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MECHANICAL ENGINEERING (PAPER-II)
|_Time Allowed TPIEE Hours | |Maximum Marks : 250|

QUESTION PAPER SPECIFIC INSTRUCTIONS
(Please read each of the following instructions carelully before attempting questions)

There are EIGHT questisns 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) Booldet in the

space provided. Mo marks will be given for answers written in medium other than the
authorized one.

Wherever any assumptions are made for answering a guestion, they must be clearly indicared.

Diagrams/figures, wherever required, shall be drawn in the space provided for answering the
gueston itself,

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

Altempts of questions shall be counted in sequential order. Unless struck off, attempt of a
guestion 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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THiZz—A [ SECTION—A

1. (o) e A2 Hen B TR wE A AW-w S e 2T w1 fon g G+
= o 5 1) R wEA g T, R R
Which is the more effective way fo increase the efficiency of a Carnot
enpine—to increase T, keeping T, constanl or fo decrease T; keeping T
constant? 10
b} TE A e w1 e IO =0 B 87 e FIRE T ow, = 1- 05 cothy, SE 0 =
TR 0 |
What is the pressure coefficient of a centrifugal compressor? Derive that
Wp =1-dycothy, where ¢y = flow coefficient. 10
(c) = fafErrs % e ¥ Fay 8w, NTU 3 3 a3 i givfi i
T T -ETe e Fafres ¥ Tl 5 s ey i At
Define effectiveness, NTU and heat capacity ratio in case of heat exchanger
analysia, and also establish a relationship among them for counterflow heat
exchanger. 10
{d) 4 % Frem & Frem ) AR & w5 Fem A s il |
Derve Wien's displacement law from Flanclk’s law of radiation. 10
(e} SI @M ClFol 4 sfern wrd w31 T Sinde (IC) R % aiftnw F AR
wuierl < FwTie =i wid) 87
What are the supercharging limits of SI and CI engines? What are the
modifications recommended for supercharging an IC engine? 10
2. () LR H o AewER 88, AT T TR T ST B, I # T @Y W I SEn
T B W A g6 B R A A T, T 9 dER 3 ek i B e § g A am e
x % argen W w0 F 79 v wwem R T =1 —T‘;i.x. T2 B A0 W SR
2 A ¥ Tfammﬁ&rﬁnawaﬂaﬁﬂmwmmh T, 1 T, % &9 A T,
Wﬁﬁ'ﬁﬁaamaﬁ%ﬁwm:ﬁm
e . Ty i m
Spen = mc{l +InTp + T T, InT, _T, -7, Ini 1]]
2, W&l oo H fafie == &)
Sl DRe Aol L 55 2
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A cylindrical rod of length L insulated on its lateral surface is initially in
contact at one end with a wall at temperature T} and at the other end with a
wall at lower temperature T,. The temperature within the rod initially varies

linearly with position x according to Tlx) =T, — - = 2 x. The rod is insulated
on its ends and eventually comes to a final equilibrium state where the

temperature is T;. Evaluate T, in terms of 7} and T,, and show that the
amount of entropy generated is

= | —_

ng=nm[1+lan+ T2 InTy~ 5 InT
1 ' L TH

where ¢ iz the specific heat of the rod. 20

(b} oG T wew T waiea 6 w0 %, fwf @ 2 m # vE Tl deE @ 9 wEw 6 R §

s & 3l 150 °C T FEW B 7@ 1 atm 90 I T 99 A0 30 °C B 9% 9ig 6 R
12 m/s B, T A S 3 O 319 it |

[ feem @, S 150+30)/2=90°C &, W 91 F Fr=fafas oS em 1 wme
hiferd -

p=0-962kg/m”, p=2-131%10" kg/m s
k=0.031 W/mK, C, =1.01 kJ/kg K
Nu=0-332 Re!/? prt/3 | wlig wams % o

Nu = 00296 Re”® Pri/3 e vam & il |

Air flows over a surface, 2 m in length, criented in the direction of flow and of
sufficient breadth, maintained at 150 *C. The pressure is 1 atm and the bulk

air temperature is 30 "C. If the air velocity is 12 m/s, find the average heat
transfer coefficient.

| Use the following physical properties of air at film temperature, that is
(150+30) /2 =90°C :

p=0.962kg/m?, 1 =2.131x10° kg/m s
k=0-031 W/mK, C,=1-01 kd/kgK

Nu —0:202 Ret2 prt/? for laminar flow

Nu =0-0296 Re®® Pr'/? for turbulent flow | 20
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(i) #eE T
(i) T WaA
(fif) ET-E
fip) AHA-FTH
Briefly describe the effect of volatility on the following performance
characleristics of Sl engine ! 10
fil Cold starting
fii} Het starting
fiiijy Wapour lock

(i) Evaporation loss

3. (a) T =M A (ARE =™ = 150 mm 71 e oE = 160 mm), Free Fd ST
58 W/m K ¥, 30 mm @ 50 mm TR S T E A g, R el ek
T 0-18 W/m K 791 0-00 W/m K &, | TH TN | &1 7efl & STaieh 78 A
200 °C T FHIEA T & =R 98 A 40 °C #

fi) o T e e e & ssa-giR R T sl T % ek R i i)

(i) AfE 2w Sy Y6 Tl W B, A o Hle el & ame P St S = e
<01 g it 77 AR PR FATEAR A <6l W 0-32 ke/min B

| 5 et w1 wdm il 320 °C 6 AW
hy =1463 kel /kg, hyy =1240 k/kg, hy =2703 kJ/ke |

A steam pipe (inner diameter = 150 mm and outer diameter = 160 mm) having
thermal conductivity 58 W/m K is covered with two layers of insulation of
thicknesses 30 mm and 50 mm respectively and thermal conductivitiss
(-18 W/m K and 0:09 W/m K respectively. The temperature of inner surface of
the steam pipe is 320 °C and that of the outer surface of Lhe insulation layers
s 40 °C.

fil Determine the quantity of heat lost per metre length of the steam pipe and
layer contact temperature.

(i) If the condition of the steam is dry and saturated, find the guality of the
steam coming out of one metre pipe assuming that the quantity of steam
flowing is 0-32 kg/min.

[ Use the data : At 320 °C saturation temperature
hp =1463 k/kg, hy =1240 kJ/kg, hy =2703 kd/kg |
20
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(b) umd WaR () Selo g@ UF $9 60 kg/h f94 1 3w o R PR w v
750 kg/m* F TR A WM E AL TSR T A A R F M E 3 mm TR
e Em e Td = 1013 bar 9T 9 = 21 °C.

TER H =@ 12 mm 7 e 7w 065 ¥ 9y w e s 0-80 ) a/de
W 153 : 1 % Fafm Hifsd—

(i) S = =,
(i) e T 319, H,0 % mm % ¥9
(iti) AT S = |

=T #) wefTET F1 3uik i |

An engine having a single-jet carburettor consumes 60 kg/h of fuel. The
density of fuel is 750 kg/m>. The level in the float chamber is 3 mm below the
top of the jet when the engine is not running. The ambient conditions are ;

Fressure = 1-013 bar and Temperature = 21 *C

The jet diameter is 1'2 mm and its discharge coefficient is (+65. The discharge
coefficient of air is 0-80. The air/fuel ratio is 153 : 1. Determine—

il eritical air velocity;
il depression at the throat in mm of H,0;

fii) effective throat diameter.

Meglect the compressibility of air, a0

fo) e wrfrees o UIEEAT 9e SR o TiEE w EREE |

Explain the phenomenon of surging and choking in a cenlrilugal compressor. 10

4. (a) wEREY FN W R I8 FE Iwm A w7 w=eo T e A v wEwa) 6 wmen

F FHFE |

What is a current meter? Where is it used? Explain with the help of a neat

sketch the functioning of a current meter. 10
AL DB Al S 55 5 [PIF.0.
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(b) e freT s wedles % ford Pt ofig R ™ R
o (S9E) =1 @RT S| = 50 cm
AT A% =06 = 30 cm
TR #TE SHE = 15 em
HRo Mo THe = 15000
el 5oAE FAE = 18 kg/s
wam wegef o A = 295 K
et T T 26 = 78%
i e 7o = 1:04
i P = 09

o S TR S W A %1 ST 150 m/s ® 76 AR 41 R 1 A S0l % 9 T TREEH
CEIRCGIRA

Wi R (1) T ¥ e s, (i) e F e % R e i e ) s
T w2 3R T W Gerl F S HT| Ths HiGE d9) 37 TR % tae w1 |

In a double-sided centrifugal compressor, the following data are given :
Owerall diameter of impeller = 30 cm
Eye tip diameter - 30 cm
Eye root diameter = 15 cm
RFM = 15000
Total mass flow = 18 kg/s
Inlet total head temperature = 295 K
Total head isentropic efficiency = T8Y%
Power input factor = 104
Slip factor = 09

Assume that the velocity of air at inlet is 150 m/s and is axial, and remains
conslant acress the eye annulus,

Find (j the total head pressure rato, (i) the power required to drive the
compressor and fii) the inlet angles of the vanes at the root and tip of
impeller eye. Draw the T-s diagram and velecity lriangles. 20

ol @ 0pGSa ol L/ 55 G
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(c) T 9w =9 ThE T Ok, w AR A wEn % o et o seeE 3 @R, fead Be

e 8
F fafema 291 = 2100 MW
I T T = 1

Afert =it "5 = 31500

it arE i wwm = 2

Yedeh Sl I S = 25 mm

TH a9 = 50 °C

fver e of EEEE e v = 3.4 2107 kpg/s
A F AR T AR P0E = 11400 W/m? K
AT i 99EH = 20 “C

A =) MR A S I = 8018 W/m® K

“ae e-NTU fafy %7 w9l *20 g T HifwE—
(i) 3= =e = el A
fii) =t = |
[ 27 °C 70 % o #
Cp =4-18 kl/kg K, p =855x10"° Ns/m?, k=0-613W/mK
TS Pr=5.83 |
et T o www AT whE e i)

In a large steam power plant, a shell and tube type condenser is used which
has the following data :

Heat exchange data = 2100 MW

Number of shell passes = 1

Number of tubes = 31300

Number of tube passes = 2

Diameter of ench tube = 25 mm

Condensation temperature = 50 "C

Mass flow rate of cooling water = 3.4 x10% kg/s

Heat transfer coefficient on the steam side = 11400 W/m* K
Inlet water temperature = 20 "C

Heat transfer coefficient on the water side = 8018 W/m? K
Using only e-NTU method, caleulate—
fi) the ocutlet temperature of cooling water;
fiil the length of tube pass.
| Properties of water at 27 °C are :
Cp=4-18 ki/kg K, p=855x10"" Ns/m?, k=0-613 W/mK

and Pr=5-83 |
Meglect the thermal resistance due to tube wall. 20
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i)

fc)

(i)

(e}

(b)

@s—B | SECTION—B

Wmam%mmﬂ%?%mm#ﬁﬂm#ﬁﬁhﬁ%ﬁﬁq
# T

What do you mean by boundary layer separation? Briefly explain the various

methods of controlling of boundary layer separation.

S i i 3 v P e o e v 37 P Al g T ()
g <t T T T I {7 EE

What is the function of an economiser in a thermal power plant? Why are the
cconomiser tubes often provided with fins on the gas side? Explain.

%ﬁwaﬁmﬁﬂmﬁqﬁﬁaﬁmﬁmﬂwﬁ#mﬁﬁmﬁ#ﬁﬁm%aﬁﬁ
e 1 B &7 Tes StE it @ e i

What are the desirable properties of a fluid for use as a working subslance in
Rankine cycle based heat engine plant? Discuss with the help of T-2 diagram.

ﬁmﬁm#ﬁﬁﬂaﬁmﬂvﬁmﬁmwﬁiﬁﬁﬁwﬁﬁm

Discuss any four thermodynamic desirable properties of an ideal refrigerant.

T2 G TR e & 5 s 3 - Tepen <R oot < o A et 7

What is an adiabatic saturation process? Why does the enthalpy of an
air-vapour mixlure remain constant during this prucess?

s R TR & VAR & s F A 81 AR waE R W A s ok 5w
e T w0 wE w9 O IgE A |
Explain what you mean by Fanno flow. Clearly mention the assumptions made

and governing eguations involved in the Fanno flow.

o Afml-aE g8 5-0 bar, 200 °C W 9T W1 A B T FAGES 59 4§ 20 bar
Wﬁq@ﬂ'—lﬁﬁ!mﬁﬂﬂﬂm%lWﬂ%ﬁ@ﬁrﬁ@%ﬁﬁﬁﬂﬂkﬁsﬁi
Fqa TR o Tl s Fiia A @ wiewer Hil

(i} A YA TE A e 7w i
(i) =% wER PVY Y = fRiE & Y S B
70 wifidge R F o sl it R T SRy 6 il %1 g of i |

10

10

10

10

10

10
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1y # IoTE
50 bar U9 200 °C W, h=2855 .4 luJ/kg, s=7 0592 k]/ke K,
v=0-4249 m? kg
20 bar Ud Ty = 12023 "C W, hp =504 7 k) /kg, h, =2706-7 kJ/kg,
sp =1:5301kJ/kg K, s, =7:1271 ki/kg K, v; =0-001061 m* /kg,
vy =0-8857 m” kg

A convergent-divergent nozzle receives steam at 50 bar, 200 °C and expands

isentropically into a space at 2:0 bar. Neglecting the inlet velocity, calculate the
exit arca required for a mass flow of 0-3 kg/s in the following cases :

(i When the flow is in equilibrinm throughout
fii) When the flow is supersaturated with PV'"?= constant

Calculate also for this supersaturated flow, the degree of supercooling and the
degree of supersaturation.

Properties of steam :
At 50 bar and 200 °C, h=2855-4 ki/ke, s5=7 0592 kJ/lg K,
v=0-4249 m? fkg
At 2:0 bar and T,y =120-23 °C, hy =504+ 7 kJ/kg, h, =2706 7 kJ/kg,
sp=1-5301kJ/kg K, s, =7-1271 kJ/kg K, v, =0-001061 m? kg,
v, =0-8857 m” kg
20

(o) e tETEl & HEEd | wIiiod & Rl 9 s 9% R wWE SRR o ey @ o
wAredl e o (COP) w1 yishe @ & fordl us =i sgeqa i)

Explain, with the help of neat sketches, vapour absvrpliom cycle for
refrigeration and also derive an expression to calculate ideal COP of it. 20

7. (a) um HPEd-swEd gua B Agamm-aisey (T Bagd) Frensa sileeon woow fogeh
ity | R us el & 20 gue 3 Ay 5 we-H EE e $) siieg S

Write a note on the off-design performance characteristics of a convergent-
divergent nozzle. Flot the pressure distribution along the axis of the nozzle for
different back pressures. 20

(b} T = "EftE wEER 9% 10 bar #R 3 bar F 79 dmeh % 9= wE s ) oediag 3
3 A wEE e e T ® 2R e A % uee g a6 A a0 en usfias 6
TEE = 10 kg/min B, 7 7@ FHiH—

{ii COP;
(i) i =1 e

CH-EL DA F-S3-clie . f 55 9 [F.T.O.
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et & Tt & e mferw FeTgEm 2 -
e ] A ar AT F7 [ & e =it g Tt
(bar) e flat keg) [leJ k) (el kg K) WI/kg K] |
10 25 2989 116694 1:1242 50391
3 -10 13537 129768 0-5443 54770

A vapﬂur-mmprcssinn refrigeration cycle works belwe

en pressure limits 10 bar

and 3 bar. The working fluid is dry at the end of compression and there is no
undercooling before the expansion valve. If refrigerant flow rate is 10 kg/min,
determine—

(i) the COF; ]
(i) the capacity of the refrigerator.
Table for properties of the refrigerant is as under :

Fressure Seturation Liguid heat Latent heat Liqueid enfropy I Vapour entropy
[bar] temperature [°C| (ke leg) (k] [l (kI /kg K) [kd kg K)
10 25 2989 116694 11242 50301
3 -10 13537 120768 | 05443 54770
20
fc) wmﬂaﬁﬁﬁwmwmﬁm%?qﬁmmﬁmﬁm:ﬁmﬁﬁﬁww

i s I | T F hes E O |
What is the function of a governor in a steam turbine? With the help of a neat

sketch, explain the working of throttle governing. Show the process on h-s
diagram.

30 °C % FH-aed W9 T 60% A S =1eh 9 UF iEe #ige i 250 m® /min
#i = & iy 7 2

() g @ 23 maa:qugﬂwmaﬁ?rﬁ#faﬂaﬁmmmﬁaﬂwmmﬁ
et T ATAA A i |

i) T e g 71 To Do Fio i 5w T AT 12 °C 7 991 T-9H F 0-1 F,
ﬁmﬁm%mxﬁa«qmﬁmﬁﬁﬂ!?ﬂﬂﬁﬁmﬂa#wm
B | e e A+ T g e wE o e e

Air at dry-bulb temperature of 30 °C and 60% relative humidity enters a
cooling coil at the rate of 250 m* fmin.

(il Determine the refrigeration in ton needed to bring the temperature of the
air to the coil temperature of 23 °C and also the relative humidity at that
condition.

10

o= sl LS 55

10
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=

(i} If the effective surface temperature of the cooling coil or ADP is 12 °C and

Lthe by-pass [ctor is 001, determine the refrigeration in ton necded and
the mass of water condensed out at the cooling coil per minute. Determine
also the sensible hieatl fuclor for the process through the coil. 20

(b} TaElm wiza 71 vionfa F1) B 3w T=emE F At = fefa i 5 s 3
TN W 7 T | R Hiaw & e aun srenel &) R

Define distorted model, Explain why mndels of tvers and harboure are modes
as distorted models. Write down the merits and demerits of distorted models. 10

(¢} TARA A W 360 °C % 919 79 T FERER @ 0-08 bar ¥ R S =m0 wfE
Wi i fase B s %) 2w 3 um B et feann & eR TR F e m
A W 15% | HAEE T8 B Al | e S W OEs e e 5 7| =)
Twifen s aen 37 s seene § 5 9% a8 =1 gieram i g @ e e &
sl | i Wl g FIRR) S v $ elad a gm HeEA a3 e T R w0
e T S < g g wiRE | g s e )t AR

Ty & JOTe
P=0-08 bar T T,,, =41 "CW, h; =173-88kJ kg, s, =0-5926 kJ/kg K,
hp =2403-1 kJ/kg, Sy = T7-6361 kl/kg K

A cyclic steam power plant is to be designed for a steam temperature at turbine
inlet of 360 °C and an exhaust pressure of 0008 bar. After isentropic expansion
of steam in the turbine, the moisture content at the turbine exhaust is not to

excesd 15%. Determine the greatest allowable steam pressure at the turbine
inlet, and calemlate the Rankine eyele efficiency for these steam conditions.
Estimate also the mean temperature of heat addition, Compare the Rankine
aycle efficiency with the Carnot cycle cfficicncy vperaliug belween he mean

temperature of heat addition and the condenser temperature. MNeglect the
pump work input.

Properties of slearn :
At P=0-08 bar and T, =41 °C, hf =173-88 kJ/kg,
s =0-5926 kl/kg K, hg =2403-1 kJ/kg, Sg =7-6361 klfkg K
20
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