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THERMODYNAMICS and HEAT ENGINES



UNIT I


TEMPERATURE AND THE ZEROTH LAW OF THERMODYNAMICS



Zeroth Law of Thermodynamic

Temperature scales

Constant volume Gas thermomete

Displacement work or pdV Work

pdV-work in Various Quasi-Static Processes

Paddle-wheel work or Stirring Work

Work done in Stretching a Wir

Unrestrained or Free Expansion

Unit – II

ThefirstLawofThermodynamicsforaControlMassUndergoingaCycle - Joule’s Experiment

AdiabaticWorkTransferW1-2FollowedbyHeatTransferQ2-1
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Internal Energy – A thermodynamic Property
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Thesteady-StateProcess
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b) Nozzleanddiffuser

c) SteamorGas Turbine

d) RotaryCompressor

e) ThrottlingDevice

Unit – III

LimitationsofFirstLawofThermodynamics

ThermalReservoir

HeatEngine

RefrigeratororHeatPump

The Second Law of Thermodynamics

Perpetual-Motion Machine of Second Kind

Equivalence of Kelvin Planck and Classius statement

Carnot Cycle and Carnot Heat Engine

Reversed Heat Engine (Carnot Heat Pump or Refrigerator)

Carnot Theorem

ProofofCarnotTheorem

CorollariesofCarnot’sTheorem:

The Thermodynamic Temperature Scale

The Inequality of Clausius

Entropy–APropertyofaSystem

Entropy Change of a control mass during a Reversible Process

The Thermodynamic Property Relations

EntropyChangeofaControlMassduringanIrreversibleProcess

Entropy Generation

Principles of the increase of Entropy

Entropy Change of a Solid or Liquid

EntropyChangeofanIdealGas

EntropyasaRateEquation

HighandLowGradeEnergy

AvailableandUnavailableEnergy

LossofAvailableEnergyduetoHeatTransferthroughaFiniteTemperatureDifference

Availability

AvailabilityofNon-floworClosedSystem

AvailabilityofSteadyFlowSystem

HelmholtzandGibb’sFunctions

Maxwell Relations

Third Law of Thermodynamics (Nernst Law)

Unit – VI

Objectives:
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Outcomes:

› Terminology for Reciprocating Devices

›

› Otto Cycle (Constant Volume Cycle)

› Air-Standard Diesel Cycle (or constant pressure cycle):

›

› Dual Cycle (mixed cycle/ limited pressure cycle

› Comparison of cycles

› Brayton Cycle (or Joule cycle)

SIMPLE RANKINE CYCLE

VAPOUR COMPRESSION REFRIGERATION SYSTEM

Air Refrigeration System And Bell-Coleman Cycle Or Reversed Brayton Cycle

CourseObjectives:

MODULEI: ActualCycles&I.C.Engines 12

MODULEII: CombustioninS.I.Engines&C.I.Engines 13 Periods

MODULEIII:I.C.EngineTestingandPerformance 13

MODULEIV:ReciprocatingCompressor 13

MODULEV:Rotary&AxialFlowCompressors 13

TEXTBOOKS

REFERENCES

E- RESOURCES

HEAT ENGINES

Module - IINTRODUCTION

Comparisonbetweenexternalcombustionengineandinternalcombustionengine:

Main components of reciprocating IC engines:

Fig.1.DifferentpartsofICengine

TerminologyusedinICengine:

Fourstrokeengine:

Two stroke engine:

Comparison of Four-stroke and two-stroke engine:

Comparison of SI and CI engie:

Valvetimingdiagram:

Fig.4.Theoreticalvalvetimingdiagram

Fig.5.Actualvalvetimingdiagramforlowandhighspeedengine

Porttimingdiagram:

Fig.6.Porttimingdiagramfor2-stroke engine

Fig.7. Otto cycle

FUELS &FUEL INJECTION

*ClassificationofpetroleumfuelsusedforICengine:

*Refineryprocesses:

Fig.10.Refinery processes

*Alternative fuels:

› Methanol

› Ethanol

› Hydrogen:

Methods of using Hydrogen as a fuel in CI engines

› Natural Gas:

› Producer Gas:

› BlastFurnaceGas:

› CokeOven Gas:

*GeneralFuel Specifications:

iii) Relativedensity(specificgravity):

iv) Fuel composition:

(C)Specificheatingvalue:

+ Flashpoint:

+ Viscosity:

+ Surfacetension:

+ Freezingpoint:

*Importantfuelspecificationsforgasoline(a) Gasoline volatility:

Fig.12.Distillationcurve

(b)Antiknockqualityofgasoline:

*Importantfuelspecificationsfordiesel(a) Viscosity:

• Surfacetension:

• Cetanenumber:

Measurementofcetanenumber:

*Carburetion:

*Mixturerequirementsforsteadystateoperation:

Fig.13.Mainareasofautomotiveengineoperation

*Mixturerequirementsfortransientoperation:

*SimpleCarburettor:

Fig.14.Asimple carburettor

(i) Mainmeteringsystem:

Emulsiontubeorairbleedingdevice:

Backsuctioncontrolorpressurereductionmethod:

Auxiliaryvalvecarburettor:

Auxiliaryportcarburettor:

(ii) Idlingsystem:

(iii) Powerenrichmentoreconomisersystem:

(iv) Accelerationpumpsystem:

(v) Choke:

*Carburettortypes:
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Followingaretheadvantagesofelectronicignitionsystem:

Firingorder:
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*Pre-ignition
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4.3 Classificationofcompressors:
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4.5 Compressionprocesses:
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MODULEV
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UnitII SecondLaw
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UnitIV-IdealandrealGasesThermodynamicRelations
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Unit1-BasicConceptandFirstLaw

Unit2-Second Law

Unit3-PropertiesofPuresubstancesandsteamPowerCycle

Unit4-IdealandRealgasesandThermodynamicRelations

Unit5-Psychrometry

FLUIDMECHANICSANDMACHINERY TWO MARK QUESTIONS

1. Definedensityormassdensity.

Density,ρ=mass/volume(Kg/m3) ρwater = 1000 Kg/m3

Specificweight,γ=weight/volume(N/m3)

4. Definedynamicviscosity.

1N-s/m2 =1Pa-s=10Poise

7. Define Compressibility.

8. DefineSurface Tension.

ptotal = pinside +patm....................................................................patm=101.325 x103N/m2

11. DefineControl Volume.

12. Writethecontinuity equation.

13. Listthetypesof fluidflow.

14. DefineSteadyandUnsteadyflow Steady flow

∂V/∂t=0∂p/∂t=0∂ρ/∂t=0

∂V/∂s=0∂p/∂s=0∂ρ/∂s=0

∂V/∂s≠0∂p/∂s≠0∂ρ/∂s≠0

17. DefineCompressibleandincompressibleflow Compressible flow

ρ≠constant

ρ=constant

Ir-rotationalflow

19. WritetheBernoulli’sequationappliedbetweentwosections

20. StatetheassumptionsusedinderivingBernoulli’sequation

21. ListtheinstrumentsworksonthebasisofBernoulli’sequation.

22. DefineImpulseMomentumEquation(or)MomentumEquation.

Fdt= d(mv)

1. MentiontherangeofReynolds’snumberforlaminarandturbulentflow inapipe.

2. WhatdoesHaigen –Poiseuille’sequationrefersto?

3. What is Hagen Poiseuille’s formula? (P1-P2)/ρg=hf=32μŪL/ρgD2

4. Writetheexpressionforshearstress? Shear stress δ = - (∂p/∂x) (r/2) δmax = - (∂p/∂x) (R/2)

6. Givethe equationforaveragevelocity:-

Ū=-(1/8μ)(∂p/∂x) R2

9. Whatarethefactors to bedeterminedwhenviscousfluidflowsthroughthe circular pipe?

10. Definekineticenergycorrection factor?

11. DefineBoundary layer.

12. Whatismeanbyboundarylayer growth?

13. Classificationofboundarylayer.

14. DefineLaminarsubLayer

15. DefineBoundarylayer Thickness

16. Listthevarioustypesofboundarylayer thickness.

17. Definedisplacementthickness.

δ*=∫[1 –(u/U) ]dy

θ=∫[(u/U)–(u/U)2 ]dy

δ**=∫[(u/U)–(u/U)3 ] dy

21. Explainthemajorlossesinapipe.

22. Explainminorlossesinapipe.

23. State Darcy-Weibach equation OR What is the expression for head loss due to friction?

24. Whatarethefactorsinfluencing thefrictionallossinpipeflow?

HGL=Sumof PressureHeadandDatum head

TEL=SumofPressure Head,DatumheadandVelocityhead

1. Definedimensionalanalysis.

2. Writetheusesof dimensionanalysis?

3. Listtheprimaryandderivedquantities.

6. Mentionthe methodsavailablefordimensional analysis.

7. StateBuckingham’sπ theorem.

8. ListtherepeatingvariablesusedinBuckinghamπtheorem.

9. Definemodeland prototype.

10. Writetheadvantagesofmodel analysis.

11. Listthetypesofsimilaritiesorsimilitudeusedinmodelanalysis

12. Definegeometricsimilarities

13. Definekinematicsimilarities

14. Definedynamicsimilarities

15. Mentionthevariousforcesconsideredinfluidflow.

16. Definemodellaworsimilaritylaw.

17. Listthevariousmodellawsappliedinmodelanalysis.

18. StateReynoldsmodellaw

19. StateFroude’smodellaw

20. StateEuler’smodellaw

21. StateWeber’smodellaw

22. StateMach’smodellaw

23. Classifythehydraulicmodels.

24. Defineundistortedmodel

25. Definedistortedmodel

26. DefineScale effect

27. Listtheadvantagesofdistortedmodel.

1. Define Pump.

2. DefineCentrifugalpump.

3. DefineSpecificspeedofa centrifugalpump.

4. Whatisareciprocatingpump?

5. Whatissingleactingpumpanddoubleactingpump?

6. WhatisDischargethroughaReciprocatingPump?

7. WhatistheWorkdonebyReciprocatingPumppersec?

8. Defineslipand%slip.

Slip = QT -Qact

9. Definecoefficientofdischargeofreciprocating pump?

10. Writetheexpressionforpressureheadduetoaccelerationinsuctionand delivery pipes.

Pressureheadduetoaccelerationindeliverypipe,had=(ld/g)(A/ad)ω2r Cosωt

12. Defineindicator diagram?

13. Defineidealindicator diagram?

14. WhatistherelationbetweenWorkdoneof aPumpandAreaofIndicator Diagram?

15. WhatistheWorkdonebythePumppersecduetoaccelerationandfrictioninthe suction and delivery Pipes?

16. Whatis an airvessel?

17. Whatisthepurposeofan airvesselfittedinthepump?

18. Whatistheworksavedbyfittinganairvesselinasingleacting,double acting pump?

19. Define Cavitation.

20. Defineseparationpressureandseparationpressurehead.

hsep=Hatm–(hs+has)[or]has=Hatm–hs – hsep

has= (ls/g) (A/as)ω2r

22. Howwillyouobtainthemaximumspeedduringdeliverystroke?

had= (ld/g) (A/ad) ω2r

23. WhatismeanbyMaximumspeedof aReciprocatingPump?

24. Writetheworkdonesavedbyfittingtheairvesselinreciprocatingpump.

1. WhatarefluidmachinesorHydraulic machines?

2. Howarefluidmachines classified?

3. Whatarecalledturbines?

4. WhatisknownasEuler’sequationforturbo-machines?

ρQ[Vw1u1+Vw2u2]

6. DefineNetheadof a turbine.

H = Hg– hf

8. Whatareanimpulseturbineandareactionturbine? Impulse Turbine:

ReactionTurbine:

9. DefineJet Ratio.

10. :

b) Basedonheadavailableat inlet

c) Basedonspecificspeed

d) Basedondirectionofflow throughrunner

11. DefineRadialflowreactionturbineandtheirtypes

12. WhatismeanbyDraft Tube?

13. Whydodrafttubeshaveenlargingpassageareainthedirectionof flow?

14. Usesof drafttube:

15. Typesof drafttube:

16. Definespecificspeedofaturbine.

17. DefineRunawayspeedof Turbine

18. Listthecharacteristiccurvesof Hydraulic turbine.

19. Whatisrotodynamic pump?

20. Listthecharacteristiccurvesof Hydraulic turbine.

21. DefineHydraulic efficiency.

22. DefineMechanical efficiency.

23. Definevolumetricefficiency.

24. DefineOverallefficiency.

25. DefineRunawayspeedof Turbine.
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UNIT I
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IntroductoryConcepts.


DefinitionofTHERMODYNAMICS:

›  Thermodynamics is the science that includes the study of energy transformations and of the relationships among the physical properties of the substances which are affected by these transformations.

›  The term 'Thermodynamics' was first used in a publication by Lord Kelvin in 1849. The first thermodynamics textbook was written in 1859 by William Rankine, a professor at the Universityof Glasgow.

›  ScopeofThermodynamics

Although aspects of thermodynamics have been studied since ancient times, the formal study of thermodynamics began in the early nineteenth century through consideration of thecapacity of hot objects to produce work. Today the scope is much larger. Thermodynamics now provides essential concepts and methods for addressing critical twenty-first-century issues, such as using fossil fuelsmore effectively, fostering renewable energy technologies, and developing more fuel-efficient means of transportation. Also critical are the related issues of greenhouse gas emissions and air and water pollution. Thermodynamics is both a branch of science and an engineering specialty. Engineers are generally interested in studying systems and how they interact with their surroundings. To facilitate this, thermodynamics has been extended to thestudyofsystems through whichmatterflows, including bioengineering and biomedical systems.

AreasofApplicationofEngineeringThermodynamics



	[image: image]Aircraftandrocketpropulsion,

	Alternativeenergysystems

	Fuelcells

	Geothermalsystems

	Windturbines

	Automobile engines

	Bioengineeringapplications

	Biomedicalapplications

	Combustion systems

	Compressors,pumps

	Steamandgas turbines

	Powerproduction

	Propulsion

	Magnetohydrodynamic(MHD)converters

	Oceanthermal,wave,andtidalpowergeneration

	Solar-activatedheating,cooling,andpowergeneration

	Thermoelectricandthermionicdevices

	Coolingofelectronicequipment

	Cryogenicsystems,gasseparation,andliquefaction

	Fossilandnuclear-fuelledpowerstations

	Heating,ventilating,andair-conditioningsystems

	Absorptionrefrigerationandheatpumps

	Vapour-compressionrefrigerationandheatpumps



ThermodynamicPropertiesandenergyrelationshipscanbestudiedbytwomethods.

(i)  ClassicalThermodynamics

(ii)  StatisticalThermodynamics


	Classical and statistical Thermodynamics: It Involve studies which are undertaken without recourse to the nature of the Individual Particles which make up a substance and to their reactions. This is macroscopic view towards matter, and it requires no hypothesis about the detailed structure of matter on the atomic scale.



For example, the pressure of a gas in a container is the result of momentum transfer between the molecules and the walls of the container. However, one does not need to know the behaviour of the gas particles to determine the pressure in the container. It would be sufficient to attach a pressure gage to the container.

classical thermodynamics allows important aspects of system behaviour to be evaluated from observations of the overall system. It provides a direct and easy way to the solution of engineering problems.



	Statistical Thermodynamics: It is based on the statistical behaviour of large groups of Individual particles. This is microscopic view point of matter.



The statistical thermodynamics or microscopic approach to thermodynamics, is concerned directly with the structure of matter. The objective of statistical thermodynamics is to characterize by statistical means the average behaviour of the particles making up a system of interest and relatethis information to the observed macroscopic behaviour of the system.

For applications involving lasers, plasmas, high speed gas flows, chemical kinetics, very low temperatures (cryogenics), and others, the methods of statistical thermodynamics are essential.

System: A thermodynamic system is a Three dimensional region of space or an amount of matter, bounded by an arbitrary surface.

Everything external to the system is considered to be part of the system’s surroundings.Thesystemisdistinguishedfromitssurroundingsbyaspecified boundary, which may be at rest or in motion.


[image: image]

Systems may be considered to be closed or open, depending on whether a fixed mass or a fixed volume in space is chosen for study. A closed system (also known as a control mass or just system when the contextmakes it clear) consists of a fixed amount of mass, and no mass can cross itsboundary.Thatis,no masscanenterorleaveaclosedsystem,asshown infig. Howeverenergy may cross the system boundary.

[image: image]
[image: image]
[image: image]
Examples:



An open system, or a control volume, as it is often called, is a properly selected region in space. It usually encloses a device that involves mass flow such as a compressor, turbine, or nozzle. Flow through these devices is best studied by selecting the region within the device as the control volume. Both mass and energy can crosstheboundaryofa control volume. The boundariesof a control volume are called a control surface, and they can be real or imaginary.

A large number of engineering problems involve mass flow in and out of a system and, therefore, are modelled as control volumes.

Example: A water heater, a car radiator, a turbine, and a compressor all involve mass flow and should be analyzed as control volumes (open systems) instead of as control masses (closed systems).


[image: image]
[image: image]
––––––––
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	Properties: The state or physical condition of the system can be described bysome parameters called as Properties. Properties are the coordinates to describe the state of the system. Every property has a fixed value at a particular state.



Some familiar properties are pressure P, temperature T, volume V, and mass m. The list can be extended to include less familiar ones such as viscosity, thermal conductivity, modulus of elasticity, thermal expansion coefficient, electric resistivity, and even velocity and elevation.


	Propertiesareconsideredtobeeitherintensiveor extensive.

	Intensive properties are those that are independent of the Size or Extent or mass of a system, such as temperature, pressure, and density.

	Extensive properties are those whose values depend on the size—or extent—of the system. Total mass, total volume, and total momentum are some examples of extensive properties. An easy way to determine whether a property is intensive or extensive is to divide the system into twoequalpartswithanimaginarypartition,as shown in Fig.Eachpartwillhavethesame



valueofintensivepropertiesastheoriginalsystem,buthalfthe valueoftheextensive properties.


[image: image]
––––––––
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	Extensive properties per unit mass are called specific properties. Some examples of specific properties are specific volume (v = V/m) and specific total energy (e = E/m).

	Continuum: Matter is made up of atoms that are widelyspaced in the gas phase. Yet it is very convenient to disregard the atomic nature of a substance and view it as a continuous, homogeneous matter with no holes, that is, a continuum.

	The continuum idealization allows us to treat properties as point functions and to assume the properties vary continually in space with no jump discontinuities. This idealization is valid as longas the size of thesystem wedeal with is large relative to the space between the molecules.

	To have a sense of the distance involved at the molecular level, consider a container filled with oxygen at atmospheric conditions. The diameter of the oxygen molecule is about

	3 x10-10m and its mass is 5.3 x 10-26 kg. Also, the mean free path of oxygen at 1 atm pressure and 20°C is 6.3 x 1028 m. That is, an oxygen molecule travels, on average, a distance of 6.3 X 1028 m (about 200 times of its diameter) before it collides with another molecule.

	Also, there are about 3 X 1016 molecules of oxygen in the tiny volume of 1 mm3 at 1 atm pressure and 20°C. The continuum model is applicable as long as the characteristic length ofthe system (such as its diameter) is much larger than the mean free path of the molecules.

	Atveryhighvacuumsorveryhighelevations,themeanfreepathmaybecomelarge(for example,itisabout0.1 mforatmosphericairatanelevationof100km).Forsuchcasesthe rarefiedgasflowtheoryshouldbeused,andtheimpactofindividualmoleculesshouldbe considered. In this text we will limit our consideration to substances that can be modelled as a continuum.



›  State:Thestateofasystemistheconditionofthesystemdescribedbythe valuesofitsproperties.

›  [image: image]
Equilibrium:IfthePropertiesareinvariantwithrespecttotimethenthatstateiscalledasan Equilibrium state.








Consider a system not undergoing any change. At this point, all the properties can be measured or calculated throughout the entire system, which gives us a set of properties that completely describesthe condition, or the state, of the system. At a given state, all the properties of a system have fixed values. If the value of even one propertychanges, the state will change to a different one. In the below figure shows a system at two different states.

[image: image]

There are many types of equilibrium, and a system is not in thermodynamicequilibrium unless the conditions of all the relevant types of equilibrium are satisfied. For example,


	asystem is in thermal equilibrium ifthetemperatureis thesamethroughout theentiresystem, as shown in Fig. That is, the system involves no temperature differential, which is the driving force for heat flow.

	Mechanical equilibrium is related to pressure, and a system is in mechanical equilibrium if there is no change in pressure at any point of the system with time. However, the pressure may vary within the system with elevation as a result of gravitational effects.

	Finally, a system is in chemical equilibrium if its chemical composition does not change with time, that is, no chemical reactions occur. A system will not be in equilibrium unless all the relevant equilibrium criteria are satisfied.



If all the above equilibrium are satisfied then the system is said to be in Thermodynamic Equilibrium.


[image: image]
––––––––
[image: ]



StatePostulate:

›  The state of a simple compressible system is completely specified by two independent, intensive properties.




Processesandcycles:

›  Anychangethatasystemundergoesfromoneequilibriumstatetoanotheriscalleda process,andtheseriesofstatesthroughwhichasystempassesduringaprocessis called the path of the process.



––––––––
[image: ]


[image: image]


›  Todescribeaprocesscompletely,oneshouldspecifytheinitialandfinalstatesofthe process, as well as the path it follows, and the interactions with the surroundings.

Iftheprocessproceedsin suchawaythatif thefinalstateissameasinitialstatethen a

[image: image]
CYCLEissaidtobecompleted.



›  QuasistaticProcess

Whenaprocessproceeds insuchamannerthatthesystemremains infinitesimally

closetoanequilibriumstateatalltimes,itiscalledaquasi-static,orquasi-equilibrium, process.




›  ExpansionorCompressionWorkinQuasi-EquilibriumProcesses

AQuasiEquilibriumprocessisoneinwhichthedeparturefromthermodynamic equilibriumis atmostinfinitesimal.Allstatesthrough whichthe systempassesin aquasiequilibriumprocess maybeconsideredequilibriumstates. Becausenonequilibriumeffectsareinevitably present duringactualprocesses,systemsofengineeringinterestcanatbestapproach,butneverrealize,a quasi equilibriumprocess.

Imaginethatoneofthemassesisremoved,allowingthepistontomoveupwardasthegasexpands slightly. During such an expansion, the state of the gas would depart only slightly from equilibrium. Thesystem wouldeventuallycome to anew equilibrium state, wherethe pressure and allother intensive properties would again be uniform in value. Moreover, were the mass replaced, the gaswouldberestoredtoitsinitialstate,while again the departure from equilibrium would be slight. If several of the masses were removed one after another, the gas would pass through a sequence of equilibriumstateswithouteverbeingfarfromequilibrium.Inthelimitastheincrementsofmass aremadevanishingly small,thegaswouldundergo a quasiequilibriumexpansionprocess.Aquasi equilibrium compression can be visualized with similar considerations.



[image: image][image: image]
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TEMPERATURE AND THE ZEROTH LAW OF THERMODYNAMICS


Temperature is rooted in the notion of the “hotness” or “coldness” of objects. We use our sense of touch to distinguish hot objects from cold objects and to arrange objects in their order of “hotness,” deciding that 1 is hotter than 2, 2 hotter than 3, and so on. But however sensitive human touch maybe, we are unable to gauge this quality precisely.



To illustrate this, consider two copper blocks, and suppose that our senses tell us that one is warmer thantheother. If the blockswerebrought intocontactandisolatedfromtheirsurroundings,theywould interact in a way that can be described as a thermal (heat) interaction. During this interaction, it would be observed that the volume of the warmer block decreases somewhat with time, while the volume of the colder block increases with time. Eventually, no further changes in volume would be observed, and the blocks would feel equally warm. Similarly, we would be able to observe that the electrical resistance of the warmer block decreases with time and that of the colder block increaseswith time; eventually the electrical resistances would become constant also. When all changes in such observable properties cease, the interaction is at an end. The two blocks are then in thermal equilibrium. Considerations such as these lead us to infer that the blocks have a physical propertythat determines whether they will be in thermal equilibrium. This property is called


temperature,andwepostulatethatwhenthetwoblocksareinthermalequilibrium, their temperatures are equal.



––––––––
[image: ]



Zeroth Law of Thermodynamics:

›  when two objects are in thermal equilibrium with a third object, they are in thermal equilibriumwith one another.

›  If we want to know if two objects are at the same temperature, it is not necessaryto bringthem into contact and see whether their observable properties change with time, as described previously. It is necessary only to see if they are individually in thermal equilibrium with a third object. The third object is usually a thermometer.

›  Any object with at least one measurable property that changes as its temperature changes can be used as a thermometer. Such a property is called a thermometric property. The particular substancethatexhibitschangesinthethermometricpropertyisknownas a thermometricsubstance.







Temperature scales:

›  The temperature scales used in the SIand in the English system today are the Celsius scale and the Fahrenheit scale respectively. On the Celsius scale, the ice and steam points were originally assigned the values of 0 and 100°C, respectively. The corresponding values on the Fahrenheit scale are 32 and 212°F. These are often referred to as two-point scales since temperature values are assigned at two different points.

›  In thermodynamics, it is very desirable to have a temperature scale that is independent of the properties of any substance or substances. Such a temperature scale is called a thermodynamic temperature scale, which is developed later in conjunction with the second law ofthermodynamics.

›   The thermodynamic temperature scale in the SI is the Kelvin scale, named after Lord Kelvin (1824–1907). Thetemperatureunit on this scaleis the kelvin, which is designated byK. Thelowest temperature on the Kelvin scale is absolute zero, or 0 K.

›  The thermodynamic temperature scale in the English system is the Rankine scale, named after William Rankine (1820–1872). The temperature unit on this scale is the rankine, which is designated by R.

›  The relationship of the Kelvin, Rankine, Celsius, and Fahrenheit scales is shown in Fig. together with values for temperature at three fixed points: the triple point, ice point, and steam point.

›  By international agreement, temperature scales are defined by the numerical value assigned to the easily reproducible triple point of water: the state of equilibrium among steam, ice and liquidwater.Thetemperatureatthisstandardfixedpointisdefinedas273.16Kelvins,abbreviatedas

273.16 K.


[image: image]
––––––––
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	Therelationshipbetween centigradescaleandKelvinscaleisT(0C)=T(K)-273.15.

	Therelationshipbetween fahrenheitscaleandRankinescaleisT(0F)=T(R)-459.67.

	Therelationshipbetween fahrenheitscaleandcentigradescaleisT(0F)=1.8T(0C)+32



Constant volume Gas thermometer:

›  A small amount of gas is enclosed in bulb B which is in communication via the capillary tube C with one limb of the mercury manometer M. The other limb of mercury manometer is open to the atmosphere and can be moved vertically to adjust the mercury levels so that mercury just touches the Lip L of the capillary. The pressure in the bulb is used as a thermometric property and is given by

p=po+ρmZg.

wherepoistheatmosphericpressureandρmisthedensityofmercury.


[image: image]
––––––––
[image: ]



when the bulb is brought in contact with the system whose temperature is to be measured, the bulb, in course of time, comes in thermal equilibrium with the system. The gas in the bulb expands, on being heated, pushing the mercury downwards. The flexible limb of the manometer is then adjusted so that the mercury again touches the lip L. The difference in the mercury levels Z is recorded and thepressure p of the
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Unit – II


ThefirstLawofThermodynamicsforaControlMassUndergoingaCycle - Joule’s Experiment










AdiabaticWorkTransferW1-2FollowedbyHeatTransferQ2-1
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The First Law of Thermodynamics for a Change in State of a Control Mass
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Internal Energy – A thermodynamic Property







The Thermodynamic Property Enthalpy
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The First Law as a Rate Equation












Energyofanisolatedsystem






PerpetualMotionMachineoftheFirstKind–PMM1




TheConstant-VolumeandConstant-PressureSpecificHeats
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RelationshipbetweenSpecificHeatsandGasConstant









First-Law Analysis for a Control Volume
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Thesteady-StateProcess
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Examples of Steady-State Processes

















b)  Nozzleanddiffuser
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c)  SteamorGas Turbine
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d)  RotaryCompressor
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e)  ThrottlingDevice
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Unit – III



LimitationsofFirstLawofThermodynamics







ThermalReservoir







HeatEngine






























RefrigeratororHeatPump
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The Second Law of Thermodynamics











Perpetual-Motion Machine of Second Kind








Equivalence of Kelvin Planck and Classius statement



	Let us first consider a cyclic heat pump P which transfers heat from a low temperaturereservoir(T2)toahightemperaturereservoir(T1)withnoothereffect, i.e., with no expenditure of work, violating classius statement. Let us assume a cyclic heat engine E operating between the same thermal reservoirs, producing Wnetin one cycle. The rate of working of the engine is such that it draws an amount of heat Q1from the hot reservoir equal to that discharged by the heat pump. Then the hot reservoir maybe eliminated and the heat Q1discharged bythe heat pump is fed to the heat engine. So we see that the heat pump P and the heat engineEactingtogetherconstituteaheatengineoperatingincyclesandproducing net work while exchanging heat only with one body at a single fixed temperature (T2). This violates Kelvin-Planck Statement.






	Let us now consider a perpetual motion machine of second kind (E) which produces net work in a cycle by exchanging heat with only one thermal reservoir (at T1) and thus violates the Kelvin-planck statement. Let us assume a cyclic heat pump (P) extracting heat Q2from a low temperature reservoir at T2and dischargingheattoahightemperaturereservoiratT1withtheexpenditureofwork W equal to what the PMM2 delivers in a complete cycle. So E and P together constitute a heat pump working in cycles and producing the sole effect of transferring heat from a lower to a higher temperature body, thus violating the Clausius statement.


Carnot Cycle and Carnot Heat Engine
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Reversed Heat Engine (Carnot Heat Pump or Refrigerator)





























































Carnot Theorem


ProofofCarnotTheorem






























CorollariesofCarnot’sTheorem:



The Thermodynamic Temperature Scale



























































The Inequality of Clausius
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Entropy–APropertyofaSystem
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Entropy Change of a control mass during a Reversible Process
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The Thermodynamic Property Relations

























EntropyChangeofaControlMassduringanIrreversibleProcess
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Entropy Generation
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Principles of the increase of Entropy






















































Entropy Change of a Solid or Liquid

















EntropyChangeofanIdealGas
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EntropyasaRateEquation





HighandLowGradeEnergy





AvailableandUnavailableEnergy
























































LossofAvailableEnergyduetoHeatTransferthroughaFiniteTemperatureDifference


























































Availability







AvailabilityofNon-floworClosedSystem













































AvailabilityofSteadyFlowSystem








































HelmholtzandGibb’sFunctions














Maxwell Relations










































Third Law of Thermodynamics (Nernst Law)
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Unit – VI

Objectives:





Syllabus:






Outcomes:



































›  Terminology for Reciprocating Devices

›  ​ 
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›  Air-Standard Diesel Cycle (or constant pressure cycle):

›  ​ 
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›  Brayton Cycle (or Joule cycle)
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SIMPLE RANKINE CYCLE
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VAPOUR COMPRESSION REFRIGERATION SYSTEM
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Air Refrigeration System And Bell-Coleman Cycle Or Reversed Brayton Cycle
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HEAT ENGINES



Module - IINTRODUCTION


	Externalcombustionengine

	Internalcombustionengine


Externalcombustionengine:





Internalcombustionengine:


	Accordingtothebasicenginedesign-(a)Reciprocatingengine(Useofcylinderpiston arrangement), (b) Rotary engine (Use of turbine)

	Accordingtothetypeoffuelused-(a)Petrolengine,(b)dieselengine,(c)gasengine (CNG, LPG), (d) Alcohol engine (ethanol, methanol etc)

	Accordingtothenumberofstrokespercycle-(a)Fourstrokeand(b)Twostrokeengine


	Accordingtothemethodofignitingthe fuel-(a)Sparkignitionengine,(b)compression ignition engine and (c) hot spot ignition engine

	Accordingtotheworkingcycle-(a)Ottocycle(constantvolumecycle)engine,(b)diesel cycle(constantpressurecycle)engine,(c)dualcombustioncycle (semidieselcycle)engine.


	According to the fuel supply and mixture preparation- (a) Carburetted type (fuel supplied through the carburettor), (b) Injection type (fuel injected into inlet ports or inlet manifold,fuel injected into the cylinder just before ignition).

	Accordingtothenumberofcylinder-(a)Singlecylinderand(b)multi-cylinderengine


	Methodofcooling-watercooledoraircooled


	Speedoftheengine-Slowspeed,mediumspeedandhighspeedengine


	Cylinder arrangement-Vertical, horizontal, inline, V-type, radial, opposed cylinder or piston engines.

	Valve or port design and location- Overhead (I head), side valve (L head); in two stroke engines: cross scavenging, loop scavenging, uniflow scavenging.

	Method governing- Hit and miss governed engines, quantitatively governed engines and qualitatively governed engine



Comparisonbetweenexternalcombustionengineandinternalcombustionengine:
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Main components of reciprocating IC engines:
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Fig.1.DifferentpartsofICengine






TerminologyusedinICengine:





































Fourstrokeengine:
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Two stroke engine:
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Comparison of Four-stroke and two-stroke engine:




































Comparison of SI and CI engie:
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Valvetimingdiagram:


Fig.4.Theoreticalvalvetimingdiagram


valve
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Fig.5.Actualvalvetimingdiagramforlowandhighspeedengine

Openingandclosingofexhaustvalve






Porttimingdiagram:
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Fig.6.Porttimingdiagramfor2-stroke engine






Fig.7. Otto cycle



















FUELS &FUEL INJECTION



	Hydrocarbonsfuelsderivedfromthecrudepetroleumbyproperrefiningprocesssuchas thermal andcatalytic crackingmethod,polymerisation,alkylation,isomerisation,reforming and blending.


	Alternativefuelssuchas-Alcohols(methanol,ethanol)






*ClassificationofpetroleumfuelsusedforICengine:































































*Refineryprocesses:


Fig.10.Refinery processes
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*Alternative fuels:








›  Methanol












›  Ethanol
































›  Hydrogen:














Utilizationofhydrogengas:










Methods of using Hydrogen as a fuel in CI engines






AdvantagesofusingHydrogenfuelledengine







DisadvantagesofusingHydrogenfuelledengine








›  Natural Gas:






Utilization:




›  CNG(CompressedNaturalGas)




›  LPG(LiquefiedPetroleum Gas)




UtilizationofLPG




AdvantagesofLPG






Disadvantagesof LPG







›  Producer Gas:




›  BlastFurnaceGas:


›  CokeOven Gas:


*GeneralFuel Specifications:






iii)  Relativedensity(specificgravity):




iv)  Fuel composition:


















(C)Specificheatingvalue:







+  Flashpoint:




+  Viscosity:




+  Surfacetension:





+  Freezingpoint:




*Importantfuelspecificationsforgasoline(a) Gasoline volatility:







Gasolinedistillationcurve:





Fig.12.Distillationcurve







Cold starting:



Measurementofgasolinevolatility:






(b)Antiknockqualityofgasoline:







Octanenumber:











*Importantfuelspecificationsfordiesel(a) Viscosity:






•  Surfacetension:




•  Cetanenumber:




Measurementofcetanenumber:









*Carburetion:










*Mixturerequirementsforsteadystateoperation:

Fig.13.Mainareasofautomotiveengineoperation

4)  Idlingandlow load:






5)  Normalpowerrangeorcruisingrange:





6)  Maximumpowerrange:





*Mixturerequirementsfortransientoperation:



(a)  Startingandwarmuprequirements:







(b)  Accelerationrequirements:





*SimpleCarburettor:






Fig.14.Asimple carburettor



(i)  Mainmeteringsystem:




Emulsiontubeorairbleedingdevice:



Backsuctioncontrolorpressurereductionmethod:



Auxiliaryvalvecarburettor:



Auxiliaryportcarburettor:



(ii)  Idlingsystem:




(iii)  Powerenrichmentoreconomisersystem:




(iv)  Accelerationpumpsystem:



(v)  Choke:




*Carburettortypes:






(a)  Solexcarburettor:






(b)  Cartercarburettor:







(c)  S.U.carburettor:







Drawbacksofmoderncarburettor:








Petrol injection:





Continuousinjection:







Timedinjectionsystem:




(i)  Multipleplungerjerkpumpsystem:




(ii)  Lowpressuresinglepumpanddistributorsystem:



(a)  Lucaspetrolinjectionsystem:






Fig.15.Lucaspetrolinjectionsystemfor6-cylinderpetrolengine

(b)  Electronicfuelinjection











Fig.16.Electronicfuelinjectionsystem-L-Jetronicwithairflowmeter













*Dieselinjectionsystem:

Requirementsofdieselinjectionsystem:











Typesofdieselinjectionsystem:










Fig.17.Airinjectionsystem








(b)  Solidinjectionsystem:











Fig.18.Individualpumpandinjectororjerkpumpsystem
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Fig.20.Commonrailsystem






Fig.21.Distributorsystem





Blastinjector:


Mechanicallyoperatedinjector:


Automaticinjector:



Typesof nozzles:




Opencombustionchamber:





Pre-combustionchamber:
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