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MECHANICAL ENGINEERING (PAPER-II)

M-ESC-D-MLE

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 be 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 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 carry 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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(b}

(c)

(@)

(e)

WUs—A [/ SECTION—A

HAT o 1 3EE SEn R T ¥ A I @ 9 37, F R | A
e @1 B 7)1 fRR W@ §Y T, 1 WMt

Which is the more effective way to increase the efficiency of a Carnot

engine—to increase T keeping T, constant or to decrease T, keeping Tj
constant?

@ A qedies 1 9 E A 87 g BRE 5y, =1- ¢, cotBy, ST ¢ =
TS T[0T |

What is the pressure coefficient of a centrifugal compressor? Derive that
Vp=1-0; cotP,, where ¢, = flow coefficient.

o1 fafmmres % favet & dey # e, NTU T &1 e1fial S9ra ) aienfya i
@W-mmﬁﬁmw%ws—-ﬁméﬂwﬁmﬁﬁm

Define effectiveness, NTU and heat capacity ratio in case of heat exchanger
analysis, and also establish a relationship among them for counterflow heat
exchanger.

i ¥ e % Fram # RfE % Wi & e ¥ e S

Derive Wien’s displacement law from Planck’s law of radiation.

SI @ Cxﬁﬁﬁaﬁwxﬁm&w%?@aﬁéaﬁ(w)ém%aﬁﬁw%mﬁq-ﬁ
waie] St Rewrieer 6 St 27

What are the supercharging limits of SI and CI engines? What are the
modifications recommended for supercharging an IC engine?

'Lmﬁ@éww,ﬁmm@wwmma%,ﬂaﬁnmmww%
Qm@ﬂmwgﬁis‘r{mﬁmmq‘zm@maﬂm%m&ﬁ%laﬁwﬁ%wmf&:ﬁ

x%ﬂwmwﬁwmw%%ﬂxhﬂ—ﬂ;%x.@ﬁﬁﬁmwﬁaﬂ

R qU1 I TfmqaﬁraﬁnnﬁaqmmaHW%lﬂWTz%mﬁwa
TR I o SxTisd Toh Seqd T <t AT

Sgen:mc[1+1an+ L InT, - Ui ln'Tl]
h-T; h-Tp

2, 51 ¢ s i fafie Fom 8
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(b)

A cylindrical rod of length L insulated on its lateral surface is initially in
contact at one end with a wall at temperature 7; and at the other end with a
wall at lower temperature 7,. The temperature within the rod initially varies

: : e : T T IS
linearly with position x according to T{x) =7} — - = 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=m[1+lan+ T2 InT, - 4 1nT1j|
| L -T, T -T,

where c is the specific heat of the rod.

91 Th Hag | FaIead & W g, e 7 2 m ® @yl el @ qun e f R A
HfE ? 3R 150 °C W HEH 81 T 1 atm @1 9 &1 99 @9 30 °C ?1 AR 917 1 7if
12 m/s B, T 3Gd AT R IO J1d i |

[ fhew @M, S (150+30)/2=90°C %, W 94 & fF=fifaa sifoes oemt =1 s
R :

p=0-962 kg/m?3, 1 =2.131x10"° kg/m s
k=0:031 W/mK, C, =1.01 kJ/kgK
Nu =0-332 Re!/? pr!/3, il wame % R
Nu =0:0296 Re®® Pr'/3, yugeq v & o |

Air flows over a surface, 2 m in length, oriented 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=0-962 kg/m>, p=2-131%x107° kg/m s
k=0-031 W/mK, C, =1.01 kJ/kgK
Nu —0:332 Ret2 P13 for laminar flow

Nu =0-0296 Re®® Pr'/3 for turbulent flow ]

20

20
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(c) SI3sH S Frfaiad Feame SfetEu TR STSRiTEd % T 1 EET H qu hiivd

(i) IH YeH

(i) | A

(i) STH-HTR0

(iv) FATH-EIH

Briefly describe the effect of volatility on the following performance

characteristics of SI engine : 10
(i) Cold starting

(i) Hot starting

(i) Vapour lock

(iv) Evaporation loss

3. (@) TUH A Al (=RED FE = 150 mm A1 SR AE = 160 mm), TSRl S <Terhdl
58 W/m K %, 30 mm @1 50 mm T SR A, R Fefn el
A 0-18 W/m K @1 0-09 W/m K &, ¥ @l gaT 8| a1 el % 3T T8 T ATHH
300 °C AT IR T 6 el I8 1 qHE 40 °C ®|

(i) =9 Tl B uf Hiew s WS- A 3R T F G A 1 Ry FER

(ii) a2 AT ) e Y a4 GgH ), IR e Tt § et P el ar i ord
1 He AR Te AR 6 JATEH AT 6 /A 0-32 kg/min &

[ 3 @ferel &1 T i : 320 °C HYH a4 W
hy =1463 kJ/kg, hy, =1240 kJ/kg, hy =2703 kJ/kg ]

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 conductivities
0:18 W/m K and 0009 W/m K respectively. The temperature of inner surface of
the steam pipe is 320 °C and that of the outer surface of the insulation layers
is 40 °C.

(i) 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 quality 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
hy =1463 kJ/kg, hg =1240 kJ/kg, hy =2703 kJ/kg ] 3
2
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(b) THA TUR (I2) R I Th FF 6:0 kg/h ST 1 UGN a1 &1 H H TG

(c)

CUH-E QHC--CHLEL /55 5

750 kg/m® | 5o $5H € 9 @I a1 B, 99 0d H& I a1 TR F MY ¥ 3 mm 9
B 8| gRaw qemd € @ = 1013 bar 919 = 21 °C.

YR &1 ™ 1-2 mm a1 FEER s 0-65 §1 91 w1 e s oso%l?ﬂa/%a:r
HIA@ 15:3 : 1 7| P Fifvd—

(i) shi= Ay A;
(i) &3 W AT, H,O % mm & &9 |;
(iii) AT S A |

a1y <ht Teftesrar i Sufda HiE)

An engine having a single-jet carburettor consumes 6:0 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 :

Pressure = 1:013 bar and Temperature = 21 °C

The jet diameter is 12 mm and its discharge coefficient is 0-65. The discharge
coefficient of air is 0:80. The air/fuel ratio is 153 : 1. Determine—

(i) critical air velocity;
(i) depression at the throat in mm of H,O;

(iti) effective throat diameter.

Neglect the compressibility of air. 20

s arfies T Tehuv a1 STEEA i GiEeT T aHETs |

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

YaTEHT 1 BT &7 30 hel S9AI o 87 Weo U S Herddl ¥ U YaTeHT i wryned
I T |

What is a current meter? Where is it used? Explain with the help of a neat
sketch the functioning of a current meter. 10

[PT.0!



(b) T TR sl wrdies % o Prafolad stiws e ™ R

YuiEsh (SFR) 1 §AE 4 = 50 cm
AR 1% =™ = 30 cm

T STER S = 15 cm

3o Wo THo = 15000

Fel FAAH FAE = 18 kg/s

vaw weet 3 a9 = 295 K

qequf 3t wee T qatdl = 78%
wifw faw o = 1-04
[T 7O = 0-9

T N fF AW W AR A 150 m/s ® Td T8 &l ¢ a1 AR G0 H IR G THEAH
CRIRGaIE]

e SRR (1) et 3 e T, (i) WPTE 1 S o Rl s Tk T (i) Jomes
T I W2 I AF T AR F TA B Tos ARG A1 37 Brepiort <6 T s |

In a double-sided centrifugal compressor, the following data are given :
Overall diameter of impeller = 50 cm
Eye tip diameter = 30 cm
Eye root diameter = 15 cm
RPM = 15000
Total mass flow = 18 kg/s
Inlet total head temperature = 295 K
Total head isentropic efﬁpiency = 78%
Power input factor = 1:04
Slip factor = 09

Assume that the velocity of air at inlet is 150 m/s and is axial, and remains
constant across the eye annulus.

Find (i) the total head pressure ratio, (i) the power required to drive the
compressor and (iii) the inlet angles of the vanes at the root and tip of
impeller eye. Draw the T-s diagram and velocity triangles. 20
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(c) TH ggd 9 WRe G4 #, HE R Tolt YR F TH GO & e @ @ e, ad e
A ¢ :
o1 fafm 3@ = 2100 MW
g grE] 6 HEm = 1
e & §=m = 31500
Feft urgt it e = 2
T et Bl = = 25 mm
e @M = 50 °C
i e = T T W = 3.4 x10% kg/s
AT <Y SR FEAT A O = 11400 W/m? K
T ST q9aH = 20 °C
ST ol #W T #{AY TR = 8018 W/m? K

ad e-NTU faftr &1 T Ftd g Iieher hiva—
(i) e s o Fela <

(i) el U < T
[ 27 °C W 5t & Tore &
Cp =4-18 kJ/kgK, p=855%x10"° Ns/m?, k=0-613W/m K
Td Pr=>5-83 |
 eft Fif % o it wfeie i Sten HiRvEN

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 = 31500

Number of tube passes = 2

Diamcter of cach tube = 256 mm

Condensation temperature = 50 °C

Mass flow rate of cooling water = 3-4x10% 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 &-NTU method, calculate—
(i) the outlet temperature of cooling water;
(i) the length of tube pass.
[ Properties of water at 27 °C are :
Cp =4-18 kJ/kgK, n=855%x10"° N s/m?, k=0:-613W/m K

and Pr=5.83 |
Neglect the thermal resistance due to tube wall. 20
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5. (a)
(b)
(c)
(d)
(e)
6. (a)

(b)

WUs—B / SECTION—B

mwwﬁmwmﬁ%?mmmqw%ﬁﬁmaﬁﬁmﬁmﬁaﬁﬂq
# g |

What do you mean by boundary layer separation? Briefly explain the various
methods of controlling of boundary layer separation.

i WRE T T T R T T e 87 Rt Afisset W g e (f )
g <6l T TR S B S |

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

Tﬁﬂ%mmméﬁ?@iﬁﬁmwﬁ%mﬁsﬁmwaﬁ%ﬁw%aﬁm
e T AR §7 Tos St < wewm A faern A

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

o 31 Wi o Fhedl AR ST aifed e 6 fesr R

Discuss any four thermodynamic desirable properties of an ideal refrigerant.

FEIS TR Yo 1 Bl &7 g4 yspr T arg-arsa for <6 et @t fRR e o

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

wp BN 5 % SETe A o F A 21 W gerE BRI A st oie se
g s Tfier 1 TE €9 ¥ 359 i

Explain what you mean by Fanno flow. Clearly mention the assumptions made
and governing equations involved in the Fanno flow.

% ARER-ITER] @S 50 bar, 200 °C WX WY WIH LAl & 1 THLZIUH &9 ¥ 2:0 bar
 fegem # frarfa Fw@ R st A i e wQ@ ge Frefafad et # 0-3 kg/s F
ZoTH YATE % T v Fla St 1 Tieer R

(i) S YaTe TE A IAq T areree &
(ij) =@ ware PVY 3= fRr % i sTiigd &
=q sifeqw vare % ol arfoeger B Hife @ srfrgiieR #ht Hif 1 afeer ft i)

10

10

10

10

10

10.
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()

(b)

T 3 JOTEH :
5-0 bar Td 200 °C W, h =2855-4 kJ/kg, s=7-0592 kJ/kg K,
v=0-4249 m® /kg
2:0 bar Ud Ty = 120-23 °C W, hp =504-7 kJ/kg, h, =2706-7 kJ/kg,
Sy =1-5301kJ/kg K, s; =7-1271 kJ/kg K, v =0-001061 m? /kg,
vy =0-8857 m? /kg
A convergent-divergent nozzle receives steam at 5:0 bar, 200 °C and expands

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

(i) When the flow is in equilibrium throughout
(i) When the flow is supersaturated with PV'"3= 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 kJ/kg, s="7-0592 kJ/kg K,
v=0-4249 m3 /kg
At 2:0 bar and Ty, =120-28 °C, h; =504 7 kJ/Kkg, hy =2706- 7 kJ /kg,
sp=1-5301kJ/kgK, s, =7-1271 kJ/kg K, vy =0-001061 m° /kg,

vy =0-8857 m®/kg

e YA B e @ T % R A e T A e AR e @
3Rt feaTe Tone (COP) 1 Uftehe & o fordl U <isteh gead hifsm |

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

T ARER-TIEE gue B SEwm-aieed (s fesen) feuen sifi@antt woww feoof
fofed | faftm s <@l & fo que & 1@ & "i-wny o foawn &) eifea Hifv

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

T 9159 Grfed U3fiad =6 10 bar 3R 3 bar 6l g« e & €= R Ha 7] gefied %
ad § HRIEH T I5F @l 8 2 TR dled % Yge s rasiiad el e ¥ | SR wiias
TaT8 & 10 kg/min &, T I hivR—

(i) COP;
(ii) wfifos <t e

20

20

20
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refieh 3 T % ford et FTgER ®

I GgfaatoT arq T FET T8 ST T Tt a7 Tt
(bar) (°C) (kJ/kg) (kJ/kg) (kJ /kg K) (kJ/kg K)
10 25 2989 1166:94 1-1242 5:0391
3 -10 135:37 1297-68 0-5443 54770

A vapour'compression refrigeration cycle works between 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 COP;
(i) the capacity of the refrigerator.

Table for properties of the refrigerant is as under :

Pressure Saturation Liquid heat Latent heat Liquid entropy | Vapour entropy
(bar) temperature (°C) (kJ/kg) (kJ [kg) (kJ /kg K) (kJ /kg K)
10 25 2989 1166-94 1-1242 5-0391
3 -10 135-37 1297-68 0:5443 54770
20
() mmﬁaﬁ:ﬁdﬁwwmﬁmﬁ?@mﬁﬁﬁm%mmaﬁﬁﬁwm

£ o iR | THE ) h-s IRG | A |

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 % J&h-dcd q9 741 60% ST STEal aTeh 9r U Yiaer Hied i 250 m° /min
#i = A wfae A B

(i) iga 9 23 °cwa@%mﬁaﬁ%ﬁﬁaﬁwmwwwﬁ
Igehl smifis A A AR

(i) PR TfdeH et a1 Yo Lo Ho < WE FEA ™ 12 °C B o 913-9" & 0-1 ®,
aﬁmﬁmmwwmmﬁm@qﬁﬁzﬁmﬁwﬁwm
Wlﬁw%aﬁam%ﬁﬁmmm%ﬁmaﬁﬁm

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

(i) 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.

M-E QHE-D-CHLEL [ 55 ‘ 10
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(i) If the effective surface temperature of the cooling coil or ADP is 12 °C and
the by-pass factor is 0-1, determine the refrigeration in ton needed and
the mass of water condensed out at the cooling coil per minute. Determine
also the sensible heal faclor for the process through the coil. 20

(b) Towfa wiea = fenfia AR Al qon s=omEl % Aiedl # fFwfa Aiedl % w9 # =
ST ST 77 wwesy | sl wiedt % o qun ereit o faied

Define distorted model. Explain why models of rivers and harbours are made
as distorted models. Write down the merits and demerits of distorted models. 10

(c) TETE F@H W 360 °C & WY a9 q A T 0:08 bar & o & ThHw w9 vl
G 1 feomea fopan ST ) a9 % R Ry % SR e % e ®
ATHAT B T 15% § A T8 B 91| e AT W Gl S Wi 99 a1 H
T ISR qen §7 9 srawenett ¥ IR =% 3era 1 GRehe IR | Wiy € ST Gehe &
3frad a9 <t ot Jra IR | S Geher % SfEd q9 qu FeE q % o § Eiea e g
e 3R 1 5! 61 qEAT 6l gIT BN | T wE R 6 3uan HifR)

17 & JOIH :
P=0-08 bar @ T,,, =41 °CTW, hr =173-88kJ/kg, sp =0-5926 kJ/kg K,
hp =2403-1 kJ/kg, sg =7-6361 kJ/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 0:08 bar. After isentropic expansion
of steam in the turbine, the moisture content at the turbine exhaust is not to
exceed 15%. Determine the greatest allowable steam pressure at the turbine
inlet, and calculate the Rankine cycle efficiency for these steam conditions.
Estimate also the mean temperature of heat addition. Compare the Rankine
oyole efficiency with the Carnot cycle cfficicncy operaliug belween (he mean
temperature of heat addition and the condenser temperature. Neglect the
pump work input.

Properties of steam :
At P=0:08 bar and T, =41 °C, hf =173.88 kJ/kg,
Sf =0-5926 kJ/kg K, hfg =2403-1 kJ/kg, S =7-6361 kd/kg K
20

* K Kk
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