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MECHANICAL ENGINEERING (PAPER -1I)
Time Allowed : Three Hours

Maximum Marks : 200

b T

SPECIFIC INSTRUCTIONS
There are EIGHT questions divided in two Sections and printed both in HINDI
and in ENGLISH.

Candidates should attempt FIVE questions in all.

tioii No. 1 and Question No. S are compulsory. Apart from these, THREE
ar« to be attempted choosing at least ONE question from each Section.
Marks carried by each question are indicated at its end.
If any relevant data is missing, it may be suitably assumed.
Word limit in questions, if specified, should be maintained.

' Use of steam tables, Mollier chart Refrigeration Table/chart and Psychometric
, chart is permitted.
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1.

T g3t &1 I fafaa-

Answer all the questions-

(a)

(b)

(©)

(d)

VOMECHANICAL ENGINEERING - )

gvs — A /SECTION - A

(sxa:%)

wihfae i, faea gfrw 3k €ie g afeén WWWWI@W?E%
dre @ ford g8 ¥ o1 o1 Rived &9 4§ 3A seRadfaferdl (Irreversibility) &
FT HTT | RieeH F1 Bpfeda (Critically) fazera™r #X | | ®)

Consider natural gas, electrical resistance and heat pump he?mng Sy5tem§ fora Spejcmc
heating load, which one of these systems will do the job with the least irreversibility?

Analyse the problem critically. )
Wﬁamﬁmmm@ﬁmﬂwmﬁﬂﬁ— 8)

i (Z) v e R R R (State) FGTT PVD) =R 2
! a
G) (5), v B ford fored we (State) wfa< (P—5;) (V—b) = Rt

av
gl

Using Maxwell relations, determine relation for —

(1) (Z—Z)T for a gas whose equation of state is P(V-b) =RT.

(ii) (g—\S/)T for a gas whose equation of state is (P — Vaz—) (V—b) = RT.

TP ey T% § Al B USaefedel (adiabatically) HOITS fFar smar 2, fawwe
e @ o A B @ R 39e 9 yRadfes fawr @ g ave @ Refa o @
f a1 A MgARMA (isothermal) Tdew T & qa@ IR #31 & forw @t &

gl wear @1 R & a9 @ arg Jee e o ®)
InxY~1—Inr¥"?1
ASE = 1—-7'7—?1—-

W&l r HUreA IFUTd RN x AR U B |
In an ideal cycle, the charge 1s compressed adiabatically, explosion occurs at the end of

the stroke and is followed by adiabatic expansion to such a condition that subsequent

isothermal compression restores the charge to its original pressure and volume.
Show that air standard efficiency of cycle is -

InxY"1- Y—1
ASE=1 22X —Inr'
xY=1l_ry-1

where r is compression ratio, x is expansion ratio.

() Texco combustion proces .
() Witz Swinl stratification £
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(¢) LC.engine ® fory Aafoqsd o<1 A A9 @1 HHHA #7 1C. engine # fmifaftaa du

&) Juydddr ¥ e § gal &3 - ®)
(1) awafa dd
i)  arai

What do you understand by alternative fuels for 1.C engine? Discuss the suitability n
brief. of the following fuels in L.C. engines -
(1) Vegetable oils
(ii)  Biogas
2. (a) ﬁﬂﬁaﬁfé@mnﬁwmmhﬁqamﬁ{m?wmﬁmmmw

spring) et BT Fr=ge~e (Spring Constant) 100 KN/m 3R fawed & CﬂTTFﬁ'U
@fmo.lmwﬁmaa?ﬁgé%t20@@%%&%%%?#20%%
31‘(110"Cﬂ?ﬂﬂﬂ§é%|ﬁ{é@?ﬁ¢aﬁqmw@€%aﬁsﬂaﬁmaﬁmzvﬁe-\f
¥ e B IR Adbal &1 Teb dicd 800 kPa, 50°cwaﬁaraﬁmﬂﬁqgm%|
mﬁmmmwﬁ,mw%WﬁWSOOWawaﬁqﬁam
%,mmgmaﬁw%aaﬁgﬁﬁmm%wﬁﬁwmﬁamﬁmsor
m%|mﬁmwg‘rm%sﬂ?mmﬂg‘rm%| (20)
(i) wﬁm(@mmaﬁﬂm@ﬂﬁ%?

(1) oy & IaX W aadq (control volume) o9 IR 39 gfzpar & QA

SO IR B O FH|

(i) 39 gfHaT # F¢ T4l (net entropy) qRad= & o X |

A frictionless piston, cylinder as shown in figure is loaded with a linear spring having
spring constant 100kN/m, and the piston cross sectional area is 0.1 m*. The
cylinder of initial volume of 20 litres contains air at 200 kPa and ambient temperature
10°C. The cylinder has a set of stops that prevent its volume from exceeding 50 litres. A
valve connects to a line flowing air at 800 kPa, 50°C. The valve is now opened, allowing
air to flow in until the cylinder pressure reaches 800 kPa at which point the temperature
inside the cylinder is 80°C. The valve is then closed and the process ends.
(1) Is the piston (at the stops) at the final state?

(i)  Taking the inside of the cylinder on a control volume, calculate the heat transfer

during the process.

(iii)  Calculate the net entropy change for this process.

Air line
hmmmkl
||
4
- E -
1
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(b) UH dfgeR H HON B GEA & IAGT q AT A GG AT B | qmy @ .
ST 7
AT 1200°C @ HEER 600°C 81 SITdl 8, Ofd % T@rd 0.1 MPa 1v fleg S
|
GE1 ® Iaral @1 Cp= 1.1 ki/kg-K 2| Ul 085 MPa, 152°C # 5a9 gy & i
0.85 MPa, 255°C ™R fadear 2| $9 9fbal & ford §d=s ol (Second law) @eray g
faefor ¥ afiv ufer faber ot arftra 819 @ geRadfaferdt (Irreversibility) @ o

& | (20)
In a boiler, heat is transferred from the products of combustion to the steam. The
temperature of the products of combustion decreases from 1200°C to 600°C,
while the pressure remains constant at 0.1 MPa. The average constant pressure specific
heat Cp of the products of construction is 1.1 kJ/kg-K.The water enters at

0.85 MPa, 152°C and leaves at 0.85 MPa, 255°C. Determine the second law efficiency

for this process and irreversibility per kg of water evaporated.

T RS (adiabatic) TIR FHER B T SIARGT PHUcS vfegrefes W exarsd
(direct coupled steam turbine) ERT HATferd fabar ST 2 G U& TReY DI Tl Vel &
1, exargd 3§ 125 MPa, 3R 500°C &R 25 kg/sec B TR ¥ a9 PRl & 3R 10 kPa
3l 0.92 @ TUTGET ¥ aTeX et | BT 98 kPa, 3K 295K W 10 kg/sec BT X A
HEER ¥ 57 edt & 3R 1 MPa 3R 620K R IR FPdad) g1 fAuiRa #3- (20)

m@ﬂmmﬁﬁﬂﬁrﬁewmemower)eﬂ?
Wm%mmaﬁ?zﬁﬁmzﬁwsﬁﬁr(emmpy)wﬁ

CalkAd

An adiabatic air compressor is to be powered by a direct coupled adiabatic steam
bine at 12.5 MPa and 500°C

(a)

)
(ii)

turbine that is also driving a generator. Steam enters the tur
at a rate of 25kg/sec and exits at 10kPa and a quality of 0.92. Air enters the compressor

at 98 kPa and 295K at a rate of 10 kg/sec and exits at 1 MPa and 620K. Determine-

Net power delivered to the generator by the turbine and

)
(i1) The rate of entropy generation within the turbine and compressor during this
process.
v saveAT ENGINEERING - T Paae 4 of 11
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(h) w@%ﬁww@m%aﬁmwmmﬁﬂﬁmcmmm
15cmwm§aﬁ¥aﬁgﬂmwwmm%‘,:ﬁﬁaﬁ@qﬁo.zwmnaa

ﬂréﬂ‘s‘%ls‘mmoofpmqvm%lﬁmﬁﬂmm%sﬁvqgaagmaﬁ

FerdfFd o (Calorific value) 44.8 Mi/kg & | A P P23 # 24T 0.95 bar 3R

v 47°C $ | FdreT AR fawR @1 o dfeligia® (Polytrophic) PV ' = fRer 21

m@f%s‘ma%asﬂgmss%mﬁmmﬁﬁm%eﬂ?mas%w

«qd TR & | T B (20)

(i) W%Wﬁﬁﬂ%ﬂiﬁmﬁm

(ii) wzﬁmmﬁﬁmmaﬁqw

(i) o SeTeH AR Ah A

(iv) v &9

Cp = 1.005 k/kg-K T Cv=0718 Ki/kgKag & ford &1 @\

During a test, a four stroke six cylinder engine having 10 cm bore and 15 cm stroke and
working in dual combustion cycle, the fuel consumption had been found to be
0.20 kg/min. The engine runs at 1500 rpm. The compression ratio is 11:1 and calorific
value of fuel usedis 44.8 MIJ/kg. At the beginning of compression, the pressure 15 0.95
bar and temperature is 47°C. The law of compression and expansion is polytropic
PV!4=constant. Assume that 65% of the heat is released by combustion if fuel 1s at
constant volume and remaining 35% at constant pressure. Calculate:

(i) Heat supplied per cycle in all six cylinders

(i)  Pressure and temperature at each corner of the cycle
(iii) Work output and cycle efficiency

(iv) Mean effective pressure

Assume Cp = 1.005 kJ/kg-K, Cv=0.718 kJ/kg-K for air.

[10/MECHANICAL ENGINEERING - 1] Page 5 of 11
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4 (a) TR XS > SISHA # 796 aH1° &1 fqwenga 2 3R 5500 7% / e R 3faaw
ot RSRYE dva1 81 39 A R argdfie serar 70% AN ot 2 3R arg o
AU 135 © 1 8| TE A P I & P g wfh W Ad o W RARfeEs
(theoretical) aTg @1 T 105 A /Fb= BFf | A= (ventur) & ford et ona
(Coefficient of discharge) 0.85 3R HX& U wie & foy 0.66 AMT fral & | $HAM
g4 (Emulsion tube) & fordl 31aTBNT=T (allowance) &1 =T @nfed, fSras @ &
dqlb TH B 1/25 & B9 § foraT off Tar 2| 39 99 &) Rufy # dgia &) ade
AF Femm A 2| U IuYR A AR G A B ABR (sizes) B AT B
I &1 e v 074 ¥ anpAved qard ok AmEE HHI 1 bar 3R
2r°c §) (25)
The four stroke S.I engine has a displacement of 796 cm® and develops maximum power
at 5500 revolution/min. The volumetric efficiency at this speed is assumed to be 70%
and air fuel ratio is 13.5:1. It is expected that at peak power the theoretical air speed at
the choke will be 105 m/sec. The coefficient of discharge of venturi is assumed to be
0.85 and that of main petrol jet is 0.66. An allowance should be made for the emulsion
tube, the diameter of which can be taken as 1/2.5 of the choke diameter. The petrol
surface is 6 mm below the choke at this engine condition. Calculate the sizes of a
suitable choke and main jet. The specific gravity of petrol is 0.74. Atmospheric pressure
and temperature are 1 bar and 27°C respectively.

() 7.0 WS JIUE dTe 3T TH P qerar F wfawa qRads &1 g Fr 2 afy fRer
I W WSS &e (specific heat) 1% g ST 22 (15)
What is the effect of percentage change in the efficiency of Otto cycle having a

compression ratio of 7.0, if the specific heat at constant volume is increased by 1%"?
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@vs — 4 /SECTION - B
5. wft geal @ I fafRea— (5%8=40)

Answer all the questions-

(a) TP 3EA # gs@ off @ Mo 3] W AR ) a1 319 e #' g, ar A
ST (Dimensional) @ &Y ¥ HET FEIARY BT HiSel HYA? FT HI FXACR
Rer 77 &ford BN 3 WEEN @1 gd v @ fod I fbw @wpidhe R
(Coordinate system) T IqATT 9 R 3 A (ongin) P! e W AR § gard |
®)
Consider a round potato being baked in an oven. Would you model the heat transfer to
the potato as one, two or three dimensional? Would the heat transfer be steady or
transient? Also which co-ordinate system would you use to solve the problem and where

would you place the origin? Explain.

(b)  grrard WA ugEs @ 2?2 Ara AR wETEr) Sfad W IS g} wa @ #°(8)
What are the basic radioactive pollutants? What are their bad effects on human and
vegetarian life?

© {5 gofeady ok 5 qaan & da s=R @1 @7 T arg & gvel e e @
S q@ AYAVSAT &A1 B TUD A I AT TR (bes) B AR H FATE H
B ford 8| o1 RIfg® @ e @ fod =0 @1 Sirer S =ifed | @n 3y ey
@ Iy T AR b= A @) FelE 4 3R Ful? (8)
What is difference between Fin effectiveness and Fin efficiency? Hot air is to be cooled

as it is forced to flow through the tubes exposed to atmospheric air. Fins are to be added

in order to enhance heat transfer. Would you recommend attaching the fins inside of
outside the tubes and why?
[10/MECHANICAL ENGINEERING - 1I] Page 7 of 11
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# ford A R

goTd
(d)  dfeleTSe Y (Pohlhausen's Solution) &1 JUANT ATTHIT o

T -

(%) = 0.332(Pr)s
-

< Gl (local
% Yol ©ic 9R yonfed Haed (forced convection) 3 ford dlbd A | oc
.
Nusselt Number), eiidel YHfee & (local Reynold Number) T4 RIECENIC]
(Prandtl Number) @ Y9 &1 & oe ¥ |

. . . —
Using Pohlhausen’s solution for temperature gradient as given be

(%) = 0.332(Pr)s
-

Obtain a relation between local Nusselt Number, local Reynold Number and Prandtl

Number for forced convection over a flat plate.

() UF IFGfd gRE (irregular boundary) @1 27 gRffig v fafr & g1 stfrafae
R (irregular boundary) Fag & &sffT (handling) 1 ardelRe adidT @l 87 (8)

What is an irregular boundary? What is a practical way of handling irregular boundary
surface with the Finite difference method?

6. (a) s g HOXT (Partial recirculation) @ 12 U$h maraa»faa T 24°C DB,
7°CWB ™R T W1 W1 8 | R areY @) Rerfiy 34.5°C DB, 256°C WB & | welg
B T ST qﬁ'g (Sensible heat gain) 445 kW %I 3ﬁ?@€“ﬂ (Occupants) i 3%?;}3?
(Infiltration) ® T ST 3feF (latent heat gain), AT @ BISHN 5.4 kW 2 | 3ifargeh
(Occupancy) & IR WX 36 cmm e & amavaar 21 2| PuffRa av-
(1) Wmﬁmmmma@mw
(i) PERER F 59 B qTE AT @Y ayacer (state)

(i)  3qTI¥ISH ADP
(iv)  ®1gel (Coil) BPF

(20)

()  Temperature of supply air enterin
(i)  State of ajr entering the condition,
(i)  Required ADP

(iv)  Coil BPF

UIOMECHANICAL ENGINEERING — )

g the conditioneg space
er
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o
(b)  8200m @ FEE TR IS WA AN UH e, W@l ¢fade (ambient) arg @

ZdTd 0.345 bar & 3R 260°K ATTATA # 1080 km/hr &Y 71 & | TUR BUFR (Air compressor)
®1 ard A 50 &1 Hfad HT T 103125 bar 2 3k amoEE 27°C R\ @M@
(Ram work @1 BISHY) & fora argar A s amazadar &1 FuifRa 31 1.0 kg/sec
ary & vaE & AR W BRI (refrigeration) 3R IpoRIET HAREY (refrigerating
capacny)a%mmmaﬁﬁaﬁmaﬁmﬁ|m:ﬁﬁ%ﬁ@qmv€i
R AR ¥, d SIREd @) 0T A B (20)
(1) Compressor efficiency (G&dl) ne = 0.85

(i)  Expander/Turbine efficiency (G&dD nt = 0.75

(iii)  Heat exchanger effectiveness ¢ = 0.8 dur

(iv)  Ram efficiency ng = 0.84

An aircraft flying at an altitude of 8200m, where the ambient air is 0.345 bar pressure
and 260°K temperature has a speed of 1080 km/hr. The pressure ratio of air compressor
is 5. The cabin pressure is 1.03125 bar and temperature is 27°C. Determine the power
requirement of air craft for pressurization (excluding ram work), additional power
required for refrigeration and refrigerating capacity on the basis of 1 kg/sec flow of air.
Determine the same if the following are to be accounted-

(1) Compressor efficiency ne = 0.85

(i1) Expander/Turbine efficiency nt = 0.75

(iii)  Heat exchanger effectiveness € = 0.8 and

(iv)  Ram efficiency ng = 0.84

[ TOMECHANICAL ENGINEERING — ] Page 9 of 11
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7. (a) o 3R 3u smavad fbfon &) frefy fard g2 e #<uarR® 90 RIYE #1 0%

% @ 413 |

U PR/UERS YU d) U WRa & arar afaflle v aed ars i 1000 rpm

R A & R, HHI 200 mm MR 400 mm £ | UU & Hegw A 4484 004 cum/sec ?
IR ware &1 7 FARAR T 2 misec ® avER B | guU AR gHd UIZd F ATH
HHA 150 mm MR 100 mm & 3R 0T 3R TR0 R FA 6 m (abs) 312 30 m (abs)
g @ B afe Scoe 89 v 45° & R UU @ g @ g wavad I
16.185 f&Hardic 2, ar FufRa a#i- (20)

(i)  $Ace SR URT S qTell oAb HIvT
(i) 99 B FHT &l
Draw a neat sketch of centrifugal pump installation showing the position of gauge and

other necessary fittings.

The internal and external diameter of an impeller of a centrifugal pump which is
running at 1000 rpm is 200 mm and 400 mm respectively. The discharge through
pump is 0.04 cum/sec and velocity of flow is constant and equal to 2 m/sec. The
diameters of the suction and delivery pipes are 150mm and 100mm respectively and
suction and delivery heads are 6m (abs) and 30m (abs) of water respectively. If the outlet

vane angle is 45° and power required to drive the pump is 16.186 kW, determine-

(1) Vane angle of the impeller at inlet and

(1) Overall efficiency of the pump

3@ Teachingninja.in



(b)

)

(b)

& ofe T |
N S WA e N any o A4 ware goneh @ sifera amwan @3 "
y & | gfe yorren

& q"t d < . | s d t ‘ﬂ‘ t p
< b LS ST B I) SRR 1"}17) Uﬂ" 1l '1 EEC | I
Y 1(}, B 1 Ytor @ & | Alel Ut & uaee &1 f JoAg

an |
(20)

Explain briefly air and gas flow system in a thermal plant? Classify draught system

Mention the types of fans used for producing draughts.

Afers R g~ gbigal a1 ¥ I8 A gA 6 U SE & W d Sieed ae

IR o T W R, Rig @) 6 o grr R man Gt gk ¥fes AR 3R

FISS TR B P G § | qEFER RHAR B i B | (20)

What are fundamental and derived units? Assuming that the inertia forces and gravity

forces are predominant in case of a ship. Prove that the total resistance offered by water

is a function of Reynold number and Froude number. Assume the parameters involved

7
accordingly. @

%ﬁéﬂﬁﬁmwﬁ?wz’s@wvﬁﬁﬁmﬁmmm

mmﬁa%mzﬁﬁgﬂwnﬁwﬁwﬁ?ﬁmﬁﬁmwm
Wﬁﬁ?aﬂm%?qﬁﬁa%ams:ﬁﬁaﬁﬁéwﬁaﬂﬁtﬁaﬁ%aﬁrﬁl (20)

ant? Explain the

What is meant by Cavitation? How does it occur in hydropower pl
Thomas cavitation factor and its significance in water tu
cavitation in water turbine depen

turbine.

%

rbine. On what factors do the

d? State the methods to avoid cavitation in water
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