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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 S 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 1itself.

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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TUus—A [/ SECTION—A

1. (@) W% 6 I den & T T A BRI 9 SqE 9 2T & for T@d 3¢ 7; !
ser a1 % T, ) f8R @ gu T, 1 "2
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 T,
constant? 10

(b) Th I grdiess 1 @E I w1 T 87 g i IRy, =1- ¢, cotPa, SHE

TATE 7T |
What is the pressure coefficient of a centrifugal compressor? Derive that
VY, =1-0, cotB,, where ¢, = tlow coefficient. 10

(c) e fafmmes & favdwm & dey | g, NTU d1 361 H1i Surd ol afeiia i
@W-mmﬁmﬁ%ﬁzﬁmﬁéawﬁﬁﬁﬁm

Define effectiveness, NTU and heat capacity ratio in case of heat exchanger
analysis, and also establish a relationship among them for counterflow heat
exchanger. 10

(@) % R F Fam ) ffteo & < & B R e SR

Derive Wien's displacement law from Planclk’s law of radiation. 10

) SIwen Cl i B s Gt w37 T side (I0) T % sfnwe ¥ Rl PR3

waiadl < fywi & 9l 87
What are the supercharging limits of SI and Cl engines? What are the
modifications recommended for supercharging an IC engine? 10

2. (a) L =g i TH dTHIBR @s,Ghamﬁmﬁmmmmua%,qaﬁﬂmm@ﬁaﬂﬁ
U BRI a R BR W a7 R T 7 IR & wud 1§ B AR ¥ 3 1 am el

x%-ﬂwwwﬁsﬂmqdmm%ﬁﬁ’}‘(x)z'rl—ﬂ;% x. B8 A 0 W SR

R} T A T AEE Al A BT T W T A RN T, AT, HEYH Ty H
eaTA HISR qen 3w 5 S TR et AT

—r g

T
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b —

Sgen =mc|l+InTy +
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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 7; and at the other end with a
wall at lower temperature T,. The temperature within the rod initially varies
L -1
L
on its ends and eventually comes to a final equilibrium state where the

temperature 1s Tf. Evaluate Tf in terms of 77 and T,, and show that the
amount of entropy generated is

linearly with position x according to T(x) =T - x. The rod is insulated

i . -
L _Ing

Fod

1 InT, ~

Tl"T;é: '11—7.‘4,

Sgen =mc|1+InTy +

where ¢ 1s the specific heat of the rod. 20

(b) T TFH Hdg W Walied & @ 8, FEehl =g 2 m ¢ T8 940 AR § a1 Y9 & feon o
AN@ g 3R 150 °C R &9 81 & 1 atm a1 91 &1 91 ™ 30 °C 2| AR a1g 6 i
12 m/s B, G 3NGd FT 7R o J1al hifrd |

| fhew @M, S (150+30)/2=90°C 8, W 97 & Fr=fafga ifgs qoreml =1 me
£

p=0-962keg/m>, n=2-131x10"° keg/m s

k=0-031 W/mK, C, =1-01 kJ/kgK

Nu=0-332 Re!/?prl/3 i wor & o}

Nu =0-0296 Re®® pPrl/° wesy yge & fofd |

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 1s 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>, p=2-131x10"° kg/m s
k=0-031 W/mK, C, =1-01 kJ/kgK

Nu-0-332 Rel/2p /3 for laimiiay flow

Nu =0-0296 Re®® Pr'/3 for turbulent flow ] 20
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() SIToH ¥ Fraffaa Faea sifraeon w arsaRited & 991 ) Y T JUH HIA
(i) TaH el
(i) A9 Yeldd
(iii)  STS-
(iv) aTTH-TIH

Briefly describe the effect of volatility on the following performance
characteristics of SI engine : 10
(i) Cold starting

(i) Hot starting

(iii) Vapour lock

(iv) Evaporation loss

3. (a) TUH a9 Al (30=ifeh A™ = 150 mm Tl §e =¥ = 160 mm), 98! SHE ATl
58 W/m K %, 30 mm @ 50 mm FRRE %l e 6 € udl, Reeh sl Sreshdiy

a9 0-18 W/m K @1 0-09 W/m K ¥, § @1 g1 81 a4 el & Tk g8 1 qH
320 °C 91 HSEREA Al % e Y8 H a9 40 °C B

) arsd el < ot wfiex g B SE-EIH AR AR A % Gra ard F1 i HiisR

Gi) afs 9T 6 reRe gk AT HgE B, al ufd Hiet Fell | e et el 9red <l o7l
T e HIRA 9T THEAR 6 TATEAE AT 6 "1 0-32 kg/min A

[ 2Afhel o1 wam HiR : 320 °C HJ¥ dM R
h, =1463 kJ/kg, hp =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 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 the insulation layers
18 40 °C.

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

(i) 1f the condition of the steam is dry and saturated, find the quality of the

steam coming out of one metre pipe assuming that the guantity of steam
flowing is 0-32 kg/min.

[ Use the data : At 320 °C saturation temperature

h, =1463 kJ/kg, hy, =1240 kJ/kg, hy =2703 kJ/kg |
20
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() THA YYR (SR) X 9l Th 59H 6:0 kg/h S99 &1 394 @ &l U9 H oca

750 kg/m*> B| 99 T5H T8 9 W a1 8, 99 Wd 58 6 dd 99 F WY @ 3 mm 9
BT ¢ | Iy S¥ME € 9@ = 1-013 bar gun a™ = 21 °C.

YYR 1 A 1-2 mm a0 [ s 0-65 21 a1g H AR s 0-80 7 9y /SuH
IAE 153 : 1 8l T Shifsa— |

(i) AT~ a1y a;

b

(i) F3 T AFAH, H,0O % mm  §Y H;

(iii) ATl hd ATH |

IR h! TEdTEd ! IUTEE hIH |

An engine having a single-jet carburettor consumes 6:0 kg/h of fuel. The

density of fuel 1s 750 kg/m3. 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 1s 12 mm and its discharge coefficient is 0:65. The discharge
coefficient of air 1s 0-80. The air/fuel ratio is 15-3 : 1. Determine—

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

(i) effective throat diameter.

Neglect the compressibility of air. 20

(c) U= rdigs U Withyul el 3TeRIEH =] IRl & Hsmsd |

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

4, (q) VSTEHT T BT B¢ 39 HE IUETN H @d o Wes Ty i wEEar ¥ s wagar ) sy
] G |

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

CSH-CLOBEEND-CiGL /S5 5) | BT ),
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yullees (FFUEX) 1 97U =4 = 50 cm

10T Hie <™ = 30 cm

AR T =AHE = 15 cm

15000

H{ o Tiﬁﬂ THo

d FAHH TdE = 18 kg/s

w9 gegol 3y a9 = 295

K

wrgol i GG 285 = 78%

T o s = 1404
T TR = 0°9
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e R () wegel 3 I 3w, (i) wriiss Bl Sen % ol o
TrHT il T TR e T HEEh! % YT HI0| T-s @ JUT 3 o % @i shgd)

In a double-sided centrifugal compressor, the following data are given :

QOverall 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 efficiency = 78%

Power input factor =

Slip factor = 09

1-04

150 m/s ® TH I§ & § a1 71 It S IR dh LhHTHH

Ty T T (1) Toleh

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

Find (ij the total head pressure ratio, (if) the power required to drive the
compressor and (i) the inlet angles of the vanes at the root and tip of

impeller eye. Draw the T-s diagram and velocity triangles.

CH-CEL QA -Clie & [ 55
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(c) Th d8q 9™ ik §aA H, HI¥ AR el THR & Th quHT F A 8 @ 7, s e
e 2 ;
FET a7 3171 = 2100 MW
I UTE] hi &1 = 1
el @t =31 = 31500
T It Y HEm = 2
TeNh el S &9 = 25 mm
e[ |19 = 50 °C
it orer =1 TEeE T w = 3.4 x 107 kg/s
qTeq T TR FEAT I O = 11400 W/m? K
ATH I 999 = 20 °C
e o) S e STAT TN = ’01R W/m? K
shad e-NTU Taly =1 TahT td ¢ IR shivR—

(i) Ifa" St <1 Tria dTd;
(i) i Ul AR |

[ 27 °C T I & TUIEH B
C, =4-18 kJ/kg K, p =855%x10™° Ns/m? k=0:613W/m K
@ Pr=5-83 )

et TR % swor ardia wiaty 6 v Filsa

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
Diamctcr of cach tubc - 28 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/rn2 K

Using only e-NTU method, calculate—
(1) the outlet temperature of cooling water;

(ii) the length of tube pass.
| Properties of water at 27 °C are
C, =4-18 kJ/kg K, p=855%10"° Ns/m?, k=0-613W/m K

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

SU-E QG- CHLE /55 7 [ P.T.O.
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@WIs—B / SECTION—B

5. (a) y"’iurnutaqwm@lWmmﬂﬁ%?mnﬁwgaw%sﬁﬁwzﬁﬁrmﬁﬁzﬁaﬁﬁm
I qFES |

What do you mean by boundary layer separation? Briefly explain the various
methods of controliing of boundary layer separation. 10

(b) FoAr with wUF B T AN & o BT 27 frdeaie Afaerett w sga @ (%)
g ) T F AT A 87 A |

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. 10

() 1 =% enuiie Fun SR @ H HEEH qerdf % Y § A 1 F Tl wE % aiied
ored R 27 T-s SR garen § oo R/

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 7-s diagram. 10

(d) ve a7eY] wliae % FFeel IR SmRehi Sifed quem @ fra=rm I |

Discuss any four thermodynamic desirable properties of an ideal refrigerant. 10

(e) TETH AT WA &1 BIaT TF g4 UshH A arg-arey o B wed w9 R wd e

What is an adiabatic saturation process? Why does the enthalpy of an
air-vapour mixture remain constant during this process? 10

6. (a WW%WW@WEWW%IWWﬁWWW@ﬁW@TM
g Traas aieol 1 T8 T ¥ 3gd Hiivd |

Explain what you mean by Fanno flow. Clearly mention the assumptions made

and governing equations involved 1n the Fanno tlow. 10

b) T AREE-A9E g7 50 bar, 200 °C G T AIH B 2 AU GATEIYS 1§ 2-0 bar
o feeo # freafa Fa 81 ofwm am A 3 g i faftaa el 03 kg/s =
o TATE ¥ T srevae Fid S aieeed R

(i) = YETE JE U I7d 9F WA 0 g

(i) <= e Pyl = @i iy sifigd ®
=9 sfaEgy vaTe * o aﬁ@ﬂAEﬁﬁﬁﬁmaﬁﬁmﬁaﬁﬁﬂﬂ qitpe oft Shisa |

UL OGE - B 8
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(c/

(b)

WE??TTW:
5:0 bar T 200 °C R, h =2855-4 kJ/kg, s=7-0592 kJ/kg K,
v=0-4249 m> /ke
20 bar Ul Lo = 12023 °C W, h, =504-7 kd/kg, h, =2706-7 kJ/keg,
sp=1-5301kJ/kgK, s, =7-1271 kJ/kg K, v, =0-001061 m"> /kg,
3
vg =0-8857 m” [kg

A convergent-divergent nozzle receives steam at 50 bar, 200 °C and expands
1sentropically 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 1s 1in equilibrium throughout

(i) When the flow is supersalurated with PV"?= constant

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

Properties of steam :
At 5:0 bar and 200 °C, h =2855-4 kJ/kg, s=7-0592 kJ/kg K,
v=0-4249 m° /kg
At 2-0 bar and Ty, =120-23 °C, hp =504 -7 kJ/kg, h, =2706- 7 kJ/kg,
sy =1-5301kJ/kgK, s, =7-1271 kJ/kg K, v; =0-001061 m° /kg,

v, =0-8857 m"” /kg

W%@ﬁﬂ@ﬂﬁwﬁm%ﬁ%ﬁwaﬂsﬂwwﬁ Wy IS a9 91y g 50
31gel TeaTeA U (COP) 1 Uitehe 1 & ol T s goad shifs/ |

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

T SERI-STER qUe sl AJHE-Iehed (3176 Tesmgq) Freama stfyason w w fomof
i | fafsr g8 el & T que & 3141 o Wid-9iy < faaeor &) 3iferd hifsi |

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.

s 9 grdied wefiad <6 10 bar 3R 3 bar <t = el & 9 FE FA1 B TFdET &
3d H SR WA Yo el 2 AN TER =GTed & U g rareiiad &l g 81 3R yeiides &
7a8 @ 10 kg/min B, Al 1 kil —

(il COP;
(i) I ) &)

20

20

20
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wefiaer % ToTEEl 6 o wfret FETgEn R

HE] qglieRtor ar el FHT 7 FHT A Tgidt areg Tidt
(bar) ("C) (kJ /Xg) (kJ/kg) (kJ / kg K) (kd /kg K)
10 | 29 298-9 1166-94 L1242 50391
3 ~10 13537 1297-68 0-5443 4770

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 1s 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 2980 1166:94 1-1242 50391
3 -10 135-37 1297-68 0-5443 54770
20
(c) 9 TEE H v @ YEH B 27 U wee e i deEd § I At we
£ s IR | THH B h-s STRE T g |
What is the function of a governor 1n a steam turbine? With the help of a neat
sketch, explain the working of throttle governing. Show the process on h-s
diagram 10

30 °C ¥ Fh-se ad a1 60% ATHEH e At 9 T ded Fi5ad § 250 m*® /min
& @ ¥ yige Bl 2

(i) iga A" 23 °C T g ¥ A H @ F ol 2 % aws Wi qui 39 ARl 8

i) 3R e Higel A To Slo o 1 WE! I8 A 12 °C 2 a1 9R3-I9 FEF 0-1 &,
N 7 T ETEs v qdn Yided Higa W Ald e gafad B el S bl HIAT T
£RP | iz F 99 THH 5 ol o o1 F1es ol 51d H )

Air at dry-bulb temperature of 30 °C and 60% relative humidity enters a

cooling coil at the rate of 250 mS/min.

(i) Determine the reirigeration 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 OGO UL R 55 10
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(1) 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 hical [aclor for the process through the coil. 20

(b) Trefa wisa +1 wfnfya FIRA | I g s=wmE & wisdl = faela wieat % w9 1 =1
ST STl 27 WHESA | Ty Higl o U U1 e i frfad |

Define distorted I'I]'.Ddﬁ.‘l. Explain WhV mndels nf rmvers and harbolurs are mnade
as distorted models. Write down the merits and demerits of distorted models. 10

(c) &R H{amq 9 360 °C & 9 d19 q1 FshEa €@ 0-08 bar & @ & 96 wq wifw
g3 1 TSons Topg1 ST ®1 @18 H 919 <6 GHUR{US TEdRu & 918 @R & e
3Tedl & AR 15% @ AR 981 3 =1ied | s ais R ge) 98] @ 9™ " 9)
MyIa IR qen 39 919 Eeqret J U osh q&d &1 Tiead $hifvd | 9 & 360 95eH &
G q19 ! Wi T BT | FoH1 Fehed b A A9 9AT GO 9 b S H GHERAT B 7Y
e TR &A1 sh] <kl g&TdT sl el Fifed | oy o faw i 3941 s

7Y 3 TOTEH
P=0-08bar W Ty, =41 °C®, h; =173-88 kJ/kg, s, =0-5926 kJ/kg K,

hfg =2403-1 kJ/kg, S 14 =7-6361 kd/keg 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 1in 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
cycle effioioncy with the Carnot cycle cfficicncy vperaling belween the mean

temperature of heat addition and the condenser temperature. Neglect the
pump work mmput.

Properties of steam :
At P=0-08 bar and T,y =41 °C, h =173- 88 kJ/kg,
sp=0-5920 kJ/kg K, hp =2403-1 kJ/kg, Srg = 7-06361 kdJ/kgK
20

* ok K
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