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1. Answer any fen of the following questions :
| - 3x10=30
{a) Mermntion three'accessories and three mountings
| of a boiler. State the function of each.

(b) Define and explain the term 'Equivalent
evaporation.'

(c) Whatis the eﬁ'ect of friction on flow of steam
through a nozzle ? Explain with the help of
h-s diagram.

{4 chlp Enzll;!alapreswa &l ﬂefg&!zle

Give its wvalues for wet, saturated and
superhcated steam.
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{(e) When is a convergent nozzle used ¥ For a
convergent-divergent nozzle, why should QB% EZilla —
- angle of divergence be small 7

- (1) Draw a freehand sketch of Mﬂlh@f diagram
and show on it

(i) isentropic expansion

o

Unreglstered

in a boiler fest, 1230 kg of coal are consumed
in 24 bours. The mass of water evaporated
is 13000 kg and the mean effective pressure
is 7 bar. The feed water temperature is 35°C,
heating value of coal is 30000 klkg. If
the enthalpy of | kg of steam at 7 bar is
23707 kl/kg, determine the equivalent
evaporation per kg of coal.

(ii)- polytropic expansion PDFzZilla - Unreglstzere &mwer any eight of the following :  5x8=40
| {a) What is binary vapmar cycle ? Explam with

(iii) constant pressure expansion
(iv) isenthalpic expansion.

Use different colours for clarity of the graph.

(g) Define the term 'Slip factor.’ 'What is its
51gn1ﬁcance ? What causes slip ?

(h) What are intercoolers and aftercoolers ?

(i) Differentiate between open and closed feed-=

®)

water regenerative systems . PDFZIIIa Unreglstere{i)

| (1) Explain with examples posmve-dlsplacement
type compressors and steady flow compres--
~ SOrS.

(k) Define compreséor efficiency and turbine
efficiency for a gas turbine plant.
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(d)

neat diagram me working Gf a bma.ry vapour
cycle.

: | = P _« ., .P '
Derive Pint@rmediate_ J‘ﬁnal initial for a

2-stage single acting reciprocating compressor.
Hence prove that for a three-stage compressor,

P,

initial

Bos I |
the pressure ratio is | == | , for ideal inter-

‘mediate pressure and perfect-intercooling.

What do you mean by super saturated flow
in steam nozzles ? Explain in detail with the
help of h-s diagram.

Derive an expression for maximum mass
flow rate per unit area of flow through a
convergent-divergent nozzle when steam
expands isentropically from rest.
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(e) Derive the expression of optimurn  pressuge
~ ratio for maximum network output in ideal

(h) A steam power station uses the folloWhg

- cycle :
Brayton ‘cycle. What is the correspond®FZilla — Unregistered Y

cycle efficiency ?

(f) In a gas turbine plant working on Brayton
cycle with a regenerator of 75% effective.
ness, the air at inlet to the compressor is at
0'1 MPa and 30°C, the pressure ratio is 6

Steam at Boile_r outlet : 150 bar, 550°C
Reheat at 40 bar to 550°C
Condenser at 0°'l bar.

 Using Mollier chart and asg,uming_ ideal

and the maximum cycle temperature_ FDFZiIIa ) Unregisterecprocesses, find the

900°C. If the turbine and compressor have
¢ach an efficiency of 80%, find the
percentage increase in the cycle efficiency
due to regeneration.

(2) Air at temperature of 17°C flows in a
centrifugal compressor running at 20,000
rpm. The other data given is as follows :

Slip factor = 080, isentropic total head
efficiency = 075, outer diameter of blade =
500 mm.

Assume the absolute velocities of air at inlet

and exit of the compressor to be sameppEzZilla - Unregistered,

Calculate :

(1) The temperature rise of air passing
through the compressor. o

(ii) The static pressure ratio.
~ Take C, =1'00035 kl’kg K.
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() quality at turbine exhaust
(1) cycle efficiency and
(iii) steamn rate.

(1) For a Root blower, the inlet pressure is 1013
bar and the pressure ratio is 2 to 1. The
induced volume of air is 003 m*/rev,
Estimate the work input. What would be the
work input for a vane-type compressor, if the
mternal compression takes place’ through

If the pressure range ?

(J) Steam expands from 4 bar to 1 bar in a
nozzle. Initial velocity is 90 m/s, initial
temperature is 150°C. The nozzle efficiency
is 0°85. Determine the exit velocity of steam
from nozzle. | |
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Answer any three questions : 3x10=30

(a) Write short notes on any wo

(1) Surging and ehoking in centrifugal
. COMpressors - |

(1) Axial flow compressor with pmper.
diagram

(1if) Vane-type compressor. PDFZilla -
(b) The intake conditions of a single acting
2-stage air compressor running at 300 rpm are
098 bar and 300 K, the delivery presure is 20
bar. The intermediate pressure is 5 bar and
the clearance volume of the low pressure
- compressor is 4% of the stroke volume. The

compressor delivers 3m%min at 1 bar, 25°C.
Determine : |

(1) Power required to drive the eempresﬁgrzm 3 4

(i) Low pressure cylinder dimensions, 1f
L=D.

(1) Isothermal efficiency, when intercoolin g
is perfect and n = 12 for compression
and expansion in both the cylinders.

(6)

a condenser,
saturated water. The pump feeds the water

back into the boiler.

Determine for per kg of steam :
Unregistered

(c) Ina Rankine cycle, the steam at inlet to the
PDFZ|IIa — Unregisteredurbine is superheated to 360°C at 20 bar. The
exhaust pressure is O 08 lbar It then enters

where it is condensed to

(i) The pump work

(i) The turbine work -

(iii) .Th'e' Rankine efficiency
(iv) The condenser heat flow

(v) Dryness fraction at the end of expansion.

(d) The following observations Were recorded

during a boiler trial :

UnregisteredMaSS of feed water and its temperature 640

48/M
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kg/hr and 50°C, steam pressure = 11 bar
(gauge), Quality of steam leaving the boiler
is 98% dry, coal fired = 55 kg/hr, H.C.V of
coal used = 44100 kl/kg, flue gas temperature

- = 300°C, boiler house temperature = 30°C,

mass of dry flue gas is 15 kg/kg of fuel.

D
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ue gas analysig b l‘t,r W}lume is

PDEZilla ~Unregistered
CO, = 12:5% , CO™= 1'5%, carbon presmt

in fuel 1s 85% by mass.

C (dry flue gases) = 1 kJ/kg"C C (superheat@d |
steam) = 22 klkgC.

The fuel contains no moisture at the time of
feeding into the boiler.

Find
(1) Efﬁciency of the boiler

- (i1) Draw up the heat balance sheet on the
basis of 1 kg of coal fed.
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