Turbine, Boiler, Steam

Nozzle, Throttling Device, Heat Exchanger, Fan and blower.

(Analytical treatment on First law applied to thermodynamic processes and

cycles and Steady low energy equation applied to various flow devices is

expected). ,

9



COURSE 

SYLLABUS

SYLLABUS

Contents
Hours

Unit III

Second Law of Thermodynamics:- Heat Reservoir, source and sink. Heat Engine,

Refrigerator, Heat Pump, Kelvin-Plank and Clausius Statements, Perpetual Motion

Machine I and II, Carnot Cycle, Thermodynamic Temperature scale.

Entropy:- Clausius Inequality, Entropy, Principle of Increase of Entropy, Change in

Entropy for different thermodynamics processes with T-S Diagram, Reversible and

Irreversible Processes. (Simple analytical treatment on COP calculation is expected)

,

9

Unit IV

Properties of Steam:- Formation of steam and its thermodynamic properties like

Sensible Heat, Latent Heat, Critical State, Triple Point, Wet Steam, Dry Steam,

Superheated Steam, Dryness Fraction, Enthalpy, Internal Energy of Steam, External

Work Done during Evaporation, T-S Diagram, Mollier Chart, Work and Heat

Transfer during various Thermodynamic Processes with steam as working fluid.

Measurement of Dryness Fraction using various Calorimeters. (Analytical

Treatment using steam table and Mollier chart is expected) ,

9

Unit V

Power Cycles: - Otto Cycle, Diesel Cycle, Dual Cycle, Brayton Cycle,

Representation on P-v and T-s diagrams. The equation for work done, heat transfer,

air standard efficiency, and mean effective pressure. Comparison of Otto, Diesel and

Dual cycles. Introduction to simple vapour power cycle, i.e., Rankine cycle

(Analytical treatment in terms of calculation Work done & efficiency analysis is

expected on Otto Cycle, Diesel Cycle and Dual Cycle)

9

Total Hours
46



COURSE 

ASSIGNMENT

Sr. 

No

.

List of Tutorials

01 Application of first law to control mass (closed system) system

02 Application of first law to control volume (open system) system

03 Determination of Heat transfer, Work done, Change in Internal Energy 

and Enthalpy of various thermodynamic processes and cycles.

04 Determination of various properties of steam by using Steam table and 

Mollier chart

05 Application of second law to heat engine, refrigerator and heat pump.

06 Thermodynamic analysis of Otto cycle.

07 Thermodynamic analysis of Diesel cycle.

08 Thermodynamic analysis of Dual cycle and Brayton cycle.



RECOMMENDED 

BOOKS

References:

Text Books Recommended:

1. Engineering Thermodynamics, P. K. Nag, Tata McGraw-Hill 

Publications

2. Thermodynamics, S. C. Gupta, Pearson Publications

3. Thermal Engineering, P. L. Ballani, Khanna Publications

4. Engineering Thermodynamics, S.S. Khandare, Charotar

Publication House

5. Engineering Thermodynamics, R. K. Rajput, Laxmi Publication

Reference Books Recommended:

1. Thermodynamics and Engineering approach, Yunus A. Cengel, 

Michael A. Boles, Tata McGraw-Hill Publications

2. Engineering Thermodynamics, D. P. Mishra, Cengage Learning 

Publications

3. Engineering Thermodynamics, Gordon Rogers, Pearson 

Publications



COURSE OUTCOME

• PSO1- To acquire and apply knowledge in various domains

like Design, Thermal, Production and allied areas through

theory / practical / industrial visits.

• PSO2- To acquire Engineering knowledge, Computational,

Management, Soft skills and Entrepreneurship skills for the

betterment of Industrial and Social requirement.



First Law Of Thermodynamics  - Numerical 1

A stationary mass of gas is compressed without friction from an initial state of 0.3m3 and 0.105MPa to a final

state of 0.15m3 and 0.105 MPa, the pressure remains constant during the process. There is a transfer of

37.6KJ of heat from the gas during the process.. How much does the internal energy of the gas changes?



First Law Of Thermodynamics  - Numerical 2

A system undergoes a cycle composed of four processes. The heat transfer in each process are 400 KJ, -365 KJ,

- 200KJ and 250 KJ. The respective work transfers are 140KJ, 0, -55 KJ and 0. Show that the data is consistence

with first law of thermodynamics.



First Law Of Thermodynamics  - Numerical 3

For each of the following cases of a process involving a closed system, fill in the blank spaces.

PROCESS Q KJ W KJ E1 KJ E2 KJ E2-E1 KJ

A 25 -10 ----- -10 ----

B -10 ----- ----- 65 -20

C ---- 15 -10 ----- 20



First Law Of Thermodynamics  - Numerical 4

A piston cylinder machine contains a fluid system which passes through a complete cycle of four processes.

During the cycle the sum of all heat transfer is -170KJ. The system completes 100 cycle per minute. Complete

the following table showing the method for each item , and compute the net rate of work out put in KW.

piston and
PROCESS Q KJ/min. W KJ/min. (E2-E1) KJ/min

a-b 0 2170 -----

b-c 21000 0 ------

c-d -2100 ----- -36600

d-a ------ ----- ------



First Law Of Thermodynamics  - Numerical 5

When a system is taken from state a to state b as shown in fig. along path acb, 80 J of heat flow into the system

and the system does 30 J of work.

(a) How much heat flows into the system along path adb if the work done is 10 J ?

(b) The system is returned from state b to state a along the curved path. The work done on the system is 20 J.

Does the system absorb or liberate heat and how much ?

(c) If Ua=0 , Ud= 40J then find the heat absorbed in the process ad and db.



Engg. Thermodynamics  - Gas Processes – Numerical -1

Two Kg of air at a pressure of 875 Kpa occupy a volume of 0.35 m^3. This air is then expanded to a volume of 2

m^3 . Find the final temperature, work done and heat received or rejected by this air for each of the following

methods of expansion-

(i) Constant pressure

(ii) Isothermal

(iii) Isentropic

(iv) Polytropic with index n = 1.25.



Engg. Thermodynamics  - Gas Processes – Numerical -2

Air at 100 KPa and 150 C is compressed isothermally to 1.5 Mpa. It is then expanded in a reversible adiabatic

manner back to 100 KPa . Determine final temperature, specific volume , net work transfer and net heat

transfer.



Engg. Thermodynamics  - Gas Processes – Numerical -3

0.5 Kg of air is compressed isentropically from 80 Kpa and 600 C to 0.4 Mpa , and is then expanded at constant

pressure to the original volume. Sketch these processes on the P-V diagram and compute the heat transfer ,

work transfer for whole path.



Engg. Thermodynamics  - Gas Processes – Numerical -4

A mass of air is initially at 2600 C and 700 Kpa , occupies 0.028 m3 . The air is expanded at constant pressure

to 0.084 m3 . A polytropic expansion process with n = 1.5 is then carried out, followed by a constant

temperature process which completes a cycle. Sketch the cycle on P-V plane & find the heat received and heat

rejected in the cycle.



Engg. Thermodynamics  - 1st Law of Thermodynamics 

(open system) – Numerical -1

A turbine operates under steady flow conditions, receiving steam at following state-

Pressure 1177 Kpa, temperature 3000 C , specific volume 0.218 m3 /Kg ,internal energy 2792.7 KJ/Kg, velocity

2000 m/min and elevation 3 meter. The steam leaves the turbine at the following state -

Pressure 19.6KPa, temperature 59.670 C, specific volume 7.7899 m3 /Kg, internal energy 2456.5 KJ/Kg, velocity

100m/sec and elevation 0 meter. Heat is lost to the surroudings at the rate of 1047 KJ/hr. If the rate of steam

flow through the turbine is 1150 Kg/hr. What is the power output of the turbine.



Engg. Thermodynamics  - 1st Law of Thermodynamics 

(open system) – Numerical -2

A steady flow of steam enters a condenser with an enthalpy of 2000KJ/Kg and velocity 350 m/sec. The

enthalpy and velocity of the condensate leaving the condenser are 160 KJ/Kg, and 6 m/sec respectively.

Determine the heat transfer to the cooling water.



Engg. Thermodynamics  - 1st Law of Thermodynamics 

(open system) – Numerical -3

Air expands in a reversible adiabatic manner through nozzle from 784KPa & 2200 C to an exit pressure of

98KPa. Determine the exit velocity and mass flow rate, if the exit area is 6 cm2. Neglect the inlet velocity.



Engg. Thermodynamics  - 1st Law of Thermodynamics 

(open system) – Numerical -4

A compressor compresses 5 m3/sec of air from a pressure of 98KPa to 245KPa. During its operation, the heat

is transferred to the cooling medium at the rate of 12.5KJ/sec. The inlet and outlet temperatures are 200 C &

1400 C respectively. Find the power required to drive the compressor.



Engg. Thermodynamics  - 1st Law of Thermodynamics 

(open system) – Numerical -5

Air at a temperature of 150 C passes through a heat exchanger at a velocity of 30m/sec where its temperature

is raised to 8000 C. It then enters a turbine with the same velocity of 30 m/sec and expands until the

temperature falls to 6500 C. On leaving the turbine, the air is taken at a velocity of 60 m/sec to a nozzle where it

expands until the temperature fallen to 5000 C. If the air flow rate is 2 Kg/sec calculate –

(i) The rate of heat transfer to the air in the heat exchanger.

(ii) The power output from the turbine assuming no heat loss.

(iii) The velocity at exit from the nozzle assuming no heat loss.



Engg. Thermodynamics  - 1st Law of Thermodynamics 

(open system) – Numerical -6

A pressure vessel is connected via a valve to a gas mains in which a gas is maintained at a constant pressure

and temperature of 1400 KPa and 850 C respectively. The pressure vassel is initially evacuated, the valve is open

and a mass of 2.7 Kg of gas passes into the pressure vessel. The valve is closed and the pressure and

temperature of the gas in the pressure vessel are then 700 KPa and 600 C respectively. Determine the heat

transfer to or from the gas in the vessel. Determine also the volume of the pressure vessel and the volume of

gas before transfer.

For the gas take – CP = 0.878 KJ/KgK & CV = 0.67 KJ/KgK neglect the velocity of the gas in main.



Engg. Thermodynamics  - 1st Law of Thermodynamics 

(open system) – Numerical -7

Steam enters a nozzle at a pressure of 7 bar and 2500 C (enthalpy 2850 KJ/Kg) and leaves at a pressure of 1.5

bar. The initial velocity of steam at entrance is 40 m/sec and exit velocity from nozzle is 700 m/sec. The mass

flow rate through the nozzle is 1400 Kg/hr. The heat is lost from nozzle is 11705 KJ/hr Determine the final

enthalpy of steam and the nozzle exit area if the specific volume is 1.24 m3 /Kg.



Engg. Thermodynamics  - 2nd Law of Thermodynamics   

Numerical -1

A cyclic heat engine operates between a source temperature of 8000 C and a sink temperature of 300 C . What

is the least rate of heat rejection per KW net out put of the engine?



Engg. Thermodynamics  - 2nd Law of Thermodynamics   

Numerical -2

A Carnot refrigerator extract 500 KJ of heat per minute from a cold storage which is maintained at -150 C

and it is discharge at atmospheric temperature of 300 C . Find the ideal power required.



Engg. Thermodynamics  - 2nd Law of Thermodynamics   

Numerical -3

A reversible engine of 40% efficiency discharges 1500 KJ of heat per min. at 270 C to a cooling pond. Find the

temperature of the source which supplies the heat to the engine & the power developed by the engine.



Engg. Thermodynamics  - 2nd Law of Thermodynamics   

Numerical -4

A reversible engine receives heat from a mixture of water vapour & liquid water under a pressure of 1.013 bar

and rejects 41840 KJ/hr of heat to a mixture of ice & liquid water under the same pressure. Find the power

developed by the engine.



Engg. Thermodynamics  - 2nd Law of Thermodynamics   

Numerical -5

A reversible heat engine operates between two heat reservoirs at temperatures of 6000 C and 400 C. The

engine drives a reversible refrigerator which operates between reservoirs at temperature of 400 C & -200 C. The

heat transfer to the heat engine is 2000KJ and the net work output of the combined engine and refrigeration

plant is 360 KJ.

Evaluate the heat transfer to the refrigerator & net heat transfer to the reservoir at 400 C.



Engg. Thermodynamics  - Entropy – Numerical-1

A heat engine receives 1000 KW of heat at constant temperature of 2850 C . The heat is rejected at 50 C. The

inventor claims that the possible heat rejections are-

(a) 840 KW

(b) 498 KW

(c) 300 KW

Discuss about the validity of the inventors claim.



Engg. Thermodynamics  - Entropy – Numerical-2

2 Kg of water at 940 C are mixed with 3 Kg of water at 100 C in an isolated system. Calculate the change in

entropy due to mixing process.



Engg. Thermodynamics  - Entropy – Numerical-3

Air is flowing steadily in an insulated duct. The pressure and temperature of the air at station A is 130 Kpa &

500 C, while at station B it is 100 Kpa & 130 C . Establish the direction of air flow in the duct.



Engg. Thermodynamics  - Entropy – Numerical-4

A system has a heat capacity at constant volume. CV = 0.042 T2 J/Kg. The system is originally at 200 K and a

thermal reservoir at 100 K is available. What is the maximum amount of work that can be recovered as the

system is cooled down to the temperature of reservoir?



Engg. Thermodynamics  - Entropy – Numerical-5

A heat pump operates between two identical bodies. In the beginning both bodies are at the same

temperature T1 but operation of heat pump cools down one of the body at temperature T2. Prove that for the

operation of heat pump the minimum work input needed by the heat pump is given by-

W= CP [T1
2 /T2 + T2- 2T1 ]



Engg. Thermodynamics  - Properties of Steam –

Numerical-1

Two kg of steam at a pressure of 20 bar exist in following conditions-

(a)Wet steam with a dryness fraction of 0.9

(b)Dry and saturated steam

(c)Superheated steam with temperature of 250 degree Celsius.

Calculate – (i)enthalpy (ii)volume (iii)entropy (iv)internal energy.

Assume specific heat of steam in superheated region is 2.02 KJ/Kg K



Engg. Thermodynamics  - Properties of Steam –

Numerical-2

A metallic drum of volume 2 m3 is to be completely filled with dry & saturated steam at 8 bar. For this the drum

is evacuated and the necessary amount of water is placed. Now this water is converted into steam by heating.

Calculate-

(i) The amount of water to be placed into the drum.

(ii) The amount of water if the steam generated having 0.9 dryness fraction.



Engg. Thermodynamics  - Properties of Steam –

Numerical-3

Steam at a pressure of 15 bar and 2500 C expand according to polytropic law with n= 1.25 to a pressure of 1.5

bar. Find the final condition of steam, work done, heat transfer and change in entropy. The mass of steam is 0.9

Kg.



Engg. Thermodynamics  - Properties of Steam –

Numerical-4

Steam at 50 bar and 5000 C expands isentropically in the first stage of turbine to 2 bar pressure and then it is

reheated at this pressure to 3000 C and expands to condenser pressure of 0.1 bar. Determine-

(i) The condition of steam before reheating and after final expansion.

(ii) If the flow of steam is 10 Kg/sec. determine the heat supplied in the reheater and power developed.



Engg. Thermodynamics  - Properties of Steam –

Numerical-5

Water at 600 C is supplied to a boiler to generate steam at 10 bar & 3000 C. This steam is supplied to a turbine

after throttling up to 8 bar. The enthalpy of steam in the adiabatic is reduce by 400 KJ/Kg. The steam then

passes through convergent divergent nozzle where the enthalpy is further reduced by 400 KJ/Kg. If the steam

flow rate is 10000Kg/hr find-

(i) Heat supplied in the boiler.

(ii) Condition of steam at the inlet to the steam turbine.

(iii) Power generated by turbine.

(iv) Velocity of steam at the exit of the nozzle.

Assume specific heat of steam at constant pressure in superheat region is 2.25 KJ/Kg.



Engg. Thermodynamics  - 2nd Law of Thermodynamics   

Numerical -3



INTRODUCTION

Air Standard Cycles

• About ASC

• Assumptions/Approximations

• Working Fluid is Air (Ideal Gas)

• All processes are internally reversible

• Combustion Process is Replaced by

Heat Input from External Source

• Heat Rejection is used to Restore

Fluid to Initial State

• Types of ASC

• Carnot – Maximum Cycle Efficiency

• Otto – Spark Ignition Engine

• Diesel – Compression Ignition Engine

• Dual – Limited Pressure Cycle

• Sterling – Regenerative Cycle

• Brayton – Gas Turbine



IMPORTANT

Terminologies I

• Cylinder Bore (d)

Inner diameter of the cylinder in which the piston moves

• Stroke Length (L) | Stroke

The piston moves in the cylinder due to
VC

d

TDC

BDC

L

rotation of the crank. Its extreme positions are 

known as Top Dead Center (TDC) and Bottom 

Dead Center (BDC) as shown. The distance 

between two extreme positions is Stroke 

Length or Stroke

• Clearance Volume (VC)

The volume occupied by the working fluid, when piston reaches the 

top dead center is Clearance Volume

• Swept Volume (VS) | Displacement Volume | Stroke Volume

It is the volume swept by the piston, when it moves between two 

dead centers.

V = Cross Section Area of Piston * Stroke Length =
L

S

• Total Cylinder Volume

It is the volume occupied by the working fluid, when the piston is at

the BDC. Mathematically, it is expressed as VC + VS



IMPORTANT

Terminologies II

• Compression Ratio (RK)

It is the ratio of Total Cylinder Volume to the Clearance Volume

KR  = C = 1 +
V  +VS VS

VC VC
• Mean Effective Pressure (PM)

The pressure in the cylinder keeps on changing with the position of the piston. In 

order to simplify the calculation, Mean Effective Pressure comes into picture. It is 

defined as the constant pressure acting on the piston during the working stroke, 

which is able to do the same amount of work as done by the actual varying 

pressure produced during the cycle. It is the ratio of work done to the stroke 

volume.

PM=

• Efficiency of a Cycle (ἠ)

It is the ratio of work done to the heat supplied

ἠ = =
−

• Two Stroke Cycle

It is a type of IC engine which completes a power cycle with two strokes of the 

piston during only one crankshaft revolution

• Four Stroke Cycle

It is a type of IC engine which completes a power cycle with four strokes of the 

piston during only one crankshaft revolution



REVISITING

Carnot Cycle

• Proposed by French Physicist Sadi Carnot in 1824

• An ideal reversible closed thermodynamic cycle in which 

the working substance goes through the four successive 

operations of isothermal expansion to a desired point, 

adiabatic expansion to a desired point, isothermal 

compression, and adiabatic compression back to its initial 

state.

• Most Efficient Cycle

• ἠ =
QS − QR = T1 – T2

QS T1



Otto Cycle Analysis

• Developed by German Engineer N.A. Otto in 1876

• Ideal Cycle for Spark Ignition Reciprocating Engine

• Petrol Engine works based on it

• Combustion takes place at constant volume

• Also called as Constant Volume Cycle

• Ideal Otto cycle consists of 2 Isentropic and 2 Constant Volume 

Processes

• Heat Supplied (QS) = mCV(T3 – T2)

• Heat Rejected (QR) = mCV(T4 – T1)

• Work Done (W) = QS- QR



Otto Cycle Efficiency
• It is the ratio of Work Done to Heat Supplied

Mathematically, ἠ =
QS− QR QR

= = 1 -QS QS

ἠ = 1 - V 4 1mC (T – T ) T – T4 1

mCV(T3 – T2) T3 – T2
= 1 - = 1- T1

T1[
T4 − 1 ]

T2
T2[

T3 − 1 ]

From Processes 1-2 & 3-4, V3 = V2 & V4 = V1

T
1

2

= (
T V

V
2

1

−1

) & ,
T

4

3

= (
T V

V
3

4

−1) ;

T1 =
T4

T2 T3
or

T4 =
T3

T1 T2

T
V2ἠ = 1 -

T1 = 1 - ( )
V2 1

−1

(rk)r−1 k= 1 -
1

; r = Compression Ratio =

V1

V2

• Efficiency of Otto Cycle is directly proportional to Compression

Ratio



Otto Cycle Numerical Problem 

Statement and Summary

An Otto Cycle is supplied with air at 1 bar and 350 C. The 

compression ratio is 8. The heat supplied is 2100 KJ/Kg. Calculate 

i] Maximum pressure and temperature of the cycle

ii. Cycle Efficiency

iii. Mean Effective Pressure

Problem Summary 

P1 = 1 bar

T1 = 273 + 35 = 308 K 

QS = 2100 KJ/Kg

rk = 8

For air, = 1.4



Otto Cycle Numerical Problem 

Solution Part-I

• Cycle Efficiency (ἠ)

(rk)r−1ἠ = 1 -
1

= 1-
1

80.4 = 0.565 or 56.5%

• Cycle Maximum Temperature (T3 = Tmax)

1From Gas Law, V = R 1

P1

T 0.287 ∗ 308
1 ∗ 100

3= 0.844 m /Kg

kCompression Ratio, r =

=

V1
2=> V = 1

V2 rk
=

V 0.844

8
3= 0.11 m /Kg

T2 V1From Isentropic Process 1-2, T = ( V )
1 2

−1 = 80.4 = 2.3

T = 2.3 * 308 = 708.4K2

Heat Supplied QS = mCV(T3 – T2) = 2100 => Tmax = T3 = Tmax= 3633K



Otto Cycle Numerical Problem 

Solution Part-II

• Cycle Maximum Pressure (P3 = Pmax)

From Isentropic Process 1-2, P = (
P2 V1

V1 2

1.4) = 8 = 18.37

2P = 18.37 * 1 = 18.37 bar

3 2From Gas Law,
P3V3 =

P2V2 [note -> V = V ]

Pmax = P3 = P
T3

2 T2

T3 T2

= 18.37 *
363

708.4
= 94.132 bar

• Mean Effective Pressure (Pm)

QS
Sἠ =

W
=> W = ἠ * Q = 2100 * 0.565 = 1186.5KJ/Kg

Pm = VS V1−V2 0.844 − 0.11
W

=
1186.5

=
1186.5

= 15.33 bar



Otto Cycle Numerical Problem 

Solution Summary

• Maximum pressure of the cycle = 94.132 bar

• Maximum temperature of the cycle = 3633 K

• Cycle Efficiency = 0.565 or 56.5%

• Mean Effective Pressure = 15.33 bar



Diesel Cycle Theory

• Developed by R. Diesel in 1890.

• Limitations on compression ratio in the S.I. engine can be 

overcome by this cycle.

• Combustion takes place at constant pressure- Constant 

Pressure Cycle.

• In this cycle, air alone is compressed and at the end of 

compression stoke diesel fuel is injected with the help of 

injector nozzle.

• Temperature of air after compression must be high enough so

that the fuel sprayed into the hot air burns simultaneously.

• So in order to maintain the temp. of air up to a self ignition 

temperature of diesel fuel, a high compression ratio (12-24) is 

required.

• All diesel engines (also called Compression Ignition Engine) 

work on this cycle.



Diesel Cycle Analysis

Process 1-2 Isentropic compression process.

Process 2-3 Heat addition at constant pressure.

Process 3-4 Isentropic expansion process (Power Stroke). 

Process 4-1 Constant volume heat rejection process.

Heat supplied = 3 − 2

Heat rejected = 4 − 1

Work done W= −



Diesel Cycle Efficiency

Efficiency η =
W

=
Qs – Qr = 1- mCv(T4 – T1)

QS Qr mCP(T3 – T2)

= 1-
(T4 – T1)

γ(T3 – T2)

kCompression ratio r =
V1

V2

eExpansion ratio r =
V4

V3

cr =
V3

V2
= > rk = re ∗ rcCut off ratio

From process 3-4

T4 = (
V3) 

T3 V4

γ−1

= 1
reγ−1

4T = T
rc γ−1

3 rk γ−1



Diesel Cycle Efficiency

From process 2-3;
T2 =

P2V2

3

=
V2 =

1
T3 P3V3 V rc

=> 2T =
T3

rc

From process 1-2
T1 = (

V2)
T2 V1

γ−1

1=
1

=> T = T
rKγ−1 2 rk γ−1 rc

1 T3 1
= rKγ−1

Putting the values of T1, T2 & T4 in efficiency equation

γ(T3 – T2)
= 1 −

T rc γ−1

= 1 − (T4 – T1) 3 rk γ−1 rc
– T3 1

rKγ−1

rc
γ(T3 –T3)

= 1 −
rc

γ−1
γ rKγ−1 (rc– 1)

As rc > 1, so the efficiency of diesel engine is less than that of 

petrol engine



Diesel Cycle Numerical 

Problem Statement
An ideal Diesel cycle with air as the working fluid has a 

compression ratio of 18 and a cut off ratio of 2. At the beginning 

of the compression process, the working fluid is at 100kPa ,27oC 

and 1917 cm3. Determine-

i. The temperature and pressure of air at the end of each

process.

ii. The net work output and thermal efficiency

iii.The mean effective pressure 

Given Data-

rk=18  

rc =2

P1 = 100kPa

T1 = 273+27=300K

V1 = 1917 cm3



Diesel Cycle Numerical Solution

kr = 1

V2
2,V =

V V1

rk
= 1917/18= 106.5 cm3

cr =
V3

V2
3 2 c, V = V r = 2 * 106.5 = 213 cm3 => V4 = V1 = 1917 cm3

From process 1-2 ;
T1 = (

V2)
T2 V1

γ−1

2⇒ T = 300 * 18 0.4 =953K

P1 V2

γ

=>
P2 = (

V1) => P = 100 * 8 1.4 =5720KP2 a

2 3 aFrom process 2-3; P = P =5720KP => 3 3 =
P V P V2 2

T3 T2

3T =
V T3 2

V2
= 953 * 2= 1906K

From process 3-4 ;
T4 = (

V3)
T3 V4

γ−1

4=> T = 1906 * (213/1917) 0.4 =791K

=> 4P V3

P3 V4

γ

4= ( ) => P = P3

V3

V4

γ

( ) = 5720 * (213/1917) 1.4 =264KPa



Diesel Cycle Numerical Answers

Mass of air

m=
P1V1 =

100 ∗ 1917 ∗ 10−6
= 0.00213Kg

RT1 0.287 ∗ 300
Heat Supplied

Qs= m Cp(T3 - T2) = 0.00223 * 1.005 (1906-953) = 2.136kJ

Heat Rejected

Qr= m Cv(T4 - T1) = 0.00223 * 0.718 (791-300) = 0.786kJ

Net Work done

W= Qs- Qr = 1.35kJ

Efficiency

=
W

=1.35/2.136= 0.632 = 63.2%QS

Mean Effective Pressure

Pm= W/(V1 - V2)= 1.35/[(1917-106.5) ∗ 10−6]= 746KPa



Dual Cycle Theory and 

Analysis

• Also Called as Limited Pressure Cycle

• Combination of both Otto and Diesel Cycle

• In this cycle, partly heat is added at constant volume and

remaining at constant pressure process

• Process 1-2 Isentropic compression process.

2-3 Partly heat addition at constant volume.

3-4 Remaining heat addition at constant pressure 4-

5 Isentropic expansion process. (Power Stroke) 5-1

Heat rejection at constant volume

• Heat supplied

• Heat rejected

• Work done

= v 3 − 2 + 4 − 3

= 5− 1

W= −



Dual Cycle Efficiency

QS
Efficiency η =

W
=

Qs – Qr = 1- Qr

Qs Qs

=1-
mCv(T5 – T1)

mCv T3−T2 + mCP T4−T3

= 1-
(T5 – T1)

(T3 – T2) + γ(T4 – T3)

kCompression ratio (r ) =
V1

V2

eExpansion ratio (r ) =
V5

V4

cCut off ratio (r )=
V4

V3

pConstant Volume Pressure ratio (r ) =
P3

P2

rk = re ∗ rc eor r =
rk

rc



Dual Cycle Efficiency Contd.

cr = =4 4

V3 T3 T4 T3

From process 3-4
V T

[
P4V4 =

P3V3 ]

3T =
T4

rc

From process 2-3
P2V2 =

P3V3

T2 T3

T2 = P3

T3P2 T4
= rprc

From process 1-2

T1 = (
V2) 

T2 V1

γ−1

=
1

rKγ−1

1T =
T4

rprcrKγ−1



Dual Cycle Efficiency Contd.
From process 4-5

T5 = (
V4) 

T4 V5

γ−1

= 1
reγ−1

5T =
T r4 c

−γ 1

rKγ−1

Putting the values of T1, T2, T3 & T5 in the expression of efficiency

= 1−
(T4rcγ−1

rKγ−1
– T4

rprcrKγ−1
)

rc rprc rc
(
T4 – T4 ) + γ(T4 –T4)

= 1 −
1

rkγ−1

rprc
γ−1

(rp– 1) + γ rp (rc– 1)



Dual Cycle Numerical Problem Statement
An air-standard dual cycle has pressure and temperature at the beginning of

compression as 1 bar and 35oC respectively. The compression ratio is 11, the

pressure ratio during heat addition 1.6 and cut off ratio 1.7. Calculate-

i. The percentage clearance

ii. The pressure, temperature and volume at each point of life cycle

iii. Heat added

iv. Heat rejected

v. Work done

vi. Thermal efficiency

vii. Mean effective pressure

Assume 0.5 kg of air flowing in the cycle.

Given Data-

rk=11

rc =1.7

rp =1.6

P1 = 1 bar

T1 = 273+35=308K

m = 0.5 kg



Dual Cycle Numerical 

Solution
Percentage Clearance-

V2 *100 =
100

=
100

= 10% 
Vs rk– 1 11– 1

Pressure temperature and volume at each point-

1V = 1

P1

mRT 0.5 ∗ 0.287 ∗ 308

1 ∗ 100
= 0.4419m3

P2 = (
V1)

P1 V2

=

γ

P2 = P1 *(rk)
γ = 1 * 111.4 = 28.7 bar

γ−1
T1 = (

V2)
T2 V1

kr =

T2= 308 * 110.4 = 803.72K
V

1

V2

2V = 1 =
V 0.4419

rk 11
= 0.0401m3



Dual Cycle Numerical 

Solution Contd.

pr =
P3

P2
=> P3 = P2 *rp = 28.7 * 1.6 = 45.92 bar

3 2

P3V3 =
P2V2 P3

T3 T2 P2

=> T = T * = 803.72 * 1.6 = 1285.93K

cr =
V4

V3
4 3 c=> V = V *r = 0.0401 * 1.7 = 0.0681 m3

T3 T4

P3V3 = 
P4V4 V4 0.0681=> T4 = T3 * = 1285.95 * = 2183.87K

V3 0.0401

T4

T5 =
V4

5

γ−1
0.0681

0.4(V ) => T5 = 2183.87 *(0.4419) = 1033.6K

5 4P =  P ( )
V4

V5

γ
0.0681

= 45.92 *(0.4419) 1.4 = 3.349 bar



Dual Cycle Numerical 

Answers
Heat supplied

Qs= m Cv(T3 - T2) + m Cp(T4 - T3)

= 0.5 * 0.718 (1285.95-803.72) + 0.5 * 1.005 (2183.87-1285.95)

= 624.24kJ

Heat rejected

Qr= m Cv(T5 - T1) = 0.5 * 0.718 (1033.6-308) = 260.49kJ

Net Work done

W= Qs- Qr = 363.75kJ

Thermal efficiency

QS
=

W
=363.75/624.24= 0.5827 = 58.27%

Mean Effective Pressure

Pm= W/Vs= 363.75/(0.4419-0.0401) = 9.053 bar



TWO CRITERION OF

Comparison of Otto, Diesel and Dual 

Cycles

Considering Same Compression 

Ratio and Heat Rejection in All 

Three Cycles

ἠOtto > ἠDual > ἠDiesel

Considering Same Maximum 

Pressure and Temperature and 

Same Heat Rejection in all 

Three Cycles

ἠDiesel > ἠDual > ἠOtto



COMPARISON OF OTTO, DIESEL AND DUAL CYCLES

Considering Same

Compression Ratio and 

Heat Rejection in All 

Three Cycles

ἠOtto > ἠDual > ἠDiesel



COMPARISON OF OTTO, DIESEL AND DUAL CYCLES

Considering Same

Maximum Pressure and

Temperature and Same

Heat Rejection in all

Three CyclesἠDiesel > ἠDual > ἠOtto



Brayton Cycle Analysis

• Named after American engineer George Brayton, who had 

developed it originally for use in piston engines

• Originally proposed and patented by John Barber

• It is ASC for gas turbine power plant

• Process 1-2 => Isentropic Compression

2-3 => Heat Supplied at Constant Pressure

3-4 => Isentropic Expansion

4-1 => Heat Rejection at Constant Pressure

• Heat Supplied (QS) = mCP(T3 – T2)

• Heat Rejected (QR) = mCP(T4 – T1)

• Wnet = WT - WC



Brayton Cycle Efficiency
• It is the ratio of Work Done to Heat Supplied

Mathematically, ἠ =
QS− QR QR

= = 1 -QS QS

ἠ = 1 -
mCP(T4 – T1)

= 1 -
T4 – T1 

mCP(T3 – T2) T3 – T2

T1

= ( )
T2 P

2

P1

−1
= (rp)

−1

4
T = ( )
T3 P3

P4

From Isentropic Process 1-2,

From Isentropic Process 3-4,
−1

= (rp)−1

T1 T4


T2 =
T3 =>

T4 =
T3

T1 T2

T1
T1[

T4 − 1 ]

T2
T2[

T3 − 1 ]
ἠ = 1- = 1- (

1

rp
)

−1

• ἠ depends on Pressure Ratio only



Stirling Cycle Analysis

• Developed by Robert Stirling in 1816

• Works on the Principle of Regeneration by using a Regenerator

• Regenerator stores the rejected heat during heat rejection process

and supply the same during heat addition process

• Consists of 2 Isothermal and 2 Constant Volume Processes

• Regenerator consists of a wire mesh stacked in the duct

• Process 1-2 => Reversible Isothermal Compression 2-3 =>

Heat Addition at Constant Volume

• 3-4 => Reversible Isothermal Expansion

• 4-1 => Heat Rejection at Constant Volume

V4

e V3
V1

1 e V2

• Heat Added (QS) = Work Expanded (W3-4) = RT1log

• Heat Rejected (QR) = Work Compressed (W1-2) = RT log

• Net Work Done = QS - QR



Stirling Cycle Efficiency

• It is the ratio of Work Done to Heat Supplied

Mathematically, ἠ = =
QS− QR

QS
=

RT1loge
V4 − RT1loge

V1
V3 V2

RT log1 e
V
V

4

3

We know that, V4 = V1 & V3 = V2

Hence, ἠ =
T1 – T2 = 1 -

T2

T1 T1
• Efficiency of Stirling Cycle is same as the efficiency of Carnot

Cycle
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INTRODUCTION

Vapor Power

Cycles

• One of the most successful power 

producing system

• Conversion of Heat Energy into 

Mechanical Work & finally into Electrical 

Energy

• Consist of Boiler , Turbine , Condenser 

and Pump - constitute a Thermodynamic 

Cycle (refer image below)

• ∑Q=∑W | QS-QR= WT-WP (From FLOT)



TYPES OF

Vapor Power

Cycles

• Carnot Steam Cycle – Most Efficient but not 

suitable for Vapor Power Cycle

• Rankine Cycle – Ideal Cycle for Vapor Power

Cycle

• Reheat Rankine Cycle – Increases Efficiency 

of Rankine Cycle

• Regenerative Rankine Cycle - Increases 

Efficiency of Rankine Cycle



Carnot Steam Cycle Analysis

• Process 1-2 =>Heat Addition at Isothermal Process 

2-3 => Isentropic Expansion Process

3-4 => Heat Rejection at Isothermal Process

4-1 => Isentropic Compression Process

• Heat Supplied (QS ) =T1[S2-S1]

• Heat Rejected (QR ) =T2[S3-S4]

• Net Work Done = WT –WP =QS-QR



Carnot Steam Cycle Efficiency

•
Efficiency = = QS−QR

QS

=> ῃ =1-
QS

QR = 1 -
T2[S3−S4]

T1[S2−S1]

• From T-S Diagram S2= S3 & S1=S4

ῃ=
T1−T2

T1



Carnot Steam Cycle 

Limitations

• Most efficient cycle but not considered for Steam 

Power Plant as

• No pump is built which can handle mixture of

water & vapor

• Superheating at constant temperature resulting 

decrease in pressure which will decrease 

turbine work



INTRODUCTION

Rankine Cycles

• Difficulties of Carnot Cycle is eliminated

• Complete Condensation of Vapor in 

Condenser is possible

• Heat supplied is carried out at constant 

pressure process

• Turbine Work & Pump Work is at Isentropic 

Process



Rankine Cycle Analysis

• Applying Steady Flow Energy Equation (SFEE) Boiler

=> h4 + QS = h1 | QS = h1 – h4

| WT = h1 – h2• Turbine => h1 = WT + h2

• Condenser => h2 = QR + h3

• Pump => h3 + WP = h4

| QR = h2 – h3

| WP = h4 – h3

• Efficiency ῃ =
W T–W P

QS

h1 – h2 –[h4 – h3]
=

h1 – h4



Rankine Cycle Analysis Contd.

• Pump Work can also be calculated as 

Tds = dh – vdp

As ds = 0 

dh = vdp

h4 – h3 = v3[p1 – p2]

If v is in m3/kg & p is in bar

h4 – h3 = v3[p1 – p2] * 105 j/kg

The Pump Work is quite small as compare to 

Turbine Work. So neglecting Pump Work
h1 – h2

Efficiency ῃ =
h1 – h4



ACTUAL

Rankine Cycles

Actual Cycle Differs Because of Losses

Occur in Various Components. These

Losses are-

• Piping Losses

• Turbine Losses

• Pump Losses

• Condenser Losses



Actual Rankine Cycle

• Piping Losses – It is mainly Pressure Drop due to Friction and Heat 

Loss to the Surrounding(fig.1’-1) Pressure Drop also occurs in the 

Boiler & Pipelines resulting additional Pump Work causing 

decrease in Efficiency

• Turbine Losses – These associated with Frictional Effects & Heat 

Loss to the surrounding in the Turbine

Turbine Work WT = h1 – h2 –QLOSS

TTurbine Efficiency ῃ =
h1 – h2

=
h1 – h2

• Pumping Losses – These Losses are due to irreversibility

associated with fluid friction in the Pump

PPump Efficiency ῃ =
h −h4S 3

h4−h3

• Condenser Losses – These losses are due to cooling of

condensate below the saturation temperature



EFFECT OF OPERATING CONDITIONS

ON RANKINE CYCLE EFFICIENCY

Effect of 

Superheating

• Increases Turbine Work

• Heat Supply Increases

• Increase in Turbine Work is more 

then Increase in Heat Supply Hence 

Efficiency Increases



EFFECT OF OPERATING 

CONDITIONS ON RANKINE CYCLE 

EFFICIENCY

Effect of Inlet 

Pressure

• Increase in Turbine Work is more than the

amount of Decrease in Turbine Work

• Heat Rejection also Decreases

• Hence Efficiency Increases



EFFECT OF OPERATING CONDITIONS

ON RANKINE CYCLE EFFICIENCY

Effect of Exhaust 

Pressure

• Turbine Work Increases by Decreasing 

the Exhaust Pressure

• Heat Supply also Increases

• But Increase in Heat Supply is less than 

Increase in Turbine Work

• Hence Efficiency Increases



VAPOR POWER CYCLE

Terminologies

• Work Ratio (WR) – The ratio of the net work

output to the Turbine work
WT − WP

WR = =
WT

• The Specific Steam Consumption (Steam 

Rate) – The amount of steam consumed per 

kwh of power developed

Steam Rate = Τ

• Heat Rate (HR) – The heat consumption rate 

to develop 1 kwh net power output

Heat Rate = =
QS

ῃ QS − QR
Τ



Principle of

Increasing Thermal 

Efficiency

• Increasing the average temperature 

at which heat is added to the cycle

• Decreasing the average 

temperature at which heat is 

rejected to the cycle



Reheat Rankine Cycle

• A method to increase the Thermal 

Efficiency of the plant

• Reheating is possible only when 

expansion of steam in more than two 

stage of steam turbine and heat the 

steam between the stages by the 

combustion gasses from the boiler



Reheat Rankine Cycle Analysis

QS

h1− h2s + h3 – h4s −(h6s – h5)

3600

WT – WP
=

( h1 – h6s) + (h3− h2s)
3600

h1− h2s + h3 – h4s −(h6s – h5)
/

• Reheating at constant pressure between the stages

• Optimum Intermittent pressure should be 0.2 to 0.25 of the initial

pressure

• Heat Supplied (QS) =( h1 – h6s) + (h3- h2s)

• Heat Rejected (QR) = h4s- h5

• Turbine Work (WT) = (h1- h2s) + (h3 – h4s)

• Pump Work (WP) = (h6s – h5)

• Efficiency( ῃ) =WT – WP
=

• Steam Rate (SR) =

• ℎ



Regenerative Cycle

• A method to increase the Thermal Efficiency of the 

Plant

• Expanding steam of the Turbine is used to heat the 

Feed Water

• Objective - To supply the feed water in the boiler at a 

temperature higher then the condenser temperature 

by heating the feed water with the steam expanding 

in the turbine

• The average temperature of heat addition in the cycle 

increases which result increase in thermal efficiency 

of the cycle.



Regenerative Cycle Analysis

• Assuming reversible heat transfer between feed water 

and vapor in the Turbine

• The process 1-2’ thus represent reversible expansion

of steam in the turbine with reversible heat rejection

• So the slope of line 1-2’ & 4’-3 will be identical at every 

temperature and the line will be identical in contour

• Area 4-4’-b-a-4 and area 2’-1-d-c-2’ are not only equal

but congruous

• Hence Heat Supply & Heat rejection is at constant 

temperature

• Heat Supplied (QS) = h1 – h4’ =T1(S1 – S4’)

• Heat Rejected (QR) = h2’ – h3 = T2(S2’ – S3)

• From T-S Diagram S4’ – S3 = S1 – S2’ 

S1 – S4’ = S2’ – S3



Regenerative Cycle Efficiency

• Efficiency (ῃ) = 1 -
QR = 1 –

T2

QS T1

• Efficiency of the ideal regenerative cycle is equal to the

Carnot Cycle Efficiency

• The net work output of the ideal regenerative cycle is 

less and steam rate is more (Fig.)

• Compared with ideal Rankine Cycle, Regenerative

Cycle is more efficient but it has following drawback –

• Reversible heat transfer cannot be obtained in 

finite amount of time

• Heat exchanger in turbine is mechanically

impracticable

• Moisture content of the steam in the turbine 

will be high

• Hence it is always prefer to use Reheat and 

Regenerative Cycle together



Reheat Regenerative Cycle
• The effect of Reheat alone on the thermal efficiency of the 

plant is very small

• The Regenerative Cycle alone also having less effect on

thermal efficiency of the plant

• So it is always prefer to use combined Reheat – Regenerative 

Cycle (flow & T-S diagram in Fig.)

• Three feed water heaters are used having mass flow of steam

is m1,m2 and m3 respectively

• WT = (h1 – h2) + (1 – m1)(h2 – h3) + (1 – m1)(h4 – h5) + (1 – m1 –

m2)(h5 – h6) + (1 – m1 – m2 – m3)(h6 – h7) kJ/kg

• WP = (1 – m1 – m2 – m3)(h9 – h8) + (1 – m1 – m2)(h11 – h10) + (1 –

m1)(h13 – h12) + (h15 – h14) kJ/kg

• QS = Q1 = (h1 – h15) + (1 – m1)(h4 – h3) kJ/kg

• QR = Q2 = (1 – m1 – m2 – m3)(h7 – h8) kJ/kg

• The Energy Balance of Heater 1,2,3 give

• m1h2 + (1 – m1)(h13) = 1 * h14

• m2h5 + (1 – m1– m2)(h11) = (1 – m1)* h12

• m3h6 + (1 – m1 – m2 – m3) * h9 = (1 – m1 – m2 – m3) * h10

• From above 3 equations, m1, m2 and m3 can be evaluated

• Efficiency (ῃ) =
WT

−
WP = 1 -
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This Presentation Ends…
See you soon in the next!


