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=N Contents Houres

1 |Basic Concepts and defimitions of Thermodynamies: Svstem,
Surrcundings, Property, Energy., Thermodynamic Equilibrivm, 2
Proress, work and modes of waork.

Zeroth amd First Law of Thermodynamics: Zeroth of
Thermodynamics, Temperature scale, First law of thermodynamics,
First law analysis of some elementary processes. Steady  and
unsteady ow energy equations.

2 |Second Law of Thermodynamies: Heat engine, Heat pump and
refrigerator, Second law of thermodynamics, Equivalence of the
Kelnn-Mank and Claushes statements. Heversible and lrreversible i
Processes, Carnot engine, Efficiency of a Carmmot engine, Carnot
principle, theTmdlyname: emperatire scale, Clagsks nagqualicy.

Entropy: Entropy, Calculation of Entrapy changs, Principle of entropy
increase. Temperature-Entropy diagram, Second law analysis of a 3
coniral walume.

Avallability: Avadlabls energy, Loss in avalable energy, Avadlabdity
Functeon, lrmeversibiliy.

3 | Thermodynamic Properties of Flulds: Pure substance, Concept of
Phase, Graphical representation of pov-T data, Properties of steam 4
Steam tabiles, Moller chart

Ideal Gas and Real Gas: ldeal gas, Heal gas, Internal enengy, enthalpy
and specific heats of an ideal gas, equations of state, Dalton's law of

partial pressures, (dbbs Dalon kw, Thermodynamic propemies of gas
OUKTLIMES.

& | Thermodynamis Relatlomns: Thermodynamic varables, Independent
and dependent  vanables, Maoaowells (hermodynamic  nelatons,

Thermodynamic relabons invodving enirogy, Thermodynamic relations i
involving enthalpy and internal energy, Joule-Thomson coefflcbent,
ClapeyTon equatom.

Power Cycles: Oito opcke, Dhesel oypcle, Dual opcle, Bragton oyele and

Encason oycle. 4
5 | Vapour pewer eyele: Rankine cyele, effect of operatng conditbons an 3

tis eficiency, properties of ideal workdng Guld in vapour power cvele

Heheat oycke, regenerative cycle, blesding extracbon opcle, sl water 3

heabng Co-peneTailon oyele.

TOTAL| 39




Course Overview:

Students will learn the basics of Engineering thermodynamics from this 40 hours course. They
will be able to know about the laws of thermodynamics, such as first, second & third law and
also about their applications. Linear data structures covered under this course are array, stack,
queue, double ended queue and linked list. This course provides an introduction to the most
powerful engineering principles you will ever learn - Thermodynamics: the science of
transferring energy from one place or form to another place or form. We will introduce the tools

you need to analyze energy systems from solar panels, to engines, to insulated coffee mugs.

More specifically, we will cover the topics of mass and energy conservation principles; first law
analysis of control mass and control volume systems; properties and behaviour of pure

substances; and applications to thermodynamic systems operating at steady state conditions.

Course Outcomes:

CO. NO. | Cognitive Level | Course Outcome
Explain the basic principles and applications of the
1 Synthesis thermodynamics to the various real life systems.
2 Synthesis Describe fundamental laws of thermodynamics.
Apply the concepts such as Entropy, Energy Balance also the
3 Design calculations of heat, work and other important thermodynamic
properties for various ideal gas processes.
Estimate performance of various thermodynamic gas power
4 Design cycles and gas refrigeration cycle and availability in each case.
5 Synthesis Estimate Pure Substance problem and Analysis of Substance.




Course Outcome Mapping with Program Outcome:

Course Outcome|PO1|PO2 |PO3|PO4|PO5 |PO6 |PO7 |PO8|PO9 |PO10|PO11|PO12|PSO1|PSO2|PSO3
co1 2|22 |1]1]o|lojofo| 1|0 |o0]|2]|2]1
c02 321111 ]ofojojo|l1]o0o]o0o]|2]1]1
co3 32|32 [2]ofojojo|1]o0]1]3]2]2
Co4 32|32 [2]ofojojo|1]o0]1]3]2]2
05 32|32 [2]ofojojo|1]o0]1]|3][2]2
Average  [2.80(1.80/2.40|1.60|1.60]/0.00|0.00|0.00]0.00| 1.00 | 0.00 | 0.60 | 2.60 | 1.80 | 1.60
Course Coverage Module Wise:
Lecture | Unit Topic
No.
1 1 Basic Concepts and definitions of Thermodynamics:
System, Surroundings, Property, Energy,
2 1 Thermodynamic Equilibrium, Process, work and modes of work.
3 1 Zeroth of Thermodynamics, Temperature scale
4 1 First law of thermodynamics, First law analysis of some
elementary processes.
5 1 Steady and unsteady flow energy equations.
6 1 Numericals
7 1 Numericals
8 1 Numericals
9 1 Numericals
10 2 Heat engine, Heat pump and refrigerator, Second law of
thermodynamics,
11 2 Equivalence of the Kelvin-Plank and Clausius statements
12 2 Reversible and Irreversible Processes, Carnot engine




13 Efficiency of a Carnot engine, Carnot principle, thermodynamic
temperature scale, Clausis Inequality

14 Entropy, Calculation of Entropy change, Principle of entropy
increase. T

15 Temperature-Entropy diagram, Second law analysis of a control
volume.

16 Available energy, Loss in available energy,

17 Availability Function, Irreversibility

18 Numericals

19 Numericals

20 Numericals

21 Numericals

22 Pure substance, Concept of Phase, Graphical representation of p-
v-T data

23 Properties of steam. Steam tables, Mollier chart

24 Ideal gas, Real gas

25 Internal energy, enthalpy and specific heats of an ideal gas,

26 equations of state, Dalton’s law of partial pressures,

27 Gibbs Dalton law, Thermodynamic properties of gas mixtures.

28 Numericals

29 Numericals

30 Numericals

31 Thermodynamic variables, Independent and dependent variables,

32 Maxwell’s thermodynamic relations, Thermodynamic relations
involving entropy,

33 Thermodynamic relations involving enthalpy and internal




energy,

34 4 Joule-Thomson coefficient, Clapeyron equation

35 4 : Otto cycle, Diesel cycle, Dual cycle

36 4 Brayton cycle and Ericsson cycle.

37 4 Numerical

38 4 Numerical

39 5 Rankine cycle, effect of operating conditions on its efficiency

40 5 properties of ideal working fluid in vapour power cycle

41 5 Reheat cycle, regenerative cycle, bleeding extraction cycle,, feed
water heating co-generation cycle.

42 5 Numerical

43 5 Numerical

44 5 Numerical

45 5 Numerical

TEXT/REFERENCE BOOKS
1. Engineering Thermodynamics, P.k.nag
2. Engineering Thermodynamics By D.S.kumar
3. Thermal Engineering by R.S.Khurmi
4. Thermal Engineering by F.S.Mehta

Course Level Problems (Test Items):

CO.NO.

Problem description

Relate zeroth law with practical everyday life.
Relate stady flow process with everyday life
Relate first law with everyday life.

Relate second law with everyday life
Attempt numericals on second law of thermodynamicss
Relate entropy concept with second law.

Write different phase change properties of water at different pressure.
Attempt numerical on steam table
Attempt numeical on moiller chart.

OWPOWPOWP




Derive thermodynamic relation.
Derive efficency of otto , diesel, dual cycle.
Attempt numerical on otto,diesel , dual cycle.

Derive rankine and ideal rankine cycle.
Derive reheat, regenerative , binary vapor cycle.
Attempt numerical on reheat, regenerative & binary vapor cycle.

Ow»owr

Assessment Methodology:

1. Practical exam in lab where they have to prepare practical model related to
thermodynamic laws .(Once in a week)

2. Assignments one from each unit.

Midterm subjective paper where they have to attempt numericals.

4. Final paper at the end of the semester subjective.

w

Teaching and Learning resources unit-wise:
Unit-1
Basic Concept of thermodynamics

Video Tutorials: https://www.youtube.com/watch?v=CWKMCXclaWk

Theory conchttps:https://www.edibon.com/en/thermodynamics-thermotechnics/fundamentals-
and-basic-concepts-of-thermodynamics

Sample Quiz:_https://www.mechanicaltutorial.com/thermodynamics-objective-type-questions-
and-answers



about:blank
about:blank
about:blank
about:blank
about:blank

Unit-2
A. Heat engine , Heat pump & refrigerator( Second law of thermodynamics)

Video Tutorials: https://www.youtube.com/watch?v=Z1crLo7KyH8

Theory concepts:_https://www.livescience.com/50941-second-law-thermodynamics.htmi

Sample Quiz: https://www.mechanicaltutorial.com/thermodynamics-objective-type-
questions-and-answers

B. Clausius inequality & 3 law of thermdynamics

Video Tutorials: https://www.youtube.com/watch?v=c5v1b5pCL40

Theory concept:-__https://itp.uni-frankfurt.de/~gros/Vorlesungen/TD/4_Entropy second_law.pdf

Sample Quiz: https://www.mechanicaltutorial.com/thermodynamics-objective-type-
questions-and-answers



about:blank
about:blank
about:blank
about:blank
about:blank
https://www.youtube.com/watch?v=c5v1b5pCL40
about:blank
about:blank
about:blank

Unit-3
A. Pure substance, Concept of Phase, Graphical representation of p-v-T data

Video Tutorials: https://www.youtube.com/watch?v=D28Mg5u3cW8

Theory concepts:https://www.ohio.edu/mechanical/thermo/Intro/Chapt.1_6/Chapter2a.html

Sample Quiz: https://www.mechanicaltutorial.com/thermodynamics-objective-type-questions-
and-answers

B. Steam table & moiller chart

Video Tutorials:https://www.youtube.com/watch?v=jtsLoBKc5hE

Theory concepts:http://ecoursesonline.iasri.res.in/mod/page/view.php?id=2410

Sample Quiz:https://www.mechanicaltutorial.com/thermodynamics-objective-type-
questions-and-answers



about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank

Unit-4
A. Thermodynamic relation, Thermodynamic variables, Independent and dependent variables,

Video Tutorials: https://www.youtube.com/watch ?v=wlzVbnCovO0

Theory concepts: https://www.cpp.edu/~tknguyen/che302/Notes/chap8-1.pdf

Sample Quiz:_https://www.mechanicaltutorial.com/thermodynamics-objective-type-questions-

and-answers
B. Gas power cycles

Video Tutorials:
https://www.youtube.com/watch?v=U6sKICs5XtY&list=PLvGeDdLVzd1kqvbpOfdQjv8fMwB620S O

Theory concepts: http://www.nitjsr.ac.in/course assignment/ME4255 2.pdf

Sample Quiz: https://www.mechanicaltutorial.com/thermodynamics-objective-type-questions-and-

answers


about:blank
about:blank
about:blank
about:blank
https://www.youtube.com/watch?v=U6sKICs5XtY&list=PLvGeDdLVzd1kqvbp0fdQjv8fMwB620S_O
about:blank
about:blank
about:blank

Unit-5
A. Vapour power cycle

Video Tutorials:
https://www.youtube.com/watch?v=lucNT3kGjKY&Ilist=PLvGeDdLVzd1kVAEtLsL6sbObQyUOHOPpC

Theory concepts: http://ecoursesonline.iasri.res.in/mod/page/view.php?id=2430

Sample Quiz:_https://www.mechanicaltutorial.com/thermodynamics-objective-type-questions-

and-answers
B. Binary vapor cycle & cogeneration power plant

Video Tutorials: https://www.youtube.com/watch?v=PWqgyKT8TOQA

Theory concepts: https://www.learnthermo.com/T1-tutorial/ch09/lesson-C/pg10.php

Sample Quiz: https://www.mechanicaltutorial.com/thermodynamics-objective-type-questions-

and-answers


about:blank
http://ecoursesonline.iasri.res.in/mod/page/view.php?id=2430
about:blank
about:blank
https://www.youtube.com/watch?v=PWqyKT8TOQA
about:blank
about:blank
about:blank

Previous Year Question Papers:

___-—-"_‘—hn_._‘_‘_‘_

B Tech. 111 Sem. (Main) Examifation, April/May - 2022
Auntomohbile EREineering
3AE4-05 Engincering Thermodynamics
AE,ME

Timr:-'. 3 Hours Maximem Marks : 70

| | P

Instructions to Candidates:
Anempt all ten questions From Part A, All flve Questions from Pari B and
three guestions out of flve questions from Part € B
Schematic diagram must be shown wherever recessury Any data mizsing may
suitably be assumed and states clearly. Uit of guentitics wsedicalenlated miest
H r . .
Use of following supporting material is permitted during examination
{Ax mentioned in form No. 205).

PART - A (Ward limit 25} (10=2=20)

1. 'Whatisermodynamic equilibrium? (2)

I '!'Lu is triple puine of a substanceT (2)

3. Explain clausius staterment? i2)

4. Explain the principle of entropy increasc” (2)

£. What is a pure substance” {2)

6. Explain Gibbs Dialton law. (2

=, InOfto, Diesel and dual cycle, with same aperal ifg cvnditions which eycle has the
masimum thermal efficiency™ 2}

§.  'What are the thermodynamic variables? ()

g, What are the progerties of kical w wkirg Fluid in vapour power eyele? 2y

i . P'hat do you o by Regeneration in o cycle. ey
M PART - B (Word limit 100) (8= 4=211)

¥3. . 0.3 Kg of nitrogen gas of 100 kpa anil 40°C is comained in a eylinder. The piston
ja moved compressing or Mitrogen until | MPa. ot this point the temperature is

160°C. The work done during the process is 30 KJ. Caleulate the heat transfer
from the Nirogen,

To the surroundings take C = 0.75 KJ kg K. for Nitrogen. (4)
IE1208 /2022 i) [Contd._..




I'i:mtrp‘fnl'l:'rﬂmﬁ' and frreversiDility and prove
1. Explaint
ol (4)
T ,mmﬂ"" ity mrnim l'r""" 1.5 Bar peessure and 35111..,.7"“,.“_
J. Avessel e miass 0 the gas in the yessel. 17the pressure of this gas iy
munll-"‘ﬂikmmmmc remain constant, What will be the temperature of the

’“'M,;ﬂﬂ"““'m”‘ﬂ )
y fm ghat the exquation for enthalphy is given v all nomenclature have U |
! saning.

aecarele-1 2| Lar @

|
'
*#

; . f i
£ Prove that thermal efficiency of an Ono ¢vcle is given h_'r;‘i? . '_F.';'

Where all nomenclature have usua| meaning, i)

.,;,f ’J'I-] Explain vapour power cycle with a peat [Haram (2)
jj What are the varous tffl:tlﬂl[lp:rurml_' comdimons on the efficiency of vapour
pawer cycle? )

PART - C { Amy three) (3e10=130)

L. A) Thespecific heat capacity of the 53 stem during 1 certain process js given by:
L, = [0+ 0.004T | K7 F g "0

Ifthe mass of the pas is & kg and its bemporature chunges fvom 2499 1 |25

find: htrpsuwowow, riuonline.com

i} Heattransferred

i) Mean specific heat of gas 5
"B} Comment whether the following quanitics can b called as properties of not.

B e W e W) [Pdvewdr (5)
. AIFIII‘EU“C and |I.l]'5 bar accupies 002 5m', the air is heated at constant volume
until the pressure s 4.5 Bar, and then eooled at constant pressure.
Back 10 original temperature, Calculate.
B Met heat flow from the mir.
D Net entropy change. Sketeh i, provess on -8 diagram, (10

JE1208




Write shor nodes o0
P-WT Surfpoe

A

By Dmymess fraction

Oy Super teeated Soeam

[y Latent hest. ) ] -
v BT show that G 88 C, are independen . r-1l-l'vt--\.=.a.|r-o:Jl

For a perfect gas obeying
rroy

A turhine is supplied with sicam at @ pressure of 32 lHar and e

410™C. The steam then expamds isentropically 1o a presuse ofo P rrir;-ru-; i

dnvmess fraction at the el of expansion and thermal efTigj :-'*-Tn'h:;;:‘“-.:.“d e

If the steam is reheated at 5.5 Har io a temperalure of 39542 and then ox )

1o a pressure of 0U08 Bar, What will be the drymess fraction and
L]

sentropically
thermal efficiency of the cycle?




i

Roll No, ___

3E1633

B. Tech. (Sem. 11}
<) (M .
Mechanical Engg, ain/Back) Examination, December - 2017

IME3A Engg. Thermodynamics

Total No. of Pages :E

Time : 3 Hours

Maximum Marks :
Min. Passing Marks :

Attempt an
Allp()ues{lr{r'l:ecz““”m" selecting one question from each wunit
shown whel‘l'v.er nrry equal marks. Schematic diagrams must be
a8 s ecessary. Any data you feel missing suitably be
ated clearly. Units of quantities used / calculated
must be stated clearly.

Use of followin ; >
g supporting material i il ; s
(Mentioned in form No. 205) Ie ORI R

Nil ¥ Nil

80
26

) UNIT - 1
(a) (i) What is property 2 Distinguish between differe

(ii) What is thermodynamic equilibrium ?

(hy A0S m? vessel is fitted with

by a paddic wheel attached to 3 shaft 0.1 m
1800 rpm. A the rim of the shaft. Wh

force of SN acls on
pressure in the d of operation *

vessel after 10 secon

OR

nt types of properties.

4

4

air at atmospheric pressure. The air is chumed
in dia., rotating at @ speed of
at would be the




L@ Apply fiest law W the ollowing processes of » cln{ul vlem usimg idenl
RIS &S the working substange -
i1 Constan vilume
(i) Comstant pressuse
(i) Cospany emperature
(V) Reversible adinbatic,

b
(®)  Five kilogram of wir indtially ag 284C g smospheric peessure (101,325 ki'a)
is hested i 4 ighd container hy whing 10°k) of heat, Colculale the change
in internpl CCTRY of the system and fhe final temperature nituined.
8
UNIT - 11
2 () () Explain the working principle of & Camsol engine,
4
) Whan is perpetual motion machine of the secomd kind
Kl
(®) A Carnee refrigerator aperates betwegn

iempersiure limits of 7°C W the
Cvaporator and 35°C Iy the condenser. Iy |

which requires o steady temperature of -4

percent shoudd 1he Compressor capacit i
relrigerating effect and the same cong

OR

pands from 200 kPy gng $ioeC
change along different paths and

2 One kg of nitrogen ex
Calkcolate (he entrapy
point flanction,

lolNkPaﬂndwO'C.
Prove that eatropy |5 5

16



|

What is triple point ?

UNIT - In

Explain wiy

) Why & pure substance 9 Ey

) Derive the re|

AONs for the entrap;
T.p\ T'v. P’\'.

l

o0
CXpands ism:opmuy 10 a figy .m:#::
Assume € - -

#d Braytog cycle

(b)  Detive a0 expression for the gir tl

ORl" |

The

for the velocity of soungd 0 lerms of
'(8) & ideal gas and

(b) am incompressible liquid,

3E1633 |

min in detgil

rehnnggofntdulgu

£ 150 kpy
1.0044 Kl/kgk

velocity of sound Cin 2 mediym (s given by ¢

reference 1o PT, P2V and 1=V planes,
.

4
in terms of
8

-iauuunoo-c,mm.u

Mn.uumm

16

¢Miciency of diesel cycle,

@‘. Find an EXpression

Mitiescsp'.u.‘t.kmdktoc

16



INIT - v |

S Whal fhcgory feader (he L‘Tul Cyele an impractical cyele ¢

X

(b} What s Ogeteration ! Hunlain (he weking principke of a practica
Cgeneration plan,

i

OR
S Astean power plint operates on jl Rinkine cycle with superhented steam entering

the turbing o 4 Mhmdl@".mcslmkmmuinacmdem&
20 kPa. Determing (he (hegma efliciency of the cyele sssuming deal conditions.

16




RoliNo. Total No of Pages: [4]
o 3E1633
O B. Tech. 111 Sem. (Main / Back) Exam., Feb. 2015
e Mechanical Engineering
) IME3A Engineering Thermodynamics
Common to 3P13A and 3JAE3A
Time: 3 Hours Maximum Marks: $0
Min, Passing Marks:
Main: 26
RBack: 24
Inssructions to Camdidates:

Avtempr any five questlons, selecting one guestion from each unit. Al questions
carry egual marks. Schematic diggrams must be shown wherever necessary. Any
data you feel missing suitably be assumed and stated clearly,

Units of quantities used/calculated must be stated clearly
Use of following supporting material is peemitred duwring examination.

| Scanlabh 2 Mol chart.
UNIT-1
Q.1 (a)  What s the zeroth kaw of thermodynamecs. Consider o system whose temperature
& I8°C. Express this semperature in R, K, and °F [8]

(b)  The main water kine sio a tall bulkding has & pressuee of S00KPa 3t Sm below
ground Jevel. A pump brings the pressure up 8o the waier can be delivered at
200 kPy at the top floor |50m above ground level. Assume a flow mie of 10kg's
liguid water at 10°C and neglect any difference i Kinetic energy and interal
energy U Find the pamp work. (%]



1 a)

=1

1.2 {a)

L3

2.2 {n)

&

[3E1633]

Explain insessive and extensive properics, Classify the following propenies &

intensive or exiensive:
Mass, Emergy, Temperabare, Volumee, Sp. Volume, density, 14]

A noezie receives 0.1kg's of sieam al | MPa and $00°C with negligible kinetic
encrgy. The exil @ &t 300 kPa and 350°C, and the Bow ig adeabatic. Find the
noze exit velocity and the < area. [H]

UNIT - 11

ﬂghhummml:mT-E-ﬂf—?ﬁ:gmﬁﬂmmwwm}u
is practically not possible? [B]
The interior lighting of refrigerator is provided by Incandescent lamps whoss
pwitches are actsmted by the opesing of the refrigerator door. Consider a
Hﬁ#rﬂmmﬁrﬁ#%'ﬁﬁ#“mﬁmnﬁﬂﬂuﬂﬂyﬂurﬁlﬂtﬁﬂtﬂ
functicm of the switch. IT the refrigerator has a coefficient of perfomance of 1.3
and cost of the electricity is Rs B per kuh, determine the increase in the energy
comsumption of the refrigerator and its cost per year if the switch is pot fixed. [B]

An ventor claims w0 have developad a refrigerator that mainfaiss he
refrigermied space at -390 whille operaiing in a room where the temperatar: &
229 and that has & coefficient of performance of 1335, Is thas clasm

reascea e ? 18]

A heat source of 300k Ioges D000K) of heat to sink 2t (i) 50k and (i) 750k

Diebermime which heat trassfer process & more imeversible. [E]
Page Z of 4 [n4540]



0.3 (a)
(&)

Q.3 ix)
(bl

0.4 {a)
b

Q. 4 (a)
ikl

[IE1633]

UNIT-1TI

Drrive Maxwell relation and explain thesr importance in thermodynamics.  [12]

Write Clapeyron equation, wha is its importance m themodynamics. (4]
DR
Wit i5 Joule-Thomson coefficient, defime 7 What is it"s significance” [K]
What is compressibality factor? Whist is the role of poneralized compressabilaty
hast in thermodynamics? 18]
UNIT-1V

Write the assumpiion wiilized in the analysis af air standars] gis power cyches. [4]

An idesl il cycle has a compression ratio of B. A1 the beginning of the
compression process, air i at 100kPa and 177C, and BNkMkg of heat =
iransferrod B dsr duning the comstant vilume beat-addition process. Detenmine

(i} The maximesm temperabun and pressane: that cocur denmg the oycle
(idy The net wark output

{nl) Thermal efficiency

{iv) The mean efuctive pressure for the cycle. [1z]
R
Explain stigling cycle using T-5 and P-V diagram. 5]

A gas turhine power plant operating oo an ideal Brayion cycle has a peesare
matio of & The gas temperature & 300k at the comgressor inlet and L300k o the
turhing inbet. Utilizing the air sandard sssumptions, determine:

Page 3 of 4 [14540]



1).5 )

(hy

25

(b)

(1) The gas temperuture at the exit of the compressor and the turbene
(i) Work ratio

{iil} The thermsal efciency [10]

UNIT-V
I & Rankine cyche, steam leaves the bodler and enters the turbine at 4 MPa and
400°C. The condemser pressure is 10kPa. Determine the cycle efficiency. — [10)
Explain the effoct of pressure and temperatare of the efficiency of the Rankine
eyeke (6]

Explain the Reheat cycle and it's advantapes. Draw T-5 and schematic diagram
foe rebent cycke, (6]
Consider o reheat eycle utilizing sicam. Steam loaves the boiler and enters the
turbine ot 4 MPy, 400°C. After expansioa in the tarbene 10 400 kPa, the steam is

rebeated to 400°C and then expanded (n the low pressure turbine o |0kpa
Determine the eycle efficiency. (o)



