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22.3.0 THERMODYNAMICS

22.3.1 Introduction
Thermodynamicsdealswiththerelationshipsofwork,heat
andenergy.Finally,fluidmechanicsdealswithfluidsin
motionandhydraulicmachinese.g.pumps.Thissectionis
coveredandtestedasapaperinthefinalstage.

Theinstructionalapproachwillemphasizeonexperiments,
industrialvisitsandanalysisofvariousengineering
concepts.

22.3.2 GeneralObjectives
Bytheendofthesemoduleunits,thetraineeshouldbeable
to:
a)understandthebasicconceptsofengineeringscience
b)designengineeringstructures.
c) sizepowerrequirementsofmotorsusedinengineering

design
d)producemodelsofdesignedprototypes.
e)applytheknowledgeacquiredtoimprovethe

performanceofvariousequipments.

22.3.2 ModuleSummaryandTimeAllocation

Thermodynamics
Code Sub-Module

Unit
Content Time

Hrs
22.3.1 Introduction

to
Fundamenta
lsofThermo
-Dynamics

 Definitionsofterms:
 Thermodynamicsystems
 Typesofworkingfluids
 Typesofthermodynamic

processes
 Thermodynamiccycles
 Definitionofwork
 Statementofthefirstlaw

ofthermodynamics

4

22.3.2 SteadyFlow
Processes

 Derivationofsteadyflow
energyequation(S.F.E.E)

 ApplicationoftheS.F.E.
E.

 Calculationofwork,heat

4
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transfer,changesin
internalenergy,and
enthalpy

22.3.3 Non-Flow
Processes

 Non-flowenergyequation
(N.F.E.E.)


 ApplytheN.F.E.E.fora

gasandvapourprocesses

4

22.3.4 Perfect
Gases

 Boyle’slaw
 Charles’law
 Derivethecharacteristic

gasequation
 Solutionofproblemsusing

characteristicgas
equationtheequation

 Definitionofspecific
heats,universalgas
constant,andspecificgas
constant

 Boyle’slawexperiment
 Charles’lawexperiment
 Joule’slawexperiment

6

22.3.5 Steam  Steam generation
 PVdiagram
 TSdiagram
 Identificationofdifferent

regionsonthePVdiagram
 Definitionofdifferent

conditionsofsteam
 Areaunderthe-P-V

diagram
 Determinationofdryness

fraction
 Experimentsonpressure

andboilingpoint
 Experimentonenergy

balance

6

22.3.6 Thermodyna
mic
Reversibility
andEntropy

 Criteriaforreversibility
 Internalreversibility
 Explanationofthe

principleoftheheat
engine.

 Secondlawof
thermodynamics

8
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 Thermalefficiency
 Carnotcycle
 Network
 Netheat
 AreaundertheT-S

diagram
22.3.7 IdealGas

Cycle
 Explanationsofthe

differentgascycles
 Airstandardefficiency
 Workdone
 Heatreceivedorrejected
 Compressionratio
 Meaneffectivepressure
 Maximum cycle

temperatures

8

22.3.8 Fuelsand
Combustion

 Classificationsoffuels
 Propertiesoffuels
 Definitionofcombustions

terminologies
 Applicationofthe

equationstosolve
combustionandexhaust
gasproblems

 Determinationofcalorific
valueoffuel.

 Analysisofproductsof
combustion

8

22.3.9 Heat
Transfer

 Applicationofthe
conductionequations

 Derivationoftheheat
transferequations

 Applicationoftheheat
transferequationstosolve
relatedproblems

8

22.3.10 Heat
Exchangers

 Classification
 Descriptionofvarious

typesofrecuperativeheat
exchangers

 Derivationofheat
exchangerequations

 Applicationofthe
equations

 Heatexchanger
experiments

4
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22.3.11 Air
Compressor
s

 Classification
 Typesofcompressors
 Derivationsofequations

ofreciprocating
compressors

 Applicationsofthe
equationsofreciprocating
compressors

 Aircompressor
experiments

8

22.3.12 Gas
Turbines

 Theoreticalcycle
 Opengasturbineunit
 Closedgasturbineunit
 Plantdiagram
 T-Sdiagram
 Thermalefficiency
 Derivationofgasturbine

equations
 Modificationsofthebasic

cycle
 Applicationsofthegas

turbineequations

10

22.3.13 Impulse
Steam
Turbines

 Principleofoperation.
 Compounding
 Multistageimpulse

turbine
 Derivationofrelated

equations
 Optimum operating

conditions
 Steam turbine

experiments
 Mechanicalefficiency
 Specificfuelconsumption
 Specificsteam

consumption

10

TotalTime 88
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22.3.1INTRODUCTIONTO
FUNDAMENTALS OF
THERMO-
DYNAMICS

Theory

22.3.1T0 SpecificObjectives
Bytheendofthesub
moduleunit,the
traineeshouldbeable
to:
a)define

terminologies
appliedto
thermodynamics

b)statevarioustypes
ofsystems

c) statevarioustypes
ofworking
substances

d)describea
thermodynamic
process

e)statevarioustypes
ofthermodynamic
cycle

f) define
thermodynamic
work

g)statethefirstlaw
of
thermodynamics

22.3.1C Competence
Thetraineeshould
havetheabilityto:
i) Definevarious

termsusedin
thermodynamic

ii) Describevarious
Thermodynamic
processesand
cycles

iii)Statethefirstlaw
of

thermodynamics
iv)Applythefirstlaw

of
thermodynamics

Content
22.3.1T1 Definitionsofterms

i) Thermodynamics
ii) System
iii)Thermodynamic

cycle
iv)Properties
v) Surrounding
vi)Boundary

22.3.1T2 Thermodynamic
systems
i) Opensystem
ii) Closedsystem

22.3.1T3 Typesofworking
fluids

i) Air
ii) Water

- Steam
22.3.1T4 Thermodynamic
processes

i) Definition
ii) Reversible

processes
iii)Irreversible

processes
22.3.1T5 Typesof
thermodynamics
processes

i) Isothermal
ii) Isochoric
iii)Isobaric
iv)Polytropic
v) Adiabatic
vi)Hyperbolic

22.3.1T6 Thermodynamic
cycles

i) Ottocycle
ii) Dieselcycle
iii)Joulescycle
iv)Carnotcycle

ea
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v) Dualcombustion
cycle

22.3.1T7 Thermodynamicwork
22.3.1T8 Statementofthefirst
lawofthermodynamics

SuggestedLearningResources
i) Textbooks
ii) Handouts

22.3.2 STEADYFLOW
PROCESSES

Theory

22.3.2T0 SpecificObjectives
Bytheendofthesub
moduleunit,the
traineeshouldbeable
to:
a)derivethesteady

flowenergy
equation(S.F.E.
E).

b)applythesteady
flowenergy
equationtosolve
problems.

Content
22.3.2T1 Derivationof

S.F.E.equation

22.3.2T2 Applicationofthe
S.F.E.Equation
i) boilers
ii) condensers
iii) compressors
iv) turbines
v) nozzles

vi) throttling
processes

22.3.2T3 Calculationof:
i) work
ii) heattransfer
iii) changesin

internalenergy
iv) changesin

enthalpy

22.3.3 NON-FLOW
PROCESSES

Theory

22.3.3T0 SpecificObjectives
Bytheendofthetopic,
thetraineeshouldbe
ableto:
a)derivethenon-flow

energyequations
(N.F.E.E)

b)applythenonflow
equationtosolve
problems

Content
22.3.3T1 DerivationN.F.E.E:

22.3.3T2 ApplytheN.F.E.E.to
solveproblemsfora
gasandvapour
processes

22.3.4 PERFECTGASES

Theory

22.3.4T0 SpecificObjectives
Bytheendofthesub

ea
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moduleunit,the
traineeshouldbeable
to:
a)stateBoyle’slaw
b)stateCharles’law
c) derivethe

characteristicgas
equation

d)solveproblems
usingthe
characteristicgas
equation

e)definespecific
heats

22.3.4C Competence
Thetraineeshould
havetheabilityto:
i) Setupand

perform the
experiment

ii) Analyzetheresults
iii)Applythe

characteristicgas
equation

Content
22.3.4T1 Boyle’slaw
22.3.4T1 Charles’law
22.3.4T1 Derivethe

characteristicgas
equation

22.3.4T1 Solutionofproblems
usingtheequation

22.3.4T1 Definitionof:
i) SpecificheatsCp,

Cv
ii) universalgas

constant
iii)specificgas

constant

Practice

22.3.3P0 SpecificObjectives
Bytheendofthesub
moduleunit,the
traineeshouldbeable
to:
a)verifyBoyle’slaw
b)verifyCharles’law
c) verifyJoule’slaw

Content
22.3.4P1 Boyle’slaw

experiment
22.3.4P1 Charles’law

experiment
22.3.4P1 Joule’slaw

experiment

SuggestedLearningResources
i) Textbooks
ii) Handouts
iii) Proceduresheets

22.3.5 STEAM

Theory

22.3.5T0 SpecificObjectives
Bytheendofthesub
moduleunit,the
traineeshouldbeable
to:
a)describethe

generationof
steam

b)explainthecritical
point.

c) definevarious
formsofsteam

d)identifyonp-vand
t-sdiagram the
variousregionsof
steam generation

e)Solvesteam

ea
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problems

Content
22.3.5T1 Steam generation
22.3.5T2 Criticalpoint
22.3.5T3 Formsofsteam
22.3.5T4 Diagrams

i) P-Vdiagram
ii) T-Sdiagram

- liquidregion
- wetregion
- superheated

region
- areaunderthe-T

-Sdiagram
22.3.5T5 Problemsonsteam

Practice

22.3.5P0 SpecificObjectives
Bytheendofthesub
moduleunit,the
traineeshouldbeable
to:
a)determinedryness

fraction
b)carryoutan

experimentto
showthe
relationship
betweenpressure
andboilingpoints.

c) carryoutboiler
experimentfor
energybalance.

d)plotthe
temperature-
pressurediagram

Content
22.3.5P1 Determinationof

drynessfraction
22.3.5P2 Experimentson

pressureandboiling
point

22.3.5P3 Experimentonenergy

balance
22.3.5P4 Temperaturepressure

diagram

22.3.5C Competence
Thetraineeshould
havetheabilityto:
i) Setupand

perform the
experiment

ii) Analyzetheresults
iii)Plotthe

temperature
pressurediagram

SuggestedLearningResources
i) Textbooks
ii) Handouts
iii) Steam tables
iv) Proceduresheets
v) Boiler
vi) Throttling

calorimeter
vii)Separatingand

throttling
calorimeter

22.3.6 THERMODYNAMIC
REVERSIBILITY
ANDENTROPY

Theory

22.3.6T0 SpecificObjectives
Bytheendofthesub
moduleunit,the
traineeshouldbeable
to:
a)explain

thermodynamic
reversibility

b)explainthe
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principleofthe
heatengine.

c) explainentropyin
various
thermodynamic
cycles.

Content
22.3.6T1 Thermodynamics

reversibility
22.3.6T2 Principleofheat

engine
22.3.6T3 Secondlawof

thermodynamics
22.3.6T4 Entropy

SuggestedLearningResources
i) Textbooks
ii) Handouts

22.3.7 IDEALGASCYCLE

Theory

22.3.7T0 SpecificObjectives
Bytheendofthesub
moduleunit,the
traineeshouldbeable
to:
a)explainthe

processesthat
makeuptheideal
gascycles.

b)differentiate
betweenair
standardefficiency
andactual
efficiency.

c) solveproblemsin
variousideagas
cycles

Content
22.3.7T1 Theidealgascycle

i) Joule’scycle
ii) Ottocycle

iii)Dieselcycle
iv)Dualcombustion

cycle
22.3.7T2 Airstandardefficiency
22.3.7T3 Calculations

i) Workdone
ii) Heatreceivedor

rejected
iii)Meaneffective

pressure
iv)Maximum cycle

temperatures

22.3.8 FUELSAND
COMBUSTION

Theory

22.3.8T0 SpecificObjectives
Bytheendofthesub
moduleunit,the
traineeshouldbeable
to:
a)classifyfuels
b)describe

propertiesoffuels
c) derivecombustion

equations
d)applythe

equationstosolve
combustionand
exhaustgas
problems

22.3.8C Competence
Thetraineeshould
havetheabilityto:
i) Setupand

Perform the
experiment

ii) Analyzetheresults
iii)Classifyfuels

Content
22.3.8T1 Classificationsof

fuels:

ea
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i) solidfuels
ii) liquidfuels
iii) gaseousfuels

22.3.8T2 Properties:
i) calorificvalues
ii) flashpoint
iii) ultimateanalysis

22.3.8T3 Combustions
terminologies:

i) stoicho-metricair
ii) airfuelratio
iii) mixturestrength
iv) actualair

22.3.8T4 Applicationofthe
equationsto
solvecombustion
andexhaustgas
problems
Practice

22.3.8P0 SpecificObjectives
Bytheendofthesub
moduleunit,the
traineeshouldbeable
to:

a)determinethe
calorificvalue
offuels

b)analyse
productsof
combustion

Content
22.3.8P1 Determinationof

calorificvalueoffuel
22.3.8P2 Analysisofproducts

ofcombustion

SuggestedLearningResources
i) Textbooks
ii) Handouts
iii) Proceduresheet
iv) Bombcalorimeter
v) Orsatapparatus
vi) Fuels

22.3.9 HEATTRANSFER

Theory

22.3.9T0 SpecificObjectives
Bytheendofthesub
moduleunit,the
traineeshouldbeable
to:
a)derivethe

conduction
equationsfrom
Fourier’slaw

b)applythe
conduction
equationsfrom
Fourier’slawto
solveheattransfer
problem.

c) derivetheheat
transferequations
from Newton’slaw
ofcoolingand
Fourier’slaw.

d)applytheheat
transferequations
from Newton’slaw
tosolveproblems.

Content
22.3.9T1 Derivationoftheheat

transferequationsfor:
i) singleflatwall
ii) compositeflat

wall
iii) singlecylindrical

wall
iv) composite

cylindricalwall
22.3.9T2 Applicationoftheheat

transferequationsto
solverelatedproblems

SuggestedLearningResources

ea
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i) Textbooks
ii) Handouts

22.3.10 HEATEXCHANGERS

Theory

22.3.10T0SpecificObjectives
Bytheendofthesub
moduleunit,the
traineeshouldbeable
to:
a)classifyheat

exchangers
b)describevarious

typesof
recuperativeheat
exchangers

c) deriverecuperative
heatexchanger
equations

d)applythe
equationstosolve
recuperativeheat
exchanger
problems

22.3.10C Competence
Thetraineeshould
havetheabilityto:
i) Setupand

perform
experimentson
heatexchanger

ii) Identifytypesof
heatexchangers

Content
22.3.10T1Classification

i) recuperative
ii) regenerator
iii)evaporative

22.3.10T2Descriptionofvarious
typesofrecuperative
heatexchangers
i) parallelflow

ii) counterflow
iii)crossflow

22.3.10T3Derivationof
recuperativeheat
exchange

22.3.10T4applicationofthe
equations

Practice

22.3.10P0 SpecificObjectives
Bytheendofthesub
moduleunit,the
traineeshouldbe
abletocarryout
experimentsonheat
exchangers

Content
22.3.10P1 Heatexchanger

experiments

SuggestedLearningResources
i) Textbooks
ii) Handouts
iii) Proceduresheet
iv) Heatexchangers

22.3.11 AIRCOMPRESSORS

Theory

22.3.10T0SpecificObjectives
Bytheendofthesub
moduleunit,the
traineeshouldbeable
to:
a)classifyair

compressors
b)describevarious

typesof
compressors

c) deriveequations
forreciprocating
compressors

d)applythe

ea
sy
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equationsforthe
reciprocation
compressors

22.3.11C Competence
Thetraineeshould
havetheabilityto:
i) Setupand

perform
experimentson
compressors

ii) Identifydifferent
typesof
compressors

Content
22.3.10T1Classification

i) reciprocating
compressors

ii) rotary
compressors

22.3.10T2Typesofcompressors
i) reciprocating
ii) blowers
iii) slidingvalve

22.3.10T3Derivationsof
recuperativeheat
exchangerequations

i) workdone
ii) freeairdelivery
iii)volumetric

efficiency
iv)multistage

compressors
v) intercooling

22.3.10T4Applicationsofthe
equationsof
reciprocating
compressors

Practice

22.3.10P0 Specific
Objectives

Bytheendofthesub
moduleunit,the

traineeshouldbeable
tocarryout
experimentsonheat
exchangers

Content
22.3.10P1 Aircompressor

experimentto
measure
i) Volumetric

efficiency
ii) Isentropic

efficiency

SuggestedLearningResources
i) textbooks
ii) handouts
iii) Proceduresheet
iv) Aircompressors

22.3.11 GASTURBINES

Theory

22.3.11T0SpecificObjectives
Bytheendofthesub
moduleunit,the
traineeshouldbeable
to:
a)explainthe

theoreticalcycle
foragasturbine.

b)describetheopen
cyclegasturbine.

c) describethe
closedcyclegas
turbine.

d)derivegasturbine
equations.

e)explainthe
modificationsof
thebasiccycle.

f) applythe
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sy
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equationstosolve
gasturbine
problems

Content
22.3.12T1Theoreticalcycle

i) Joulecycle
22.3.12T2Opengasturbineunit
22.3.12T3Closedgasturbine

unit
22.3.12T4Plantdiagram
22.3.12T5T-Sdiagram
22.3.12T6Thermalefficiency
22.3.12T7Derivationofgas

turbineequations
22.3.12T8Modificationsonthe

basiccycle
22.3.12T9Applicationsofthe

gasturbineequations

SuggestedLearningResources
i) Textbooks
ii) Handouts

22.3.13 IMPULSESTEAM
TURBINES

Theory

22.3.13T0SpecificObjectives
Bytheendofthesub
moduleunit,the
traineeshouldbe
ableto:
a)describethe

principleof
operationofthe
impulsesteam
turbine.

b)deriveimpulse
steam turbine
equations.

c)applythe
equationsto
solveimpulse
steam turbine

problems.

22.3.13C Competence
Thetraineeshould
havetheabilitytoset
upandperform an
experimentonsteam
turbines

Content
22.3.13T1Principleofoperation

i) Compounding
ii) Multistage

impulseturbine
22.3.13T2Derivationofrelated

equations
i) power
ii) diagram

efficiency
iii) Optimum

operating
conditions

22.3.13T3Applicationsof
impulse steam equations

Practice

22.3.13P0 Specific
Objectives

Bytheendofthesub
moduleunit,the
traineeshouldbeable
tocarryout
experimentsonsteam
turbines.

Content
22.3.13P1 Steam turbine

experiments
22.3.13P2 Mechanical

efficiency
22.3.13P3 Specificfuel

consumption
22.3.13P4 Specificsteam

consumption
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SuggestedLearningResources
i) Textbooks
ii) Handouts
iii) Steam tables
iv) h-schart
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