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MIECHANICAL ENGINEERING
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QUESTION PAPER SPECIFIC INSTRUCTIONS

Please read each of the fullowing instructions carefully before attempfing questions.
There are EIGHT questions in all, our of which FIVE arc to be attempted.

Cluestion MNos. 1 and 5 are compulsosy, Oot of the emaining SIX question:, THREE ars w0 be
atteonpted selecting at least ONE question frem cach of the tao Sections 4 and B,

Atlempls of questions shall be counted in sequential onder, Unless stiruck off, ettempt of a question
shall he counted even il attempled partly. Any page or portion of the page left blank in the
Czestion-cum-Answer Booklet must be clearly struck ol

All questons carry equal marks. The number of marks camed by a queston fpart s indicated

agaimsat 1t

Answers must be wrttien in ENGLISH only

[nless otherwise mentioned, svmbols and nolaoons have their usua] slandard meanmgs.
Aszumes smitable data, 1f necessary and imdicate the same clearly.

Moat skeiches may he drawn, whersver reguired.

Mewton may be converted to kzl using the cqualicy 1 kilonewion {1 kN) — 100 kel 1l [ownd
Necessary,

A1 answers showhd be in S0 umils.
Iake; 1 keal = 4-187 kJ and 1 kgfem® — (98 bar
| har = 17 pascals
Liniversal pas constant = &3144 Fkmol-K
Pavchwometric chart is enclosed.
I fsi-cl-mche
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SECTION *A°

e K = 1530 kN
1.4a) L1l = ___;_.-*"" : 1
| 3 f
A= T25 m!
P, = 200 kPa
V=005 m’

A pistor-oylinder devies contains 0-05 m” of @ gas mitially at 2000 kP'a. A fhis state,
# linear spring that has a spring constant of 130 kKNfn is touching the piston bul
cxorling no force on it Now heat is transferred to the gas, causing the piston to nise
and 1o compress the spring until the volume inside the cylinder doubles. If the cross-
seetional area of the piston is 025 m?, determunc (1) the final pressure inside the
cylinder, (i) the total work done by the gas, [

1.(h) Caleulate the anproximate Grashol number and state if the Now is laminar or
turbulent for the following -

(i} A central heating radiator, 0-6 m high with a surface temperature o 73%0 in a
ronim at L8°C, p=1-2 kg/m*, B.=0-72 snd y=1-Bx10 3 kagims.

(ii} A horizontal oil sump wilh a surface temperature of 4070, (k4 m lorg
qrd 02 w1 wide containing oil at 75°C. Take p =334 kgime, M= 340,
B=07«107 K ! and p=336=10"7 kp/ma. 10

1.0ch Discuss the causes, effects and the actions o be taken to removefeduce the
following emissions from 1O engines ;

(i} Oxides of Nitrogen (NOy)
(1) Bmoke
{rit) Carbon Monanude (OO

iiv} Unburmed Hydrocarbens (HACT)

(v) Sulphur Oxides (S0) il
1.id1 A chimmey has a heaghi of 10D metres. For the maximum discharee comdifion,
caleulate the temperature of the chimney gases and the draught produced it the air i

supplicd per ko of fucl is 18 ke. Also determuine the efficiency of this chimney us an
instrument for creanng the draughl, il the temperature of chimmey gases i artificial
draught svstern is limited to 120°C, Take the bailer heuse temperatire as 407°C and
the specific heat of flue gazes as N5 Klke K. | {b

fei-cl-mihe 2
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2.{a)

2.(h)

A Pour-cvlinder four-stroke 510 enging wath B0mm bore and 90 mm stroke, muns at
0 rpimand vuses 2 fuel having 4% carkon and 16% hydrogen by mass. The
vilurnetne elliaency of the enmne at thal speed 15 80%. The ambient conditions
are  pressure = 140 bar, temperature = 23°C, The depression at the venturi throatl 1s
0-0¢ bar. The actual guantity of air supplied 15 95 of the stowchiomelne value.
Calculate the fuel flow rate, the air velocity at the throat and the throat diameter.

Take : Byoar) = 287 kg K, R{fuel vapour) = 98 I'lkg K
Co=1005 FikgK), v 14 and coefficient of discharge al venturi throas as 1.
20

A counterilow, concenine lube beat exchanger 15 used to cool the labricating oif for
a large mdusinal ges turbme engine. The flow rate of cooling water through the
mner lube (1) =25 mm} i3 02 ke's, while the flow rate of oil through the outer
anmulus (D, =45 mmy) 15 O kg's, The el and water enter at temperature of 100 and
050 respectively, How long must the tube be made 17 outlet temperature ol the oil
15 to be GOFC T State sssumptions made, if any, Comment on the magnitude ol length
of tuhe, 20

Priogeriies of (il

Temperature Cp H e iz
a2 Ikg K N.simt WimkK
L0 2250 1-41=10# (- 137 300
gt 2131 325= |02 Q134 546
i) 2035 83610 2 0-141 12015

FPropertics of Water

Temperature L il K B,
(& Jke K M.sime Wik
A0 4178 Tl 1 8 U624 520
35 417% 7251000 U-623 485
40 4179 631=10 " {634 416

Nussell number lor lally developed faminar flowe m a aircular tube annulus with ane
surface insulaled mnd the other al conslanl gmperalurs ;

11, N Nilg /1, Nu; Nu,,
i 4y -25 T-37 4.213
(L5 17-d8 4-4iry [-50 374 4-43
k110 1136 411 =1 il 4-56 430
X fui-d-rmche
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doia)

3.k

fel ol mehe

The outpat of o three stage gas wrbme 15 30 MW at the shalt coupiing at an eniry
semperature of 1500 K. The overall pressure ratio across the turbine 15 1 and
efficiency B8%. If the pressure ratio of each stage 15 same, delerrnine

(1) pressure ralio o each stage

(1) palylapic efficieney
(111} the mass flow rate
{iv} the efficiency and power ol each stage

The prapertics uf the working medium are the same as of ar [y=14. €=

003 klike K)o Assume an officienuy of Q1M o take into account shafl losses

due to dise gnd bearmg friction. 21)

A retail shop located 1n a city at 30° N latitude has the Ioads as given below

Romn Sensible heat — 3815 kW
Room Latent hesl — 1434 KW

The summer ouwtside and inside dewpn conditions are

Ouitsicde : 20°C DB, 27°C WB
Imside  : 23%C DR, 30 BRI

70 - fmin of ventilation air is ysed. Determine the following
i1} Ventilatien load

(i1} Crand toral heat

(1111 Tllective sensible heat Lacto

(1v) Apparatus dew point

vy Dehumidified air guanbity

viy Conditon of air emermg and leaving apparatus

Chiven g chance, what bypass factar (IHJ-'} would yvou choose from D05, (01, O-15,
:24), Give justilicanion for zelection of BE. Selve the protlem using BF of & 15,

Llze of Psychrometoie chart s permmiied. Pt

A
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MECHANICAL ENGINEERING
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4.04a)

4.

5.(a)

5. (1)

5. {d]

B.ia)

Describe the working prineiple of Jerk tyoe injection pump with the help of neal
diagram. Show the r_u:usitmn ol the helis for sarous Toad conditions. 20

In a reversed Camet refrigerator system of [TR cooling capacity running on perfoct
uns, heat is absarbed at —10°C and regected ar 30°C. Find the states ar all the points of
the cvicle, mass Mow rate, volume flow rmales and COP The maximum pressurse ratlo 15
5 and the pressure at inlet to the isentropic process is standanl atmoespheric pressure,
Take Cp = 1005 klfkg K. R = 0287 kIkg K and 7= 14, Plot the cycle an p—v aned
-5 diagrams. Cornmient on the 2rea of v dizgram 20

SECTION *B°

A 3 em QD pipe is to he covered with two layers of msulahon, each having a
thickness ol 2-5 cm. The average thermal conductivity of one tosulation 15 Hive times
that of the other. Determine the percentage deercase i heat lransler 18 the betler
insulating material 13 next to the pipe than 1f it s the outer Tayer. Assume that the
oulside and inside surface temperatures of the composite mselation are fxed. 10

Adr 18 compressed stendily by a reversible compreszor from an inlet state of [00 kPa
and 300 K to an exit pressure of Q00 ks, Deternune the conmpressor work paer umit
masa for (1) Isentropic compression with v -3 (1) Polytropie compression with
n=1-3; (i) Tsathermal compression and {iv) Ideal two-stage compression with
mtercoaling with a polyiropic exponent of 1-3. L0

Dhseuss the effect of the followig vanables on jgmiben lag :
(i) MNature of fucl and airfuel ratio
{11} Initinl temperature and pressure
(1r spark tming
(tv} Turbulence amd smpine speed
ivl Gap between electrodes of the spark plug [}

Detertune the pressure tatio developed and the power required to drive a centrifugal
compressor {(impeller dimmeter 43 cm) running ar Y200 pm. Take zero swarl al
entrv and T, = 288 K. Assume isentropic flow with no shock, and radially tipped
impeller blades. Take ¢, 1-005 klkg K and y=1-4. |}

A food compartment of 4 refrigerator s maintained at 4°C by removing heat trom
it ar a rate of 360 kI'min, IF the required power input to the refrigerator 13 2 kW,
deterrmine (1) the C.OF of the refriveralor and (ii) the rate ol heat rejection w the
roonm that houses the refrigerator
Alsa state the Kelvin Plank and Clausius statement being psed Tor second law ol
thermeadynanies. Further define COOWF of relngerator, C0O0P ol Teat pumg and
shiwae thal

O Pt g 1+ (C0 Fhanguisia 2l

Fai-gf-1riches [
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8.(ul

DOWNLOADED FROM : WWW.IASEXAMPORTAL.COM Courtesy :

I'he interna] energy ol a certain substanee is expresaed by 1he equaton
& =302 pv + 86
F E 5 i 3

where » 15 in kl'kg, p in kP and v is 1 m'ky

A systern composed of 2 kg of this substance cxpands from an mrtial pressere ol

350 kPPa znd @ volume of (23 mlke to a linal pressure of 125 kPa, in a process in
which pressure nd volume are related by prt?  constant. I the expansion process
13 quaststtic, determing work (W), change in internal encrgy and heal ranslerred
this proouss. [
I'he performunce ol an ar-condinoner unit rated as 40 Tons, seems to be indicating
poor cooling, The test en heat rejection to atmosphere in its condenser shows the
lallowing

Cooling water Mow ¢4 Lis

Water inlet temperslure L

Water outlet temperature | 4

Power input to maotor Pood kW

Ffficiency of motor : D3l

Specific heat of water s 0BG kKlikg K
Calculate the actual refrigerating capacity of the unit and conclude on whether the
unil 15 giving poor cooling, 1

A four-cylinder 5.1 engine has a bore of 6l mm and a stoke of 85 mm. It runs at
3000 rpm and is tested at this speed neainst a brake which has a torque amm ol
:35 m. The net brake load is 160N and the fuel consumption is 66 livhr. The
specific gravity of the fuel used is 078 and it has a lower calorific valug of
44,000 kIke. A Maorse-test is carried owl and the cylinders are cut out i the order
1, 2, 3, 4 with the correzponding brake loads ol 114, 110, 112 und 116 N
respectively, Calculate for this speed the bp, the himep, the bte, the bsfe, the i, the
mechanical efficiency and the imep. 20
The temperalure distribution across a wall, having thickness of 1 m, at an inswant of
time 13 gIvem as ;
Tix) = 900 — 3y — 5037

where T is in degree celsius and x is in metres. The uniform heat generation of
1000 Wim® is present in the wall of area 10 m? having density p = 1600 ke’
thermal conductivity & 40 Wimk snd specilic heat €' 4 klkg K
Determine (11 the rate of heat mansfor entering the wall and leaving the wall,

i1t) the rate change of mtermul energy ol the wall.

(iii} the time rae of temperature change at © 0 and at x =05 m. 21
Steam i3 supplied by the steam generator at 90 bur and 5007C, Alter the expansion
i the twrbing to 10 bar a portion of the steam is bled for regenerative food beating
and the remaining is passed on (o the reheater from where 11 retums to the turbine
al S00°C. Expansion further continues to (-07 bar For | kg of mass of steam
supplicd al generator mlet, caleulate () heat sugplied. (b) heat rejocted, (¢) net work
done, () thermal efficiency, and (¢} steam rate in Kg/kWh, Assume the specific
valume of waler a3 0001074 m* ke, Specific enthalpy of saturated lquid a1 O-07 bar
and 10 bar are 163-38 kl'kg and 702-61 kli'kg respectively. 20

[si-cl-miche
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8.0 The handle of 2 saucepan, 20 cm long and 2 cm in dismeter 15 partially orrmersed

in bodling water at [00°C, The averape unil comiuctance ever the handle surlace is
735 Wimd K in the kitchen air at 24°C. The cook is likely 1o grasp he last 10 com
of the handle and hence, the temperature of this portion should oot exceed 32700
What should be the material conductivily of handle 7 The handle may be treated as
a fin of msulated up, L
B (e} An artificial spherical satellite flies around the earth, Caleulale the temperature of
the satellite surface, assueming thal (here are no heat sources and surface temperatuse
15 unitorm all over the surface. The solar radiation reflected [rom the earth and
radiation enutted from the carth should also be ignored,
{iy Iy —4k2and e = O
(it} 1I swrface of the satellite 15 gray
(11} TFimd the ratio o<, when the tempersiere of the satelhite surface becomes
W The incident solar radiation is 1500 Wim®, | i

[si-tl-mche =
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