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Define irreversibility for a process. State and prove Gouy-Stodala theorem for both closed

and open system.
[12 marks]
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Consider steady heat transfer through a 5 x 7 m? brick wall of a house of thickness 30 cm, On
a dav when the temperature of outdoors is -10°C, the house is maintained at 25°C The
temperature of outer and inner surfaces of brick wall are measured to be 0°C and 20°C
respectively and the rate of heat transfer through the wall is 1035 W.
Determine:

1. The rate of entropy generation in the wall,

2. Rate of total entropy generation associated with this heat transfer process.
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A rigid tank s dnvided mte two equal parts by a partiion. One part of tank contains
25 kg of compressed hiquid water at 400 Ka and o0°C owhile the other part i
evacuated. The partition is now removed and the water expands to il the entire
tank Determine the entropy change of water during this process i final pressure i
tank is 40 KPa. [Use the steam tables provided at end of question paper/QCAB|

[12 marks|
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A 30-litre electrical radiator containing heating oil (p = 950 kg/ m’, ¢, = 2.2 K] /kgK) is
placed ina 50 m? room. Both the room and oil in radiator are initially at 10°C and 1 atm.
The radiator with a rating of 1.8 kW is now turned on. At the same time, heat is lost from
the room at an average rate of 21 KJ/min. After some time, the average temperature is
measured to be 20°C for the air in the room and 50°C for oil in radiator then the radiator
is turned off for the day. Determine:

1. Time for which heater is kept on.

2. Cost of electricity for a yvear if unit cost of electricity is 0.5 paisa per Watt-hour.

Assume the room is well sealed so that their are no air leaks.
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Two rigid tanks are connected by a valve. Tank A is insulated and contains 0.2 m* of
steam at 400 kPa and 80% quality. Tank B is uninsulated and contains 3 kg of steam at
200 kPa and 250°C. The value is now opened and steam flows from tank A to tank B until
the pressure in tank A drops to 300 kPa. Upto this instant, 900 kJ of heat is transferred
from tank B to surroundings at 0°C. Assuming the steam remaining inside tank A to
have undergone a reversible adiabatic process. Determine:

1. the final temperature in tank A at this instant.

2. internal energy of steam in tank B at this instant.

A | B
02m’ ;(! 3kg
Steam Steam

400 kPa 200 kPa

[Use the steam tables provided at end of question paper /QCAB]
[20 marks]
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Q.3 (@)| Afluid is confined in a cyvlinder by a spring-loaded, frictionless piston <o that the pressurs
in fluid is a function of volume, P =V + p1~. The internal energy of fluid is given by the j
following equation. [l
U=50+218PV

Where, Uis in k], P in kPa and V in cubic meter. |
If state of fluid changes from an initial state of 170 kPa. 0 03 m’ o a final state of 400 kP, |
0.06 m* with no work other than that done on piston. Find direction and magnitude of fr
work and heat transfer. ‘
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A lead storage battery is used in an automobile is able to deliver 6 MJ of glectrical
energy. This energy is available for starting the car. Let compressed air be considered
for doing an equivalent amount of work in starting the car. The compressed air to be

}

stored at 10 MPa, 45°C. What is volume of tank that is required to let compressed air
have an exergy of 6 MJ? For air, Pv = 0.287T where T is in K, P in kPa and v inm '/ kg.
Take surrounding pressure and temperature as 100 kPa and 25°C respectively.

[15 marks]
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Alarge vessel contains steam at a pressure of 10 bar and temperature of 500°C. 1 his large
vessel is connected to a steam turbine through a valve followed by a small initially
evacuated tank with a volume of 1 m?. During emergency power requirement, the valve
is opened and tank is filled with steam until pressure is 10 bar. The temperature of tank
is then 600°C. Calculate the amount of work developed by turbine in kJ and draw the
control volume. Assume the process takes place adiabatically. [Use the steam tables
provided at end of question paper/QCAB]
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Q.3 (d)| A reversible engine works betw een thiee thermal reservoir AL Band €

an equal amount of heat from thermal reservorrs at A and B keptat temperature

I he engine absorbs

/

and

”lt'

\

respectively and rejects heat o thermal reservoir C kept al lemperature ! o

|| etticiency of engine is o times the etlicieney ol reversible engine which works between
|
| two thermal reservorrs A and ¢ Prove that
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A 0.25 m® insulated piston-cylinder device initially contains 0.7 kg of air at 20°C. At this
state, the piston is free to move. Now air at 500 kPa and 70°C is allowed to enter the
cylinder from a supply line until the volume increases by 50 percent. Using constant
specific heats at room temperature. Determine:
1. The final temperature
2. The work done
3. The entropy generation
For air ¢ = 1.005 kJ/kgK, R = 0.287 kJ/kgK

g [20 marks]
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Section B: Refrigeration and Air Conditioning

Bla)| Arefrigerator machine warking on vapour compression refrigeration cycle. The temperature

of refrigerant in the evaporator coil is -8°Cand it leaves the compressor as dry saturated at
a temperature of 30°C. The mean specific heat of liquid refrigerant between the above
temperatures is 1.228 kJ/kgK. The enthalpy of evaporation at 30°C is 177.86 k] /kg. Find
the COP of machine neglecting losses in the system.
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A gas is used as refrigerator in reverse Carnot refrigeration cycle. Draw 1
o 5 b T P T

diagram with heat rejection and heat absorption temperature of Ty and T, respectively.
=]

Show that this cycle requires two compressors and two expanders, Find their work

requirement and COP of cycie.
[12 marks]
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(i) What are the advantages and disadvantages of air cycle for aircraft refrigeration?
(ii) Explain the concept of effective temperature (ET) used in airconditioning practice

Mention the parameters on which it depends. { (W ec\C &S
a¥s 01 [6+6 = 12 marks]
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Thermostatic expansion valve using R-22 in the power assembly is designed to produce
20°C superheat at an evaporator temperature of -10°C. What will be the superheat that it
will maintain when evaporator temperature is 0°C? [Use the property tables of R-22
provided at end of question paper/ QCAB]
[12 marks]
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Q.5 (e) Tlhe humidi'ty ratio or specific humidity of atmospheric air at 25°C is 10.65 g/kg of dry
air. Determine: ‘
Partial pressure of vapour
Dew point temperature
Relative humidity

Degree of saturation

. Enthalpy per kg of dry air

SUE IR

[Use the steam tables provided at end of question paper/QCAB]| [12 marks]
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- Q.7 (a)
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(1) State disadvantages of wet compression over dry compression in
refrigeration system.

(i1) 32.4 tonnes of fish has to be frozen to -30°C per day when the fish enters al 30°C. The
specific heat of thawed fish is 3.77 kJ/kg°C and for frozen fish is 1.67 kJ/kg®C. The
latent heat of fusion of fish (at 0°C) is 251.2 kJ/kg. If actual COP
system is 40% of ideal. Calculate:

Vapour compression

of refrigeration

1. Refrigeration capacity of the refrigeration system in tons of refrigeration,
2. Electricity cost per year of the refrigeration system, if electricity cost is Re.
0.5 per kW-hr.
Assume air as secondary refrigerant, for heat transfer in evaporator and condensor 5°C
temperature difference is required.

[5+15 = 20 marks]

o\ W oeV (‘DM_‘)_".-»LS%D"\ -
3 i

B \ 1 v S bf"_d QO < f!‘.!.r A\ (ﬁ;:__fc g E_"J—&\h 3 . P%:S‘;_ “-l. txu_!/;g"]
¢ oo LY \—JS Adoiveojey . < :
S 5 T4 am Anres C O~ \4_9.9 S @) ,L\(]L |
L) D\}a m)\-\j N Com V—:-r_n{'or\ o = Ao to
Aarey' U oars oahon 5 l s Q¥ \;-p,\ ard) S ¥ )
& &‘E s en o é"jw”“"’ 6»&-1_.?\ on  WMeu  Com P 2910
&m Dk 2t

a> f-,? NERACE W W

=

T3 ih BsRalBe gy

< o5 ey =

. i# EK a 39220 + 2502 F 67~ 3
S i

32

Scanned with CamScar



ot

e — e

7/ x Qe R -
(fsx RN Gsexaur3eer®
Tokel \Csdtn 4 — 3 tA\o’

7 (b)

A
2

VAN

. Question Cum Answer Booklet l Page 31 of 42 \

WIIE i
This margir

h

State and explain thermodynamic, chemical and physical properties of refrigerant whic

are considered for selection of refrigerants for use in vapour compression refrigeration
system.
[20 marks]
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Q.7 (v©)

e L E————————

Ancair conditioned anditorivm s to be namtained ot 20°C and 60% RET and ambient
conditions are 43°C and 10" REL Sone part ol return airis recirculated and mixed with
makeup air MNised aireis first cooled by adding chilled water at temperature of 17°C and
then cooled in a cooling coil where sensible cooling, takes, place I volume rate of air
cntering the auditorivmy is 504 ' min, Delermine:
Lo Temperature and enthalpy

A

o alter mixang,

Femperatune and enthalpy o air afier mteracting with chilled water

Amount ol makeup water in K/ hr

y "W I 4 i o1 i W % H .
I, Cun |“|\l, IU wl ol cotl m l“'““ s 0l 1l'||'l}:l'|'.]||(l]]

[Use the psvehrometric char |

ovided atend of question paper/QCAB] [20 marks|

l catled ('Dc:\.l'\cﬁ
welen Conl

— 2 =9 b
\ hﬂ_"‘"‘.“———_____
(\f\ =c ) W@ T =C « /O E P,
Q Ay edo®dAC E‘\W‘ﬂé\(—‘bm [_//-'__r‘______, A

e o VoK @Oﬁ/" e ( \AWH%L&,{»M %y

b
P o _t,t |

Ut et o o5k B0 ek Vi

B b g s

Scanned wi can



@ LIS 12 Question Cum Answer Booklet Page 34 of 42 | "

Thes marg

Q.8 (a)| A refrigeration system is to be designed for a cooling capacity of 5 TR at saturation
X pressure corresponding to -26°C and condenser pressure corresponding to 30°C.
Refrigerant R-22 is subcooled to 26°C in the condenser and further to 10°C in |
regenerative heat exchanger. Refrigerant is dry saturated at the exit of the evaporator
and the temperature of refrigerant at the inlet of compressor is 0°C. Assume specific
heat of refrigerant at liquid state as 1.37 k] /kgK. Determine:
1. Mass flow rate of refrigerant (in kg/min)
2. Power input to compressor, assuming 80% mechanical efficiency
3. Actual COP of the system
4. Show the processes on T-s and P-h diagram
[Use the property table of R-22 provided at end of question paper/ QCAB]

[20 marks|
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08 (1)| In a air refrigeration plant, air is compressed from 1.1 bar, 30°C to 6 bar. Air is then

cooled in an air cooler to 10°C before expanding in expansion cylinder.

If compressor follows PV = Constant and expansion cylinder follows PV = Constant

then determine:

Refrigerating cffect/ kg of air

COP of the plant

Heal rejected in compressor

4. Mean temperature of heat rejection
Forair: y=1.4, R =0.287 k] /kgK

% B S R

” [20 marks]
", i : . e i
Q . 2 ' '
Sl /Y’jg"f (ﬂ\’?'/{./. —qu:C-- ~ T

{

\}
L

Tyo= (i) Y t 4
1 Q -
=5 Te = o6lsSclaazepe)) » =510
Cowu en = (T'-l e ‘50\ C y %A(A @ ¢ ool
L® v C

Scanned with CamScar



Question Cum Answer Booklet l

Page 35 of 42

e
this margin

D = (N(Tg T)*((?L)(T’“—T(j)
Cyv (@—L?ﬁ;)* cv (26 ~ta)
=5 o) = o"b“ﬂ'%((‘i/fﬁ\(.

AgLS@ne (C?\J')
h“\ '-\‘\b, -

= ol -
S0 5, = O

‘E-grh

—_—

o w €N \OQU:X el

Q B 2025 L’%% 5 roar (2] '
. & O% HI:‘)lCT/M s
ik = DR SEIE YR G = e ) o
fas{_lu«z_) GI:: S5 ¥ = 7
{-..«-.

@ col= 535 = 2% , |

6 2oy —

Scanned with CamScn



Page37of 42 | ™

@ RDE E Question Cum Answer Booklet

- S Bl i Yy : 9% ¢ gy AL lr
X 3 & :

Q.8 (c)| Atmospheric air at 30°C dry bulb temperature and 60% relative humidity is passed over
a cooling coil at the rate of 800 m*/min. At exit from the coil, the air is saturated and its
temperature is 5°C and the condensate leaves at 5°C. Determine the amount ot condensate
leaving the coil per minute and refrigeration required in kW. The specitic heat ol
superheated steam may be assumed to be 2 kJ/kg°C. Solve the problem without the use <

of Psychrometric chart. [Use the steam tables provided at end of question paper/QUCAD]
e
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