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(b)

(c)

(a)

() wem Fram zgen, fade Fam g qo SH 2aa § Gy wfe iRl

(i) T FAER F TR A FWREL, S 1000 °C G 40 °C R B, F v wE W @ ) T
T g wefifam, St 40 °C awn -10 °C ¥ wox }, N d=ierd HW W@ ) 9 F I
e h AEH 4000 kJ a9 1000 kJ % € Prin w1 i v, woiRa 9 vehfes gomeh
B W At R (1) SRS B e Aol Y AE A (2) 40 °C F WA W S AW
= 38 "E i v A

() Establish the relation between 1st law efficiency, 2nd law efficiency and
Carnot efficiency.

(i) A reversible heat engine operates between two thermal reservoirs of 1000 °C
and 40 °C. The engine drives a reversible refrigerator operating between 40 °C
and -10 °C. The amount of heat transfer to the engine is 4000 kJ and a net
amount of work output of 1000 kJ is obtained from the combined engine-
refrigerator system. Determine (1) the amount of heat transfer to the
refrigerator and (2) the net amount of heat transfer to 40 °C reservoir.

2 mx 3 m N Th 9 9fEH F FR F @ TER T @ R 75 30 3 m o=l oo F qUeR g
3G% 81 F FAFR aied & W ¥ G U B q9HE 991 g9 1 A FE: 20 °C 3R 7 m/s
B uftw W wriw g el s@ 7eE g7 0-86 N uEn T | wide % R shwa daes s siaw
oI 91d i)

g ¥ fw 20°C W 1atm W T & p=1.204 kg/m?3, Cp =1-007 kJ /kgK,
Pr = 0-7309.

A 2 m x 3 m flat plate is suspended in a room and subjected to air flow parallel to
its surfaces along its 3 m long side. The free stream temperature and velocity of air
are 20 °C and 7 m/s respectively. The total drag force acting on the plate is

measured to be 0:86 N. Determine the average convective heat transfer coefficient
for the plate.

The properties of air at 20°C and 1atm are p=1-204kg/m3,
Cp =1-007 kJ /kgK, Pr = 0-7309.

T Teu-Uea e/l =t = Wia B (R fam & gufy sger) @ sifa fen mn, R
@ f@ri® 100 kN/m ¥ qu1 e 1 SIR-F1 &%et 0-1m? ¥ Riftrer, R it
A 20 L 8, 919 1 200 kPa 91 9f@eft 99 300 K W iafie o §1 R § w =
M} S 3R AEAT 50 L § IR W W IF 81 T acd Rifv N o a1g angfd @ @
Sirgat @ S a1y 800 kPa, 325 K W yaiied & 1t ¥ arca # 3 @i e 7 § ok % 91y
FI q9 TH FR AN a1 99 o % RafeFet 1 T@ aon a9 w800 kPa 3R 350 K 7@ &
AT B TEH 9% Aled 95 R o1 A ® 9 WeEn A T @ S #) siftm srawen ® w7 s
R R 9gea 87 WA % dE S 0 1 Raio fif) af F fw Cp, = 1.005 kJ /kg-K
ql R = 0-287 kJ/kg-K i :
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A frictionless piston/cylinder is loaded with a linear spring (as shown in the figure
below) having a spring constant of 100 kN/m, and the piston cross-sectional area
is 0-1m?. The cylinder having an initial volume of 20 L contains air at 200 kPa
and ambient temperature 300 K. There exists a stop in the cylinder which prevents
its volume from exceeding 50 L. A valve connects the cylinder to an air supply line
flowing air at 800 kPa, 325 K. The valve is now opened, allowing air to flow in until
the cylinder pressure and temperature reach 800 kPa and 350 K respectively. The
valve is then closed and the process ends. At the final state does the piston reach
the stop? Calculate the heat transfer during the process. Take C, = 1-005 kJ /kg-K
and R=0-287 kJ/kg-K for air :

i A4 5 A7 4

i
20

(b) T Wia-vare R-weh Fom fafmRE # 1-2 kg/s A A 5 H 20 °C | 80 °C T T F1 R
A B - e, S 160 °C T 2 kg/s FANH WER | W IqoE T, § IW HAT RN
AR 2o Jaeh <R arelt 3R 1-5 cm =@ Hi ¥) 9l Fon fafmRe w1 Al s siaw i
640 W /m2-K 9, 9 difsa a9 ) 7w 0 ¥ e o0 fifmfe f sews o= @ fikg)
ol a1 - A A fake Fesilt S e 4418 kJ/kg-K 3R 4-31 kJ/kg-K i)

A counter-flow double-pipe heat exchanger is to heat water from 20 °C to 80 °C
at a rate of 1:2 kg/s. The heating is to be accomplished by geothermal water
available at 160 °C at a mass flow rate of 2 kg/s. The inner tube is thin-walled and
has a diameter of 1:5 cm. If the overall heat transfer coefficient of the heat
exchanger is 640 W /m2-K, determine the length of the heat exchanger required to
achieve the desired heating. Take specific heat of water and geothermal fluid as
4-18 kJ/kg-K and 4-31 kJ/kg-K respectively. 20

(c) TH W Ae G4 A 31 Bgel h wemar § wuene fF ol v et we-aw =1e 81 § ST
TG YaE TR F 9§ 91 R 1@ R sm-as% s 31 € 3 WA Yo 9@ ¥ w9 § .
T e R

Explain, with the help of velocity triangles, why centrifugal fans with backward-
curved blading are used for forced draught fans, and centrifugal fans with
forward-curved blading are used for induced draught fans in a steam power plant. 10
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5. (a) difsa &9 Q 559 A1 = 89 I Fafie 92w+ gaarers 9 F 9 % T 9ot % TR
R, Sl Tho 3MMgo YUl o HZo I9HT A TR I HH HLl £

THo 37730 357 | Hio 3750 T
(=/F=) | (3=/f=)

FHUET |  HEH

Give a comparative statement in the form of a table of the various factors desired to
be high or low which tend to reduce knock in Sl and CI engines.

SI engine CI engine

Sl. No. Factor (High/ Low) (High/ Low)

10
(b} TH W 1T GV Wefiad a5 % SEeH aHH SR 100 °C; HuFA a9l 3R 45 °C;

i 2 °C. a3 A wefiad &war 125 kW a9l 9 # o fAw 180 kW B Y&+ w4 & wF
0T R )
() & & FsarEa o (o 3o o) qUl F& TSN WA R I FHCY
(i) TF FAERS Tl Har ¥ B g 9 F wft semal # gurR % a8 FI0 FAw @

90 kW d% W & M, Fafh Fefiad &mar a1 Yoo argnH qd i wifd & @) 3@ H

goan H siftg i)

The operating temperatures of a simple vapour absorption refrigeration system
are—generator 100 °C; condenser and absorber 45 °C; evaporator 2 °C. The system
has refrigeration capacity of 125 kW and heat input to the system is 180 kW. The
solution pump work is negligible.
(i) Find the COP of the system and total heat rejection rate from the system.
(i) An inventor claims that by improving the design of all the components of
the above system, he could reduce the heat input to the system by 90 kW,
while keeping the refrigeration capacity and operating temperature same
as before. Examine the validity of the claim. 10

(c) TH A& Yarg Y& 1200 r.p.m. W HA FAT Bl AS & 3@ P16 AW 1-1 m a1 7 (39)
F M@ 0-8 m &1 PH ad % ARG A F A w1 Fu w0 F: 30° qu1 60° B i
e 39 V= H TAY WP a6 S TRY 60° F U W FAF 98 211 R IR F AR-IR AT &
FEg Ega § HE S & Qa1 &) () @ T A A TaR R AYT (i) T H Gl FA H
o =an w1-smepl aur v w1 Rafor AR 9 F e B 1-225 kg /m3 6iftm

An axial flow fan operates at 1200 r.p.m. The blade tip diameter is 1:1 m and hub
diameter is 0-8 m. The blade inlet and exit angles are 30° and 60° respectively with
respect to the plane of rotation. Inlet guide vanes give the absolute flow entering
the rotor at an angle of 60° with the plane of rotation. There is no change in the
axial component of velocity across the rotor. Determine (i) the volume flow rate
through the fan and (i) the minimum torque and power needed to drive the fan.
Take the density of air as 1-225 kg /m3. 10
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(d) 1-D WATH Yare ¥ NUR R, Wigy fF ww ufadda fawa Jell aifeft & fordt aedr w
% qEa M, =32 ¥ &a%a A R Fieeq wefta @
A =1[L(1+1:3M2)]%’
A* Miy+1 2 .
&l A* aifeft 61 fawa R 9T M = 19 A9 @ 8|

On the basis of 1-D isentropic flow, show that in a duct of varying area, the
Mach number M at any section is related to the area A of the section by

Y+1
= 3(y=1)
A_1 _?__(1+Y_1M2) =D
A* Mly+1 2

where A* is the area of the duct corresponds to M =1 10

(e) G % wozEY ¥ e weifem # FREE TR B o= IWH A F wnG w0 i IugE w
e 81

Explain in brief as to why capillary tube is preferred to other throttling devices in
household refrigerator. 10

6. (@) TF A oW, S TY-AEG R-h R AW B, F Rt AR 250 mm IR GF N T=E
300 mm ¥ THST T FUR AW FA: 10 9 6 Bl 9 T A F g UG I 9 AN
FAN: 1-0 R F 27 °C ¥ fOR 3@ W @ Wit Fwn, R e | @ @t Fom 6 g )
oft yy@ forgelt @ g 3l am w1 Pufor AR aon 9% A TY-I7F @@ I FRC FE F
JEHE AFAA B oft e AT wF w1 p-V M@ ditg) g $ fow oy =1-4 @
Cp = 1-005 kJ/kg-K wifg|
An oil engine operating on air-standard dual cycle has cylinder bore of 250 mm
and stroke length of 300 mm. The compression and expansion ratios are 10 and 6
respectively. The initial pressure and temperature of air before compression are 1-0
bar and 27 °C respectively. The heat added at constant pressure is twice the heat
added at constant volume. Determine the pressure and temperature at all the
salient points in the cycle, and the air-standard efficiency of the cycle. Also,
calculate the clearance volume of the engine. Draw the P-V diagram of the cycle.
Take, for air, Y =1-4 and C, = 1-005 kJ/kg-K. 20

(b)) UF @RI %ERU A=/ AN Th 12 TR &a1 & Wefiaq Fem, Red s =1 wgw 9@ -8 °Cc am
Hafs #1 qI99H 30 °C B, Sl JEvEwdl 81 TEias R-12 F W 99 # a9 & 9§ 5 °C
I9saa qu aT ) TheE § W_@w % g arfeaw 3 6 °C Afvanfua frn S @1 IR 3@ 9o ams
H fake o waw: 1-235 kJ/kg-K a9 0-733 kJ/kg-K &, @ (i) 9t fho Tmo w=fiaa 1w,
(i) it e waia wefias &1 g=@m adn (i) Fsare e (dio 3o dio) wa HRM) R-12

wefiaes % v o1 g €
5 . T (kJ /kg) Tt (kJ /kg-K)
#gw a9 (°C)
e arg 7 ar
30 6459 | 19962 | 02400 | 06853

-8 28-70 18406 | 0-1148 0-7007
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A food storage chamber requires a refrigeration system of 12 TR capacity with an
evaporator saturation temperature of —8 °C and condenser temperature of 30 °C.
The refrigerant R-12 is sub-cooled by 5 °C before entering the throttle valve, and
the vapour is superheated inside the evaporator by 6 °C before entering the
compressor. If the liquid and vapour specific heats are 1:235 kJ/kg-K and
0733 kJ/kg-K respectively, find the (i) refrigerating effect per kg, (i) mass of
refrigerant circulated per minute and (ifi) COP. The relevant properties of the
refrigerant R-12 are given below :

Saturation Enthalpy (kJ/kg) Entropy (kJ/kg-K)
temperature (°C) Ligquid Vapour | Liquid Vapour
-8 28-70 184-06 0-1148 0-7007
30 6459 | 19962 | 02400 | 06853
20
() 50% R aen T T gt yarE qhed 98 % IR qu v <vet § Fefafea vare =
TR 9 § (T B/ &/ WA §), T uF arofi % w9 T IR -
(i) X A
(i) fesw =
(iii) U AHHH
(iv) W <4
() Smifdes am
(vi) g am
et T-s s sft wifew)
Show, in the form of a table, how the following flow parameters change
(increase /decrease/remain constant) in the rotor and stator blades of an axial flow
compressor stage with 50% degree of reaction :
(i) Static temperature
(iij) Static pressure
(iii) Stagnation temperature
! (iv) Stagnation pressure
(v) Relative velocity
(vi) Absolute velocity
Also, draw the corresponding T-s diagram. 10
| 7. (@ TAEREG R A GG 90 90 9 T 39-6 m> /min Fw w6 e Feel, S 31 °C T
| oos A9AH R 18-5 °C A dcd dYaH W &, § Yo A ¥ el F IR 1 AWH qEH
- 44 °C ) Fcit F Y8 F A% @ THR ¥ F 98 ag i & i w@w sEEn # 12:5 kW W
| wefiem Fft| Feeh A FrereR aTeh a1y 1 56 do9 9 NS Fed AH AU I JoRH Fd HiTg)
. (TR = 98 o 10 # e R)
39-6 m3 /min of a mixture of recirculated room air and outdoor air enters a cooling
coil at 31°C dry-bulb temperature and 18:5°C wet-bulb temperature. The
apparatus dew-point temperature of the coil is 4-4 °C. The surface area of the coil
is such that it would give 12:5 kW of refrigeration with the given entering air state.
Determine the dry-bulb and wet-bulb temperatures of air leaving the coil, and the
bypass factor. (Psychrometric Chart is given in Page No. 10) 20

|
|
|
|
|
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(b) & vETE &3 % forelt farg W stfraam e dem (M) iR arafis s dEn M) F A9 Pl
ey wifid v :

| o2 __r+IM2
2+(y - )M?

T Aifet # o A EE ¥ o 91g R, R uE sred e wm o wwar ¥ vEE ¥
FAYEe W T § 7; =5°C, p, =65kPa a1 V, =668 m/s. YO ¥ 3R W WRE
m,%mawmmmﬂﬁma@%m% =1-005kJ/kg-KamMy=1-4
b & <
| Obtain the following relationship between the characteristic Mach number (M*)
b " and actual Mach number (M) at a point in a flow field :

2 (y+)M?

M= T
2+ (- YM?>

A normal shock stands in a duct. The fluid is air, which can be considered as an
ideal gas. Properties at upstream of the shock are T =5°C, p, = 65 kPa and
V| =668 m /s. Determine the static temperature, static pressure and stagnation
temperature downstream of the shock. For air, take Cp =1-005kJ/kg-K and
y=1-4. 20

(c) e f% it srftrriea: Ao s A sAfenERS S99 T aieR IR % B ¥ R
o=t W =1 = T Wies ) T a0 9 B

Explain why most of the medium-sized automobile engines are close to square
shape with the cylinder bore diameter approximately equal to the stroke length. 10

8. (@) & g @ 9T § 85% HWEIH qan 9 Hite® ¥ 91 1-0 ¥R AW 27 °C A 6:0 IR TW
% wifea it IR ¥ 1 TavEq 9 T F4 Q@ R € et duw fremn st @) o A e @
90% TR qgar R yaia &t §1 9% A tftehan qowE 1300 °C ¥1 $u9 %1 Seiw AN
44 MJ/kg 2 aR 3¢ frin oifr 3-0 MW §, @ Fr=fifta < o hif

_ (i) TS qEA, () T AW, (iii) I N FEE YR R, (iv) 3 FRE $97 @ua (kg/kWh)

WA {3 FRIH W/ F 0 R 6 % WA TG F 0 F T §| A ingg ~ingg. 33 @f
TR 1 o W) 9y ¥ fa, v = 1.4 @ C, = 1.005 kJ/kg-K SR 9% W T-s
I oft difw)

In a gas turbine plant, air at 1:0 bar and 27 °C is compressed to a pressure of
6:0 bar in a compressor with isentropic efficiency of 85%. The air then passes
through the combustion chamber where fuel is added. The hot gases expand in
the turbine with an isentropic efficiency of 90%. The maximum temperature in
the cycle is 1300 °C. The calorific value of the fuel is 44 MJ/kg. If the net power
output is 3:0 MW, calculate the following :

(i) Cycle efficiency, (iij) Work ratio, (iij) Mass flow rate of air, (iv) Brake-specific fuel
consumption (kg/kWh)
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4

Consider the working fluid to have the properties of air throughout the cycle.
Assume  ing; =iNgages. Neglect all other losses. For air, y=1-4 and
Cp = 1-005 kJ/kg-K. Also, draw the T-s diagram of the cycle. ' 20

(b) T G-RIFFR IR-EF TWo ARo $H, N 4500 r.p.m. W ¥ W &, ¥ 190 kW e
R w0 A e ¥ A& I @@ 32% B Tg/SEE P 12:5: 1 a1 W 9™ W
SRR 3aT 68% 21 AR Wieh/dR UM 0-8 R, A ewdw 9 R awr IR A ik R
et =1 Pt $1R) fom w1 Fefim 7= 44200 kJ/kg 791 G 91g A 1-013 IR A
15 °C &) 4R =ifvw 3aa 80% B, A W& ffte $ua @wa qun gfra S zgar Hi o R
Ramy = 0-287 kJ/kg-K.

A six-cylinder four-stroke SI engine is required to develop 190 kW of power running
at 4500 r.p.m. The brake thermal efficiency is 32%. The air/fuel ratio is 12:5:1
and the volumetric efficiency at this speed is 68%. If the stroke/bore ratio is 0-8,
determine the engine displacement required and the dimensions of bore and
stroke. The calorific value of the fuel is 44200 kJ/kg and the free air conditions are
1:013 bar and 15°C. If the mechanical efficiency is 80%, calculate the

brake-specific fuel consumption and the indicated thermal efficiency.
R,y = 0-287 kJ/kg-K. 20

() T Y wefas & vatawia iR g o = §7

What are the environmental and safety properties of an ideal refrigerant? 10

* & K
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