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MECHANICAL ENGINEERING (PAPER-II)
Time Allowed : Three Hours Maximiim MEI'I;'. ¢ 250

QUESTION PAPER SPECIFIC INSTRUCTIONS
(Please read each of the following instructions carcfully 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} Boocklet in the

space provided. No marks will be given for answers written in a medium other than the
authorized one.

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

Diagrams/gures, wherever required, shall be drawn in the space provided for answering the
gquestion itself,

Unless otherwise mentioned, symbols and notations have 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.

E TR /B 1 | P.T.O.



1.

fa)

()

(c}

TWTE—A / SECTION—A

uF #4011 2 smEvEsme 1 qfd 30 i S92 @ oaed @, el @ i R e f
=Yg B0 W B wam B =fval wfa fa 12 w2 alw a4 250 @9 == w0 3 Bt B
ft kWh & 7 ) wm ¥ AT 9 T8 S8 F OwEE S s e e s fagfm
it

The lighting needs of a classroom are met by 30 fluorescent lamps, each
consuming 80 W of electricity. The lights in the clazsroom are kept on for
12 hours a day and 250 days during a vear. For a unit electricity cost of
& 7 per kWh, determine the annual energy cost of lighting for this classroom.

wF HEAE 49, 0-2 m A M k= 1.2 W /m-K, ¥ F0F ¥ #9%6 15 m? §) SEn i =
s 26 R FOE: 120 °C 3 S0 °C W1 AWHE S T S ¥ e SeE i
waw W F I F g S § aeee gfEdd s ad s @ 013 m & gl w
AEF F 9HFaA A ] 99 SEE 8 B e 59 S = U 9eE = 0 3m il

A plane wall of thickness 0-2m and k=12 W /m-K has a surface area of
15 m?. The left and right sides of the wall are maintained at 120 °C and 50 °C
regpectively, Using the basic differential equation for heat conduction,
determine the variation of temperature within the wall and the temperature at
0:13 m from the left. Also find the rate of conduction through the wall under
steady-state conditions.

o # wh o oww we e s sen o o 3wEm fea oan #, S R e 1§ emiw
TR P0G OW R 21 °C W W FE B W A W A9 -5 °C o 92 i §, 7 ]
0 H = % &9 $1 FEA = 135000 kJ/hr B 3= oy 6 w@R ¥ avareE wiewns
wieh =1 T $ifem

135000 kel hr
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SHAPING BRILLIANCE

A nealr pump is to be used to heat a house during the winter as shown in
Fig. 1. The house is to be maintained at 21 °C at all times. The house is
estimated to be losing heat at a rate of 135000 kJ/hr when the outside
temperature drops to =5 "C. Determine the maximum power required to drive
this heat pump ;

135000 ki /hr
4 Heart logs
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Differentiate between physical delay and chemical delay with respect to

ignition delay period. Also discuss the important engine parameters that affect
the ignition delay period.

AHEEAE T W 20 °C F1 T 4-5 m/s F A0 F 19 3@ i w99 e w4 g g
#1 7o =iz 1 wEe 60 °C AmAE W 78 b w1 Hiegn wen 5 =< 10°% W awem 5
mamsnd gl B, wiadmm e i et d e amw
(i) wamfie wen arfia W wE R ORE ) s T R HEe FE S e
yftarem ) gad w30 WrEEd A A Atk w3 R 40 °C F A arEE WAy
& o e #

o9 = 1128 kg /m?
YETHF WA 16-96 x10 % m? /s

k=0-02755 W /m-K

Pr=0:7
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SPM 1A3 ACADEMY

Ajir at 20 °C and at atmospheric pressure flows at a velocity of 45 m/=s past a
flat plate with a sharp leading edge. The entire plate surface is maintained at
a temperature of 60 "C. Assuming that the transition occurs at a critical
Reynolds' number 5 x10%, find the distance from the leading edge at which the
boundary layver changes [rom laminar to turbulent, At thiz location, also
calculate fi) thicknesses of hydrodynamic and thermal boundary layers and
fiil local and average convective heat transfer coeflicients. Assume cubic
velocity profile and approximate method. AL mean temperature of 40 "C, the
properties of air are the following :

Density =1:-128 kg /m?

Kinematic viscosity =16-96 %10 %m? /s

k =0:02755 W /m-K

Pr=0.7 10

2. (o) YA 10 ke 90 90 °C W T R AR A 8 kg W 39 F wY A w1 w0 g0
qey & F R, @ ) ¥ A o ) T F arges W Pl Bt = S aefi 1A
HH T % o] # Haa Aiwsl = 3w vheen gy i
Twolt 1 ¢ WER T % e

fatime ameeT AIE FH el Lo
_ m* /%) [l gl e e [l /g K)
Y AW, | ayw g, | o oee, | Qg | apew, (Egw anw, | WW AW, | WA, |WQW W, | FORORW, | ame, | WpR oA,
| Paat o Yy 1 Ufg Yg 4 d g hg _r g
T °C)| (kPa) %

T3 JB597 | 0-00EC26 | 41291 (313997231613 | 24753 | 31403 | 2320-6 | 26346 | 1-0158 | 66655 | 76812
B 47416 | 0-00L02A | 34052 (33497 | 21466 | 24816 | 33502 | 2308-0 | 2643-0 | 1-0756 | 65355 | V76111
B 7868 |0O01032 ] 2-8261 35596 | 21319 | 24878 | 356-02 | 22953 | 26514 | 1-1346 | 64089 | 75435
an TO-183 | 0001036 | 23593 (37697 | 21170 | 24940 | 3TT04 | 22E2-5 | 26596 | 1°1929 | 62853 | T4ATE2
a5 B4-600 | 001040 | 19E0E (39800 [ 21020 | 25300-1 | 39800 | 32606 | 26676 | 12504 | 61647 | 74151
100 (10142 |0001043) 16730 41906 | 20870 [ 25060 | 419-17 | 32564 | 26756 | 1-3073 | 60470 | F-3542

A rigid tank contains 10 kg of water at 90 "C. If 8 kg of water is in the liquid
form and the rest is in the vapour form, determine (i) the pressure in the tank
and (i} the volume of the tank. Use the relevant data from the saturated water
properties (Table 1) provided below for the calculations :

Table 1 ; Saturated Water Propertics

Specyfic Vinlume cternal Energy Enthaioy Entropy
i kgl e deg) T leg) [het b K
e, St Sat. | Sat. " | Sat | Sat T Sar Sar. Sat.
preas., hguid, | papour, | fguid, | Evap., | vapowr, | fqped, | Evap, | vopow, | digued, Evap., | vapour,
ro| P | ow | wp | wp e | wg [ [ | hg | o | e |

75 38-5097 | 0001026 | 41291 (31300 [ 2161-3 | 24753 | 20403 | 2320-6 | 263496 | 1-0158 | 66655 | 7-6B12
80 47416 | 001029 | 34053 [ 334-97 | 2146-6 | 246816 | 33502 | 2308-0 | 26430 | 1-0756 | 65355 | 76111
BS ST-EOE | O00103E ) 28261 (35596 | 21319 | 24B7-B | 35602 | 22953 | 26514 | 1-1346 | 654089 | 7-5435
Ol TO-1B3 | 0-001036 | 23503 | 37607 [ 21170 | 240940 | A77-04 | 20835 | 26596 | 1-1920 | 626853 | 74742
a5 B+-600 | 0001040 | 1-0808 | 398-00 | 21020 | 2500-1 | 39809 | J360-6 | 206670 | 1-2504 | 61647 | 74151
100 j101-42 (0001043 | 16720 {41906 | 20870 | 2506-0 | 41917 | 2250-4 | 26756 | 1-3072 | 60470 | 7:3542
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SHAPING BRILLIANCE

(b} AieEA-FEE wEET w7 e ¥ s 8 am s aegn 47
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3. (o)

L

What is Reynolds-Colburmn analogy? What do you mean by Colburn's j-factor? 20

g % falis ofes & 99-3 @0 87 9 f oindm T % s T % vl gt £
a1 i)

What are the different engine cooling systems? Also, mention the important
functions performed by the lubrication systems of internal combustion engine. 10

TE F T, W TE A S 9% w e #wm B, wdE sgem 6 8 ddes 2 F e
B TEEH 9 S R 27 °C #R 1 bar ¥ w84 ®i% I w0 1170 kd/ke B
FrerfeTiias wrae =i e -

fij HF T THIH ATIEH

fii) =& = I=IW =

fiii) wfi fife me am #1 A foin

i) EE D AT R A

g F = 7= =1 Fm | e -

C, =0.717 kJ/kg-K 3 y = 1-4
A heat engine working on ideal Otto cycle has a compression ratio 6. The

temperature and pressure at the start of the compression stroke are 27 *C and

1 bar respectively. Heat addition in combustion stroke iz 1170 kJ/kg. Find out
the following parameters :

fif Maximum temperature of the cycle
fii} Maximum pressure of the cycle
fm)} Work output per kg of air
fir) Air standard efficiency of the cycle
Assume the following values for air :

C, =0-717 kJ/kg-K and ¥ =1-4 20

ot & e v k) e 3 e ot R

= = 11500 r.p.m.

T W FE e = 21 °C

f3if e W4T 9§ WA = 4 bar, 1 bar
72 SUER W 75 om B 3N T o 092 8, A9 vdes ) sem e By
A centrifugal compressor under test gave the following data

Speed = 11500 r.p.m.
Inlet total head temperature = 21 °C
Cutlet and inlet total head pressure = 4 bar, 1 bar

If the impeller diameter is 75 cm and slip factor is 0-92, what is the compressor
efficiency? 20
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SHAPING BRILLIANCE

fic)

4. [a)

(b)

5 cm =@ F A (k=29.-5 W /m-K) F1 32 #§ 7.5%107 W /m?3 = wwmm w2
e 3 Edl #) B8 % 96 ww e aem 8§ wfles w9 9 120 °C W S5 kw /miK ¥
FeH1 S F g et B am b we W i oo

Heat is generated uniformly in uranium (k=29-5 W /m-K) rods of 5cm
diameter at the rate of 7-5x10° W /m?. Cooling water at 120 °C is circulated
in the annulus around the rods with heat transfer coefficient of 55 kW /m?-K.
Find the maximum temperature of the fuel rods.

wk wiare e ffwfs § 96l (C, = 4-187 kJ/keg-K) 1 144 kg/s B 2 A, 40°C &
70 °C T, % (C, =1-9 kJ/keg-K) ) wgmm 4, 9 6 110 °C = wm wm & an
60 *C W =t Tawern &, i fem e B saerw 9w daww w1 uiwen i, s=h T
HEH] AW PF 350 W/ m2-K B HEH W FE AR s dw A v W el R
AEfsmm AR e Ay W s R o S a2, m e s
ot =1 T W wEe ol wen s o 2w oft vl fifm

Water (T, =4-187 kJ/kg-K) is heated at the rate of 14 kg/s from 40 °C to
70 °C by an cil [C,, =1-9 kJ/kg-K) entering at 110 *C and leaving at 60 *Cin a
counterflow heat exchanger. If the overall heat transfer coefficient is
350 W /m*-K, calculate the surface area required. Using the same entering
fluid temperature and the same oil flow rate, calculate the exit temperature of
oil. Also calculate the exit temperatures of oil and water and the rate of heat
transfer, when the water flow rate is halved.

TE FEEAEE 5000 m FEH W WEW W@ 250 m/s @ 38 w b, =@ ameeew o
54-05 kPa 71 9fEm = A9EH 255-7 K ¥ oftes 3 v w0 @ ugd oitdsh I w1 e
s (fergem) @ famafm fien m (R 2 )| Rams o arfes 361 ) oeoetd o
70 = Fefoo Sifa

fii TdtsE * W W wEy ZE

(i) TR wfizE § W TE = agem 8 ¥, @ Aies T i s 5 v o Teme

T|‘: 2557k
Py=5405kFa
¥i=250m /s

EHTAB U /8 6
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SHAPING BRILLIANCE

An aircraft is flying at a cruising speed of 250 m/s at an altitude of 5000 m,
where the atmospheric pressure is 5405 kPa and the ambient air temperature
is 2557 K. The ambient air is first decelerated in a diffuser before it enters the
compressor (see Fig. 2). Approximating both the diffuser and the compressor to
be isentropic, determine the following :

) The stagnation pressure at the compressor inlet

(i} The required compressor work per unit mass, if the stagnation pressure
ratio of the compressor is 8

I:Hﬂ'l..lﬂ.ﬁf\ f&mmsm
T\=2557K N

P=54-05kPa
Vi=250m/s

fc) i Tty HafE, e =W 320 mm }, # 2fam A ) wufes B s @ B 153

W BT R TR A 27 °C W U ) v gdE e w5, fe =m 360 mm B,
ﬁytlﬁﬂﬁtﬂa#mmrﬁﬁmmﬁmwhrﬁﬁiﬁmﬁqﬁqwﬁﬁw,
Tl Frmsir] 0-03 B, & wwe = fom o 1 3fm g % 9w oW I 210 kW/ke
oA g wfaa g % a2 g i

Liquid air beiling at =153 *C is stored in a spherical condenser of diameter
320 mm. The container is surrounded by a concentric spherical shell of
diameter 360 mm in a room at 27 °C. The space between the two spheres is
evacuated. The surfaces of the spheres are flushed with aluminium of
emissivity 0-03. Taking the latent heat of vaporization of liquid air as
210 kJ/kg, find the rate of evaporation of liquid air.

20
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THo MEe TH Hie 1o BaEl i fum 1 W %@ & =l BT wam 7 =men Fifan
How are the ratings of the SI and CI engine fuels done? Explain in brief. 10

AT T S B S W A Shisee = wa

Mention the desirable characteristics of the working fluid in a steam power

plant. 10
qafter 3 g e T A fafim o & s w2 ae § wngnen)
Explain briefly the different types of compressors used in refrigeration. 10

e TITeR WS o U WIEOE SIS ST
Make a typical layout of steam power plant, 10

TS AT A T A1aE e B andarndl 9w A A a arfas amEn)

What are human comfort and effective temperature? Sketch comfiort zone on
psychrometric chart. 10

W T A & A A Pl §
=% & =97/ = 300 m/s
e # wmg wdedt ) finee = 450 kJ kg
ArE #1 gaE = 09
Frare 1w = 20°
w=HE = o iE = 0-85
=g ¥ frim ®=m - 25°
I antet =t Fgn A 1 ke/s F) TROA wE@E 2 F T et s g B
fi) =9 =g W uEE =
(i) s e
(i) =H T =EH ¥
fiv) v mivE (ETenTe UwE)
() WM % T wrE =

The data pertaining te an impulse turbine are as follows :
Blade speed = 300 m/s
Isentropic enthalpy drop in nozzles = 450 kJ/kg
Mozzle efficiency = 09
Mozzle angle = 20°
Blade velocity coefficient = 0:85
Blade exit angle = 25°

CUEEE /8 8
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Sketch the velocity diagrams and calculate for a mass flow rate of 1 kg/s the

following :

i} The inlet angle of moving blade

{if} The axial thrust
fifj The driving force on the wheel
fiu} The diagram power

{u) The energy lost in the blades due to friction

20

(b} T wEEE W wmEE g Ie-ded aTOE A9 A -wed A9YE SEE: 35 °C Al

28 "C =9 T (i} AT =, (i) sl s, g e s, i) T e w e,
fu) S g = TR v g fem B wde w o iR S o o
1-01325 bar ¥ AEFARE 5F = 7m0 w60 ¥ 99 % @ = A9 T 35 o o
28 °C W #H: 0-05628 bar 7 0-03782 bar ®| Yl % @ =1 wiftes @ w wgh

AEE 256 °C B

In a laboratory test, a psychrometer recorded dry-bulb temperature as 35 "C
and wet-bulb temperature as 28 *C, Calculate i) vapour pressure, (i) relative
humidity, fiii) specific humidity, {{v) vapour density in air, () dew point
temperature and (1) enthalpy of mixture. Barometric pressure is 1-01325 bar,
Do not use psychrometric chart. Saturation pressures of water vapour at 35 °C
and 28 °C are 0-05628 bar and 003782 bar respectively. Saturation

temperature at partial pressure ol water vapour is 256 *C.

(c) o WIEe T H THH WA T ATWS G a9 FE D T AR w2 e e
Tt & Tl < v % T we s wee w A it

20

What is the difference between direct injection and indirect injection type
combustion chambers of Cl engines? Make labelled diagrams of any two types

of combustion chambers used in CI engines.

7. fa) UF Sr-wEw I T ¥ g w0 & dee Fre e am gy

Fer (fastedl) f g = 4

TR =W = 10 em

e f 9=E = 15 cm

gfam M TEl 51" - 067 MPa
=Hd| = 2000 r.p.m.

et it 7= = 980/ minute
#% F-30 = 181-5 Nom
w7 F @9 = 1189 kg/hr

T FEH AE = 41800 kd/ke

BE T (FF Wi & MR W) = 05
#¥e wew e B 9= = 1020 kg/hr

it we & aEE 1 9hg = 35 °C

iia® e i ffe o = 4418 kd/fkg-K

10
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(i) e A TEE
fif) T W S8

fivy) ww Tafim e E@1E
fu) e 3fiEE T ETE w e

During an engine trial of a four-stroke diesel engine, the following observations
were recorded :
No. of cylinders = 4 .
Diameter of piston = 10 cm
Stroke length = 15 cm .
Indicated mean effective pressure = 0-67 MPa
Speed = 2000 r.p.m,
No. of explosions = 980 per minute
Brake torque = 181:5 N-m
Fuel consumption = 11-89 kg/hr
Calorific value of fuel = 41800 kJ/kg
Relative efficiency [on brake power basis) = 05
Quantity of jacket cooling water = 1020 kg/hr
Rise in temperature ofl cooling water = 35 °C
Specific heat of cooling water = 418 kJ/kg-K

Based on the above observations, find out the following engine parameters :

fil Mechanical efficiency

fiil Brake thermal efficiency

(i} Air standard efficiency

fiu)] Brake specific fuel consumption

fi} Percent heat loss to jacket cooling water 20

B (i) U SARE- s g () § = T % aied ® e R T T e w
w1 9T B, FEeEe i

Discuss the effect of variation of back pressure on mass flow rate and
pressure distribution in a convergent-divergent nozzle.

i) g2 (dArwe) 8 s % g vEe 3 e wd fees B

What do you mean by supersaturated flow of steam in nozzles? 20

fc) e ATATEC A9 % UF e Taa wEn ol SR R W AEEEieE = Wi
Draw a neat sketch of summer air-conditioning system and show the process
on psychrometric chart. 10

E AT ol =L /8 10
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B. (o TEali-12 m smaim v weitfs (Feter) 3 2% 9@ 20 ki /s ¥ R o o =% w e

w8, Fowdl 7 ) Wd 1-509 bar 3% 9607 bar #) A, T ¥ g wgn s 3
aret et B ai weites ) sEeime 98 R o @) 9\ 93 % o smavs whE o Rato
#ifam) 772 FfE® 300 r.p.m. WHR w0 & o sw el w9 s w5 3%
#, 1 JdEE® * feea w1 Feard gm $ifen) afes & fran w1 Bam pv? - e o 2
HafE g w5 1 fafie I 0747 k) /kpK B

wefl ; pefteE R-12 & o

o t Uy el gl | TR (hd/ke-K),
{bar) '€l | tm? fkg) h hg g

|
1509 | -20 | 0-1088 | 5423 | 17861 0-7082
5607 40 — 7453 | 20305 0-6H2

A Freon-12 refrigerator producing a cooling effect of 20 klJ/s operates on a
simple cycle with pressure limits of 1-509 bar and 9-607 bar. The vapour leaves
the evaporator dry saturated and there is no undercooling. Determine the
power required by the machine. If the compressor operates at 300 r.p.m. and
has a clearance volume of 3% of stroke volume, determine the piston
displacement of the compressor, For compressor, assume that the expansion is

following the law PV'!'? = constant. Specific heat of vapour at condenser
pressure is 0747 kJ/kg-K

Table : Properties of Reffigerant R-12

Pressure ¢ Yy Enthalpy (k] /kg} | Entropy (kJ/kg-K),
bar) | °C | tm? kg | Ay hy 25
13059 =20 01088 2923 | 17861 -TOR2
G-607 40 - T4-53 | 20305 O-682

by =vE ity T R e wTE e, wE) A o 2gW 1 um o wwm Y me @ owEm o
w6 el gt = swawn & i ol ww B o w2
Explain how the ideal regenerative cycle may approach to Carnot cycle
efficiency. Also, mention the reason as why ideal regenerative cycle cannot be
achieved in practice.

() TR NH, e sEenm s o 1 weyone 5 i 6 aemm 4 geemn
Explain the working of practical NH,-water vapour absorption refrigeration
system with a diagram.

* A
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