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Subjeet: Engreering Thermodynemies - BETZME | 3305
Type of course: Pralesslonal Core
Prerequisite: Basic Mathemalics, Physics, Chemisiry

Ratiogale:
This course provides fondnmentinl knowledge of thermodynemics and its engincering applicntions.

[t enobles siudents to understand erergy interactions, thermodynamic lews, and processes in closcd
and open sysicms Tho course develops the sbility 1o annlyze thermaodynamic cycles. entrapy.
exergy, ond refrigeration systeins. 11 plso introduces basic combustion cabculations cssenlial for
thermal and energy engineening applications

Teaching and Examination Scheme:

Teaching Scheme Credits Examination Marks Total
Cl T r C SEE CCE el
4 0 2 3 100 30 150

Lepenils. Uf-Clasy Room Instrictions; T - Tuforial. & - Proctical; C - Credil- SEE - Searesigr End
Evolunrion; CCE-Contlnuons and Cosrprefensive Evaliartan,

Couarse Conlent:

S, :
No Course conlent Hrs. | Weigh

lage

Introduction of Thermodynamics

Mocroscopic vs Micmscopic Viewpoin, Thermodynomic Sysiem and
Contral Velume, Thermodynamic Prepertios, Processes and eyvcles,
Homopeacous and  Helerogencous  Syslems,  Thennodynamic
Equilibrium, Quasi-3miic Process, Purc Substonce, Concept of
Contingum, Thermosiatics, Unis and Dimensions, Zeroth Lew of
Thermodynamics, Measurement of Tempernture- the Reference Points,
Comparison of Thermomelers, [denl Gns, Gas Thennomelers. Ideal Gas
Tempemtvre, Celiius  Temperature  Scole, Electricsl  Resislance
Thenmometer, Thermocouple, International Prctical Temperature Scale,

13 20%
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[} Siwdy and classificatien of thermodynemic systenis and control
volumed.

2} ldentificmion of bomeogencaus and |1L‘1.I.‘r|:“aE|:n-|:'nu: ¥ Mo wiing
lebarmiony samples.

) Demonsteation of hermedy nemic squilibrvm conditions.

4) Demonstrotion ol quasi-stafic  process  wsing  piston-cy finder
BFBRgCmen

5 Siwdy of termod) namic proponlcs wsing proyiurc, icmperatuns, and
wollmc mcasurig Fialnmmenis.

6} Verification of Zeroth Lew of Thermedynamics using Chermal
cquilibriom soiup

7) Mensurcment and comporison of empemiwe wsing  dilTerent
thermometers.

d) Calibrztion and compansan of Celsins and Kelvin lemperslure scales.

9] Siudy and aperalien af gas thermameliers.

10) Siedy of elecirical resistnnce thermamcter (RTD)

11)Swdy and operatien of thermocouple lor lemperolure measurement.

|2) Comparisen ol diTerent [empemture mensurement devices based on
asciracy and range,

|3) Verfication of ideal gas behiavior wsing prossure-fempemmiure
relaronship.

14) Determination of lemperslore wsmg  Intemnational  Proctical
Temperntare Scale (TPTS) reflerences.

15) Preparatlon and mterprelation of thermpodynamic process ond cycle
dingroms (P-V and T-5 diograms).

Evaloaiton Method:

8r, Eveluation Methods SEE | CCE
No,
I, | Thermodynamles Experimentntion

Technigue: - Sludents will research the allotied
lopic, covering its  working  prineiple,
compenciis, applications, and  opemtion,
prepare 8 PPT, ond presemt §t through a
Argseniklion or vivi, i

2, | Thermodynemic Sysiem  ord  lesiroment
Demonsirnifon Tecbalque: - Siudenis will
demonsiraie the working principle, opemiion,
and applications ol the alloned ihermodynamic | 10
EvElem, process, of [emperalure  mmoasuring
instrumenl, and explain the rolited concepls
(hrauih vive voce.

3. |V end TS Diopram: Students will drow | - &

Engineering Thermadynamics -BETIME | 1305
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feid P=V ond T-5 dmgrams of any Nve basic
thermodynomic processcs &nd mcntion ono
enpgeneering application ol cach.

Jd | Feroth Low Demonstration: Studenis will
ohserve ony two tempemiure  mensuring

instrumanis, exploin the ppplicanion off Zerath | - 5

Low of Tharmodynomics. and record thebr

observations.

Toial 20 10
Exomination Siyle:

I. Thermodyoamics Experimentaiion Techalgue (10 Marks)

The Mmeulty will ellot one thermodynamics [opic related 1o the couwrse
syllnbuz, Students mre required 10 research the allotted topic and colleet
relovant Information abouwt s woring principle. compenenls, opemtion,
and applientions. Students will prepara o PPT based on their findings and
presend if to the class or appenr for o viva. Marks will be awarded bosed
on the nccumcy and relevance of the collected information, quality of the
PPT, presentation skills. understonding of the 1opic, nnd ahility 1o answer
guestions during the viva,

2. Thermadynamic Sysicem  and  Insiroment  Demonsirarion
Technigue (10 Marks)

The foculty will allet onc thermodynomic sysiem. thermodynamic
process. or lempernture measuring instrument fram the course syllnbus,
Swdenis are required lo demonsirate ils warlking principle, explein ils
operation and engincering opplications, end identify its imporanl
componenis wherever applicable Studenis should answer viva voce
questions rclated 1o the allatted topic and demonstrate their concepiual
understanding of the associnted thermodynamic principles. Marks will be
aworded based an the nceuraey of the demonstention, explanntion of
working principle ond opplications. demtification of components,
conceplunl undersionding, and performance in the viva voce.

Coviiupous Assessment Expmination

I. P-¥ and T-5 Diagram Activily (5 Maorks)

The faculty will allot ony Mive basic thermodynnmic processes rom (he
course syllabus. Students are requircd to draw neol and properly labeled
P=¥ ond T=5 disgrams for the allotied processes and identify the
corresponding  thermadynamic process  Sludents should exploin the

Engincering Thermodynamics -BETZME 13105
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characteristies of each process and menfion one sorable engiaeering
applleation Tor each. Morks wil be awandod bosed on e dccuency af Hhe
dingruns, correci identificntion of fhe procusses. proper lebaling.
explanation of process charscioristies. and selection of approprinic
onginearing applications

2. Zeroib Law Demonstration (3 Marks)

The feulty wil provide any two lempermite micasuring INStrumonts
availuble in the loboratory Studenis are required 1o ebserve and compare
the instrumaents, explain their working prnciples. demonsimie e
application of the Zeroth Law el Thermodynamlez in wmperoture
measurement. Bnd record the observorions. Sisdenis should discuss the
suitability of eack insirument for different engincering npplications.
Marks will be owerded based on Ihe ocoumcy of obscreitions.
cxplonation of the feroth Law, undersionding ol the working principles.
compirgon of the instruments, and presontotion of e Fecondod
abservitions.

First Law of Thermodynomics

First Low for o Closed Systom Undergoing 8 Cycle. First Low lor &
Closed System Undergoing o Change of State, Encrgy-A Property of Lhe
Sysiom, Different Forms of Stored Encrgy, Specific Heat ot Constnnt
Volume, Enthalpy, Specific Hem st Consiont Prossure, Enerpy of an
Isolated System. Parpetunl Motion Machine of the First IKind-PMMI,
Limitations of the First Low, Control Volume, Siesdy Flow Process,
Mass Bolance ond Encrgy Balance in 8 Simple Sieady Flow (5.FE.)
Process, Comparison of S.EE. Equation with Euler and Bemoulk
Eguations, Viarinble Flow Processes, Discharging and Charging o Tank.

Practical:

F I8 20%

[ 6) Verification of First Law of Thermodynomies for a closed sysiom.

| 7) Determination of specific heat ot constont pressine (Cq).

18) Determination of specific heat al constant volume (C.).

|'9) Study of different [orms of stored energy m thermodynamic systems.

20) Demonstration ol enthalpy change in a healing process.

21) Siudy of stoady Now energy cquation using Mow apparatis.

22) Verification of mass balance in 2 stendy Mew process.

23) Experimentnl analysis of charging and discharging of an air tmk.

24) Siudy of contral volume and cnergy transler in open syslems

25) Comparison of Bemoulli equatien and stcady Mow encrpy oyquation
using Muid MNow salup.

26) Determinotion of encrgy balonce in nozzle or di(fuser apparatus.

27) Sludy ol energy imc@clion in isoleled systems.

Enginecring Thermodynamics -BET2ZMEI 33045
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JB) Demowsiradion  ond  dlscusslon of  PMMI concepl  uskng
modelsfsumulzations.

29) Amalyvsls of varinble Mow process using tonk fiAng or emprying
setaig

30) Preparation ond mierpretstlon of energy balonce diograms lor
thennodynamic procosses

Evnleedion Method:
& Evaluation Meibods EEE | CCE
Mo,

| | Firsi Law Experbmentotion Technlgee: Siadeonis
witl perform the allofied experiment relaled 1o the
Firsi Loww of Thormedynamices, recond obscrvaflons, | 10
carry oul necessary cabeilntions, onnly:ze the resulls,
and imerpret the experimental aulcomes.

2 | Energy System and Sresdy Flow Demonsiration
Techmigue: Siudems wil demorsoeie the working
primciple, opergy  Incrostion. ood  onglnoering
appllcotions of the allotied themiodynnmlc system, | 10
control wolume, slesdy Mow bppariiuc, of eilerpy
toncler process. ond exploin the related concepis
Through viva voce.
1 | Energy Beolance DMogram ActivEy: Students wHl
draw pest and propedy [abelled cnergy belonce
dogras ol any  fve  thomeodynmpic 5
devicet/procsies, identily hesl. work, ond mnss |
Inlermctions, ond mendlon  one  englnoering
applicotlon of ench.

4, | First Low Applceiton Acivity: Swdems will
miolyze e ofoged (hemodymamic devies or
process, idondlfy U epplicable form of e Flmt | - )
Low of Thermodynamles, explsdn the enompy
lnltmetions, and sty s englnesnng spalicatlon,
Total 20 10

Exambiation Style:

|. First Law Experimentotion Techabqee (10 Marls)

The Toculty wilT allof one experiment related to the First Low of
Thermedymainics from the course syllobis, Siudenls are required Lo
perform the experiment by following the presenbed procedure, record the
experimentol observations, camry oul the necessary cnleulntions, and
imlerprel Uhe oblained resulis, Students should demonstrale their
understanding of the First Law by cxplaining the cnergy internctlons
involved, analysing the observalions, ond  dmwing  oppropriste

Engineering Thermodynomics -RET2ME 13305
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conclusions. Marka will be mvarded based on the correel expenmontal
procedure, accumcy of observalions and calculations, micrprstilion of
resully, end cvem understnnding of the experimentL

2, Enorgy Sysiem sad Stendy Flow Demonsimtlon Technigue (10
Marks)

The lecully will aliot oni: themadynrmic systom, coniml volume, sicady
flow apparaius, or cnergy tmansfer process ffom the coume syllobus
Siudenis are required Lo demonstrate ibs working principle, explain the
nssomated energy  Inleractions, identify the imponnmd camponcnte
whergver applicnble, and discuss its engineenng applications. Students
should answer viva voce questions rolated to the allotied topic ond
demonstrife  their coneeptunl understonding of the Firsl Low of
Thermedynamics. Marks will be awirded based on the necuracy of the
demonitration, eaplanation of energy imlersctions. ideniiflicotion of
eomponenis, concepiunl undérsianding, and performance in the viva
WOGC-

Confinnous Assessmen! Exnmination

1. Energy Balnnce Dingrmm Activity (5 Murks)

The faculty wil allot ony five thermodynamic devices or processes from
the course syllabus. Students ore required fo dmw neat and properly
lobeiled enerzy bolonce dingrams indicating heat transfer, wark tmnsfer,
mass flow, ond encrey intornctions wherever opplicable Students should
identify the device or process, exploin the associnted First Low
principles, and menlion one suitoble engineering npplicntion for ench
Marks will be avwarded based on the occuracy of the dingrams, comect
representation of energy inieraclions, proper Inbelling, cxplanation of the
First Low concepts, and sclection ol approprinie enginecring npplications.

2. First Law Application Activity (5 Marls)

The liculiy will aflot one thermodynnmic device or process sech as a
bailer, compressor, urbine, mozzle, diffuser, conirol  volume,
chargingfdischarging air lenk, or isolated sysiem from he course
syllnbus. Students ere required 1o identify the applicable form of the First
Law of Thernodynnmies, explnin the associnted energy mierpctions,
discuss the energy bolance, and fustily 1is engincering application, Murks
will be awarded boscd on Uhe correct fdentification of the thermodynnmic
process, explanation of cncrpy interactions, application ol the First Law,

Enpincering Thermodynomics -DETIMEI 3303 Page 6ol 19
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canceptuml undertanding. end prowentntion

Sceond Law of Thermodynamics

Qualimthe Difference betwern Heal ond Work. Cychic Hent Engine,
Encrgy Reservoirs, [Celvin-Planck Stniement of Second Law, Clausius'
Staterment of the Second Low, Refnzermtor and Heut Pump, Equivalence
of Kelvin-Planck and Clowsins” Stalements.  Rewersibility  and
Irrevermbility, Causes of [meversibility. Conditions lor Reversibility.
Camot Cycle, Reversed Heat Engine. Carmot's Theorem, Comollary of
Camot's Theorem, Absolule Thermodynamic Temperoiure Scale.
Efficioncy of the Reversible Hear Engine. Equafity of ldenl Gas
Tomperature and Kelvin Tempemture. Types of Imeversibility

Proctenl:

31) Demonstration of qualitotive difference between hoot ond work using
thermal ond mechanical sysiems.

J2) Sy ol cyclic heat engine model ond its working principle

33) Demonstration of haat tans{er beiween thermal energy resorvoirs.

34 Experumental study of refrigerator and heat pump systems.

35) Determination of COF of o refmgcrator.

36) Determinmtion of COF of & heat pump.

3 37)5wdy of reversible and  Ereversible processes wsing I8 20P%
expansion/compression solup.

38 Demonstration” of couses of imeversibiliy in thermedynamic
PrOCESSCS.

39) Vrificeion of Comot cycle using simulation or experimenial model.

40) Study of reversed hent engine using refTigeration uniner setup.

41y Comparison of cfficicncy Betweon reversible and iroversible oo
engines.

42) Veriffcntion of refatbonshiy belween Kehvin temperature scolo ond
iden| gos lemperature.

43) Propoerntion and anglysts of P=Y ond T-5 diagrams for Camnot cycle.

44)Stedy  of cotropy goncralion duc To  irmeversibility through
demonsimbons/simalations.

45) [dentification and clossificatron of dillereat types of trreversibility n
practical systems. q

Evaluation Method:

&r. Evaluarion Methods SEE | CCE
MNo.
i Sccond Law Experimeniation Techrigme: 0
| Students will perform the alloticd expenment

Engineening Thermedynomices -BET2ZME13305 Page 7ol 19
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peloted  to the Secomd Law  of
Thermedynnmies. record observitions, carry
ol nocessary calculliong anpivze the resils
and dierprel the experimental oulcames,

Heat Engine and Refrigermtion System
Demonstration Technigee: Swdenis will
demonstrate the working principle. operation,
ond engincering applications of the alleifod
heot enging, refrigerator, heal pump, Carnot
cycle model. or  meversibletmeversibla
thermodyrmunic process, ond explain the
reloted concopts tvough viva voce.

Cnarnot  Cycle Representntion  Activily:
Sindenls will dravw neal and properly belled
P=% ond T=5 dingrmms of the Camol cyele,
identify the rthermodyoamic  procosses
involved, ond mention onc  cnginecring
applicalion.

Second Law System  Analysis  Activily:
Swdents will  mnalvze the  allomed
thermodynnmic sysiem or process, identify
the applicotion of the Sceond Law of

|

% Thenmodynamics, explain the couses of ’
irmeversibility or entropy genoration (whero
spplicablel, ond justify §is  engincering
npplicotion.
Total 20 |0
Examination Siyle:

I. Seeond Low Experimeainfion Techaigue (10 Marda)

The faculy will zllol ome expenimicnt wlmed (o the Sccond Low of
Thermodynomics [rom the cowse syllabus. Sludenls ane required (o
perform the experiment by [oflowing the prescribed procedure, record the
cxperimenmi obscrvations. carry out the necessary calculations, and
interpret  the obtnined results. Swedemts should demonstrate  their
undersianding of the Sceond Law by explaining the heat and work
imeroclions, annfysing the obscrvatons. ond drRwing  appropriate
conclusions. Morks will be awarded based on the correct cxpenmental
procedure. sccurngy of observalions and calcslalions, interpreintion of
results, and overnll understanding of the experiment.

1. Heat Engine and Relrizeration Sysiem Demonsiration Technigue
{10 Tlerbos)

GYANMASIARL Dxw T B OF TEO DOl Y
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The laeully wi atht ons besd coploe, refriporator, heod pump. Camor
cyche tiadzl. of revemibloTrevemible thermadynombe process Troy dhe
voursd #yfiebux Students sre requied to demonskate Ms warking
princtple, exploin He operation and cngkvoering applicofions, tdentify the
tmportent companents whorever appfcoble. and dincues the asochiod
Sccond Lew concepls. Stndenis showld answer vive voco quostiong
relaled 1o the allomed lopic and demonsimie their conceptied
undertanding of the Second Law of Thermodymamics Marks wifl be
swarded based on the accuricy of the demonstration, cxplosatbes of the
working principle and appicmions, Memifloation of components,
conceptual wderstanding. erd performence Ia the viva voce.

Comlingors Assessmeai Exnminetiion

1. Carnol Cyele Representotion Actbvity (5 Masia)

The foeulty will afiot B1e Camot cycle from the coumrse syllabus. Students
are regubred 10 draw noot and property bellod P~V and T=5 dagrams,
pentify the four thermodynnmic processes fvolved, indicate heat
addgon, hent rejectlon, end werk tnicmetion, ood mentlon one sultablc
engincering apphicatlon. Marks will be awardod based on the accurey of
the disgrams, correct |dentificsilon of the processes, proper labeHing,
explonntion of cyele chersctoristics, and sclection of en opproprioic
enginccring spplication,

1. Sceond Low Svsten Annlysls Actviy (5 Murks)

The lacolty will aflot one thermodynamic system or process such as o
hoat enpine, refrigerator, heat pump, Camo? evels, reversed hent engine,
or reversiblefirreversible process from the course syfnbus. Students are
rojuired o idemtify the opplication of dic Second Law of
Thermodymamics, explain e heat and work nlemetions, anolyzo the
causes of imeversibility or entropy generation (whete opplicabla), and
justify its engineering application. Marks will be awarded bosed on the
correct identification of the thermodynamic process. explanstion of the
Socond Low principles, nnalysis of imeversibility or entrapy gencration,
conoeptunl understanding, and presenialion.

Eriropy

Introduction, Two Reversible Adiabalic Paths Canned Interact Eoch
4 | Other, Clavsiee” Thooram, The PFroperty of Entropy, Principle of I8 2005
Caratheadery, The Inequality of Clawsius, Entropy Change In an
[meversible Process, Entropy  Principle, Applicotions of Entropy

Engimcering Thermed ynomics -BETZME13305 Page 9o 19
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Principle. Emropy Tmnsier Mechonkens, Entromy Gonostin B o
Closold Sysem, Entropy Clongration v en Open Symem. it and
Scoond mws Combloed, Rewemible Adiaboilc Work [n 2 Sieady Flow
System. Entropy md Direcidon: The Second Law- A Directloml Low of
nume. Eotropy  and  Disosfhr. Abaslote  Entropy, Eolropy  end
Information Theon. Podulntasy Thermodrnambes

Practicnl

46} Verification of entropy change 8 roversile mnd  hreversibie
[TOCOSA0s.

47 Sudy of engropy transfer during hoit wmnsfer pocesses.

43) Experimensal analysts of entropy generation In 2 choted system

49) Experimental 2nalysis of entropy gencmiion in en opon system.

50) Vortilcnson of Clausius incquality uslng thenmodynmnie process
fata.

51) Sdy of revershle adizhntic expanslon and compression process.

52) Determinotion of reversithle adiabatic work In sicady Aow sysiome.

§3) Demonstimtion of cntropy Memase and directlon of natural processos.

54) Compnrison of reversible ond imeversible processes wsing P<V ond
T-5 dingrams.

55) Annlysis of entropy chenge during heating and enoling procsesss,

56) Verificathon of combinad First and Second [aws for thermodynamic

spsienis.

3N Sudy of envopy-dieorder relntionship wsing moleculer behavior
madele/simelations.

58) Domonstration of eniropy concepts using thermodynamle stnaleion
solTware.

50) Preporation amd  interpretation of T-8 dagmms for  warious
thermadynomis procosses.

&0} Analysis of entrepy balince for simple engineenng sysioms

Evaluation Method:

Sr. Evaheation Metheds SEE | CCE
Ne.

I. | Entropy  Esperimeniiation  Techmigie:
Stedents will perform the aflotied experiment
refated to entropy, record observations, carmy | 10 g
out nocessary caleulations, annbyze tho resalis,
nnd interpret Lhe experimental oulcontes.

2. | Entropy Process sod Sysfem Dewmonstrotion
Technigue: Studenis will demeonstrmle the | 10 -
warking principle. entrogy lmnsfer mechanism,

Engineering Thermadynamics -BET2ZMEN 3305 Page 10 ol 19
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enfropy  pemermathen.  rowamsibieTmeversible
proeess. or sbeady How entropy analysis of the
wllafied themodynamic systom, =nd aexplaiy the
related concopss through viva vece,

3. | T-5 Moprnm aod Entrogy Bolanco Acbviy:
Studenls will draw neat and peoperly hboliod
T=5 diagromt of oy Tivo thormodymemhio
procosses, [demby Hw entropy transfer and
eniropy  genorntton,  emd  menitos  ooc

angtineering epplication ol onch.

4 | Estropy Principle asd Engmeering Sysiem
Apalysis Aciivity; Sindents wifl anohze fhe
aHomed thormodypamic sysiem or process,
explaly entropy gemeration, Clivstus inequilty,
ar entropy balonee, and justify fts engineering
apphestion,

Toinl 20 id

Examination Siyle:

L. Extropyy Experbacentatios Techuigee (10 Maris)

The foculty will ahot one experiment related to entropy from the course
syllzbus. Students are required 1o perform the exporiment by following
the prescribed progedure, record the experimental observalions, camy out
the necessary calcalations, and Everprol the oblained results. Studenls
should demonstrote their understonding of emropy by oxplaining the
entropy transfer, entropy pencration, or ontropy balenee [avolved i the
experimonl, analysing the obsorvotions. and drowing epproprioie
conclusions. Marics will be awarded bused on the coneet experimental
procedure, accuracy of ohservations and calculations. mlerpretztion of
resulls. and overall understencing of the experiment.

2. Entropy Process sand Sysiem Domosstration Techziqoe {10
Muorlis}

The Meculty will alot one (hermodynamic sysiem, cntropy lransfer
mechanism, reversible or imoversible process, cntropy genemifon solup,
or siendy flow entropy annfysis moadel from the couwrse syllnbus. Studenis
are required 1o demonstrole ils working principhe, explain the nsspcinfed
ontrapy intcractions, identify the imporiant components wherever
applicable, ond discuss il= enginecring applications Students should
answer ¥iva vocc questions related o the nllowed 1opic ond demonstraie

GV AR ARIAHT TNEFTTUTE OF TCCY 0L o0y
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thetr conceptunl wnderdtanding of enieapy. Cloustns theerem. and e
Sccond Law of Thermodynamicy Mmbs will be avearided bared on the
accupacy of the demoostretion. ecplmwmiion of oROpy SECEEL
ntifcation of componcms. conseplunl wideraarding. and perinsmance
in the viva voce.

Centineoas Assessmical Exgovlnatlas

L. T=5 Dlppram apd Eniropy Brlosce AcHvidy (3 Marks)

The feulty will allet any five thermodynamic procesaos from the coune
sylinbus. Students ore roquired 20 draw noot and properly lobolled T-5
dingrams, dentify the entropy transfor and emropy gonsretion ecewrring
during eoch process, exploin the chamcieristics of cach procoss. ond
mention one suiiablo cgineering sppHeatlon for oach. Marks will beo
avwardod based on the accurncy of the diegrams, cormnect reprosentetion of
eodropy tronsfor ond entropy gencratlon. proper lobheBkRg,. corcopiual
explonation, and selection of appropriate englneering appllcations.

I, Entropy Prisciple ond Eegineerlig System Anahysls Activity (5
Marks)

The faculty wil allot enc thermodynamibe sysiom or procoss such ns n
closed systom, open syslom, hen! transfer process, reversible adiabatic
procass, frroversible prooess, or steody fMow device from the cowrse
syllnbus. Students are required to oxplain the entropy trnsfor
mechanism, annlyze entropy gencration or Clausius mequality (where
epplicable), apply the entropy principle and entropy balance. and fustify
its engineering npplication. Marks will be awarded based on the cormet
application of cniropy principles, onalysis of eniropy genemtion or
entropy balance, concepiual understending. anginoering fustifcntion, and
presontation,

Propertics of Gases and Gas Mixiares

Avogadro’s Law, Equation of Smic of o Gos. ldeel Gos. Gaos
Compression, Equations of Sime, Virinl Exponsions, Low saf
Comesponding Sintes, Other Eguetions of Stale, Properties of Mlxiures
5 | of Cases- Dalton's Law of Pariinl Pressures. Intemal Energy. Enthalpy 18 e,
and Specific Heats of Gus Mixlures, Entropy of Ges Mixiures, Gibbs
Functon of a Mixture of [ner |deal Joses.

Practical:

Engineering Thermodynamics -BETZME3303 Page 12 of 19
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cogieering applicalion of cach

4 | Gas Mivtere and Eegincoring System
Apnolysis Activityr Studenis will analyze Uhe
nliotied =as sysiom or gas moiure. esplain

Avopndro's Law. Dalon's Law. cquotion of | - 5

site thormodynomuc propertics.

comprassibility behnviour, or Gibbs fimetion,

and jusiify is engineen [icatfioi.

Total_ 0 | 10
Exnprudtion Siyle:

|. Gas Properties and Eqection of Siote Experimostation Technigue
(18 Marks)

The Fovity will afiot one experment mointed to properties ol gozes
equations of siute, ghs oofmpression, or pas mixteres Fom the eourse
syllabus Students are required to parform the cxperiment by oflowing
the prescribed precodure, record the experimental observalions. camy out
the necessary colculntions, and bderprel the obtained resulls  Siudants
thould demonstrate thar understanding of pos behuviour by exploining
the opplicable gns lmws, oquation of siate, thermodynamic properties,
compressibility bohaviour, or gos mixture chamcleristics nvolved in i
experiment, onnlysing the observations, ond  dawing  approprioi
conciusions. Morks will be awarded bosed on the comecl experimontnl
procodure, accurmcy of obsorvations and caleulntlons. imerprointion of
resnliz, nnd overall undersionding of the experiment

1. Gan Bebaviour and Thermodymumle Properly Demorstration
Techeigue (10 Marks)

The facolty wil allol one gns property. S0 coOmpression process,
cijimtion  of stale, pus maxture  apdlysis, compressbility chard,
thermodynamic property determinntion. or Gibbs fonction model from
the course syllnbus. Swdants are requirad 1o demongirare #s working
principle. cxplain the sssecisied thormodynamic concepts, identify Lhe
impariont parnmeiers whorover applicoble, and discuss its enginoering
zppliontions. Students should answer viva voce questions relniad 1o the
allomed topic and demonstmte their comeeptusl understonding of
Avogodro's Law. equntions of sime, Dofion's Low of Parfal Prossiree,
g8 mixmwres. and lermodynamie properties. Marks will be swarded
bazed on the pccurncy of the demonsimtion, cxplonmion of concopls,
idemtification ol pommetors. conceplwal enderstonding, enginoering

Engincering Thormodynnmics -BET2ME 3305
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apnhessacy, and polvInenoe b B vive son
Cootlezous Asscxamen! Eesmiandlon

L. P~V agd T-5 Dingram with Gas Bohavor Acfvity {8 Moarks)

The feoulty will albss any (lve pos processes Froi the courve wyllabus.
Stacdents are reipudrod 19 dioee reeot el propedy Bholled P<Y and T-5
dipgrms. axplain the henmodyeamizc chamoweisis of oaeh prooess,
bdemtly the wvarladon of prssure. vohnno, iempersture, of ealropy
wherever applicable. and montion one suliable engineering oppllcation
tor each. Marks wifl be awarded brsod on the acoumecy of the ditgrams.
eorreet reproscrtntlon of thermodynmmle procedsses, proper labolling,
concopiutl cxplanntlon, and selsction of spproprinie englncering
opplications.

2. Gas Mixture snd Enpincering System Aralysis Activity (S Marls)
The faculty witl aHol ene gus system or gas mixture sich g5 en ides] gos.
real goi, gas compression procoss, gns Arikture, Ber pes mixtura, or
ongiitoering  thermodynomie  appRestion from the cowrse syllobus.
Students are required 1o explain the equation of state. apply Avogadro's
Low or Dalion's Lew whemover applicoble. analyse thermodynamibe
properiies such ns fntermal encrgy, enthalpy. entropy, specific heats,
campressibility behaviour, or Gibbs function, and justify s engincering
opplcotion. Students may also be asked 10 interprel gencralfzed gas
behoviour chorts, comprossibRty charts, or engincering case studios
rolated 1o gos mixtues. Morks will be awaorded based on the correct
application of gas taws and thermodynamic principles, analysis of gas
properiics, concepiual understonding, enginccring  justificolion, and
prosenion.

Suggested Specification inble with Marks:

Distribution of Theory Marks
(Revised Bloom's Tnxonomy)

Ll Remembronee | Understnpding | Applicetion | Analyze | Evaluaie Crente
(R (L) (A) (N} (E) (C}
Weiphtnge % 159% 25 %% 309 15 % 0% 5%

Conrse Quicome:

After lenrning the course, the students shonld be able to:

Engineering Thermodynamics -BETZME 2303
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CO1 | Explaist the fandamentals of thermodynimics ond lempernfune imoasusaicn.
C0O2 | Apply the First Law ef Thermody namics 1o engingering systems

€03 _| Analyze thermodynamic sysiems using ive Sccond Low of Thermodymamics.
COd_| Evaluate entropy chnnges and oitropy bilance bn themmedynnmic processs.
CO5_| Analyze the propeities of gases and go¢ mixtures far enginearing opplicntions.

lastractional Method:
The course delivery method will depend upon the rquirement of content and the neods ol siudants.

The teacher, n additren 1 conventionnl tcoching meihods by black boord. moy olso usc oy 1ools
such as demoastration, role play, Quiz, brainsiorming, MOOCs elc.

From the content 10% topics are suggested for NMipped mode mnstruction.

Sudenis wil use supplementary resources such as onlineg vidons, NFTEL/SWAY AM vidoos, c-
courses. Y inual Laboratory

The internal cvaluation will be doae on the basis of Adive Leaming Assignment

Reference Bools:

[ 1] Engineering Thenmodynamics, P K. Nag. McGraw HAl Education (India}

[2] Engmecring Thermodynomics. R. K. Rajput, Laxmi Publications

[3] Engineering Thermodynomics, Onkor Singh. New Age International Peblishers

[4] Thermodynemics: An Engincering Approach, Yumus A. Cenzel and Michnel A. Boles, McGraw
Hill Edueation

[5] Fundamentols of Engineering Thermodynomics. Michael J. Momn, Howard ™. Shapiro, Daisic
D. Boctiner nnd Morgaret B, Bailey, Wiley Indin Pvi. Lid.

[0] Engincering Thermodynamics, P Chanopadhyay. Oxford University Press Indin

Engincering Thermodynamics -BET2ME 13305 Mage 16 al 19
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Molole 1: Introdactiog of Thermod) nombes

GYANA LR IART ONATITITE ©F TECTEWEH D6

Sirmel Analysis (110 marfa)
C facrm Description Marks
Beyrarch & Conmtent | Collrew pelovoem and accamme Informamen shog Ui albaied lope.,
Qeialldy Incleding i working principle. comporciie.  oprmyiior  and 5
appdicslionl
FrT, Frescomtion & | Preporss and presents the PPT  eftecuvely, demonsiraizs
Ve underatnnding of the tople. and onswers questions opproprotely 5
during the presenmtion or viva
Tolal 10
Slroal Analysis (10 marks).
Criteris Description Marhs
Dcmonsttion & Corraclly idemifies the alloned thermodynanue syslem, process.
Working Principle or instrument, cxpluins its working principle. operotion, 5
imporiant components (wherevar npplicablel. and engineering
applieations.
Concepiunl Demonstrates  sound  understanding ol the nssocinled
Undersmnding & thermodynamic  principles. answars vivm  voce questions 5
Viva Vooe confidently. and expinins the concepls ¢learly and nocuralaly.
Taitnl i}
Madale 2: First Law of Thermodynamics
| Siznal Analysis (10 marls).
Criteria Description Marks |
Experimenial Porforms the allotied exporiment by following the prescribed
Procedure & procedure, operates lhe appamius corectly, observes safcly 5
Observalion precavlions, ond records cxponmeninl obscrvalions sccuraicly
and systemaiically.
Caleulations, Result | Performs the required calculstions correctly, verifies the enorgy
Inlerpreiotion & balance bosed on the First Law of Thermodynamics, inlcrpreis 5
Conceptual the obtained resulis, nnd dmws approprinie conclusions.
Understanding
Total |0
Signal Analysts (10 marks).
Crilerin Description Marks
Demonstration & Correcdy ideniifies the alloned thermodynamic sysiem, comirol
Warking Principle valume, siendy flow appamalus. or encrgy lmnsfer process,
explains its working principle, cncrgy imieraclions, imporiant 5
companents  (wherever  applicable).  and  enpincering
opplicelions.
Concepiual Demonsimies sound understanding of the First Lew of |
Understandinz & Thermodynamics and the Sieady Flow Energy  Eguation

Engineering Thermodynamics -BETZMEI 3303
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Vies Vo iminrrovsE mppibcesble |, mmcoam v¥d %00 gumtmng comiieatly
end wupkngs dhe croceps clearly ood socuras |y
Total I}
Medale 5
| Sigwod Amalypuin (10 maria).
C citavns Deserpthm Sinrks
Espeximamtad Ferfoens the sffoted cypenmeng by fllosmg die prearbed
Preocdure & precalore. opesies Une sppamcus cormetly. vbmerees safen I
D= rvaisny precoutions, amd reeords ovperipeotal observabens rocuraicly
ond sy sbemathonfv
Caleularnns Resale | Perfarmse dro reguired culeyluttons cormeetly. cuzlyutss dienmal
Lrrerpeeintion & effigreney or eeffichet of perfonmanee (whanvor ggplicable), e
Coneapsnn| ettty e ohiimed nemrits. saglging e assocraied Second .
Uindereand g e prapeiplés. amd driivid sppropemie concllisiom.
Foiaf 1D
| Sigrat Amulyii (L) nearia )
| Crinerio Desirrimlisn hitrilu
Ehemnstratiam &0 Correctly wnplming dae nllatped Beon engine, refmgernor. ek
Waorltlng Primsipie pumtp. Cormat coycle modek  or  covessibleimeversible
thermodymamic process.  kdentifies mporont  compooenis. | 3
[rhorewer applicobleh desigibes 8 opuralos. and diEcusses
emgineering ugplfutions.
Concepeal Domonsiranes sound umdersmonding of the Second Low of
Understamding & Thermodymermics. themmel efcency, coelinbent of perfimmnce
Yiva Voor COFE enoropy  considernmons.  amd  peversibheireveribic 5
PIOCESSET. MMIWETS YivR vooe questings confidmely . and cxploins
the comcepls clenrly and aocyrubely.
Tatal L&
Mindmles <2
| Sigaal Anolywis (10 morks)
Criterin Duscripton Mlarks
Enperimental Perfiorms the alfomed experiment by folhowing the proscnired
Procedins &t proosdiee,  operoles e oppermlus comectly. olerwes safety 5
Obeervation precnutions., and reoonds emperimentnl observations accurabely
and systeimatically.
Cabirlotinns. Resulr | Perfiorms the requined culculations comeetly, determinegs entropy
laterpretation & cfange or entmpy bolance, moopeets the obmined resuls, 5
Concepusé explaine enlropy andfer und endrogy gencrativn. and diues
Understandmg | sppropriote conclushons.
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| | Total | 10 |
| Sipmal Amalysix (18 morks)
Crilari Dhescrigtioon Marks
Domonstrmtion & Correetiyv caplaing the pllofted thermodynpmic syslem. entropy
Warking Principle traniler mechaniem. reversible or irreversible process, enlropy
generalion sclip, o slesdy flow cntropy onalsis madel, 5
identifies important eompenenls (wherever applicable), and
disensdes cngi.ﬂnerin_&'g_pp[i:uiinu.
Concepual Demoensirmtes sound understanding of  entropy, Clausius
Understanding & Urorcin. Clagsius meguality. entropy balance, and the S¢cond 4
Viva Yoce Law of Thermodynamics, answers vyivia voge guestions
conlidently. snd explaias the concepts clearly and accurately.
Toml 10
Module 5:
Sizanl Andlvei (10 mdarks).
Critaria Diescriplion Marks
Experimental Porforms the allofled experiment by [lollowing the prescribed
Procedue & procedure, opurates the opparstus correctly, observes safcly 8
Crhscrmtion precoutiong. and reeords cxporimental observotions sccuralely
and sysicmatically.
Caleointions, Result | Performs the required colculstions comectly. opplies the
Interpretation & ppproprinte ges laws or equalions ol stole, intorprels the obinined 5
Concepd unl resuhs, exploins the thermodynamie behovioor of goses or gas
Understind mg mixiures, and drows approprigie condlusions.
Toral 10
| Stznnl Analysis {18 marks),
| Criteria Description Marks
Demonsirnion & Correctly explains the nllened gas property, cquation of siaie,
Waorking Principle BUs COMpression proccss, S0s mixiwre anolysis, compressibiliny
chart, thermodynamic property delermination, or Gibbs lunction 5
madel. identifies imponam pammciers (wherever applicablo),
Bnd discusscs cnpincering opplicolions.
Conceptual Deimonstrtes  sound  understnnding of  Avepodro's  Low,
Understonding & equalions ol stale, Dalten's Law al Partinl Prassures, pas
Viva Voce mixturcs, compressibility  behaviour, and  thermodynomic | 5
properiies, answers viva voce queslions confidenily, and
_explains the concepts clearly and accurmlely.
Totnl__ 10
Engineering Thermodynamics -BETIME 13305 Foge 19 ol 19





