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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 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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WUs—A / SECTION—A

T 59 i aE Ten % R T A PE-E IR e T T, PR g G H
T 41 % T 1 FOR w@a ge T, A weE?
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?

T k) qrdied 1 T I e 8¢ g A 5y, = 1- ¢, cotBy, SR 0 =
aTe IO |

What is the pressure coefficient of a centrifugal compressor? Derive that
Vp=1-02 cotfy, Where ¢y = flow coefficient.

o RRTAREE  RRemT % wey 3 guiiar, NTU a1 1 Sl 3TgaTd 1 aRea el
wd T aTe e ffere 6 el g ST wew e e |

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

7 % forcormo 3 e 1 R o Wi o e | 3o S

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

ST e CI 5t 6 st dmd @ §7 T Sided (IC) W % STt % il $H-9
Tl i R < St 27

What are the ‘supercharging limits of SI and (CI engines? What are the
modifications recommended for supercharging'an IC engine?
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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 7,. The temperature within the rod initially varies

L -1,

linearly with position x according to T(x)=T; — 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

Soen =me|l+InT, + T In“Ps== 4 InT,
gen ' —T. 2 -T 1
I 1 2 1 A

where ¢ is the specific heat of the rod.

919 Th Fae W FEIed 8 WR, Roh e 2 m ® v gt el R qw yar B R #
i@ © 3R 150 °C 9 $17F 81 3@ 1 atm d1 91 1 91 a19.30.°C R Al a7 1 e
12 m/s &, I STEq F1 AR 0N T hifse |

[ frew @M, Sl (150+30)/2=90°C ?, W 99 & F=fafaa sifes queml it e
$HifA

p=0-962kg/m°, 1 =2.131x107° kg/m s
k=0:031 W/mK, C, =1:01 kJ/kg K
Nu =0-332 Re!/? Pr'/3, =i yare % ford
Nu =0-0296 Re®® Pr'/3, yegeq yae & i |

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/m3, n=2-131x10"° kg/m s
k=0-031 W/mK, C, =1-01 kJ/kgK

Nu - 0:932 Re!/2 py1/3 for laminar flow

Nu =0-0296 Re®?® Pr'/3 for turbulent flow ]
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Briefly describe the eifect ol volauuty on IN€ IOLOWLLY  PElUIILALLS
characteristics of SI engine :

(i) Cold starting
(i) Hot starting
(i) Vapour lock

(iv) Evaporation loss

T a1 Tl (SRR S = 150 mm U1 ST A = 160 mm), el Sl e
58 W/m K ¢, 30 mm T 50 mm Az SR 61 &l qwr, R S Sl
R 0+18 W/m K @21 0-09 W/m K &, ¥ @Hl g371 1 914 el o e T8 Hi AT
320 °C ql FHREA Yl *h ST I8 H A9HH 40 °C &

(i) AT el 6 i H e A Se-g 1 A SR 9 & we arg i i |

(i) s a7 ) ST I 99T GG &), A Hiet Teft  wiek P areh ar i ger
Y AT A T8 AR 76 SIAIRHI A1 <61 A 0-32 kg/min &1

[ aiferst w1 e AR @ 320 °C HgH 9 T
h; =1463 kJ/kg, hy =1240 kJ/kg, hy =2703 kJ/kg ]

A steam pipe (inner diameter= 150:mmiand outer diameter= 160-mm) having
thermal conductivity.58 Wy/m K is covered with two layers of insulation of
thicknesses ‘80'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
is 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 quantity of steam
flowing is 0-32 kg/min.

[ Use the data : At 320 °C saturation temperature
hy =1463 kJ/ke, hg, =1240 kJ/kg, hy =2703 kJ/kg ]
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(b) THG TUR (SR) FERR TN T FF 6:0 kg/h T FH IUET Hal 81 $H H =T
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750 kg/m® B 59 £51 Tl = W A 8, q9 W B B qel YK S MY 9 3 mm A=
BT ¥ | gRET qIME 2 2@ = 1-013 bar a9 dW = 21 °C.

TR H M 12 mm T TR s ossﬁlmmﬁwmwosoﬁlaﬂ/‘ﬁm
A 15:3 : 1 &1 i HifsE—

(i) il =g =;
(i) =3 R T, Hy,O % mm F &9 H;
(i) ST e =T |
914 < wedtesran = U Hif )
An engine having a single-jet carburettor consumes 6:0kg/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 1'2 mm and its discharge coefficient is 0:65. The discharge
coefficient of air is 0:80. The air/fuel ratio is 15:3 : 1. Determine—

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

(i) effective throat diameter.

Neglect the compressibility of air. 20

-2} wedies o Wichsur qu SrEieA = iR @) g9

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

aEaTd 1 Bl 27 39 el 3TN W 9 8¢ Wes R o werEar ¥ T Yarard 6 sy
P qHeEa |

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



el 5THH JaE = 18 kg/s
TaY TRl 30 99 = 295 K
gegot 3fid FeZie S8t = 78%
ifth 3w o = 1-04

|qY TH = 0-9

T AR 7R T3 9% 9 F1 3 150 m/s € U6 9% 3Ef ¥ 9U1 i1 oo % YR AT
1 @ Bl

T AR (1) Tt 3 @ I, (i) wRieE w99 5 Rl st i o (ifi) TN
T B S S A T HEH H T BIT| Tos ARG a1 39 Brpivi % a1 |

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 efficiency = 78%
Power input factor = 1:04

Slip factor = 0:9

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, (ij) 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.
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e A = 50 °C
Ffter oo =Y TEEE WEE A = 3.4 x10% kg/s
qreq il 3R FEAT STAWT M = 11400 W/m? K
S W qEH = 20 °C
ST <Al AR HEAT FAHY IO = 8018 W/m? K
ad e-NTU faftr &1 5@ s 5 afsher Hifsa—
(i) e s @ Fta g

(i) A g Bt TR |
[ 27 °C W ¥id = JUIH & :
Cp=4-18 kJ/kg K, p=855x10"° Ns/m?, k=0-613 W/m K
T§ Pr=>5-83 ]
- eft fifr 3 wRor arfi wfeie i Ve Hifs)

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

Diameter of cach tube - 25 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 e-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, p= 855x107° Ns/m?, k=0-613 W/m K

and Pr=5:83 |
Neglect the thermal resistance due to tube wall.
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@Ue—B / SECTION—B

WWWﬁWWW%?WWHW%WﬁWWﬁ@@N
# waed |

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

el s e 3 e R B T e e e A o agE e ()
i <t T T S @ T |

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.

%ﬁmﬁmﬁ@ﬁmmﬁ%mﬁsﬁww%%ﬁm%aﬁﬁ
O FE E7 T SRG ) TG A Toiewl bl |

What are the desirable properties of a fluid foruse as a working substance in
Rankine cycle based heat engine plant? Discuss with the help of 7-s diagram.

wmﬁmﬁa%ﬁvﬁﬁaﬂmﬁﬁﬁﬂﬂﬁﬁwqﬁﬁﬁﬁwﬁﬁm

Discuss any four thermodynamic desirable properties of an ideal refrigerant.

TEI TiHT Wb 1 el 67 &4 b B g e o ) e i R o wd o

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

5 B £ A SRR S A 31 %) e R R A Shid S e
Heg Fras Tl wE w9 4 Sgd i |

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

% ARE-ATEE gre 5:0 bar, 200 °C WX NG T Rl & 9o T &9 ¥ 2:0 bar
mﬁwﬁﬁmﬂam%taiﬁr?q%nﬁaﬁmwgqﬁm%@am?ﬁﬁo-skg/s%ﬁ
FoqH YT 3 Rl aravas frfa S o1 afeer e

(i) S YATE YE § i q e § |
(i) <@ vETR PV 3= feris % Wy sfhEgd @
wmm%%ﬁaﬁ@qﬁaﬁﬁammwaﬁﬁﬁmﬁﬁamﬂﬁm
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§TT @ JUIEH :
5-0 bar T3 200 °C |, h =2855-4 kJ/kg, s=7-0592 kJ/kg K,
v=0-4249 m3 /kg
2:0 bar Ud Ty =120-23 °C W, h, =504-7 kJ/kg, h, =2706-7 kJ/kg,
sy =1.5301kJ/kgK, s, =7:1271 kJ/kg K, vy =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 kd/kg, s=7-0592 kd/kg K,
v=0:4249 m* /kg
At 2-0 bar and T, =120-23 °C, hf =504 7 kJ/kg, hg =2706- 7 kJ /kg,
s;=1-5301 kJ/kgK, s, =7:1271 ki/kg K, v, =0-001061 m> /kg,

vg =0:8857 m® /kg

w%@ﬁﬁﬁwﬁm%%ﬁmmﬁﬁwﬁ%ﬁwmﬁm
aree! fAsaTed TUnish (COP) &1 URehed FH % ford U =i =gead hiferd |

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

Th AREE-ITER 8 H AFERI-Iieed (A foseq) Feen sifiaamt w e fowfi
fafed | faf¥m s <l % fod que & w1 % wrg-wny oa oo =6t ifea Hife )

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.

U 959 grdied WEfiad =16 10 bar 3R 3 bar i 7@ HiFedl & i S a1 7| gefied F
31d # HEHH W Y6 @Al 2 SR TER 9ed % Tgdl s Taeiiad Tl gidT 8| TR ufiaes i
a8 & 10 kg/min B, @ F1d HIvR—

(i) COP;
(ii) i <t &)
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it % TPTEH] b o e FETGER ®

T Gafhaor arq WA FT 7 ST W Tl arsg gl
(bar) (*C) (kJ /g) (kJ /kg) (kJ/kg X) (kJ/kg K)
10 25 2989 116694 1-1242 5:0391
3 -10 135-37 1297-68 0-5443 54770

A vapourlcompression refrigeration cyele 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;
(ii) the capacity of the refrigerator.

Table for properties of the refrigerant is as under :

Pressure Saturation Ligquid heat Latent heat Liguid entropy | Vapour entropy
(bar) temperature (°C) (i /kg) (kJ /kg) (iJ /kg K) (kJ/kg K)
10 25 298-9 116694 1-1242 5:0391
3 =10 135:37 1297:68 0:5443 54770
20
(c) mmﬁwﬁﬁmmwm@mi?wwﬁﬁﬁmﬁmmaﬁ%ww
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£ e RA | EH F A-s ARE@ | |

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 % &h-9ica a4 a1 60% SR amae AT drg e ae Hige & 250:m°/min
#$1 ¢ | vieE TR

(i) Fga a9 23 °ca$ma%amﬁaﬁéﬁﬁ=ﬁaﬁwwmﬂmmwammﬁ
g I AmEa i Hifd |

(i) ¥R e Fige 4 o Lo o 1 wwell WA A 12 °C B a1 913-99 F7E 0-1 7,
amﬁwmwmmmﬁww&ﬁaﬁwﬁmm
ﬁﬁﬁlﬁa%mm%%ﬁ@ammsﬁmﬁﬁﬁm

Air at dry-bulb temperature of 30 °C and 60% relative humidity enters a
cooling coil at the rate of 250 m?3 /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.

10



(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.

(b) Tasfa Ates i sfonfig ficR | Al qur a<umel & wied = frefn Atedt & &9 § =0

(c)

S ST &7 gEesd | frafia sies & it qon sl ) R

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

TEMEA @™ W 360 °C & o9 a9 41 FFEa 9@ 0-08 bar % 3 Us = W9 ARG
G 1 fE&oTEa foR SR R) =@ N % TWuRNe forara % o8 s % e W
AT I AE 15% ¥ e A8 S =1iRd | <t S W use el Wied v 8" H
Tuif ISR qen 7 9 srEeenstt 3 06 = 38 &1 Iiehem i) e 2 S SFed &
3PEd 1 1l T IS | ST G 7 9 Gl HEE aTY % st H | g0
A 3T HHI Eh1 1 &1 g HINE | T R T 6t 3%Em HiRA|

W%W: :
P=0-08 bar W T,y =41 °CW, hy=173-88kJ/kg, s =0-5926 kJ/kg K,
Mgy =2403-1 kd/kg, sp = 76361 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
cycle efficicney with the*@arnot cycle. cfficicncy opetaling Lelween he mean

temperature of heat addition ‘and ‘the condenser temperature. Neglect the
pumn work innut.
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