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JAWAHARLAL NEHRU TECHNOLOGICAL UNIVERSITY HYDERABAD

M. Tech I Semester Examinations, January - 2020

ADVANCED THERMODYNAMICS

:j

Note: This question pipeir contains two parts A and B.
part A is compulsory which carries 25 marks. Answer all questions in Part A.
part B consists of S Units. Answer any one full question from each unit. Each question

carries 10 marks and may have a, b, c as sub questions'
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1.a) State and explain the Clalussius inequality 8'aseO on second law of thermodynamics. [5]
b) Explaiu throttling process along with its practicel applications. t5l
c) W[at is chemical equilibrium? Derive its condition for general chemical reaction. t5]
d) Discuss the Onsagar reciprocity relations for the coupled energy flows. t5l
e), ",Qiffelentiate b.e{weendirect energy,.conversion,an$ indirect enelgy}cgnvfrsion sy-stem.s-..-..

;t-,:i. i...-......i ;.r ,:i. i.......,.r ",,-'1. i--...".i :., i i ,i ;- ,'1. i......,": ;, ",i[!1^";
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5 x 1"0 Marks = 50

2.a) An insulated 0.75^kg copper calorimeter can contain ing0.2kg water is in equilibrium at a

temperature of 200C. An experimenter now places 0.05 kg of ice at 0'C in the calorimeter

and encloses it with a heat insulating shield, i) _When all the ice has melted and

i*'"a;ifmrium trii'ieacfibd, whatffir:uti'ttre temptie.tuiii'b'rneaterdn-d tG banz rnd.ilieilfiA

i" ;+',|"rcr copp:i1,is:u:418 kJft;-lkiariQ ttre lu6nt ryit "l turtSci,rige is 111="klft6
" 

ii)Cdmpute tfre entropy increase of theuniverse resulting from the process. iii) Wtll;1ilt
be the minimum work needed by a stirrer to bring back the temperature of water to 20"C?

b) What is the significance of Maxwell relations? How does they use for the development of
energy transfer relations? U+31

OR
3.a)..'-,Derive the availabitity energliahd ineversibilily qquatigns for the-'steady flow pfocpqs-iq-'-'i-"';d;s 

oiavuitau{litv fiinctioi-diidiaiscrrss their it'irportance. , 
-'i -*j t-'! ;--i-

U)i--tir ai a pressur. oi 5'bu. and 200C flows into 6n evacu'ated tank uhfil the pressdie'in the

tank is 5 bar. Assume that the process is adiabatic and the temperature of the

strgroundings is 200C, then (i) what is the final temperature of the air? (ii) What is the

reversible work produced between the initial and final states of air? (iii) What is the net
aa*rnnrr ^lanrye nf rhe air enter.ins the tank? (iv) Calculate the ireversibility of thegrf tl \JPJ wircrrtsv vr Lrrv

,-':pT""":ii, i",,,. : ", :,.j ; ., :"-;. . ,, i.): 
il, -: l"!.,14 i

4 ")t 
pi;;e that p#ll= ffi*, ror anidiabrrtic proiess i,d'derive,L.lln.r,'ir"nrr.r;iai*o.r.
transfer for adiabatic Process.

b) A container of 2m3 cipacity contains 10 kg of COzatZT1C.Estimate the pressure exerted

by COz by using i) perfect gas equation and also using ii) Vander Waal's equation.

13+7J

i ]i

....
i...........
:r.



i'",.l
r"" r 1" "'. ,' \ i''', i "'i

.,,, ,,,.. i . .. .;,, ,,:.i i . j 
.:r' ',::,

i... i '.. i..-..j : ;.........i

i----i.:':
1.......,."'
i"

i " "'t
i....-....-j
i 'i.;'.'

5.a) In the vicinity of the triple point, the vapour pressure of liquid Nitrogen is given by

ln p = 15.16 - 3081/T and for solid Nitroge_g- lt--p = 18.70 -37771T. Calculate the

i '.t#perature diid, piessure ati-thb [iipJe pointi'"Anff also catcfi-idteittrb latentfii;irtS"ii[

i fiufii;;il;,1iffi;ii#;;il4;tu.'ifi "- ,; i i ,. " {"."i :-'; i": i,;
b)' Determine individual'gas const'ant and molecular weight of a mixture containing 25%

[7+3]oxygen, 21Yonittogen and S}%COzon volume basis.

6.a) Gaseous Butane at 250C is mixed with air at 400 K and burned with 400% theoretical air.

Determine the adiabatic flame temperature.

b)r".-..krive the equariqn fbr the adiabatic*flame ternper4ture for the-given fuel and draw thq"lt ;:I';-# r". 
"alluatrj"nu*. 

,"*ptrtirun".o.frus exbbis airi i'l ,*r, 
iIz+P] r.L.....-l-- 1-- '.....-....' i .... . "'.....-; i iOR i.........'' i i ',..-.. :

7.a) Liquid ethanol (CzHsOH) is burned *ifil 1SOX theoretical oxygen in a steady flow' 
pro""rr. The reactants enter the combustion chamb er atll}C,and the products are cooled

and leave at 650C, 0.1 MPa. Calculate the heat transfer per kg mol of ethanol. The

enthalpy of formation of CzHsOH (l) is -2,77,634 kJlkg mol.

b)-......"Explain tte te-rr4s Bnthalpy of.fornration, heat gf.qeaction and e4th.3lpy..of producJs...bgtt4
'1. 

,ip+.ifre given ctreinicallreactiorir, .; i ,,i ,i'.,i i ,"; ;:"-";. i.....,,.i ;)"t'E+91-ii ji-1 " i,...-if '., i.":1-*it i...".ii i ''.".ii'u. i -jii
8.a) What are different applications of phenomenological relations in order to understand the

entropy generation?

b) In a Cogeneration plant, the power load is 5.6 MW and the heating load is 1.163 MW.

Steam is generated at 40 bar and 5000C and is expanded isentropically through a turbine

to a condenser at 0.06 bar. The heating load is supplied by extracting steam from the

i-ituffi" at z Ui.-;wrriih conderideE iri-ttre procdji,rreitE. to satr{iied ii(uid at /,6}riind

i,."iitl,*;;;t?#:io;il."u"riifid*fr;.:tTfr'. ilFuil,s*;,;di;,i'qaparitv ortd"e"rq11e';
'-" 

in tonneslhr, ii) The heat input to the boiler in MW. 14+61

9.a) How to apply the second law of thermffiurni". for power cycles? Explain with suitable

example.
b) Drawthe schematic, P-V and T-s diagrams for the combined cycle power generation and

i"-..de-rivp first law and-second law effigiency equatio4sl-'--, ,'" " i i 
" ""'i 
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t0.a)-biaw the sch'enrafic iliagram Solar photo voltaic'power generationirnit urd diseuss:the

advantages ofthese plants over conventional power generation units.

b) Rifferentiate between direct and indirect oxidation fuel cells and discuss their major

applications. [5+5]
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