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USN 17AE/A533

(10 Marks)

(10 Marks)

Third Semester B.E. Degree Examinafion, Dec.2018 lJan.20l9
Aerothermodynamics
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Time: 3 hrs. Max. Marks: 100

Note: I. Answer any FIVEfull questions, choosing
ONE full question from each modale.

2. Use of Thermodynamics Data lfand Book is permitted.

Module-1
I a. Distinguish between:

i) Open and closed systems
iD Intensive and extensive properties
iii) Mechanical and thermal equilibrium.

b. A centigrade and a Fahrenheit thermometer dipped in a fluid recorded same numerical
reading. Determine the temperature of the fluid expressed as Kelvin (K) and Rankine (R)
and also find the identical numerical value shown by the thermometer. Absolute zero on K
and R scale correspond to -459.7"F and -273.16"C. (10 Marks)

OR
a. Define work and heat. Write the similarities and dissimilarities (any four). (10 Marks)

b. A fluid at 0.7 bar occupying 0.09m3 is compressed reversibly to a pressure of 3.5 bar
according to a law pVn = constant. The fluid is then heated reversibly at constant volume
until the pressure is 4 barl the specific volume then being 0.5 m'(e. The fluid is restored
back to its initial state by a reversible expansion process as per pV2 = constant. Sketch the
cycle on a p-v diagram and find:
i) The fluid mass

iD The value ofn in the first process

iiD The net work done

Module-2
3 a. State the frst law of thermodynamics for a non-cyclic process and show that internal energy

is a property of a system. (10 Marks)

b. A tank contains l2kgof water used for determining mechanical-thermal energy equalities.
The total work input is 40Nm. Assuming the system is adiabatic, find: i) the change in
specific and total internal energy ii) If a heat loss of 0.1 J&g is recorded, what is the

internal energy change, both specific and total, now? (10 Marks)

OR
4 a. Starting from first law equation for a closed system undergoing a non-cyclic process, derive

an equation for an open system under steady state, steady flow conditions. List all the

assumptions made. (12 Marks)

b. An air compressor with water jacket compresses 48.67 lps of air of specific volume

013 m3lkg. The enthalpy of air is increased by 105 kJlkg. The heat transfer rate to the

cooling water jackef and the surrounding is 190 kJ/min. Determine the power required to
drive the compressor assuming negligible changes in kinetic and potential energies. The

flow is steady state.
I of2

(08 Marks)
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5a.

b.

17AE/AS33
Module-3

Define the two statements of II laws of thermodynamics. Further prove that violation of
clausius statement also violates Kelvin-Plank statement. (10 Marks)
An engine mounted on a ship has a thermal efficiency of 807o of that of the standard carnot
cycle.ihe engine receives heat from the sea at 300K and rejects heat to the atmosphere at

Z"AO6. What quantity of heat must be extracted from the sea water to provide the required
heating effecti The work output from the engine is dissipated using 500kg of water at 355K.
Take Cp of sea water as 4.186 kJ/kg K. (06 Marks)
With a iimple block diagram represent PMM of II kinds. Why it is not possible? (04 Marks)

OR
6 a. Derive clausius inequality and hence prove that entropy is a property. (12 Marks)

b. In a certain reversibie proc.rs the rate of heat transfer to the system per unit temperature rise
is constant at 2 kJl"C. Determine the increase in entropy of the system if the temperature
changes from 27oC to l27oC.
In a second process between the same end states if the above temperature rise is

accomplished by using a string and stirrer, what is the change or increase in entropy?
(08 Marks)

c.

Module-4
a. Represent water exiSting in all phases at atmospheric pressure on a P-T diagram. Label all

the three phases, fusion and vapouruation lines, critical and triple point of water. (06 Marks)
b. Define critical point and triple point of water. .. (04 Marks)
c. A vessel contains 10kg of o*ygen, 8kg of nitrogen and 25kg of carbon dioxide at 3l5K and

250kPa. Calculate the capaciiy of the vessel, the partial pressure of each gas present in the
vessol and the total pressure in the vessel when the temperature is raised to 450K. (10 Marks)

OR
a. Distinguish between ideal and real gases. Write any two equations of state ,ou Oro[; 

Marks)
b. Define compressibility fuctor. Determine the compressibility factor of nitrogen at l0MPa

and -80"C and 0.5 MPa and 35'C. For N2 take T.: 126.30K and P. = 3.398 MPa.
(06 Marks)

for an ideal gas show that Co - C": R.

/^'J\ /ap\c. Using the relation C, - C, = T[ + I t 
gf 

I-.. "p _v . 
( ar ), \at ),

(08 Marks)

'i Module-S
9 a. Derive with usual notations an expression for the air standard efficiency of an Otto cycle.

Rppresent the cycle on P-V and T-S diagrams. (09 Marks)
b. ln a petrol engine the temperature at the beginning and at the end of compression are 300K

, and 750K. Find the compression ratio and air standard efflrciency.
c. State any six assumptions made in the analysis of air standard cycles.

(06 Marks)
(05 Marks)

OR
l0 a. With the help of T-S diagram deduce an expression for Rankine cycle efflrciency. (10 Marks)

b. The following data are extracted from a steam power plant:
Steam at boiler inlet: 150 bar and 550"C
Reheated to : 40 bar and 550'C
Condensed to : 0.1 bar
Assuming all proeesses as ideal and using Mollier chart/steam tables determine:
(i) Quality at turbine exhaust ii) Cycle efficiency iii) Steam rate. (10 Marks)

rt(*{<*x
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Note: l. Answer any FIVE full questions, ONE full euch module,
2. Use of thermodynamics bharts/tables is

-{Nvrvgurv

1a.Withaneatsketch,explaintheff&nlmrmocoupldu*,:u..:'(06Marks)
b. With a neat sketch, explainQ$qsi-static process. ad' (06 Marks)
c. The temperature of a ffir!f,;ufls'i'ineasured with a Ce]dius thermometer as well as Fahrenheit

thermometer. If the*,ffiErical reading ir rurnrl-ffiF*both thermometers, determine the
temperature in degreesplHhius and degree Fahrenffffit'T (08 Marks)

jfuo *" 
iy*

,"d "\ on*;:*{1} u2 a. A sphericat6,p$ld$n has an initial diameJer-of 25 cm and contains ak at l.2bar. When
heated, tlrg" 

"iffimeter 
increases to 30 Cml' nuring heating, the pressure is found to be

proportiOnffib diameter. (06 Marks)
b. With a neat pV diagram, derive,'an'expression for work done in isothermal process and

po$dEfic process. r1,,*;rr\lI' 
;^,x*,,,. 

r 
(08 Marks)

c. A gas is compressed from 0.3 gn3-to 1m3. The procd$h*.bllows p = av.."];where a : 8 kPa/m2.
Calculate work done. \ ,6u ;.rQ*",' .!" ...... . (06 Marks)'J':u*hr d],,-&* l*d 

T-' 
rvroaoi+}l# .,,,Y*'u

-

3 a. State frst law of (heniiodynamics and exffiai*sToules experiqpfi{,,with a neat sketch.
*\ 

' "'sri 
q{+-

b. Prove that intedlWnergy is a property.,gfttre sysrem. *-.-- [3:ffiI[:]
c. Write the stea'6y'i.1ow energy equaiion for an open systet'Jl and explain the terms involved in

it. Simili.fV SFEE for the follow.l+S'S!,stems: (i) SteqFii{urbine (ii) Nozzle. (08 Marks)

-ul:l#]$ " (rt( 
i:i

a. The-p"r6perties of a "certain fluid are rebtef as follows: U = 196 + 0.718 T and
.8vL 0.287 (T + 2731,^f[*,is specific intern4l::.energy in kJlkg, P is pressure in kN/m2, V is

*'stj€cific volume infq/kg.A closed syStriitr'consisting of 2 kg of this fluid expands in an- "," )r rui"*st " . . '. i{"- -r , :.t*+_ffiineversible adi related hy FV''' = C. ihe inititl conditions are 1 MPa and*" -Sssure 
is 100*$fu, Determine the work transfer and change in internal200'C and flpaljprt

energy for theliocess. ,i ",,.,1.".," (10 Marks)-"-'O) -- -"r]i-- Ift- - - -'-' :,1,,..,t1:tii:rb. A verticaltyl.inder filted with dffctionless piston, contain gas at pressure 200 kN/m2. The
upper surfacd of piston is exposed to atmosphere. The gas executes a cycle by undergoing
the following process in sequence.
i) With the cylinder ffiqlated, l.2kI of stirring work is done on the gas by a paddle wheel

projecting through cylinder wall. As a result, the gas^temperature rises and piston moves
ilowly upwardg. fhe increase in volume is 0.0028 m3.

ii) With the ffidtion removed and paddle wheel stationary heat transfer from gas restores
gas to oriffil'state.

Find work 4lring process (i) and (ii), heat during process (ii). (10 Marks)

r"14i;;r'i:.iliii

l!:: ;:::: !;].

dii
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5a.

b.

c.

6a.

b.

7a.
b.

17AEiA533
Module-3

Using Kelvin Plank statement, show that heat transfer throughlfiaite temperature difference

is irreversible. €tl+'"" (06 Marks)

State and prove Clausius inequality. What is the signil3d* of Clausius inequality?

- ' iqqqtu: ":.:" (06 Marks)

Two reversible engines A and B are in series. lrE,., eives 200 kJ for HTR and 42IoC,

B rejects heat to sink at 4.4"C. If the work B&1A,,i's"'twice of B, determine intermediate

temperature, efficiency of A and B, heat rejected,to sink (08 Marks)

"..oR .":

State the Kelvin Plank and Clausius staterilbhts of the second lary-of thermodynamics and

show that the violation of the forme,l,,plitfhS in the violation of the ilid. (10 Marks)

A heat pump working on a reversitj$xpycte takes heat form arcsbrvoir at 5oC and delivers

heat to HTR at 60"C. The heafijtfmp ir driven by a heat -g-n$iil:e taking heat from source at

840'C and rejects heat to Llit at 60'C. The engine d*sg, drives a machine of 30 KW
capacity. If the heat pump eitNpCii 17 kJ/s from LTR at SPC, fnd: (i) Rate of heat flow from

reservoir at 840"C (tlu"ffff df heat rejected to sink,al-$0"C. (10 Marks)

ti""

'lur#f Module-4 !iiei''.:

c.

8a.
b.

sil".

and gas qonsSant for the mixturp'-.{$3time the ideal &R&1&ehavior. (06 Marks)

c. ?.S",*.,$@ 
explain: (i) Criticai point (iil$dliple point (iii) Dryness fraction

(iv) Ea heat. 
lr,,;;;1ii. ,,, 

r,. (08 Marks)

",:;.. 
ti'i ul'-*nq,ill"' Mo4r.lf#s

a.wmith the help of,{_-$ dhd P-V diagffi,'evaluate an expression for the air standard

q6m-nefficiency of a dffi iycle. ,. 
' ' (10 Marks)

U. 'A 40 MW stean$piiwer plant workipg iin Rankine cycle operates between boiler pressure of
4 MPa and ffid€nser pressure,of I;9#l<Pa. The steam leaves the boiler and enters the steam

turbine at"qf0&C The isentr&ffi efficiency of the steam turbine is 85%. Determine:
(i) The cycl&,€fficiency (ir)dp[hb quality of steam from the turbine (iii) Steam flow rate

in kg per hr. consider pu#lii"work.
..,',-'l;i ""*l:::;:-.l:i OR

10 a. Sketch the flow diagram and corresponding T-S diagram of a reheat vapour cycle and

evaluate an exg6{5ion for reheat cycle efficiency. (10 Marks)

b. Draw a neat [inna.diagram and T-S diagram for a practical regenerative Rankine cycle with
open feed watei heater. Also write the energy balance equation. (10 Marks)

(10 Marks)

J. {.**,f*
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ol";r;;. d*T.s {-..xr.;
,-v' Module-2 fid "w$l*

ffiffiffiffiffi
rrrr 

d$fum*?

l.E. Degree Examinaqffi ec.20l9 / J an.2020
Aerothermodynffffiilcs

2. Use of thermodynamics data hand

1 a. Explain the following with sui
i) Open system ii) Closed syst

b. A readings te and tn oftwo
but else where they are re the equatior te = L + Lr$BT nts2 where L, m and n are

e"F."}' oe&1$ 
".

lilii'

lobs a process in which,the pressure and volume are related by an equation
,,, 

.
: C. Derive an expression.for displacement work during this process.

(10 Marks)
of 500KPa the diameter

is proportional to diameter.

?.IrU.airduringttrispqqpffi 1{. i" (l0Marks)

"--""_ * \ ,{"

b. A cylinder contaip, s lltg of a certain nuid\,,,p initial pressuq:,#6?r0 bar The fluid is allowed

to expand reveryiGlry beyond a distaqce according to a {arv, PV' : C until the volume is

double. The fh&4\is then cooled 6"oy"cn'IiUty at constant pressure until the piston regains its
original posigioH, heat is then ad&ff with the pisto4 firmly locked in position until the
pressure.risei to original valud dfi20 bar. Sketchlho cycle on the PV diagram and calculate
'ttre 

nptWffi< done b! the fluf,q#dihn initial "ot"rlffiCo.s*'. (10 Marks)
&*{d$-o. 

1.,*:\:,, 
p 

_:lYl :-:a"
d ,f,eg'# oB*k 

-"Y-f s. "qdi r ;$'

# d f'ST*# o#M-
4 a. 

^ 
"Obtain an expressiogfor steady flow wqgffim the steady flow energy equation, (10 Marks)

md$ closed system t{ri$rpgoes a cyclic pffiiss | - 2 - 3 - I it is given that Qr-z : 30kJ,*[fQr-, = l0kJ, WrS",E 5kJ, Wl-r = 2-fi,frJfand dVs-r = 15kJ, determine Q:-r, Qz-: (dv)1 - 2 and
(dv)z-:. dt*,F .r@ (10 Marks)

d*&w t,i:$'-- r,,!- -# Module-3
5 a. State Kelvin plank and Clal4siiis statements of second law of thermodynamics and show that

they are equivalent. ,^jffi*u (08 Marks)

b. A reversible engine ffites between temperature Tu and Tr with Tn > Tr. The energy
rejected from this ergin'e is utilized for driving another reversible engine which operates

Third

Time: 3 hrs.

2a.

d'".,.*-'\ IYIOC

3 a. Show that energy is a ffiSiierty of system. S (10 Marks)

between the ter4ffipture limits Tr and Tr. with Tl > Tr. For this arrangement show that.

1) The tempgpqre Tr is the arithmetic mean of the temperature Ts and Tr, if both the

engines pfddtrce equal amount ofwork.
ii) TheJerrflerature T1 is geometric mean of the temperature Tn and Tr when both the

engfufu have the same thermal effrciency. (12 Marks)

rW- rof2
is'

\r-l

,"\
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OR
6 a. State and prove Clausius inequality. *''. Td."' (10 Marks)

b. A reversible engine receives 430kJ of heat pep'cy.ctd from a source maintained at 327oC

engine rejects heat to a sink maintained at a ffifiature of 27oC for each of the following

,.aB 17AE33

{ 
";:'il.}4. r!-4 1

h .,,'i

b. Sketch and exphffiT diagram of water. ' (06 Marks)

c. Find the entha$$ $?bcific volume, and internal energy if the pressure of steam is 50 bar and

temoeraturmis#+BbC. j,..'.,' (08 Marks)

cases of heat rejection. Find whether the-cy&fl5'is reversible, irreverqible (or) impossible

using the Clausius inequality. " ,#* 
.* 

,-"'tt1r) Heat rejected is 220kJlcycle +,#\*' fui':;'
':liihrd $},

ii) Heat rejected is l05kJicycle
iii) Heat rejected is 315kJ/cycl".*. ""# 

^""^')*^ (101\Iarks)
, !:ffM

"-' q ?ilodute-4 
d"'t'.

.it,k; ' *,
7 a. Define the following t *, *$,' . #

bstance 1',,' ,$t.

ii) Triple point Sr," f ,* ."inh
iii) Criticalpoirrt* J*f "**flp (06Marks)

b. Sketch and explaifuffi diagram of water. d; .'+'i: (06 Marks)

PV" : constant is given S, - Su_=iJCv ln[ 
Z-q* ]JffiF _ k. (r0 Marl{s)

;f, 
i:1"

b. Determine the change gw;lhy of 1kg of perfefrgad which is cortpreked according to the

law PV t'3 = C from iffi,{}f pressure of 1-bar'#ffi volume of 0.$5mr to a final volume of
0.5m3. Find also the'"work done ap5fti heat supplied _q3r""-g 

this process. Assume

cv: 0.7kJlkgr#P i : 1.4. ,- ; 
'\', u,..-'q" (10 Marks)*S"', 

... h,,"-, .,Y:P"
9 a. With the heJp of P-V and T:,!*.iffiEt'um, explain.J$b6*working of diesel cycle. Derive an

.*pr"r"piffi the efficiency-.8,*S5.r"t cycle in tgg1-s oi its compression and cut off ratio's.
,ou*,,*:'\,n* "_ 'r+tr , 

* *'"--,' (12 Marks)

b. An ihffi,t Leat engin" *o.gs,grflCarnot cyclg bedween the temperature limits of 1100"C and

J5@C. If 4000kJ/min 1L4#i added to the en$foie at the higher temperature determine :
._ s dv

qgifu Power developed by ifie engine * lw.' 
'"

s*wq"lr) The quantityffif\eat rejected 
.j"

"" iii) The change in'qrtropy during heqliejection. (08 Marks)
d .tu*

ffiW *e*' oR
10 a. With the helflof P-V and T-Sediagrarn, derive an expression for the air standard efficiency

nd explaffi'l
enthaffi ffibc
urmis*+Pc.

,'q%,c :

,tj'th" 
* er" OR

dt' '$rr ( ,Mr,

8 a. Shoyg*-thatr-the change in entropy"l'ivhen a perfect gffiuundergoes a polyropic change' *@{. L^-- ,^ /\ -""jt

PVn:constantisgiven S,-s*T'{-_ac n(Tt/ )r;16' o(o (l0Marks)
, n - 1 

-u'"\ rzTr7 ";wa." !,,{$se

of a otto cycle. "#M (10 Marks)

b. An otto cycle has uppegind lower temperature limits of Tl and Tr. If maximum work per kg

of air is to be done. Sn8frftnat intermediate temperature is give byt = T. =.f if, .

If the temperatureJifrits are 1500K and 300K find the maximum power developed for air
circulation offimrn [Take Cv:0.706 kykgK). (10 Marks)

j

#- *rY*:ttE$* '"

d

*****
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Time: 3 hrs.

b. The properties of a ,eortEiil fluid are related as follows: U 196+0.718T and

PV:'0.237 (T+273), U+l3l,Spssi6. intemal energy in KJ/kg, P is pressure in KN/m2, V is
' specific volume in m1/kg. A closed system consisting of 2 kg of this fluid expands in an

ineversible adiabatic process related by PV'':C. The initial conditions are 1 MPa and

200"C and finffieisure is 100 KPa. Determine the work transfer and change in intemal

energy for the pibCess. (10 Marks)

ffiffi

Note: 1. Answer any FIVE futt qluestions, choosing ONE full.questbn from esch module.

2. Use of thermodynaryt:ics,';'ilata handbook is permittid..

Module-l
I a. What is ttrermodyn'dmiC system? Explain the typeS of thermodynamic system. (05 Marks)

b. State zeroth law of thermodynamics and extraci the concept of temperature ftom it.
.t ;, _,,:!.:,.i. . (05 Marks)

c. In 1709, Sii-,fllSii Newton proposed a new temperature scale. On this scale, the temperature

was a lineai firhction of Celsius scale. fhe reading on this at ice point (0"C) and normal
human..body temperature (37'C),were OoN and l2'N.,"ggspectively. Obtain the relation

betwtlen,the Newton scale and the,,Cel'sius scale. .-",,,."" (10 Marks)

OR
2 a. Distinguish between Heat-'d rWork. (04 Marks)

b. Derive an expression fldr.:diSplacement workaip'a,,polytropic proces,s PVn: constant. Show

on a P-V diagram, four-.expansion process &"r n'= 0, tr : 1, n 
=,,11.$ 

and n = oo. Name each of
the process, _ ' :: .",-', (08Marks)

c. A spherical balkitin has an initial diam-trgr Of 25 cm and contffis air at 1.2 bar. When heated

the diameter iri#eibses to 30 cm. Dgring heating the pressure is found to be proportional to
diameter. Calpulate the workdone. (08 Marks)

Module-2il"::::::::: :' ' :::':'

3 a. Write"tha first law of therhrodFamics for any process in : (i) Closed system (ii) Open

system. (04 Marks)

b. ,,,;;Explain Joules expefimentWith a neat tkutfi . (08 Marks)

c. Prove that intemal energy is a property of the system. (08 lWarks)

,:,.,,,,,,,,,,.,, ,r,,rr oR
4 a. Write the stqff,,flow energy equation for an open system and explain the terms involved in

,{!.

it. Simpliff SFDE for the following''systems:

I of2
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5a.

b.

c.

6a.
b.

c.

,1. .- ITAE/AS33
,:, rli .rtti,..

Module-3 l'1i,,,!,,,,, .i11'

Represent schematically and give performance equatiBn 6r,
(i) Heat engine, (ii) Refrigerator, (iii) ,,Ii'eat pumP'

Prove that (COr)* = (COP)o"ru",uto, * I 
]il,t "l " (04 Marks)

State Kelvin Plank and Clausius statementqo'f$econd law of thermodypmics and show that
they are equivalent. ,;- tt' i.r,,., . . 

('1Y::u'
A reversible refrigerator operates be1wei!h'35'C and -15'C. If \pat rejected to 35oC is
1.5 kW, determine th e rate atwhich.deds leaking into refrigerator. (08 Marks)

,,,' 't;,,,,it OR :, rr1,

Prove that entropy is a propertlda system. ,,i: .. .(05 
Marks)

Define Clausius io.qrrutity. unO':'intropy of a system. Fho* that for an irreversible process,

60
ds ) -Y . ':,.. ..:, ii, , (10 Marks)

T
One kg of water af213 f il !:tT{ !g 3i.3 f ,p{ first bringing it in contact with reservoir at

323 K and then fEse#bir at373 K. What is the,ehange in entropy of the universe? (os Marks)

",,,"' "'" 

tt

Define : (i) Criiical point, (ii) Tripple point, (iii) Dryness fraction,
(iv) Pure substance (v) Compressibility factor. '',r , (10 Marks)

Derivtj:Viander Waal's constants in terms of critical proffiies' (10 Marks)

7a.

b.

8a.
b.

OR
Write the Maxwell relation''dd explain the terms involved. uurtt: :,: (04 Marks)

(08 Marks)

(04 Marks)

A rigid vessel of voluntb'ffi' m' contains
would be exerted by air on the vessel, usi

i m3 contains t0,kg"'biiir at 300 K. Delermine the pressure that
the vessel, usiog (i).'"psrfect gas equation, (ii) Vander Waal'siqg (i),,"Perfect gas equation, (ii) Vander Waal's

sXr:'molecular weight : 28.96, Vander Waal'sequation. Take fo;aif, R : 287.1 Jlkg.K, molecular weigtrt : 28.96, Vander Waal's
constants, a = t3'3$'kNma/lkgmol;2, b+',0.0365 m3lkg'mol "',. ' 108 Marks)

c. 0.1 m3 of air at.$,MPa, 356oC contaifrhd in a cylinder expands reversibly and isothermally to
0.25 MPa- Calculate for air (i) )fiorkltfinsfer, (ii) Heat transfer (iii) Change in entropy,
assuming.th.at air behaves as an {d€al gas with R : 2'8"ffikg.K.

Module-5
a. pith'the help of T-S ind P-V diagrams;itiiroualuate an expression for the air standard

b.'..bOmpare Otto and.Diesel cycles with the help of PV and TS diagram. (06 Marks)
.. : A Cu*ot engine i913bii heat to the sink -dt 3Z"C and has a thermal efficiency of 52.30/,. The

work output frsmltiie engine is I2O'KI, Determine (i) The maximum working temperature
of the engine a (ii) The heat atlded'in KJ. (04 Marks)

10 a.

b.

c.

OR
What are the methods fqr lfiE asing the efficiency of Rankine cycle?
Consider a steam poweiplant operating on a simple Rankine cycle. Steam enters the turbine
at 3 MPa and 350'C and is condensed in the condenser at a pressure of 75 KPa. Determine
the thermal efficig.fley of the cycle. (06 Marks)
Explain with T-S'-dia am, limitation of Camot cycle and how we can overcome the same in
Rankine cycle. ".,..' (10 Marks)

,,,r,..;, **'(**
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Third Semester B.E. Degree Examinatifr&s;e c.2019 I J an.2020

*th.s,'.'l
Aerothermodyniftrffiics

Time: 3 hrs. *ffip. Max. Marks: 100

Note: l. Answer any FIW full questions, cftoosffiE full qaestionfrom each module.
2. Use of thermodynamic data hand Doffiffiinired, ,ffirvroaiuiWr ^'"J;""qslw-';11

I a. What are open systenr, closed systeSq;rnt}'i3olated system? Give e;affiIes of each.(06 Marks)

b. show that fc : 100 j* - *,). -qffi 
-*h* 

* 
(06 Marks)

(*t - xr) x.\'ui*. T* ffi*^**s

oo
o
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cd
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xi
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li>
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Q,
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oz
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A
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&t,;u, T 

tuffiffi**c. A resistance thermometer fglffiipan equation '&' &: ffiio,) where R, Ro are the values
of resistance at tempeffi.S W..lrd OoC respective{ d ,.r.u .oTlTl the thermometer is

2a.
b.
c.

calibrated by immersi
values of l00oC andui at these temperatu@d thermometer indicates the resistance

boiling water and bg*ffisulphur which have the temperature

Obtain

during which the pressure in

Neglecting qpry changes in potential Energy. Obtain the rate of work transfer in Mega Watt
(Mw).dry-';1. (08 Marks)

"{ffi^- 
\1d I of 2

u{riipwlp

#

"s 4'a' \l'
pfOCeSS. .\_ ry t";ii.' r "iJ 4Pjs

- "r' ,,t't, 
'\ " " \

,^*ryY* Module-ikjk *ss'&
r^1 r!/ 

-'"

.. gtg!
3 a. Derive an expression fur"lieinperature ratioDerive an expression ffiTemperature ratioffiurns of pressure ragio and volume ratio for an

adiabatic process. d @*^l* -*fu, (06 Marks)

b. provetnutporffitilto"* r=#Mffi {:.ffP (04Marks)^ ffiW {Pffiil,) * *
c. A cylinder gpriYiins lkg of u ""ffi fluid at an idftjafl pressure of 20 bar. The fluids is

allowed to,eipand."ro"riibly 6tlr{ra a distance uc*o4fig io a law PV2: C untill the volume
is doubte."The fluid is then CIAgled reversibly at ibtiptant pressure untill the piston regains its
orisu$mDosition heat isltke Saaea with the piston firmlv. locked in oosition untill theorigffiposition, heat iffiFm Haaea with tFe piston firmly, locked in position untill the
pressure rises to origiqal&ffie of 20 bar. ffiph the cycle on the PV diagram and calculate

"-Tfu net work done ffip fluid for an ini{hl yolume of 0.5mr. (10 Marks)

{*",,}v ^t $# OR
a.*' Write the steadfffienergy equatiBn'for an open system and explain the terms involved inEwWite the steadffisflenergy equatQnfor an open system and explain the terms involved in

it. With suita"hlerisdumption simpffiSFEE for the following systems.
i) Nozzle,ffi.Yiirbine. fu#%'/ (12 Marks)

b. in a stea&y@* process thepv<ifl<ing fluid flows at arate of 24Okglmin the fluid rejects
l2OkJ/Sec of heat by pasdng'through the control volume the conditions of the fluid at thel2OkJ/Sec ofheat by pas$ng through the
inlet and the outlet are as'biibws.

Inlet {H1SF. Outlet
Cr = 300m/Sec uF" Cz = 150m/Sec
Pr = 6.2 bar '."" Pz : 1.3 bar
u1 = 2100&IIIG:- u2 = 1500 kJ/kg
V1 : 0.37foy&g V2 = l.za3lkg

values of 14.706rd 29.20 respectively. Fipd-the temperature of a fluid when the
thermometer rffiffi.5O. &,, ' (08 Marks){-'B# BRryk
With the ffefprqtfieat sketch prove that ffi'bipansion has zero work transfer. (08 Marks)
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18AE/AS32
Module-3

5 a. State Kelvin Plank and Clausis statements of second law of t&&rmodynamics and show that

they are equivalent. ffi&' (08 Marks)

b. A reversible engine operates between temperature Tp a&S Tr with Tn > Tr. The energy

rejected from this engine is utilized for driving ano^ffi:i$tersible engine which operates

between the temperature limits Tr and Tr, with T,'{i$;ffi this arrangement show that :

i) The temperature Tr is the arithmetic meapqsf t$i6 temperature Tn and Ts, if both the' 
engines produce equal amount of wor$'',g*ffi

il) The temperature T1 is geometric meaqpflhe temperature t, 4Qd Tr when both the

engines have the .u*" th"rmul effrciffil -ry&+ (12 Marks)

ffiBhw '-*Mb
6 a. State and prove Clausius inequalitygq 

%'- 
e 

* 
(08 Marks)

b. Two reversible engine operate {gffis between a high tpJk:rature reservoir and a low
-- ---e--- \ 4. d*-a

(B) reject heat to loti,Jtmaintained at temperature lqffiine (B) reject heat to lffiftemperature reservoir which is
maintained at temperatur" Tr# 300K both the engjnes:shave the same thermal efficiency,
if the work developed t& g"Yrgin" (B) is 500kJ an**Uhm heat received by the engine (A) is
2000kJ from the hig$qgn{flerature reservoir mai$ffid at temperature TH obtain the work

Two reveisible engine operate ig&ffbr between a high tfiJkrature reservoir and a low
temperature reservoir engine (Strylg"t heat to engine (Bltmff&h an intermediate reservoir

/{li$!
tll-,,?h
serres

developed by engine*(ffi), the heat rejected by"erfgine (B), the intermediate temperature

Tr and the source ffierature TH. 
"jn. 

'' (12 Marks)

ryt 
-. 

vroariliill
Define the-61[dhffng : &d$*w$ 

*

i) Criticgt-P$# ii) Triple point jii)pui! substance iv) Saturation presmre. (04 Marks)

Find th6;tntdlpy, specific volumfuf# internal energy ifffie pressure olsteam is 50 bars and

temffiurse is 443oC. -5ffi mffi (08 Marks)

Sketch and explain P-T diagrani'q#water. d'*q& 
o' , (08 Marks)Sketch and explain P-T diagraffifwater. ffi%iw ,tr_ (08 Marks)

* d l-1- .wh"

\ oR ru*"w 
* 

. :l**
Derive and explain rvraxffi$% equation. *%m 

. fury$" (08 Marks)

lkg of ideal gas at prffii Pr, Volume V,fffimtemperature fr fo{lows a reversible process

to arrive at state (2) u&ere the propertiesthre r

ffitu. . *\W

temperature Tr fo{lows a reversible process

V2 and T, $*ikipg from the realtion entropy
,*" \.""

change a, = @erive an onrr&{fu*l#f,. change i" @ffipy in terms of pressure and
fu&5 ^,r'*t-"-'% 

,s

w:temffifure
ioffH#135ke

&fl

8a.
b.

7a.

b.

c.

10 a.

b.
c.

circulatio.fiffi*0l35kg/min (TakdQd: 0.706 kJ/kg K). (08 Marks)
{*r. a .d.-\ OR

Explain Rankine cycleffithe help of a sketch and T-S diagram. Derive an expression for
thermal efficiency of *ffihine cycle. (08 Marks)

What are the methpdsefoi increasing the effrciency of Rankine cycle? (04 Marks)
&

Consider a steaffiffi&wer plant operating on a simple Rankine cycle. Steam enters the turbine
at 3MPa andffiffi and is condensed in the condenser at a pressure of 75KPA. Determine
the thermal effiiribncy of the cycle. (08 Marks)

m* **'r*'F
,*'5** 2 of 2
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18AE/AS32

Module-3 ,,,,,n *, .'""'

5 a. Write Kelvin-Plank and Clausius statements of rciqnd law of thermodynamics. Show that
violation of Clausius statement leads to ttre pdi illty of a perpetual motion machine of
second type. .,r:::. 'rlr..;:::::'i (10 Marks)

b. Series combination of three Carnot enginpi''1$'B and C operates bgtweQfi'temperatures of
1500 K and 300 K. If the amount of heaUffiition to each engine is In'ihe ratio of 6 :3 :2.
Calculate the intermediate temperature- ,", (10 Marks)

.*!.,, .bn n..,.:r,n,

6 a. Obtain an expression for entropr ,,dhange of a closed system iiihen it undergoes a polytropic
process. , i,' (lo Marks)

b. A 50 kg metal block at a.plAnperature of 500'C is queni&ed in 140 kg of oil at 30'C. Co of
metal : 0.5 KJ/kg"K, e;,flhblt : 2.5 KJlkg'K. Aqffing number of heat losses. Calculate
change in entropy fo-r a',$em consisting of oil and caSing' (10 Marks)

:::::::,,"rti[''::: MOduh+&,
7 a. With the help of?'neat diagram, "-,1ffi, -F,,:V-T surface and also describe the property

10

on rlse " (10 Marks)
b. O ;*r"1=q*|& a capaciry olgjrj;a"ntain^s.l {.ture,_gj saturated water and saturated

steam;li a'TLmperatuie of 245"C-fid&nass of liquid preffilt is 10 kg. Find the following
(i) Piffitssor (ii) Mass (iiii.$acific volumJ (! '' ecinc entha-lpy (v) Specific
entropy (vi) Specific intemal gneily. r ,,,:,, . ai:: ,,,,. ;ir,, (10 Marks)

.,*;r r,,-'+l,l 
+'t' 'tt '

,,..j:i,.' OR .. .i-'l

a. With the help of a relev'hiftketch explain ttrdftrOee"ss of determination of dryness fraction of
steam using Throttlingrralorimeter. ,",' ,,,', (10 Marks)

b. With usualnotatipns derive the following:

iiO nqu'it3n for intemal eneffi '' ,,,,. :1

,trtl**..,Wution for enthalpy,,.y,.. 
.'r,.,,,.,.$, 

(10 Marks)

Module-5
a. With tlie'help of P-V an{ T;S diagram derive an expression for air-standard efficiency of

Ottotiycle with usual nota"tion. (10 Marks)
t."r engine operating",a6 thdideal diesel c1fue.,}ias a compression ratio of 16:1. Heat is added
;.ii^r*trrini.onrlrt prei$$,r"e process upto s?o'bithe stroke. If the engine inhales 0.04 m3ls at

l0l KPa and 2l"C,determine
(i) The maximrq,ii pressure and tgmFeftture in the cycle.
(ii) The tfregitrdmciency of thrifigine.
(iii) The pow$i'developed. ,,,i (10 Marks)

,.*.*;iu,
t -.r,'tlr" OR

a. With the help of a neatlthematic P-V, T-S and h-S diagram, derive an expression for' effrciency of Rankine eycle. (10 Marks)
b. In a steam powefgj$.le, the steam supply is at 15 bar and dray and saturated. The condenser

pressure is Q.4sbar€alculate the Camot and Rankine efficiencies of the cycle. Neglect pump
work' "''""' '' (10 Marks),.+

,r*,r.t,,,,,,, ****r(
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