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QUESTION PAPER SPECIFIC INSTRUCTIONS
Please read each of the following instructions carefully before atternpting questions.
There are EIGHT questions divided in Two Sections and printed both in HINIDE and in ENGLISH,
Candidate has to attempt FIVE questions i all,

Qucstion MNos. 1 and 5 are compulsory and oul of the remaming, THREE are to be attempled choosing
at least ONE queetion from each Section.

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

Anawers nust be written in the medivm authonized 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
he 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 [or answering the question
itself.

Inless otherwise mentioned, symbols and notations carmy then usual standard meaninges.

Attempts of questions shall be counted in sequential order. Unless struck.off, attempt of a question
shall be counted even if attemipted partly. Any page or portion of the page left blank in the
Cucstion-cum-Answer Booklet must be elearly struck off,
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.(4)

1.(b)

1.(c)

1.(d}

L.[e)

2.(a)

Equsg ‘A’ SECTION *A°

T et e @ SR 5 7 &1 A wni A R g 2 1 w6 us i
4 kg arest W R00 kPa 6 50°C W B, v=fF g aw Pl € 1 s 9
faparem == fomn s @ At o ¥ R & @t @ | & F #fom areee s g1
=7 Frafn it |

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 30°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. I

HqH AT et Wailad ek % WA AT W pev, fs T poh ARG T T R
fos TR T WSTEE wuTE, Hubr 9 Tt s s adiss & w0 gl |
Show processes of saturated vapour compression relrigeration cycle on p-v, f-5 and

p-h diagram and mark graphically on 1-s diagram refrigerating effect, heat rejection
by condenscr and compressor work. 10

Tt e fafmm & = § sl quis g9 T W A @ 7 AR s
sty s st @ frde i |

What is the shape factor in casc of radiative heat exchange ? Discuss the four (4)
basic shape factor laws. 10
AT gatwa o ffe wmand, sidded I9 AT W e HRE SHTE |
Draw valve timing diagrams of 4-stroke high speed and low speed SI internal
combustion engine. 10
Ty = v =1 afenfim K ok g falie s & = woa 6 e o w5
i =eqw T | v =yt av,

Define steam, quality and derive expression for specifie volume of sleam in terms
of steam quality. v = v+ xv, ‘b

UF i TETA & ariiEE (FEER) S eErdd & g e 70% R 71% ® |
oEq e & why R w # 47635 klike ST wer B i € | v sfam g sma
2%, arfen sl &1 A 0.054 T | S5 BT @ AR A i st R | e
g Fel AIEE 300 K B |

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 15
476-35 kIkg. Find a suitable pressure ratio such that the work ratio is 0-034.

Also find the corresponding temperature ratio. The inlet total temperature of air
is 300 K. 20
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(b))  UE WG W A geiaee & A # | wiia qrena s g gEfgee @
& fou, wwn sefen & " A, wuEw i w1 gEmEA S yEEE ©
AT & W72 W 06 mm & SHTE F Mielsh WA ST HehaT § oo g=9 & geed
p= 8500 kg/m?, T =@FET k = 30 Wim-K R fafie 39 0.3 kifke-K & 1 912
AR AR F S HEEA S HA I () 300 WimK # | WRfTE T
AT F 90% AT & foau e v e ¢ Tl § wen wrf ok i difae
TEH AIHE W @il ddg Her it |
A flue gas stream 15 (0 be momtored 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) &300 keg/m”, thermal conductivity (k) 15 30 Wim-K; specific heat (c) is
0-3 klkg-K. The convective heat transfer coefficient (h) hetween the junction and

flue gas is 300 W/m2-K. Determine the titne required to read 90% of the inital
temperature difference. Negleet radiation effect and change in thermophysical

properties with temperature. 20
2.(c) Tt =l & iaed = Toiad &1 o Fi9ew 999 & & s aos! @ R

&l |

Classify dillerent types of boilers and discuss factors important for the boiler

selection. 10

I(a)  E9 TEGET T wEE, s ferf A, I e wh et F redt Sun fear
w1 2 ot f ol Bear s ) 39 fom 05 m FEE A aaaT whEr e
fatmfas =t =1 swa e T 2 faedh s o vael SEw 9l 99 % =TE
55mm 1 18°C T98H AW 001 ke/s & W18 & @ & W w4 F M 60°C
AAE &1 01 kefs waTe &0 9D wann & | s Gl @ am e =
G T AIHE A1 Hif |
AT A F AW S (U) = 500 Wim?-K, T w1 ffie ss
3-5 kike-K, 9t # fatsre sem C, = 4187 klke-K

Phlood

In an open heart surgery, under hypothermic conditions, the patient’s blood is
conled 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 mner tube having diameter of 533 mm, If water at 60°C and
(-1 kg/s iz used to heat the blood entering the heat exchanger at 18°C at a flow rate
of 001 kg's, what 15 the temperature of the blood leaving the heat exchanger ?

One may assume, overall heat transfer coefficient (L) = 300 W/m?-K, specific heat
= 35 klike-K, prm = 4187 klke-E.
20

of blood and water are respectively Cl’l.hmd

3 sth-d-mche
DOWNLOADED FROM : WWW.IASEXAMPORTAL.COM Courtesy : UPSC



http://iasexamportal.com/civilservices/
http://iasexamportal.com/civilservices/

DOWNLOADED FROM : WWW.IASEXAMPORTAL.COM

3.(h) v TfTeT d-tite U2 T 20% gaof 2ea & w100 KW alfif st s wmi e |
i m dudeA AT 0:07:1 & @R wEn w12 ke/mt B, 1 f
md/he N AEEERAT ghil 7 AT "‘|¢| S I wed] AT W 4 T SR & |1 deAeary
I fiem & B midhe S0 % 7 999 T SRR W 42000 kikg 2 I
A single eyvlinder 4 stroke SI engine is producing 100 KW power at an overall
efficiency of 20%. FEngine uses a fuel-air ratio of 0:07:1. Determine how
many m¥hr of ar is used 1f air density 1s 1.2 lka/m?. The fuel vapour density is
4 times that of air. How many m¥hr of mixture is required 7 Calorific value of
fuel 12 42000 klfe. 20

I(c) TF sEmtERe e gd TR d gA % avme R frde owwn B 9w oo
I 25°C BrAT £, A1 g AT 210 kPa =il 2 | 3R ZET wm AEad 00025 m?
E &1 frafor =2 fF zm i a7 35w, 59 omd § g @ AT S0°C 99
T AW | G B, T AR T HIS GE AW % gl & FeE A & fan 9
it w7 fefo *E | = A f FEEEEE 7 100 kPa Sl 4w & 9 s
R = 0-287 kPa mikg-K 2 1
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 kFa, If the
volume of the tyre is 0-025 m?, determine the pressure rise in the tyre when the
air temperature in the tyre rises to 50°C. Also, determune the amount of air that must
be bled off (o restore pressure 1o ils original valuc at this lemperature. Assume Lhe
atmospheric pressure is 100 kPa and gas constant of air, R = (:287 kPa m*kg-K.

10

4.(a) va G-Mfige 45T T TE oA =@ 60 mm € H e Bt 32 mm 2 | 39 A
arfes agara (webleE WRE) 901 el W amEEr gaer (Hiegnfid uftEE)
G0% 2 |
frerfem *-mﬁ":’\:

(i) %I 1 ofard

(i1} 1000 rpm 9% ez &t Amem wha

(iii) wia fafom @ smaE

(iv) Wi fafesy FemEET A

(v) Z9 ol Fgfas Fm

(vi) = fafeee A ufaess == =1 awalasd s
A six cylinder 4-stroke diesel engine has a bore of 60 mm and a crank radius of
32 mm. The compression ratio 15 9: 1 and engine volumetric efficiency 15 90%.
Determine :

(1) Stroke length

(11) Mean piston speed at 100U rpm
(1i1) Swept volume per eylinder

{iv) Clearance volume per cylinder

(v} Cubic capacity of the engine
{(vi) Actual volume of air aspirated per strake in cach cylinder 20
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Aby U HATT VETE T % T F AW 30 cm T | T8 1470 SRETH T A € | wE
st forfa o2 3 Brge & A A fe sfesi gro =tamr @ .
afiellg A1 & goa e 9 & B9 ° wEy ok fle ww e

C :%u, Cy, :7;11: & el C= g4 9, u= TRl TRR

W ']'JI
(i) Uex & way sk fofg w 3w Frgw o e s=mg @k fag Fifbm &
] .
H"r.=—ul

(ii) =M@ FeaE =1 SiEen ditan, 91 & FHE wee s, p=1-25 kedm? |

The rotor of an axial flow fan has a mean diameter of 30 em. It tuns 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 :

E'J,I .—%u, CJ": =%u where, € = flmd velocity, u = peripheral speed

{i) Draw the inlet and exit velocity tmangles for the rotor and prove that the work is

given by W = %n"l

(11} Calculate the pressure rise, take a constant density of air, p= 125 kg/m?. 20

4.0c) T W F wEE vEE & e () R gEr e & g5 ¥ (i) B e afEw $
wed # Uwwimn el 9w s g €, geee fif |

Explain clearly what is “thermally developed zone” in case laminar flow through a
tube both for {1) constant wall temperature case (ii) constant heat flux case. 10

Q@Us ‘B>  SECTION ‘B’
5.4a) 'aﬂ}lﬁﬂ'aﬁ?'ﬁlﬂﬂj'mﬁwﬁﬂﬂlﬁ%@ﬁr?ﬂaﬁﬁdﬁ'ﬁqg

What is the difference between ‘normal’ and ‘oblique’ shock ? State the signifi-
cance of each. L0

5(b)  R-129 R-22 Weia® =0 & wifasra watal &1 T9E F | A qEE€as g1 oad
IO YA JI9AE 9 T ) g 2 5 Wi & SO 9 R A aTe g
atay fedw) whmard |t g9y |
Explain harmful effects of R-12 and R-22 refrigerant. Write their chemical

formula and NBP temperature. Also suggest new ecoltiendly substitutes of these
two with chemical compaosition, 10
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s(c) B fod & FAmies A it frakor w7 e fam & g wee g, e

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

S.0d)  HErE dud & AR AT e WR A a0 TR s i feafy o e e
2| I & ohifeufadl § 9 F AU amdis sque AEems, wR af,
feliau

(i) ferd gam

(i) WEH (cruising) 30

(iii) S=9 A 30
(iv) W WAdd T

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

(i) ldling condition
(1] Cruising condition
{iii) High Toad condition
(v} Cold-starl condition 10

S.e) T w wm o § AR F agen ttatan wieme fyew am
A 80; TEIOE 16; W uE Ay 4 | T ST F 1 kg F ged & AT TG
I TR 9 AT Tt g | R E e 1429 fEan /A #

A sample of fuel was found to have the following percentage analysis by weight
(C 80, H, 16; and ash ete. 4. Determine the minimum weight and volume of air
requircd lo bumn 1 kg of this fuel. Density of O, is 1-429 kg/mv. 10

6.(x) U S ATH TF A F A9 qVIEA Wefta a9 5 weftas R-134a &1 904N AT @
3 | gufim ot It 3 TTowE 35°C 99T —10°C 2 it weltae &) 5°C § yEsiaa
fopar v £ | wia S aae W e sEad 0403 B | SR S e 269-4 946
2 | meiftzs &7 T 7 SwE FE 2800 rpm AR 20% 2 | faweR gEEE 1412 2
Frorfo =% (1) wvdtees @ Ftm T () @niies F Tl o weias o gere
(i) sEstaes & Fof g RarET (iv) Eedise 6 HIEEH] SEE T (v) WafiEE
FEATT WATE BY | AT T ger o Al e watta F oga o w100 klike-K
T 1-458 k)itke-K B | U AT Sy SR SR AEIET F A w4 o |
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HRT : Waas R-134a & R
Table : Propertics of Refrigerant R-134a

B TR T
Pressure | + °C | F,, (m¥kg) | Enthalpy (kl'kg) Entropy (kl'kg-K)
(bar) B p S 3
F - S f g
2-104 =10 (-0994 186-7 3924 0-9512 1-733
2870 Ja - 249-| 4176 1-1680 1-715
I

A single stage, single acting vapour compression refrigeration system uses R-134a.
Condenser and evaporator temperatures are 35°C and —10°C and refrigerant
is undercooled by 3°C, Clearance volume per swept volume is 0:03 and swept
volume 1s 2694 c¢m? 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 {i11) Enthalpy at the exit of the

subcooler (1v) Volumetne efficiency of compressor (v) Refrigerant mass [ow rate.

Specific heat of vapour and liquid at condenser pressure arc 1-]1 kJI'kg-K and
1-458 kl'kg-K respectively, Assume suction vapour dry saturated and isentropic
COMpPression. 210}

(i) T=fatas &t = &€ () 999 s@ Fmma (1) JE-dEs akh T9%
(111} ¥=-3eqsa o979 (IV) Taasmes |93 |

(i) Heem == w amanfe v wifts s & fe gemmd afcafee 58— el ga,
=T 7 5EET, T S g, I ger o a5 w s A
TerT | A gEe arg e @ fag Fifo .

== - 4 =
Irmﬂrrull T;rhuiler n:}'clu Terr.n:h:lnicqi ”E[:ncramr

(1) Explain about (I) back pressure turbine (II} by-product power cycle
(IIT) co-generation plant (IV) ti-generation plant, 10

(11) Define overall efliciency, boiler efficiency, cyele efficiency, mechanical
efficiency and generator efficiency ol a Rankine cyele based power plant and
also prove that :

o

10

= £ b
i|.-'rrn.*\-.'.rull ’ i'.-'Ih-nin't-.r ]Ir_'.-'r.li:r r]I|11i:_:r:l1|,t|'|:'|:.||| i?;uun:mmf
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G.(c) U TETEREE wAd g TeRe we wdem agam i 10 a1 § 4 aR F g" | A
% Wi T EET o PR we g | wdeen g@E H 500 mis B 0l W w1 F few
fERT Ty 7] WATE ST AT E uiad ey | Cp = 1:025 kikg-K 3R
Cy e = 0735 KIkg-K @ |
A supersonic wind tunnel settling chamber expands air through a rmzzte from &
pressure of 10 bar to 4 bar in the test section. Caleulate the stagnation temperature
to be maintained in the setiling chamber to obtain a velocity of 300 m/s in the test

© section, Take Cy ;= 1025 klkg-K and Cy ;. = 0-735 klkg-K. L

T.(a) TR STE SETER § UE U % S o wuh e v 2 A SuE =g W 6 A
105 Tt & afl wf 3000 smefie B | Atwe @ 18° &, =g i R s A Aol
COR GG {}-42 2w =g o Tl o sl d AT wEer 92 st 3w g
0-84 % | =tz w1 Tntw @ W@ FW A 3° %60 8 | 99 F owEw o 8 R /dee
B | =42 & feru 30w weTsE o Faefalaa w0 st a R
wiiE (i) =T 9¢ s WoiE (iii) = W defE W (v) =ied # Ser afm s
(v =I5 gl |
The mean diameler of the blades of an impulse turbine with a single row wheel is
105 em and the speed is 3000 rpm. The nozzle angle is 187, the ratio of blade speed
to steam speed 1s (042 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 37 less
than the inlet angle, The steam flow is 8 kg per sec. Draw the velocity diagram for
the blades and estimale 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 efficicnoy. s
(b !
¢ ey - Satellite |
CIGIELRIE ‘_________Fﬂ-
Surrounding 3 —_————
AN
'_T ,.'Jr | ""-,
: |
- II_-" Rsi "-,I"
I r
L o | : gt 2
-_!_"“H,_ : L Eaith 2
I',:-,l.-l
I T T 1
yd Fri
Sun Hays
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U TE ToeE 1 st w0 S9ue ge e 1 A B, 9 (3| 6250 km) H
g8 # 300 ke & T W TR T @ ¢ | o w1 wwaa 98 gt i ade 9ot
2 | SR ¥ e # Fewwwar 03 o e —18°C # | I ¥ I o e
&1 fma 2o w0 aiaee $ifam

HIH T—ﬂ'ﬁt{ -+
(i) geet UE gfrienl § sl sled 9eE 98 AamEE 27°C #

(i) IwrE yom H 2 |

(i) F9we % gulay & & wm, S ge w7 9e A8 2, 98 e 2 s arEe
NK®I|

(iv) EAFA Fee@ra o (o) = 5467 = 10 Wim2K? |

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 is onented
tangential to the earth’s surface. The satellite surface has an emissivity of 003 and
is at -1 8*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.
(i1) The satellite is in shadow of the earth and

(i1i) The part of the satellite surrounding not occupied by the carth is black and at
0 K. '

(iv) Stefan-Boltzimann constant (o) = 567 = 1077 Wim® K4 20

7.0c)  wEAEA () st daaEed (whkedea) & S wEmar g Fifm | sl
a1 W e wed i ffimt B fEee

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

8.(a) UF U Thfest 450 2ma T & qda § famfofas aieg o .
wiiser #Ef =1 hr '
AR = TF = 0.3 m* 045 m
TR 59 = 114 kg
SHA T el WE =42 Mk
dl4d wigd TATET T~ 6 bar
a9 FEer WK = 1500 N
ERD| am.ﬂ”r.qrr_ = 300 rpmi
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3% ZA =WH =18 m

AF o =™ = 20 mm

Wz sfteq stw B 5T = 600 ke

sfteH wter & @ afg = 55°C
frrmat <t miftm AT =290 kg
frerEr 9 w1 ATEE = 420°C

freeret fta fr fafine Fom = 1.03 Kkg-K
gfiFy armE = 20°C

Hle[H Eﬁ'ﬁ'q :

(i) gt wfs

(i) =% wfw
(iii) gfm T ge

(iv) T Sl gaaad FAEY
The engine test on a single cylinder four stroke diesel engine has following
observations : -
Test duration = 1 hr
Bore = Stroke = (-3 m = 0-45 m
Fuel consumption = 11-4 kg
Calorific value of fuel = 42 Ml'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 Df’_ exhaust gas = [-03 klke-K
Ambient temperature = 20°C
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8.(b)

Estimate :
{1) The mmdicated power
(1) The brake power
(111} The indicated thermal efficiency

(iv) Draw up an energy balance sheet 20

U HIA AT w0 H A SR U | fHeTE 4000 mimin avF =g i Oh
FT B, T T F ER 20% T g41 39°C DBT #1E 26°C WBT ™ 2 747
80% 9A: YRE=RT %91 24°C DBT 3K 50% RH W 8 | a0 sitaa Sest (Fiem i)
# 12°C W wge wEen 4 wwr faedt @0 aegeliE e @ osmEm o e
(i) Fo sftaa w2 A (i) a0 # soefE 0 9fieem S | v o gesits =0
w5t gufd |

In an ar-condihonmg plant, an air handling unit supplies a total of 4000 m*/min
of dry air which comprises by mass 20% of fresh air at 39°C DBT and 26%C WBT
and B0% 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 (ii) Room heat gain. Also show the process on Psychrometric chart. 20

A wrer A AR (A ELEL) fafh s wowe s wo wfee fafmms F
fawerr & fom aficEEt = fofau | sosy amem & wge 4, uld uae s
fafmfae & oA, & fou =gas fofan

Write down the assumptions to analyvze a counterflow heat exchanger using LMTD
(Log mean temperature diflerence) 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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