— 12 )
Mechanical Engineering
Paper -1

‘ T:_’me : 3 hours
Full Marks : 300
The figures in the night-hand margin indicate marks.

_ Candidates should attempt Q. No..1 from
Section — A and Q. No. 5 from Section-B
‘which are compulsory and any three of -
the remaining questions, selecting
a_f least one from each Section. o

SECTION A
Answer any three of the followmg

(a) Calculate the. non—ﬂow work done for a gas
which expands from mnt:al pressure 5 bar and
volume4 m 3tothe ﬁnal volume 20 m® under

the folk:wmg reverslble prooesses Show the
process on p-v dlagram 20

() p=c
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(ii) v-C |
(i) pv C o
iv) p¥'=C; where.y=1 4
(V) pv —C,where,r.-1.25 .
comment on the results.

(b) Compare the efficiencies of ideal Atkinson .
cycle and Otto cycla'for a compression ratio
of 8. The condition of air before isentropic
compression is 1 bar and 27°C. The
maximum pressure for both the cyc!es is
20 bar e ' 20

(c) An aircraft is cruizing with a speed of 900

“kmv/hr at an attitude of 11000 m where the
ambient conditions are 0.30 barand -30°C.

1 Assummg the oompresslon ratio 5, cabin
pressu:e 0.80 bar and air leaving the cabin
at 27°C, calculate the power for
pressunzatuon and refngeratlon and COP.
The ﬂow rate through the system is 1.0kg/s.
20
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What are the unique features of high pressure

.~ boilers ? Also mention five advantages of

2 (@

()

high pressure boilers. . -~ 20

What do you mean by availabtlity ofaclosed

system ? Derive an expreseion foravaiiabihty
of a closed system. ._ 30

A four-stroke cycle gas'eng"ine hae a bore of

- 20 cm and a stroke of 40 cm. The

oompresswnrat:onss |natestontheengme_.

' the indicated mean effective pressure is

.5 bar. the air t6 gas ratio is 6 : 1 and the
calorific value of the gas is 12 MJ/m” at NTP.

At the beginning of the compression stroke
the temperature is 77°C: and pressure is

0. 98 bar. Calculate - 30

| . ’(i) The mdlcated power _

(i) Thethermal efﬁelency

. (iii). The relative efficiency of the engine at

250 rpm. -
Neglect the residual gases. .
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(a)

Twenty people attended a Cocktall party ina
small room of size 6m x 8m and has a 3m
ceiling. Each person gives up about 400 KJ

. of heat per hour, Assuming that the room is

oomplete!ysealed off and insulated, calculate
the air temperature rise occuring within
30minutes. ' '
Assume,

G, ofair=0.718 KJIKg

- R=0.287 KJ/Kg-K

and each person occuples a volume of
0.07 m>.

.Comment on the result. 30

(®)

A céntrifugal compressor has an impeller with
21 radial vanes, a vaneless diffuser and no
inlet guide vanes. At inlet the stagnatien '
pressure is 100 KPa abs. and the stagnatlon .
temperature is 300K : - 30

() Giventhatthe mass flow rate is 2.3 kg/s,

the impeiler tip speed is 500 m/s and

" the mechanical efficiency is 96%,
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determine the driving power.' The slip
0631

~ factor is given by, g=1-

(ii) Determine the total and static pressures
- at diffuser exit when the velocity at that
T -. position is 100 m/s. Overall efficiency of -
the oompreésbr i 82%.
(iii) The re.action, is 0.5, the absoiute flow
. speed at impeller entry is 150 m/s and
diffuser efficency Is 84%. Determinethe
total and static pressures, absolute
mach number. and the radial component

of velocity at impeller exit. |
4. (a) Explain co-efficient of oompressibilitf of oil.
in é diesel fuel injection pump the volume of
the fuel in the pump barrel before the

commencement of the effective stroke is
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7 ¢.c. The fuel line from the pump to injector
“is3mmin diameter and 700-'rfnm'lon‘g' and
the fuel in the injection value js 3 c.c.
Determine o .' o
_ ‘(I) The pump displaoement neoessaly to
| dehver 0. 15 c.c. of fuel at a pressure of
200 bar Assume a sump (atmospheric)
pressure of 1 bar -
o (ia) The effective stroke ofthe plunger fthe
| dlameter ofthe plungef is 8 mm

' Take the ooefﬁcient of comprpsslblllty of oil

-(78 8 x 10'6) when pressures are in

atmospheras R 30
(o) WhatarePsychmmehers‘?BﬂeﬂyeXplamme
'”"followhgwttl'rne.at'sketehes. - 30

0] Mediﬁed'psyéhrometer" o
(0} Aspifaied psychrometer
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SECTION B

5 Answer any three of the followmg

@

What is Van der Waals equation of state ?

What is the signif'cance of the various *©

* constants involved in this equation ? Are
. ﬁle;re}aﬂv iiations ? yes, explainbrefy.

For a power statson the yeariy load duratlon

curve i a straight line from 30000 KW to
4000 KW. To meet the load the turbo-

generator system is in use. The capacity of
two generators is 15000 KW each and the -
third is rated at 5000 KW Calculate the .

following:. = = .. - 20
() Loadfactor |

- (ii) Capacityfactor . -

©

(jii) Maximumdemand

‘Discuss the suitabllity of the foilowmg fuels

indiese!engmes L - 20

0 Aloohols
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(i) Vegetable oils

(ii)) Biogas
(d) Explain Gibbs free energy. _Whai is its
physical significance 7 20

6. (a) Areciprocating air compressorinstalledina
factory takes in air at 1 bar and 20°C and
delivers at 6 bar, Determine the workdone,
heat tradsfer and change in internal energy
per kg of air compressed if the compression
processfoliows: 30

(i) Isothermal
(i) Reversible adiabatic
(jii) Polytropic pv*2® = constant
- Assufne the changes in potential and kinetic
o energies as nil. | ‘
(b) Anaxialturbine stage has the following data: -
' Nozzle exit air angle a, = 70° -

Rotor blade air angles B, =B, = 54°
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Mean diameter of the blade rings = 1m

" Speed = 3000 rpm

(a)

Aspect ratio of the blade rows = 1.0
Determine :
() The totakto-total efficiency

‘(n) The total-to-static efficiency © 30

Discuss the effect of the following engine
variables on flame propagatlon : 30

() Fuel-air ratio

() Corhpre‘ssion ratio

(iii) Turbulence
(v) Engine speed

-‘ (\}) Engine load and size

(b)

(i) The ambient air temperatures during
summer and wihterin a particular locality
are 45°C and 15°C respectively. Find
the values of Carnot COP for an air
'condition'er for cooling and heating,

corresponding torefrigeration  (b)
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- temperatures of 5°C for summer and
_' heatlng temperature of 55°C for winter.
Assume suitable ter_nperature
di_f_ferences in the exchanger that
| exchar\gee heat with the surroundinigs.
(i) if water from the cooling tower at 30°C
s used as a cooling medium with 3°C
‘temperature differential for air-
conditiening in summer, what will be .
the Carnot COP for cooling ?

~ (iif) Find the theoretical power consumption
~ per ton of refrigeration in each case.
Assume no increase in the temperature
‘ofthe surrounding air or water. Suitably
| ae’sdme any data if missing'. 'Ccmment :

ontheresult. o |
(w) Also mention why ina refrlgeration plant
| asa cooling medium, water is preferred
to air. | o 30
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8 (a) Acompressorhasthefollowlngm:'
| * Air flow rate = 15778kgluc
| "“':' Pressureratio=16 ~ -
" Rational speed ='51000me
‘Efficiency = 85% ,
. Stateofairatentry:. - 1<
| -'-Pm =5-¢:ooshm...= ,

| + Toq =300k -

S =1009KJ’K9'K

(i) ADetermune ;he pawer roqulnd to dﬂvo S

this compressor. '

(i) A geometﬂcally simitar compmoor of
" three times this size is constracted.

Calculats, for this compressor :
(M) Speed
(B) mass flowrate .

- (C) Pressure ratio |

(D) The power. requlred
Assume same entrycondmons and dﬂdency
for the two compressors. : 30
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Ris proposed to compress. air (|deal gas)
reversibly from an initial state of 100 KPa and
~ 27°Cto afinal state of 500 KPa and 27°C.
~ Compare the work required for the following
' processes: | 30
(i) Heating at constant volume followed by
ooolmgatoonstant pressure

(i) Ioothermal oompresslon .
(ui) Adiabatic compressaon followed by

| ooo!nng &t constant volume.

- Forair C,, = 20.93 J/mol K

G, = 20,302 Jimol K

T
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