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MECHANICAL ENGINEERING (PAPER-II)

Time Allowed : Three Hours Maximum Marks : 250

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 bé 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 a 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 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,
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1. (a)

Wug—A / SECTION—A

e e 1 I ST R 30 s A 2 8 e %, ot 3 5 A el
o sow 31 w4 F Rl 5R R 12 W ol W # 250 R weh e #) foed %
o Wh ¥ € 7 9 T & SUR R 7@ e % Wi K e e awma w o

Hif|

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

% G SR, 02 m B8 R k =1.2 W /m-K, % &qg %1 &% 15 m? ¥ R A o
o < o FAE: 120 °C 3R 50 °C H A T TN Sl ¥ I S & AANE
e T F1 I FA gL A6 | qowE iads oK 9 @F § 018 m A TP W
AR 1 TR | WY € dER F ¥ v T A o § wed B R 3wl

A plane wall of thickness 0-2m and k=1.2 W/m-K has a surface area of
15 m?2. The left and right sides of the wall are maintained at 120 °C and 50 °C
respectively. Using the basic differential equation for heat conduction,

\'3( determine the variation of temperature within the wall and the temperature at
& 0 0-13 m from the left. Also find the rate of conduction through the wall under
Gy steady-state conditions.
P
(c) w4 & T W R T F F R v e o w1 B S R, S fe e 1 8 gl
T 21 R G R B 21 °C R T A ¥ S AR AT ~5 °C_Th FE A R, T W
# A T H g9 B IPAR R 135000 kJ/hr ¥| F T B WA ¥G AT Aftrehad
v 1 Frufo Hifs
135000 kJ /hr
/u;.'\
1
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A heat 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 4t a1 times. The house is
estimated to be losing heat at a rate of 135000 KkJ /hr when the outside

temperature drops to -5 °C. Determine the maximum power required to drive
this heat pump :

Fig. 1 10

/(d) Yoo faera 3afy & gey # sifoes faere @ vaefs faea # faven Hifvm) ssaaa faa=
ety ) g A 9T Heegyl 9 Treen W == i)

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. 10

(¢) TS I W 20 °C A AT 45 m/s F I W AW I B e I e R & wfed ef
~ %) wepl @ ) waE 60 °C AHH R T TE ¥ 1 R Wiegw W 5% 105 R Hehwl A
gqagaﬁnaagiamaﬁﬁq,aﬁmtﬂﬂhvmwaﬁwmélmﬁWWﬁm

(i) FETieep a1 T Wi W B T (i) T o Sed G SO IR Ik

Tfeer ) 5al o7 3 NwEe U afee iy qee dw 1 40 °C % WA aE R 9y

¥ Tored 1 8 N

| . L%
3
=1-128 kg/m
¥ied =1-128 kg / 32
-6 ... 2
e Wl 16-96 X107 m /s s
e >
k =0.02755 W /m-K
Pr=0-7
3 [P.T.O.
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Air at 20 °C

flat plate

w

a temperd

Reynolds’ nu

bound !
calculate ()

@)

velocity P
properties ©

local an

Density

d at atmospheric pressure flows at a velocity of 45 m/s pagt )

;th a sharP leading edge. The entire plate surface is maintaineq b

e of 60 °C. Assuming that the transition occurs at a S

mber 5 X 105, find the distance from the leading edge at which the
er changes from laminar to turbulent. At this location, als,

thicknesses of hydrodynamic and thermal boundary layers ang

Kinematic viscosity =16-96 x1076 m 2 /s
k =0.02755 W /m-K

d average convective heat transfer coefficients. Assume cubjc

rofile and approximate method. At mean temperature of 40 °C, the
f air are the following :

X2. (0 33 H 10 kg TR 90 °C W @ 7 ) 4R il 8 kg Wt 3@ F w F qun a0 gan
T F w A D, A () S AT AW (i) T F I w1 Aufor Hfve) = A 7 awoft 13
gw T & ol @ e RSt F1 Iwam whewer vy HR -

Aol 1 : Hgw gt % gt
fafire s ke Fet e ot
(m3 /kg) (kJ/kg) (kJ /kg) (kJ/kg-K)
8 W, | WgW 74, |WgW AT, |WgW 4, | AT, |HgW AT,| §gH 54, | AT, |6gH a9, | 6gE A4, | AT, | #gw amw,
TR S | gp v e [l | {%| " | ¥ | | %
T (°C)| (kPa)
75 | 38597 |0-001026 | 41291 |313:99 | 2161-3 | 2475-3 | 314-03 | 23206 | 2634:6 | 1:0158 | 6:6655 | 7-6812
80 | 47416 (0001029 | 3-4053 |334-97 | 21466 | 24816 | 335:02 | 2308:0 | 26430 | 1-0756 | 65355 | 7-6111
85 | 57-868 [0:001032| 2:8261 |355:96 (21319 | 2487-8 | 356:02 | 22953 | 2651:4 | 1:1346 | 6-4089 | 7-5435
90 | 70-183 |0-001036 | 2:3593 [376:97 [ 2117-0 | 2494-0 | 377:04 | 22825 | 26596 | 11929 | 6-2853 | 7-4782
95 | 84609 [0-001040| 1-9808 [398-00 |2102:0 [ 2500-1 | 398:09 | 2269-6 | 2667-6 | 12504 | 6-1647 | 74151
100 10142 ]0-001043| 1-6720 |419-06 | 20870 | 25060 | 419-17 | 22564 | 26756 | 1-3072 | 6-0470 | 7-3542
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 Properties
Speciﬁ; Volume Internal Energ,, Enthalpy Entropy
Sat (m”/kg) (kJ/kg) (kJ/kg) (kJ /kg-K)
press., l.Sa:d Saty .Saf. Sat. Sat. Sat. .Sat.. o
1:,@_' Bous quid, | vapour, | liquid, Evap,, vapour, | liquid, | Evap., | vapour, liquid, | Evap., | vapour,
(LS "1 7 u : s S
75 3(113(‘;27 00 - f | M| oy hg | hfg | Mo *f Io .
j 001026 | 4-1 : T ' 6812
2 | mai ot 3 5025 | era| rea areon moc s [ | 0565 |60
868 | 0:001032 | . '612481.6 | 33502 | 2308:0 | 26430 | I' ; 5
% | 70183 {00010 8261 135596 | 2131.9 1-1346 | 64089 | 7-543
36 | 2:3503 2487.8 | 35602 | 22953 | 26514 4782
95 | 84600 |o 376:97 | 2117. : 62853 | 747
100 [101- 0001040 | 1.9808 39800 VRO 2494.0 | 377.04 | 22825 | 26596 | 11929 aiE]
: 42 10001043 1. 2102 6 | 12504 | 6:1647
6720 | 419.06 | 25001 | 308:09 | 22696 | 26676 73542
2087.0 | 55 56 | 1-3072 | 6:0470
L3060 | 419-17 | 22564 | 267 20
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(b) TeEE-FEE e TN Y7 e F oy b A gy 47
What is Reynolds-Colburn analogy? What do you mean by Colburn’s ffactor? 20

1 % v i 3 A2 7 87 W ) st < ,
. T A AT T %y 3 ot 35 ] e Ao

What are the different engine coolin

i g sys g b
functions performed by the lubricatio Systems? Also, mention the important

N 8ystems of internal combustion engine. 10

3. (o) TG, AN A 0w A w4, vt g 6 41 e S B

f?aquﬂamm, 27°C3ﬁ7.1b % .
Frafafaa wraett 21 ffem ar 8| 74 % § 3 @dea 1170 kJ/kg 21

(i) =% F1 I=HIH a9HH
(ii) =F F1 T 25
(ii) 9t o mo 99 #F1 FHE frig
(iv) 9% $1 3 9FF 2da1
ag % = 9 #i 2=m § ifaw
C,=0-717 kJ /kg-K dny=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 is 1170 kJ/kg. Find out

the following parameters : r *.\
(i) Maximum temperature of the cyclew,\.n\f
(i) Maximum pressure of the cycle Ry
(i) Work output per kg of air @3
(iv) Air standard efficiency of the cycle <\\b
Assume the following values for air : ©
&, =0-%17 kJ/kg-K and y=1-4 20

ﬁ?mwmmﬁﬁﬂaﬁ%ﬁq

=9/ = 11500 r.p.m.

. A o Y

o391 T Fel anreaal = 21
ﬁrham%?éwm-@zraﬁaﬁl=4ba:,1bar
aﬁzu}avmam75m€l#ﬂ@lﬂﬁﬁo'92@,aﬁmﬁammm?

A trifugal compressor under test gave the following data :
cen

Speed = 11500 r.p-m- B
ad temperature
et total head (SRR easure = 4 bar, 1 bar

ris 75 cm and slip factor is 0-92, what is the compressor

(b)

If the impeller diamete 20

efficiency?

25>

5 [PT.O.
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;tigﬁ.z;l@_wcwal 8

o s g 5 8 R o o 1 v o Ay

I

5¢

m%iﬁﬁ‘” (k=29.5 W /m-K) 91 58 # 7.5x107 W/ m® ) T w d
mmﬁ?ﬁ #1 9% & 0 o R 9o # wiow 9@ A 120 °C WSS kW /m 2k %

» Heat is generated uniformly in uranium (k=29.5 W /m-K) rods of 5 cm g
di:.xnctcr at the rate of 7.5x107 W /m3. Cooling water at 120 °C is circulated "~ -
" in the annulus around the rods with heat transfer coefficient of 55 kWV/mzf-K.

‘ Find the maximum temperature of the fuel rods.

{a)

(b)

w»‘\

v e Fom ARARE & 9Ff (€, =4.187 kI /kg-K) B 1-4 kg/s B R D, 40 °C A
70 °C T, 9@ (Cp =1-9 kJ/kg-K) ) wemar ¥, st f5 110 °C W yaw =@ §
60 °C W ARt Feheidt &, T R S }1 v v dwww 1 fwe HIRG, s T
S S PIF 350 W /m?-K R1 siefn ® 73 1 arom ok At ) vae R 9@ 9 gu
o % FE R A IR R S e ¥ e ot e wd ol 2, qa A 9
It 1 T WA AR S SR ) X o el fifm)

Water (C, =4-187 kJ/kg-K) is heated at the rate of 1-4 kg/s from 40 °C to
70 °C by an oil (Cp =1-9 kJ/kg-K) entering at 110 °C and leaving at 60 °C in a
counterflow heat exchanger. If the overall heat transfer coefficient is
350 W /m?-K, caJ]culate the surface area required. Using the same entering
fluid temperaturd 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. 6B\ «4 9]

T TARTEN 5000 m $9E W W W@ 250 m/séas/m%,aﬁa@dmm
54-05kpaamwfr%mmamm255-7K%|émﬁmmﬁ@mwﬁ%snmgaﬁﬁé

ﬁm(%w)ﬁﬁaﬂaﬁmw(ﬁazm)lﬁmwwmaﬂaﬁmm
() 0eF ¥ vam W wey =g

(ii) ﬁ%ﬁmmmmgﬁ,ﬁﬁm%mwaﬁwﬁmm

T1=255-7K
P1=54-05kpa
Vi=250m/s

1

20




An aircraft is flying at a cruising speed of 250 m /s at an altitude of 5000 m,
where the atmospheric pressure is 54:05 kPg and the ambient air temperature
is 255'7 K. The ambient air is first decelerateq 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 c

@

ompressor inlet

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

,27 DiffuserX /Compressor

Ty=255-7K
P1=54-05kPa
V;=250m/s

Ppy  Poyy
Tor To2
Fig. 2 20

(c) T T GafE, R =@ 320 mm 8, § 596 arg # "l frn s @ R -153 °c
W FYH B @ 21 T FR A 27 °C WIH F T Thslt et h, Rrdeht 9@ 360 mm 3,
N gy A N F AT F O H R R Ry RN B R i,
R seasierar 0-03 ¥, ¥ IR N T R) 2fyw w1y F AR K W I 210 k/kg
3 ge ¥ Ay AT R T A

Liquid air boiling 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. 10

] Moﬁ

ﬁ A\

¢
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(b)

()
(d)

(e)

6. (a)

WUS—B / SECTION—B

o dfto aTEe T 6 e 1 Xfem 3 ) e 47 i s g

THo 31R° . f th ;

How are the ratings ©! the SI and CI engine fuels done? Explain in brief, 10

Wﬁwﬁmm%m SIERCE T ]

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

plant. 10
; : D

Wﬁg@mmaﬁaﬁﬁﬁam%maﬁamﬁml Q?/?f’”

Explain briefly the different types of compressors used in fefrigeration. 10

a1 Wit G391 T TTefUeh i s ‘

Make a typical layout of steam power plant. 10

qFE TR A1 FTE A AT 27 STRAAT S W SR &5 o Wi 99

What are human comfort and effective temperature? Sketch comfort zone on

psychrometric chart. 10

T AT AT % Gd Afehe Teferfad & :
i€ &l 91 = 300 m/s
Fee # gHTd et it fvee = 450 kJ/kg
IS i 38 = 0-9
ST BT = 20°
IS &I A7 TOTH = 0-85
w=ie &1 frlm o = 25°
aﬂmﬁmaﬁilkg/siﬁmnnma{%mﬁﬂ%ﬁﬁﬁmmi
(i) I SIS H YA HIY
(i) & qong
(i) =H | TeH 94
(iv) @ Witk (U™ IR)
(v) =N % HRO SIS F Al B ey

The data pertaining to an implﬂse turbine are as follows :
Blade speed = 300 m/s
Isentropic enthal .
§9)% drop 1n e k
Nozzle efficiency = 0.9 nozzles = 450 kJ/kg
Nozzle angle = 20°

Blade velocity coefficient = (.
Blade exit angle = 25¢° .

I T-O-MEICZE/ 8
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an
following : d calculate for a mass flow rate of 1 kg/s the
(i) The inlet angle of moving blade
(i) The axial thrust
() The driving force on the wheel
(iv) The diagram power

(v) The energy lost in the blades due to friction

20
) ?8 °“Cilasﬁq”“5” G"l_‘;‘.ﬁ R S [5-ed A9HH qo o7 -aice TG A 35 °C q
S TR (1) ST =, (1) e s, (i) fifire e, (i) €@ # 99 O,
(v) S fog & qmE ofx (v) T ) whedt w1 qieen FRL WX F TE
1:01325 bar ¥ HhARF =1 o1 3w 76 e 31wt 3 a9 F1 Gl @@ 35 °C 3K
28 °C W shI: 0-05628 bar T 003782 bar 3| TH % a1 @1 A a@ W Fghd
qHE 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, (i) specific humidity, (iv) vapour density in air, (v) dew point
temperature and (vi) enthalpy of mixture. Barometric pressure is 101325 bar.
Do not use psychrometric chart. Saturation pressures of water vapour at 35 °C
and 28 °C are 005628 bar and 0:03782 bar respectively. Saturation
temperature at partial pressure of water vapour is 25-6 °C. 20
() o AMZo /I F YA AU T AT Ac:AUY g hEll § N AR Bl 87 Ho ATgo
351 % Forgl 31 TR % S &l & TRW SHISY TH AT HifY|
What is the difference between direct injéction and indirect injection type
combustion chambers of CI engines? Make labelled diagrams of any two types
of combustion chambers used in CI engines. 10
@ (@) THIR-ENF e $5 H o waw H SR 3 Qe o g -
Il (Reeisti) &t g& = 4
feq w1 =@ = 10 cm
@?ﬁ & =T = 15 cm
g @ Wl < = 067 MPa
9 = 2000 r.p.m.
fepet i @ = 980/minute
3 -3 = 181'5 N-m
¥y & @yd = 1189 kg/hr
$u &1 Fa AF = 41800 kJ/kg
e 2erd (3% Wk & YR W) = 0-5
A3z sfiae 5 o w1 = 1020 kg/hr
s i 3 A 1 gfa = 35 °C
s v &1 faftre s = 4-18 kJ/kg-K
9 [ P.T.O.



(i) i s&dl

(i) 3 ari <

(i) T T

. A3 it 9 B AR T &7

During an engine trial of a four-stroke diesel engine, the following observations
were recorded :
" No. of cylinde_I:S/f_i-
Diameter of piston = 10 _cm.
Stroke length = 15 cm
Indicated mean effective pressure = 067 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) = 0-5
Quantity of jacket cooling water = 1020 kg/hr
Rise in temperature of cooling water = 35 °C
Specific heat of cooling water = 4:18 kJ/kg-K

Based on the above observations, find out the following engine parameters :
(i) Mechanical efficiency % @

(i) Brake thermal efficiency %
(i) Air standard efficiency A — 53 *°
(iy) Brake specific fuel consumption . 3\2%

(v) Percent heat loss to jacket cooling water 20

(b) () T APER-TER & (N) § gy g F TRads H1 T99H TR R q° 6 R |
w1 yra g, faasm s

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

() & (Al § wra S A YR} arq 7o e} P ¥7

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

(c) zﬂwaﬁwﬁawmwﬁﬁmwm%@,maﬁmml
Draw a neat sketch of summer a; et o 1t
a6, SapihroiEki St air-conditioning system and show the process

10
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BRCEER TR R — 0-747 kJ/kg-K % :
[t : w¥haF R-12 & ot

Cic 't vg W (kd/kg) | i (kJ/kg-K),
b (°C) 3 /x h

(bar) (m®/kg) | Ay hg Sg
1:509 | -20 | 01088 | 54-23 | 17861 0-7082
9-607 40 - 74:53 | 203-05 0-682

A Freon-12 refrigerator producing a cooling effect of 20 kJ/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% e—volume, determine the piston
&m assume that the expansion is

displacement of the compressor.[Fg .
following the law PV!® = constant. Specific heat of vapour at condenser

pressure is 0-747 -K :

Table : Properties of Refrigerant R-12
Pressure t Ug Enthalpy (kJ/kg) | Entropy (kJ/ kg-K),
(bar) | (°C) | m3/ke)| hy | hy Sg
1-509 -20 | 01088 | 5423 | 17861 0-7082
9-607 @ — | 7453 | 20305 0683

-

(b) =T R T A e TR 6, FE T A war B W R GHA 2w @ o
warey % arrel TS Wk agR A H TE 9w R s v 3

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.

(c) R NH, ~wicarss sraivon Sefic 4 1 Prisoreh &) Yarhe 6 v 3 g

Explain the working of practical NH3-water vapour absorption refrigeration =

_ system with a diagram.

* o k

| v"e?l,ﬁm%ﬁmmﬁwmmﬁﬁmmjﬁwﬂmﬂmpwu :m,mm-. |

20




