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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 1n all.

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

The number of marks carried by a question/part 1s indicated against it.

Answers must be written 1n 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 i the space provided for answering the question
itselt.

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

Attempts of questions shall be counted in sequential order. Unless struck off, attempt of a question

shall be counted even 1f 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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Yug ‘A’ SECTION ‘A’

1.(a) UF A= dE ¥ FSARIEN gg ook ol a9 AR A faariad gur 8 | URe # U Aqm
§ 4 kg el @ 800 kPa 3R 50°C R B, Safe gorn amr Haffaq € | s« =+ &
foerror ger fear sran 2 ok i 9 3 A % St @ | dF H SA(qH qmune 3 qre
1 faor S |

An insulated rigid tank is divided into two equal parts by a partition. Imtially, one
part contains 4 kg of an ideal gas at 800 kPa and 50°C, while the other part 1s
evacuated. The partition is now removed and the gas ecxpands nto the entire tank.
Determine the final temperature and pressure m the tank. 10

1.(b)  HJW AT @RS WaA Wk & @A WEHI DI p-v, t-s AR p-h ARG T g AR
(-s FAE WX UG woTa, gutest 4 fasertad FeHr @R gdied F R guid |

Show processes of saturated vapour compression refrigeration cycle on p-v, f-s and
p-h diagram and mark graphically on r-s diagram refrigerating etfect, heat rejection

by condenser and compressor work. 10

1.(c) fafeoim wem fafama & arde # safd TOMe 99 WA #41 BIdT € 7 9K ST
HTepfd oTes Tl @1 faa=d ity |
What is the shape factor in case of radiative heat exchange ? Discuss the four (4)
basic shape factor laws. 10

1.(d) A-3TaTd gofsha 3R Tl Ta.3MR. 3dqgd T4 dTed e JA9F ARG 941U |

Draw valve timing diagrams of 4-stroke high speed and low speed SI internal
combustion engine. | [ O

I.(c) 99 & Ioran &t aferfya o ok o fafie smaaq & =aste &l 919 6l ordr & &9

- ~
H Y=l & | v—lff+ XVp,

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

2.(a) UF G @A & @riied (F0ER) AR TEEA B q@dr wAN 70% AR 71% € |
ze a1 § wfd forell ga1 § 47635 ki/kg FA1 WS &l T & | T 3T g U
23, T &1 & A 0-054 T@ | THF A1 TG AT FAT Rl A1 T | as
I T Tl dAIHE 300 K @ |

The efficiencies of the compressor and turbine of a gas turbine arc 70% and
71%. respectively. The heat added in the combustion chamber per kg of air 1s
476-35 kl/kg. Find a suitable pressure ratio such that the work ratio 1s 0-054.
Also find the corresponding temperature ratio. The inlet total temperaturc of awr

1s 300 K. - 20

sth-d-mche 2
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2.(b)  UH W G F ATIHE gHIGRTS | ATAT 2 | WU A 1 aeneda: qatgee s
& 1C, 999 AqHaT & ded H, dHieTd fgamd &1 godied a)AaT Esasd © |
THTEYA &F SIE & 0-6 mm & T8 FT Tieleh HAT ST €ehdl & 518% €9 &1 °94ca
p = 8500 kg/m?, FFAT ATAHRAT k = 30 W/m-K 3R fafsme a1 043 ki/kg-K 8 | S1E
AR GAERu o A" Gagdl FSAT A0 [0 (h) 300 W/m2-K 8 | i amaem
JAAA BT 90% AT9 o 11U Tohaar ah e ? fafaor ¥ ey gt 3t amdtg stfas
UEH TTAHT & €19 SGoldl A9 TS ity |

A flue gas stream 1s 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/mJ, thermal conductivity (k) is 30 W/m-K; specific heat (¢) 1s
0-3 kJ/kg-K. The convective heat transfer coefficient () between the junction and
flue gas 1s 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

—

2.(c) folse Ul & STaeRl &l Sliehd R 3R A19eR 999 & (o ITa8eh F2ehl &1 fad=

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

3.(a) 2ol UeAIshal FRd §HY, BAAIAHIG ®ald |, I 1 Ik TGHAT & Tgd deT forar
SraT g 3R TR 9 fopam st @ | 389 90U 0.5 m 99 it gHafed ulfaas e
tafFafa ae &1 S9a foar @y 8 a9l el &l uddl SR aTdl adl &1 AT
SSmm ® 1 18°C am®H™ 3R 0-01 kg/s & WaT8 & Th &l T a1 & fo@ 60°C
A & 0-1 kg/s WAt &1 91 W fohar ® | e fatawfas 9 amex e 9«
g & JIOA T T |
HIHT T80 ST AR oM&  (U) = 500 Wm2-K, & $i fafire e Cp, =
3.5 kl/kg-K, 9t i taiste AT C, = 4-187 kl/kg-K

watcr
In an open heart surgery, under hypothermic conditions, the patient’s blood 1is
cooled before surgery and rewarmed afterwards. It its proposed that a concentric
tube countertlow heat exchanger of length 0-5 m 1s to be used for this purpose,
with a thin walled inner tube having diameter of 55 mm. If water at 60°C and
0-1 kg/s 1s used to heat the blood entering the heat exchanger at 18°C at a flow rate
of 0-01 kg/s, what 1s the temperature of the blood leaving the heat exchanger ?

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

of blood and water are respectively Cpbmd = 3.5 kJ/kg-K, C,-_,W:’r = 4.187 kJ/kg-K.
20

3 sth-d-mche
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3.(b)  Ushd sz 48T YA S5 20% FYOT qeAdT 6 @1 100 KW uifth oo @R |
TS T AdA-ATY FTATE 0-07 | 2| R 'AT & uAar 12 kg/m? B, @1 Tehan
m¥/hr & ATATFAT B °? qwlc;m FUA ! g9dT B9T @ 4 AT SATGl § dl 2HH-d1g

¥ firgor 1 TRy md/hr FE0 8 7 FHd & At AT 42000 ki/kg €

A single cylinder 4 stroke SI engine 1s producing 100 KW power at an overall

efficicncy of 20%. Engine uses a fucl-air ratio of 0-07:1. Determine how

many m3/hr of air is used if air density is 1-2 kg/m?. The fuel vapour density 1s

4 times that of air. How many m¥hr of mixture is required ? Calorific value of

fuel 1s 42000 kl/kg. 20

"I-.\

3.(c) UF SAEHEES A W ogE TR H 'El o arHe R OFWR aRar € | 99 gl &
JTHHT 25“‘(“?1?” 2, a6 @rd O19as 210 kPa Fd1dT 8 | 3R 21aK &1 3mddad 0-025 m?
2. a1 fagfor = fo g § foan g@ @@, S/a SR | gdl &1 9o 50°C a4
a2 WU | @1 B, 28 AOWE R YA §d O % gld &l Fed a’d o {9y
1 wraT @1 frafr & | 7 it fe amEEea 3| 100 kPa 3R A @1 | fadrs
R = 0-287 kPa mi/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 m?, determine the pressure rise in the tyrc when the
air temperature in the tyre rises to 50°C. Also, determine the amount ot air that must
be bled off to restore pressure to its original valuc at this temperaturc. Assume the
atmospheric pressure is 100 kPa and gas constant of air, R = 0-287 kPa m-/kg-K.

10

4.(a) us 6-fafaeR 4500 29d 9 @1 9R 60 mm © 3R sheh Fsal 32 mm B | 359 A
ardied s (FEE RE) 91 R IS addl gear (AreHice Uit
90% B |
fagior SRS

(i) ¥ <l ddTs

(11) 1000 rpm R fyeeq &1 Arem A

(iii) wfa fafa=x @ Jadad

(iv) wfa fafaex s smads

(v) =514 & safaes aqman

(vi) & faferer # ufaegrs a1 o1 ardiasd 3mad

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 cfficiency 1s 90%.

)
)¢¢

Determine :

(1) Stroke length

(11) Mean piston speed at 1000 rpm
(111) Swept volume per cyhnder

(1v) Clecarance volume per cylinder
(v) Cubic capacity of the engme
(vi) Actual volumec of air aspirated per stroke i cach cylinder 20

S’rlh-d—mche 4
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4.(b) T A FATR GW@ h A F AWE 30 cm € | T§ 1470 FRATH R eIl @ | Ha
3R g ) 9 B & aR | T stagl gRI ST 74T ©
qfeena a9 & gog et I & ®9 H 9997 3R teia @ = 2

L
C}*’] :Eu’ C]’Fz =

(i) AR & WAy Rk ffa ) 9@ B &1 W@iieE J9™e. AR’ S te

I,
%::H“

2

QY

TR CZGH%W, u = Qe TRR

W | b

(i) T 3 &1 URepe difru, ag &1 fHaa wqa@ i, p =125 kg/m? |

The rotor of an axial flow fan has a mean diameter of 30 cm. It runs at [470 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 :

C, = lu,, Cp.2 =2-u where, C = fluid velocity, u = peripheral speed

13 3

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

givenby W, = _:1;”2

(11) Calculate the pressure rise, take a constant density of air, p = 1-:25 kg/m*. 20

4.(c) AN H q @@ HaTe & U (i) R §aR awE & |@gd | (1i) @R S aiEr &
ged # 'Fedigd: faeida SE 0 #1 gaT ©, gE9E iU |

Explain clearly what 1s “thermally developed zone” in case lanunar flow through a
tube both for (1) constant wall temperature case (11) constant heat flux case. 10

gqug ‘B’ SECTION °B’

5.(a) ‘arfiree’ Rk “fadss waTa B oFT AR B | g1 % HEd &1 &UA i |

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

S(b)  R-129 R-22 Wslia® o & BIfMaRe A9TEl &l TIE & | IA&T TSR g4 qA
ATAT F92ATeR e o fod ) |19 21 39 QA1 aeiiaen] & T W &M A 91 T
qateRer fedut wideamdl 9t gAmy |
Explain harmful effects of R-12 and R-22 refrigerant. Write their chemical

formula and NBP temperature. Also suggest new ccofriendly substitutes of these
two with chemical composition. 1 O

5 sth-d-mche
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S.(c) B FHA & FeAlkihe A & wEAfE MaRke @ @ =E 6 gr awdd gy, faee

F |
Discuss experimental determination of calorific value of solid fuel with a neat
diagram. 10

i

5.(d) T 39 T ATg-3UH AT T 9R ° daR g IR ewdr ot feafd aen sgedr
2| 9 @ W aRkfeafaal #§ e & e agdaa sua srawdeay, SR Eled,
ﬁ*l';ét’ :

(i) TAseRtd gam

(11) 9EH (cruising) aRl

(iif) I=9 9K g

(iv) 3 "add gem

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

(1) Idling condition
(11) Cruising condition
(111) High load condition
(1v) Cold-start condition 10
S.(e)  SHA % UF A4 H AR & IqER frafafaa wfasadn tagdwor 9 @t

FT 80; BIEEISA 16; R TG A1fg 4 | z0 389 & 1 kg & G+ &g ATAWS 9 &
=AAH IR G amaad i R | s # e 14429 TR /4 2 )

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 1429 kg/m-. 1 0

6.(a) U =0T IT U =sh o 915 g¥qied geiiad 9 | ueias R-134a &1 SIART o 4
2 | gufra 3tk amafra & amaEE 35°C d91 —10°C 8 3R "siiass &t 5°C 9 sasiad
RpaT o 2 | i S smae R Faaeg amad 0-03 € | 3R EE sad 26944 S
2 | grdresd ot AfT T TEar FAE 2800 rpm HR 80% © | faedr gEewE 1412 B |
fagfen o () @Iz &1 TR amaE (i) aFied & R oX gsiided & uererty
(iil) FAsfaas & FRH o= ueraty (iv) @iz & AEad! eIt a1 (v) 9iiae o
==THTT WATE &< | a9 9 ged il fafye oedn 9993 & gdra = swH 1] kl/ke-K
AT 1458 kI/ke-K 8 | U AT @] o Gq9 AR TFEIEA 1 AW Ul 7 o |

sth-d-mche G
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HE| U= g T g
Pr(c;sgrc °C |V, , (m¥kg) | Enthalpy (kJ/kg) Entropy (kJ/kg-K)
ar
hf hg Sf Sg
2-104 —10 0-0994 1867 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 1s 0-03 and swept
volume 1s 269-4 cm?. Compressor speed and efficiency are 2800 rpm and 80%
respectively. Expansion index 1s 1-12. Determine (1) Compressor exit temperature

(11) Enthalpy of refrigerant at compressor exit (111) Enthal
subcooler (1v) Volumetric efficiency of compressor (v) Refr

py at the exit of the

gerant mass flow rate.

Specific heat of vapour and liquid at condenser pressure are 1-1 klJ/kg-K and
1-458 kJ/kg-K respectively. Assume suction vapour dry saturated and isentropic

COMpression.

20

(i) t=fdfag &t e & (1) 99 o &E&ed (1) an-geEd gk =%

(I11) G=-3IaTesd aa4 (1V) HIScares aa9 |

(ii) Uk =sh I ATHTRG Tk ATch G99 &l 91 &Iy aianfira & — avqol gerdr,

SR ! FEIAT, Fsh ohl g&AdT, AT q&raT 3R U =k W= 3meaika Siex &

gerdl | 3R TEe a1y e & fag fifso .

= Lo X X .
qoverail nbmlcr ncyclc T?mechamcal ngenerator

(1) Explain about (I) back pressure turbine (II) by-product power cycle
(III) co-generation plant (IV) tri-generation plant.

1 O

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

efficiency and generator efficiency of a Rankine cycle based power plant and

also prove that :

— X
r’ﬁzn..ncrull | Ubﬂilcr r’cyclc

X1

?mcchunicul

<1

7:.:‘,!.1!11.31'11'[()!'

10

sth-d-mche
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2

6.(c) U gkieAlye TAT g0 fBRO @ WU SR # 10 FR | 4 IR F g™ " Ao
¥ egH A gal & (96’ AT & | WIE @E § 500 m/s i I W &A% U
OR Fe § EEE Je0d dA9HH & qikeed R | Cp = 1:025 ki/kg-K 3R

Cy i = 0735 kl/kg-K o |
A supersonic wind tunnel settling chamber expands air through a 1107710 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 ;. = |- 075 kJ/keg-K and Cv, o= 0-735 kJ/kg-K. 10

7.(a) Uk STA AT f{ kCh qfs o Seeh &7 SUANT ferdT 1T B 31 S8 5ig ol HIET T8

105 A 2 3k wfa 3000 FARFTTH @ | Aot @i 18° B, =g i A R W9 i i
T FAE 0-42 B, AT =g o i ox amfers S SR waw W MUt S A A
0-84 2 | == o1 fntE S0 WA F10 F 3° &H B | AT Al Wae X 8 TRt /HaEvE
2 | S % fou A s ST 9t Feafafaa i wrEde Rty (i) T o aikormE
yoitE (i) =g WK €A WU (iif) e W Hed WG (iv) =@ H Iea™ 9iich i

(v) =g e |

The mean diameter of the blades of an impulse turbine with a single row wheel 1s
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 1s 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) ST |
Satelliic |

dTITdLIT 3
Surrounding 5

-

gl 2
Earth 2

Sun Rays

sth-d-mche 8



https://prepp.in/

www.prepp.in

prepp

Your Personal Exams Guide

U BT foed F ArEfd &1 Ique fSEet = 1 AR 2, 9zl (3| 6250 km) €
78 & 300 km & G R FFa HIE T ¢ | 266 &1 g9 g8 gedl sl ddg W €Ll
2 | SWE & HAg i Icdsichdl (-3 AR dEHTE —18°C B | IHUE & TPHT &l IFvaLvl

1 fFad = 1 gk & |
HTAq FﬁﬁTQ:

(i) g=al U Fiwre € R sitad g2zat g8 armaaE 27°C ©
(il) S9IE 9-BE H § |

(iii) TUUE & UgfaRor &1 Al R, S Geat &1 AN A¢l §, 98 hioehl § AR ITaH
0K® |

(iv) TIRA Feedd i MG (o) = 5-67 x 1078 W/m2.K4 |

A small disc-shaped earth satellite, 1 m in diameter circles the earth (radius 6250 km)
at a distance of 300 km from the surface. The flat surface of the disc 1s oriented
tangential to the earth’s surface. The satellite surface has an emissivity of 0-3 and
1s at —18°C. Calculate the net rate at which energy 1s leaving the satellite.

Assume that :

(1) The average carth surface temperature 1s 27°C and the earth 1s black body.
(11) The satellite 1s in shadow of the earth and

(1i1) The part of the satellite surrounding not occupied by the earth 1s black and at
0 K. |

(iv) Stefan-Boltzmann constant (o) =5-67 x 107° W/m2-K*. 20

W, A T Y

7.(¢) garaq (AfFeayd) 3R #d:eed (TfRedyd) & = waugar favgs Fifeg | 3ateedz
I T UTFheld A ohl (ol &t fere=dr e |

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

8.(2)  UF g RIfTR 4-wE S i F wdew § frefifa s i -

Aoy Gt =1 hr - |
aR x T1d = 0-3 m x 0-45 m
28[ @9d = 114 kg

99 &1 FARI A = 42 M/kg
qi=d A1 YATEl €1 = 6 bar
g% R ad 9’ = 1500 N

o ARALTH. = 300 rpm

0 sth-d-mche
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% 0 T = 1-8 m

s 9 A1E = 20 mm
Stehe STiad &1 &l |11 = 600 ke

a9 S § 9™ gfg = 55°C

freem e & wrfua | = 290 ke

feE @ @1 aMEE = 420°C

temEt g <t i FsAT = 1403 k/kg-K
qiEsl arA™ = 20°C

USRS INE
(i) gh¥a wtes
(i1) o 9rfh
(iii) gHa ST geran
(iv) TH Fofl oI FATRY

The engine test on a single cylinder four stroke diesel engine has following
observations :

Test duration = | hr

Bore x Stroke = 0-3 m x 0-45 m

Fuel consumption = 11-4 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 kJ/kg-K
Ambient temperature = 20°C

sth-d-mche 10
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Estimate
(1) The indicated power
(11) The brake power
(111) The indicated thermal etticiency

(1v) Draw up an energy balance sheet 20

8.(b) U A EFA TAA W ATg oA ks Fd MHATE 4000 m3/min 6 917 6t gfd
AT B, ToH geaHM & JFER 20% a1 a1 39°C DBT 3R 26°C WBT 9% @ T
80% J: URA=NT 4l 24°C DBT 3R 50% RH W 8 | a1 itaq Feett (Hfermm Fua)
g 12°C R g6 a1 H A fidedl 2 | dTghmies I & S9EM ad |
(i) T A 9R 3R (ii) FeT | FOATATE T Tieheld iU | WehH hl GIEsRIATeH =ATE
9T AT MU |

In an amr-conditioning plant, an air handling unit supplies a total of 4000 m?3/min
of dry amr 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 (1) Total cooling load
and (11) Room heat gain. Also show the process on Psychrometric chart. 20

8.(c) NI Wty 99 R (TA.UH.ZLEL) fafy &1 s@w« axd g ufvars fafmmas
fascgur & fou stwEal & fafae | e qoum & gee @, wfd wae oo
tafta 0 va.wm. A8 & oo sges fofao |

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

] 1 sth-d-mche
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