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QUESTION PAPER SPECIFIC INSTRUCTIONS

Please read each of the following instructions carefully before attempting questions.
There are EIGHT questions divided in Two Sections and printed both in HINDI and in ENGLISH.
Candidate has to attempt FIVE questions in all.

Question Nos. 1 and 5 are compulsory and out of the remaining, THREE are to be attempted choosing
at least ONE question from each Section.

The number of marks carried by a question/part is indicated against it.

Answers must be written in the medium authorized in the Admission Certificate which must be stated
clearly on the cover of this Question-cum-Answer (QCA) Booklet in the space provided. No marks will
be given for answers written in medium other than the authorized one.

Wherever any assumptions are made for answering a question, they must be clearly indicated.

Diagrams/ figures, wherever required, shall be drawn in the space provided for answering the question
itself.

Unless otherwise mentioned, symbols and notations carry their usual standard meanings.

Attempts of questions shall be counted in sequential order. Unless struck.off, attempt of a question
shall be counted even if attempted partly. Any page or portion of the page left blank in the
Question-cum-Answer Booklet must be clearly struck off.
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1.(a)

1.(b)

1.(¢)

1.(d)

1.(¢e)

2.(a)

gus ‘A’ SECTION ‘A’

T F=H e A IR gg 3% < wEE wwi # fawlia gam € | wRw A uw ww
F 4 kg 3mes ¥ 800 kPa R 50°C W R, Safer gquxr W fraffaa € | s o= o
o ger fean sar ® R e ) ¥ A G ot @ | d& # sifow qmE SR g
1 faafko il |

An insulated rigid tank is divided into two equal parts by a partition. Initially, one
part contains 4 kg of an ideal gas at 800 kPa and 50°C, while the other part is
evacuated. The partition is now removed and the gas expands into the entire tank.
Determine the final temperature and pressure in the tank. 10

ﬁquaﬁﬁuaﬁaﬂﬁé;mﬁ%ﬁﬁp«v,)-sﬁ?p-h@»ﬂi@ﬂﬁ&ﬁaﬁt

s ARG TR WG wHTE, gEfT ¥ fsafia Fe ok wdies s @ gud |

Show processes of saturated vapour compression refrigeration cycle on p-v, ¢-s and
p-h diagram and mark graphically on f-s diagram refrigerating effect, heat rejection
by condenser and compressor work. 10

Tafrlia o fafma & wwy # snepfa s 99 HEx FT BIAT © 7 AR SR
srepfer Tt fraet w1 fad=A iy |

What is the shape factor in case of radiative heat exchange ? Discuss the four (4)

. basic shape factor laws. 10

4.3 gt ot Prehea GELATE, Sade T AT E W e |

Draw valve timing diagrams of 4-stroke high speed and low speed SI internal
combustion engine. ' 10

T Y IO IR 3R S e sradw F =S w1 AT R o & &9
T T & | v=vtav,

Define steam, quality and derive expression for specific volume of steam in terms
of steam quality. v = v +xv, ' 10

T NG TEE & TrEE (FEER) 3R aXETEd i qeard wHA 70% 3R 71% € |
T & B ufa frat a1 § 47635 ki/kg FSAT We I T B | UE 3Ifua g A
33, AIRF R &1 AT 0-054 T | T6H AT I ATIHI AT &1 Al forewred | e
a7 & Fel AIAT 300 K 2 |

The efficiencies of the compressor and turbine of a gas turbine are 70% and
71%, respectively. The heat added in the combustion chamber per kg of air is
476-35 kJ/kg. Find a suitable pressure ratio such that the work ratio is 0-054.

Also find the corresponding temperature ratio. The inlet total temperature of air
is 300 K. : 20
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L 2.(b)

2.(c)

3.(a)

Teh e 6 T ATTHE THIGIA 8 FT9AT € | AT qIaAe &1 gonedd: qaiqam o
& fou, wma sgfrar & @ed #, TiETe fes &1 Yoaid wR sEweE @ |
ORI & SIS ! 0-6 mm & ATE T Tieleh HHT ST Tehal © oT89%h g4 T U4
p = 8500 kg/m3, AT dTeehal k = 30 W/m-K 3R fafise Fa1 0.3 ki/kg-K © | Sii®
IR TafaRw & =9 Heaedl ST SO s (h) 300 W/m2-K g | R areE
AT & 90% A9 & for feraer aeh wnmm 7 fafemor & Foam wif 3k ariter siifoes
e YA & T FGeAT AWK 3SIS I |

A flue gas stream is to be monitored for its temperature using a thermocouple.
The thermocouple design needs to be evaluated in terms of its time response
to accurately predict the measured temperature. The thermocouple junction
can be approximated as a sphere of diameter 0-6 mm, density of the bead material
(p) 8500 kg/m3, thermal conductivity (k) is 30 W/m-K; specific heat (c) is
0-3 kJ/kg-K. The convective heat transfer coefficient (h) between the junction and
flue gas is 300 W/m2-K. Determine the time required to read 90% of the initial
temperature difference. Neglect radiation effect and change in thermophysical
properties with temperature. 20

fafsrr gl & =fael ot aFfied o 3K Siaer =99 & fod sasass ueet @ foemm
& | g

Classify different types of boilers and discuss factors important for the boiler
selection. 10

&d vl aRa wHa, gEaEis feafa #, R @ T aeafwar & aee S feean
ST ® 3R R fopar st 2 | 3@ fow 05 m o SeE Y awafea widare sen
fafrafas o=t = Syawr frar wn @ St siee it yaelt AR Al Jell T ST
55mm B | 18°C AW 3R 0-01 kg/s & WaT8 & Th ol TH A & fad 60°C
AIAE 6T 0-1 kg/s WaTg &1 gl wamr fomar @ | oo fafmtim & aex e 9
GA HT AN AT HIWT | |

AT T FEAT AR i (U) = 500 W/m2-K, wh &t fafie o Cp, =
3-5 kl/kg-K, 9t &t fafig wsa1 €, =4-187 kl/kg-K

In an open heart surgery, under hypothermic conditions, the patient’s blood is
cooled before surgery and rewarmed afterwards. It is proposed that a concentric
tube counterflow heat exchanger of length 0-5 m is to be used for this purpose,
with a thin walled inner tube having diameter of 55 mm. If water at 60°C and

01 kg/s is used to heat the blood entering the heat exchanger at 18°C at a flow rate

of 0-01 kg/s, what is the temperature of the blood leaving the heat exchanger ?

One may assume, overall heat transfer coefficient (U) = 500 W/m2-K, specific heat

=35klkgK, Cp _ =4187 kl/kg-K.
20

of blood and water are respectively Cp

3 sth-d-mche




3.(b)  Uehel TafTeR 4-%ge Ugi T9 20% €Ul qErdT 6 AT 100 KW wrfth Scuw aR @R |
i o7 FadaTg SAE 0-07:1 ® | 3R gaT < uEal 12 kg/m? B, A1 e
m3/hr T ATATFAT BN 7 AT 2EF hl GAdT gAT | 4 AT SATGT € Al 2HA-Ag
& i o1 fRas m¥hr S § 7 2HE T FARKN AW 42000 kl/kg ® |
A single cylinder 4 stroke SI engine is producing 100 KW power at an overall
efficiency of 20%. Engine uses a fuel-air ratio of 0:07:1. Determine how
many m¥hr of air is used if air density is 1-2 kg/m3. The fuel vapour density is
4 times that of air. How many m3/hr of mixture is required ? Calorific value of
fuel is 42000 klJ/kg. 20

3.(c) UF AfOWEEd ek W g e’ # v & amme R R R € | S g a6
I 25°C BT 8, a1 g1l WYk 210 kPa ST € | 3FR TR &l 3Ead 0-025 m?
2, a1 frafor & fF 2R # far g@ S, S@ eRR # gal & 99AE 50°C T
o WU | W1 B, T A9 W AU Jel W9 S gld & Fed a4 & fau 9y
it e o1 frafko & | AW AT agEedE 3@ 100 kPa 3R a1 & 3 e
R = 0-287 kPa m¥/kg-K % |
The pressure in an automobile tyre depends on the temperature of the air in the tyre.
When the air temperature is 25°C, the pressure gauge reads 210 kPa. If the
volume of the tyre is 0-025 m3, determine the pressure rise in the tyre when the
air temperature in the tyre rises to 50°C. Also, determine the amount of air that must
be bled off to restore pressure to its original value at this temperature. Assume the
atmospheric pressure is 100 kPa and gas constant of air, R = 0-287 kPa m¥/kg-K.

10

4.(a) TF 6-RAfRR 41 Sioiel S5 1 AR 60 mm € 3R FF BAT 32 mm B | T W
arfe s (e XREN) 901 R S smEdt qaar (Areioe i)
90% 2 |
frafor Fifsg

(i) & & d=18

(ii) 1000 rpm W fiEea &l Aiex IS
(iii) wfa fafeer @ smaaE

(iv) wfa faferex Fio= s

(v) o & Fgfas smar

(vi) B fafoek § ufaediss ga1 &1 awdfaes e
A six cylinder 4-stroke diesel engine has a bore of 60 mm and a crank radius of
32 mm. The compression ratio is 9 : 1 and engine volumetric efficiency is 90%.
Determine :

(1) Stroke length

(ii) Mean piston speed at 1000 rpm
(iii) Swept volume per cylinder

(iv) Clearance volume per cylinder

(v) Cubic capacity of the engine

(vi) Actual volume of air aspirated per stroke in each cylinder 20
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4.(b)

- 4.(c)

5.(a)

5.(b)

TF &l WATE 9@ % A H A 30 cm B | T8 1470 ARHITH T Al § | Ha
SR ffe o 3 Prg % @R # P st g st w2
ufeelta av & geaw e I & ' #§ way 3R ffg ) = €

Cy] ;u C, =§-u TSRl C=gd a9, u= IRENT TR

(1)%21%:9%313&%7&1%%%@@%3@3&%@%%
. =
(i) T Iea™ &1 Ui dhifore, T . fraa wwe @i, p= 125 kg/m? |

The rotor of an axial flow fan has a mean diameter of 30 cm. It runs at 1470 rpm.

Its velocity triangles at entry and exit are described by the following data :

Peripheral velocity components of the absolute velocities at entry and exit are :
1

2 o ; e el
CyI =Eu, Cy2 =§u where, C = fluid velocity, u = peripheral speed

(1) Draw the inlet and exit velocity triangles for the rotor and prove that the work is

givenby W, = 1 u?

3
(i1) Calculate the pressure rise, take a constant density of air, p = 1-25 kg/m?. 20

Tl ¥ @ ) e & oy (1) R far aumm F wed 7 (i) R e sftare &
e § “ooiiga: fasfda SR @ gan €, geaw iy |

Explain clearly what is “thermally developed zone” in case laminar flow through a
tube both for (i) constant wall temperature case (ii) constant heat flux case. 10

9vus ‘B’ SECTION ‘B’
‘sifiea’ ok ‘fode’ waT@ # FT SR B | ST % HEd 1 A HI |

What is the difference between ‘normal’ and ‘oblique’ shock ? State the signifi-
cance of each. 10

R-129 R—zzusﬂﬁwéaﬁwmwﬁaﬁm-aﬁlwwﬁmwam
Wﬁmmﬁﬁﬁﬁlmaﬁwﬁmﬁﬁ%wﬁwwmﬁmﬁﬁ
qafarer fedwt whreard ) gzmey |

Explain harmful effects of R-12 and R-22 refrigerant. Write their chemical
formula and NBP temperature. Also suggest new ecofriendly substitutes of these
two with chemical composition. 10
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3.(¢)

5.(d)

5.(e)

6.(a)

B S & FeNihe A &yl frafor @ wee fm F gr aweTd gu, fese
|
Discuss experimental determination of calorific value of solid fuel with a neat
diagram. 10
YT TS & A28 AAAE YA TR A o uf AR e o ferfa e sgerr e
R Y @ offeRE § 9w & fou ag-dan sed smaweRdTd, SR afed,
ﬁ—rﬁaq H

(i) s gem

(i) 98" (cruising) &M

(iii) 9=9 WR M

(iv) 399 Wadd gem |

The air-fuel ratio of an SI engine varies from no-load to full load condition. Write
air-fuel ratio requirement for an engine under following conditions with reason :

(i) Idling condition
(i1) Cruising condition
(ii1) High load condition

(iv) Cold-start condition 10

fed & U A H 9R & ager frefafaa wfaaaan fagewor g @

FTE 80; BEeie 16; 3R @ 3nfe 4 | 3@ f89 & 1 kg & qed oq AEAES a1 FH
I R 3 smadd affa R | sreEsE & e 1429 B /A0

A sample of fuel was found to have the following percentage analysis by weight :

C 80; H, 16; and ash etc. 4. Determine the minimum weight and volume of air
required to burn 1 kg of this fuel. Density of O, is 1-429 kg/m?. 10

s TR AT TS Wk % ATo7 GEE Wefiaw o # weias R-134a 1 Sudn foRAr
R | gufrm ok arsafe & amE 35°C @9 —10°C € 3R wefias &l 5°C & srasiiae
fepar T £ | Wiy e snaA R R A 0-03 ® | 3R T s 269-4 FHY
2 | grdtes &Y T T gEa AL 2800 rpm 3R 80% # | fowaR gEeE 1412 € |
forearfcor &% (i) Trdes @1 PR QEE (i) @edies & fefe w® wsitas & et
(iii) srasfiaed & frfe ) Teamerty (iv) aedies 6 sToaHl qeaaar T (v) weliaen @
ST VAT X | a5 & g o) [AfYE SSAT §afad & gerd WA 11 kl/kg-K
AT 1458 kl/kg-K @ | <97 AT59 T §[h €W SR TS & T Tgdl "4 o |
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6.(b)

RO : Heids R-134a & Turernt
Table : Properties of Refrigerant R-134a

HES TATAY iy
Pressure | - °C | V,, (m/kg) | Enthalpy (kJ/kg) Entropy (kJ/kg-K)
(bar)
he | hy Sy S,
2-104 ~-10 0-0994 186-7 392.4 0-9512 1-733
8-870 35 = 249-1 417-6 1-1680 1-715

A single stage, single acting vapour compression refrigeration system uses R-134a.
Condenser and evaporator temperatures are 35°C and —10°C and refrigerant
1s undercooled by 5°C. Clearance volume per swept volume is 0-03 and swept
volume is 269-4 cm3. Compressor speed and efficiency are 2800 rpm and 80%
respectively. Expansion index is 1-12. Determine (i) Compressor exit temperature

(11) Enthalpy of refrigerant at compressor exit (iii) Enthalpy at the exit of the
subcooler (iv) Volumetric efficiency of compressor (v) Refrigerant mass flow rate.
Specific heat of vapour and liquid at condenser pressure are 1-1 kJ/kg-K and
1-458 klJ/kg-K respectively. Assume suction vapour dry saturated and isentropic
compression. 20

(i) frafafaga &t ameEm & () 99 q@ K&t () dTB-AEER afte 9%
(Ill) ¥g-Icates w9 (IV) Feags b7 |

(ii) %ﬁmmmﬁﬁwaﬁmﬁﬁﬁmaﬂm@qﬁmﬁﬁﬁ—m@ww
iger &t geraT, = i geraT, gt e 3k e = 9 s Seex &y
Tt | 3R T @y frm @ fag A .

= oo X X L X
noverall nbmier ncycle T’mechamcal T"generator

(i) Explain about (I) back pressﬁre turbine (II) by-product power cycle
(IIT) co-generation plant (IV) tri-generation plant. 10

(11) Define overall efficiency, boiler efficiency, cycle efficiency, mechanical

efficiency and generator efficiency of a Rankine cycle based power plant and
also prove that :

10

= % X x
.novcrall' nboi[er ncyc]c nn‘lcchanical ngcncrator
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6.(c) TS TRiEAfTeR A GO FERW we T SIgnT § 10 @R ¥ 4 9R F TE & AWA
¥ Hieaw ¥ g o FIER AT | ThEw @ 500 n/s i T W wRA & fog
fBR He A Bed AT H aReher R | Cp ;= 1:025 kl/kg-K 3R
Cy, v = 0-735 kI/kg-K f |

A supersonic wind tunnel settling chamber expands air through a nozzle from a
pressure of 10 bar to 4 bar in the test section. Calculate the stagnation temperature
to be maintained in the settling chamber to obtain a velocity of 500 m/s in the test
section. Take Cp . = 1-025 kJ/kg-K and Cy, ,;, = 0-735 kl/kg-K. 10

7.(a) @Wmﬁ@qﬁ%ﬁ%wmmw%aﬁ?wﬁaﬁ@mmwm
105 &+ 2 sk iy 3000 sRfCH B | AS B0 18° B, w4 Hi R SR Wi A it
T AT 0-42 &, AT =0 K Tote € AR A SR A W ST 3 g
0-84 & | =g o1 FRfE o0 @AY FO A 3° FH g | AT FH waR R 8 T /dwve
2 | =E & fou 3 s ST @ ffaRad @ wEee FifSTg (1) s T afkorEt
uite (i) S R TN FO0E (iii) e W eld WG (iv) sed A S Otk S
(v) =i e |
The mean diameter of the blades of an impulse turbine with a single row wheel is
105 cm and the speed is 3000 rpm. The nozzle angle is 18°, the ratio of blade speed
to steam speed is 0-42 and the ratio of the relative velocity at outlet from the

. blades to that at inlet is 0-84. The outlet angle of the blade is to be made 3° less
than the inlet angle. The steam flow is 8 kg per sec. Draw the velocity diagram for
the blades and estimate the (i) resultant thrust on the blades (ii) tangential thrust on

the blades (iii) axial-thrust on the blades (iv) power developed in blades and
(v) blade efficiency. 20

' 7.(b) IWE 1
Satellite 1

EIRIEEUIRE]
Surrounding 3

11

e faot
Sun Rays
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7.(¢)

8.(a)

U Bier feen & gl o1 Swre e =@ 1 #ieX @, gt (| 6250 km) @
I8 & 300 km Y g W =FGHR Fe @ ¢ | foww w1 wwaa g8 g f adqe | @i
2 | THE F HdE H Icasiaal 0-3 3R AIAT —18°C B | IWIE | FEAT hl 3wl
$ e g &1 gikeperm i |

m?rzﬁﬁq:
(i) gzl U FHfvorert g 3R sited gt g8 oo 27°C © |

(ii) S9UE g-o@ H § |
(iii) SIE & TYATEROT HT S AW, Gﬁgaa'i?ﬂwmaé’r% a%q:@m%aﬁtamm
OK%I

(iv) EIEA e & (o) = 5-67 x 1078 W/m2.K4 |

A small disc-shaped earth satellite, ] m in diameter circles the earth (radius 6250 km)
at a distance of 300 km from the surface. The flat surface of the disc is oriented
tangential to the earth’s surface. The satellite surface has an emissivity of 0-3 and
is at —18°C. Calculate the net rate at which energy is leaving the satellite.

Assume that :
(i) The average earth surface temperature is 27°C and the earth is black body.
(1) The satellite is in shadow of the earth and

(iii) The part of the satellite surrounding not occupied by the earth is black and at
0 K. '

(iv) Stefan-Boltzmann constant (g)=5-67 x 107 W/m2K?*. 20

garaa (3FRAeE) ok saed (Tfthegem) & s wowaan fadiga fifSg | gAftes
TG 1 WEheq a<q ot faftat i faasmn =

Differentiate clearly between ventilation and infiltration. Discuss the methods of
estimation of infiltrated air. 10

W%ﬁﬁa4@$gﬁwmﬁ?qﬁwﬁﬁwﬁ—rﬁaﬂaﬁ%w&ﬂﬁ

oeqor sEfa =1 hr -
TR x TIF = 03 m x 0-45 m
oM @I = 114 kg

29 &1 FART AF = 42 MI/kg
giaa Aied worEl g = 6 bar
% W fEd WR = 1500 N
o ARALTH. = 300 rpm
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9% g0 A9 =1-8m

9% 9 ™ =20 mm

Stehe fieq ST T /T = 600 kg

fias i@ # am afg = 55°C

frermet & wift W = 290 kg
e | aE = 420°C

frermet W@ it fafine e = 1.03 kl/kg-K

gfedsr e = 20°C

HIc[H Eﬁﬁi"{ -

(i) e e

(ii) s feh

(iii) gfra i gema

(iv) TH ol Jomad FA1Rq

The engine test on a single cylinder four stroke diesel engine has following
observations : ‘
Test duration = 1 hr |
Bore x Stroke = 0-:3 m x 0-45 m

Fuel consumption = 114 kg

Calorific value of fuel = 42 MJ/kg

Indicated mean effective pressure = 6 bar

Net load on brake = 1500 N

Engine rpm = 300 rpm -

Brake drum diameter = 1-8 m

Brake rope diameter = 20 mm

Quantity of the jacket cooling water = 600 kg

Temperature rise of cooling water = 55°C

Quantity of exhaust measured = 290 kg

Exhaust gas temperature = 420°C

Specific heat of exhaust gas = 1-03 klJ/kg-K

Ambient temperature = 20°C

sth-d-mche 10 -



8.(b)

8.(¢c)

Estimate :
(i) The indicated power
(i1) The brake power
(111) The indicated thermal efficiency

(iv) Draw up an energy balance sheet 20

Teh Ao €9 H 919 Befel Uad g AR 4000 m¥/min 5k 919 Y g
AT 8, THH G908 & SIER 20% M 54T 39°C DBT 3R 26°C WBT W @ a1
80% 9 UR&=RT &ar 24°C DBT 3R 50% RH W & | a1g S heett (Hfent wivd)
¥ 12°C R &6 Jaeqn # IR fisedt ® | ageifee 9 1 SwER aRd gy
(1)@3%Wﬁ(ll)$aﬁmﬁwmﬁmlwﬁmﬁ@aﬁﬁé
9 S g |

In an air-conditioning plant, an air handling unit supplies a total of 4000 m3/min
of dry air which comprises by mass 20% of fresh air at 39°C DBT and 26°C WBT
and 80% re-circulated air at 24°C DBT and 50% RH. The air leaves the cooling

coil at 12°C saturated: Using Psychrometric chart calculate (i) Total cooling load
and (i1) Room heat gain. Also show the process on Psychrometric chart. 20

AN wE A R (TW.eHALE) faft @ s@we s ge vl fafmmes %
faydwor & fog sifwEat @1 fafew | siqer aae & wee @, wfa vare sw
fafmfim & wa. .38 & fou s fofau |

Write down the assumptions to analyze a counterflow heat exchanger using LMTD
(Log mean temperature difference) method and also write down the expression for

LMTD in a counterflow heat exchanger with the help of terminal temperatures.’
10
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