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Fifth Semester B.E. Degree Examinatio,ni JuIy/August 2022
Turbomachines

Time:3 hrs. "'',:]v[ax. Marks : 1 00

Note: I.Answer any FIVE full questions, selecting atleast TWO questions from each parl
2.Use of steam table and thermodynamic data hsndbook isipermitted.

a. Distinguish between positive.di'Slilacement machine and turbomachine based on

b.
0.

operation and efficienc/.:r ,: .,,

Define turbomachine. How do yc,u classify turbomaclrines?
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1:4 scale model of f,mriCis turbine working under a tLead of 10m. The full scale turbine is
required work a1,,30in head and at 430 HM, Ai what speed must be the model develop
96 kW and gives,,11,07 m3/s of water. What power will be developed from the full scale
turbine assuming its efficiency is 3% better than of its model. Also determine the discharge
of prototypO.

the compressor.'"

Define the polyropic efficiency of a turbine. Show that the polytropic efficiency is given by
l-n-ll [ , Ih -t-tt-I I

'ro:L n jLr-'J
Draw the T - s diagram. .'i' (10 Marks)
Air enters a compress<*"dtia static pressureudf;,l6 bar, a static temterafure of l5"C and a
flow velocity of 50 m/s. At the exit the static pressure is 3 bar, the static temperature is

l00oc and the flow velocity is 100 m/s. fhe outlet is I m ibove the inlet. Evaluate
(i) The isentropic.change in enthalpy:'1ii) The actual change in enthalpy (iii) Efficiency of

3 a. Show that the altemative fonn,of Euler's turbine equation can be expressed as follows:

w-
Draw the relevant velocity.friangles.

b. ,Aii enters an axial flo'w,,turbine with a tan$ehtial component of the absolute velocity equal to
600 m/s in the direCtion of rotatioa. At the exit, the tangential component of absolute
velocity is 100 m/s in a direction opposite to that of rotational speed. The tangential blade
speed is 250 ds..,Evaluate ,, ,,

i) The change in total Enthalpy.
ii) The power in kW.
iii) The total change in temperarure, if the mass flow rate is 10 kg/s.

4 a. Define Degree of reaction for an axial flow machine. Prove that degree of reaction for an

axial flow device is,given by

', _ V, [tanB, +tanBrl
l\_-|-------:--|

2UI tanB, tanB, ]
Assuming constant velocity of flow. (10 Marks)
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b. A centrifugal pump of 1.5m diameter at 210 rpm, and'plpppS 1800 lts of water per sec. The

vanes are set back with an angle of 25" at exit. Assuming radial entry and velocity of flow
throughout is 2.5 m/s. Determine the power requiied tb drive the pump. If the mzurometric

efficiency of the pump is 65oh, find the averagelifi,0f the pump. (10 Marks)

ry
a. DistingUish between Impulse and Reactioii,r5'fen6 turbine. (06 Marks)

b. What are the types of forces occurrigg 'bn rotor blades and shaft? Explain the types in simple
terms. (04 Marks)

c. In a stage of an impulse turbine provided with single row wheel, the mean diameter o f the

blades is lm. It rotates at 3000::fiiih. The steam velocity atnozzle is 350 m/s and thenozzle
is 20o. The rotor blades,arc:equiangular. The blade fiiction is 0.86. Determine the power

developed if the axial try t'on the end of bearing oflotor is 120 N. (10 Marks)

a. Show that for a Pel,tgp.'wTibel turbine the maximum hydraulic efficiency is given by

I* = 
I + Co-cos P' 

, where Cu : Blade velocity coefficient, p, = Blade d ischargc anglc.
2 

(08 Marks)
b. ClassiS, ffitr y'draulic turbines. (04 Marks)
c. A Pelton wheel is to be designed f,pg.a head of 6m, when r,urrning at 200 rpm. The Pelton

wheehrdg-veloped 95.55 kW. The, velocity of buckets is.,,-0145 times the velocity of the jet,
overall efficiency is 0.85 and coefficient of velocity is equal to 0.98. Find
(i) Diameter ofjet (ii) Dia.metbr of the wheel (iii) Number ofbuckets on the wheel

(08 Marks)

(06 Marks)
(06 Marks)

i 'i 
''' 

'

List the types of pump losses. Write atleast two''examples for each.

Derive an expression for minimum starting speed of pump.

A centrifugal purtrtr',tlelivers water against a head of 20 m at the rate of 50 lit/s. The radial
velocity of flow,is'rconstant and equal to,,,3 m/s. The blades are radial and the pump runs at

1440 RPM. Compute the diameter at the tip and corresponding width of the impeller.

8 a. With,.fte "help of a

(08 Marks)

curve, explain surging and choking of a centrifugal

(12 Marks)

compressor. 
,,,,:,....1,, 

"r'r:..,. (08 Marks)
b. An air compressor has ei[ht stages of equal'i]])iHssure ratio 1.35. The flow rate through the

,,'..compressor and its overall efficiency are 50kg/s and 82Yo respectively. If the conditions of
'r'.."'air at entry are 1.0'baraird 40oC, determine:

i) The state of air at the compressor exit
ii) Polytropio d,Ificiency 

l

iii) Effrcienciof each stage ':: l

iv) Power reryired to drive the €ompressor assuming overall effrciency of the drive as 90%.
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