‘ CSM -- 55/18
IMechanical Engineering

B Paper - II

Time : 3 hours
Full Marks : 300
The figures in the right-hand Margih indicate marks.
Candidatels should attempt Q. No. 1 fro.r;r
Section — A arid Q. No. 5 from Section — B
which are compulsory and three of -
* the remaining questions; selecting

" af least one from each Section.

SECTION A

1. Answer any three of the followmg
| (a) ‘A reversible éngine works between three
thermal reservoirs P, @ and R. The e'ngine _
ahsorbs an equa!l‘amount of heat from the
thermal reservoirs P and Q kept at

temperaturesT andT respectwely. and
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rejéct_s heat to the thermal reservoir R kept

at temperature Ty The efficiency of the |

'en'gine' is p times the efficiency of the

reversible éngine, which works between the
two reservoir P and R. Provethat: 20
Te o oy

P2 -N+201-p)-E
7= @B+ 20-PF

A reciprocating air compressor takes in

- 2m¥min at.0.11 MPa, 20° C of air which it

delivers at 1.5 MPa, 111°Cto an after cooler
where the airis cooled at constant pressure
to 25° C. The power absorbed by the

‘ compressor is 4.15 kW. Determine the heat

transfer in (i) the compressor, and

~ (ii) the.cooler, state your assumptrons 20

(€)

A refngerator is designed to cool 280 kg/hr

o of hot liquid of specific heat 3350 Jlkg at

120°C usinga parallel flow arrangement heat

exchanger. 1200 kg/hr of coohng water rs

"“iavallable for cooling” purpose at a




,temperature of 15°C If the overall heat’
',irensfer coefﬁclent is 1190 WImZK and the
leurface area of the. heat exchanger is
0. 35m calculate the outlet temperature of
the cooled Ilquid water and also the
effectiveness of the heat exchanger 20

(d) Aturbme blade 6 cm long and having 2 Cross
o sectlonal area 5cm and penmeter 14 cm,
is made of stainless steel (K=23:3 WImK). '
- The temperature atthe rootis 550 C.The
. bladeis exposed toa hot gas at890°C. The
' "heat transfer: coefficient. between blade .
R surface and-gas is 442 WlmzK Petermine
- the temperature dlstrabutton and rate of heat
flow at the.root of: the blade. Assume the fip
weisof the blade to be msulated ' 20

- 2 :':(e)"i_TVJo vesseie Aand B each of volurne 3m’>
may be connected by a tube of negligible
'. :_ _-volume Vessei A contams atr at 0.7 MPa,
95°C while vessel B contams air at
l0 35Mpa 205°C Fmdthe changeofentropy _
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when A is connected fo B by working from

the first principles and assuming the mixing

to be complete and adiabatic. For air use
~ _the followmg relations : ‘

Specific ‘heat of airis 1 .005 kJIkg, h=C T

and_ %:@Z where p, v and T are
S

pressure in {(kPa), volume (in m_) and
temperature (in K) respectively. | 30
(b) Asingle acting air compressor has a cylinder
of bore diameter 15cm and the piston stroke

~ is 25 cm. The crank speed is 600 rpm, Airis
" ‘taken from atmosphere (1 atm, 27°C) is
"deflvered at 11 bar. Assummg polytropic

‘ compress:on p\.f1 25 = constant find the
power required to- drive the. compressor,
 when its mechanical efficiency is 80%. The
compressor has clearénce volume which is’ .
1/20™ of the stroke volume. How long will it
take to defiver 1m® of air at cornpressor outlet
cond mon9? Flnd the volumetﬂc efficiency of
the compressor. -4 30
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3. (a) Afullloadteston atwo-stroke engine yielded
the given resuits : speed 450 ipm, brake load
55kg, indicated ‘mean effective pressure =
3bar, fuel consumption 5.4 kg/hr, rise injacket

water temperature 36° C, jacket wafer flow
rate 440 kg/hr, air fuel. ratio by
mass = 30, temperature of ‘exhaust gas |
350° C, temperature of test room 17° C,
barometnc pressure 73cm of Hg,
cylinder diameter 22 cm, stroke lengtin 25 oim,

brake d|ameter'1 2m calonﬁc value of fusl -~

is 43 MJIkg proportlon of hydrogen
by mass in the fuel 16%, R = 0.287 kJ/kgK, |
‘ mean speclftc heat of dry exhaust
) gases =1 kakg K specaﬁc heat of dry steam
2 kJIkg K.
Assume enthalpy of super—heated steam to 7
be 3180 kdfkg. De’termzne
(i) - The mdlcated thermdl e‘fﬁclency
(i) The specific fuel consumption in ghkWh.
(1)} Volumetric : efficiency based on
atmospheric.congitions. :

N
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Draw up a heat balance for the test on
percentage basis indicating the contribution
ofeachitemin balance N ,30
{b) Airat 2'?°C and 1 atm flows overa plate ata
.epeeé of Zmie The plate is heated over its
entire length to a temperature of 60°C.
© Calculate the heattransfer in (i) the first 20cm
~ ofthe plate and (ii) the first 40cm of the plate.
The following data-are to be used
Arrkrnematrcvrscosrty =17, :"36‘»<1O'6 2/5 '
thermal conductivity (air) = 0.02748 W/mk,
Prandt| No=0.7 Cp (arr) =1.006 k/kg K. .

4. (a)An ammoma ice plant operates between
" condenser temperature of 3" °C and an
evaporator temperature of ~15°C. It

R -.p;rcj'ercee’TO.ﬁons of ice per day from water

~at 30°C to ice'et —5°C. V'Assuming simple

. saturation cycle, using only tables of

: propertres for ammonra ‘determine :

(i) capacrty o,f‘the refrrgeratrpn‘pi__ant, (ii) the "

mass. flow rate. of ;refrigerant, (iii) the
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discharge temperature and (i) the
compressor cylinder diameter and stroke i
“ its—vbiumetriceﬁiciency i30.65; rpmNts 200
‘and strokefbore ratio /D = 1.2 (V) the horse
power of the oompressor moter if the
adtabatzc efﬁmency ofthe comprassor is 0.85
and mechanlcal efficiency is 0.95. Also,

: determme the theoretlcal and acfual CDP

y Data gwen |
Enthalpzes and eﬂtroz)y for ammema

h et C)~-1443 QlekgS 518 C}"’s 8223

kJikgK hf(as o~ 366.1kdkg . -

Entropies and enthalpy of vapour saturated |
at36°C and super-beated by 50K aind 100K

are as follows :

S (35 o~ 5. 206 lequ b(&c!() = 5 5466 k7
kgK & "(1001{5 = 59806 ki/kgk hg{%oc)
1488.68 kd/kg h (50K) = 1035.8 kifkg h(‘lOOK)

' 1761 delkq a :

-Specuflc volume of vapuur (ai ~15°%C) =

0509k, T 50
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h) A cénirifugél compressor has a pressure ratio

of 4/1 with an isentropic efficiency of 82%

when rﬁnning at 16,000 rpm. Ittakes in air at

17°C. Guide vanes at inlet givé the air a

'prewhé_el of 20° 'to the axial direétidn at all

radii and the mean diameter of the eye is

200mm, the absolute air velocity at inlet is

© % 120m/s. At exit the blades are radially

~inclined and the impeller tip diameter is

550mm. Calculate the slip factor of the

. 'compres_sorl L S 30
SECTION-B -

5. Answerany three of the following :

: (.E‘i) Mention ihe various imlp‘brtapt characteristics -

of a good ighitidh sy_siem ? Expla'fn the

details of firing order. o 20

(h) What is effective temperature ? State the

- factors that control the effective temperature.

- Also, éxp!ain the term cooling Ioad_. 20
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(¢) What do you mean by Base load,
intermediate load, and peak load of a poiver \
blant ? Why base load plants loaded
heavily ? What do you mean by load duration
cuve? 20

(d) What is surging in axial flow compressor ?

~ What are its effects ? Also, explain stalling in

- an axial compressor -s'tage:.'How .is. it

" developed? - 20

6. (a) Agasturbine pOWer plant has an output of :

100MW at the generatorterminréls :ltsdata
is given below : 30
~Air  compressor ihlet p’reséure and |

~ temperature F.’_i=1-;013barandTl'=310K |

- Compressor pressure ratio = 8.0 and

| Efﬁ@:iéncy": 0.85 o

" Turbine inlet temperature = 1350K and
Efficiency = 0.9 _
Turbine inlet pressure = 0.98 x compressor

© exit pressure’
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~ Turbine exitpressure = 1.02bar-
 Calorific value of fuel Q= 40 Mdikg
' Combustion efficiency =0.98
~ Mechanical efficiency = 0.97
Generator efficiency =0.98
 Takey=1.33R=0.287 kifkgK forthe gas
' C specnf ¢ heat of gas 1 167 KJIkgK

o Determme

.(i) Gas flow rate
(if) Fuel-air.ratio :
| (iii) - Air flow rate ‘
{iv) Thermal efficiency ofthe| power piant
(v) Overalieffi CIency S \
. (w) Ideal joule cyc!e efﬁmency ‘1

" (B) The filament of a 75 W light bulb may be-
" considered as a black body radiating into a

black enclosure at 70°C. The filament
diameter is 0.1 mm a'ndv the fength is Scm.
-Consideting only radiation‘ determine the
fitamant Zemperature Use étefan constant= .
5672 x 1078 o 30
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(b)

_What' are the considerations to be made

while selecting site for hydroelectric, thermal
and 'n,ucléa'r power plant ? . 30
What do you mean by natural and.
m‘echanical‘draught ? How a natural draught

* is caused ? Whatare the functions of Forced

(@

- (b)

Draft (FD) and induced Draft (ID) fan ? Where

these fans are located ? 30

Draw an illustrative diagram of a centrifugal
éomprgssor stage indicating the names of
its principal parts. Also, state the functions of
different parts. : 30

Explain the effect of following factors onthe -

performance ofanengine: = - 30
() -Compression ratio

{ii) Air—_fuel ratio

(i) Spark timing

(iv) Enginespeed

v Mass of inducted chafgé ‘

i) Heatiosses

3t -
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