50, will be treated as malpractice.

Important Note : 1. On completing your answers, compulsorily draw diagonal cross lines on the remaining blank pages.
2. Any revealing of identification, appeal to evaluator and /or equations written eg, 42+8
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Fifth Semester B.E. Degree Examination, Dec.2023/Jan.2024
Turbomachines

Time: 3 hrs. Max. Marks: 100

Note: 1. Answer any FIVE full questions, choosmg ONE full question from each module.
2. Thermodynamic data Handbooks are allowed.

M‘odule-l

1 a Define a turbomachine. List any six differences between,'“ turbo-machme and a positive
displacement machine. . (08 Marks)
b. Indentify the following as power generating or power absorbmg turbo-machines. :

i) Kaplan Turbine ¢
i) Centrifugal blower___ i

iii) De-Laval turbine:.
1v) Axnal COMPIESSOr (04 Marks)
c. A 1/4" scale turbine model is tested under-a-head of 10m. A full scale turbine is required to
work under a head of 28.5m and turns at 415rpm. At what speed must the model be run if it
develops 94kW and uses 0.96m’/s of water at this speed? What power will be developed
from thefull scale turbine? Name the type of turbine. (08 Marks)

OR

2 a. With h-s diagram, show that reheat factor in a mul s’rage turbine is greater than unity.
: . (08 Marks)

b. Define :
i) Total to total efﬁmency
i1) Total to static efficiency for a power
Generating turbomachine with h-s dlagram F oy (04 Marks)
c. A 16 stage axial flow compressor is to-have a pressure rat10 of 6.3 and tests have shown that
a stage efﬁmency of 89.5% can be obtained. The mtake conditions are 288K and 1 bar.
Find : -
i) ‘Overall efficiency |
if) ‘Polytropic efficieney

ii1) Pre-heat factor - ' (08 Marks)
( Module-2
3 a 'Wlth usual notations and velocity triangles derive alternate form of Euler turbine equation
and identify the components of energy transfer. (10 Marks)
b. Define utilization factor for a turbme Derive an expression relating utilization factor with
the degree of reaction. (10 Marks)
OR

4 a. Aradial outward flow turbomachine has no inlet whirl. The blade speed at exit is twice that
at inlet. The radial velocity is constant throughout. Taking the inlet blade angels as 45°,

2+ Cotf3,

show that the degree of reaction R = , where B, = Blade angle at exit with respect

to tangential direction. (12 Marks)
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At a stage of an axial flow impulse turbine, the mean blade dlameter is 80cm and the speed
is 3000rpm. The absolute velocny of the fluid is 300m/s and is inclined at 20° to plane of
wheel. If the utilization factor is 0.85 and relatlve veloclty at rotor exit is equal to that at
inlet, determine : e

i) inlet and exit blade angles

ii) power output in kW for a mass flow rate of lKg/ S

iii) Sketch the inlet and outlet velocity triangle. (08 Marks)

MQM

What do you mean by compounding of stream turbine? Explam with the help of a schematic
diagram, the following methods of cempoundmg

i) Velocity compounding

ii) Pressure compounding ":{' (10 Marks)
In a de-Laval turbine, steam flow from a nozzle with'a veiocuy of 1200m/s. the nozzle angle
is 22°. The mean blade speed is 400m/s and mle} and outlet angle of blades are equal.
The mass of steam flowing through the turbine is 0. 25Kg/s. Calculate :

i) Blade angle at. __mlet and outlet

i) Tangential force on blades

iii) Power developed

iv) Blade efficiency -
Take blade coefficient as 0.8. A, (10 Marks)

OR g N -

Derive an expression for maxnnum blade eﬂicwncy ‘of a single stage impulse turbine in
terms of nozzle angles, aswmmg identical blades and relative velocmes are same at inlet and
exit. : - (10 Marks)
The following partlculars refer to a Parson s reactlon turbine. consisting of one ring of fixed
blades and one ring of moving blades. The' mean diameter of the blade ring is 90cm and its
speed is 300rpm.. The inlet absolute velocity to the blade is 300m/s. The blade outlet angle is
20°. The stream-flow rate is 7.6Kg/s. Calculate :

i) Blade inlet angle

i) Tangential force

i1) “.Power developed . ; (10 Marks)
: Module—4
" Show that for a Pelton wheeL the maximum hydraulic efficiency is given by
M)yox = 1_4-1_(_(‘3“93_]32 . Where K Blade velocity coefficient [, = Blade angle at exit.

(10 Marks)
A three jet Pelton wheel 1s: requlred to generate 10000kW under a head of 400m. The blade
angle at outlet is 15° and reduction in relative velocity over the blade (buckets) is 5%.
If overall efficiency is 80%, C, = 0.98 and speed ratio = 0.46.
Find : i) Diameter of j Jet "
ii) Total flow-in m’/s :
iii) Force exerted by jet on the buckets (10 Marks)
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OR A
Explain the functioning of a Kaplan turbine with the<help of a sectional arrangement

diagram. Draw the velocity triangle of Kaplan turbing X (10 Marks)
Define the following efficiencies of a hydraullc turblne‘*‘
1) Hydraulic efficiency
ii) Mechanical efficiency
iii)  Overall efficiency (06 Marks)
Explain the functions of a draft tube in a réactloh turbme (04 Marks)

ﬂbdule—

What a primary? Why it is requtr ‘7. Explain how pnmaerS’ a“chleved in centrifugal pump.
' (04 Marks)
With sketches, explain the prin?‘rpal of multi stage centrlfugal pumps in 1) series ii) parallel.
(08 Marks)
A centrifugal pump is rum‘nmg at 1000rpm. The outer wvane angle of the impeller is 45 and
the velocny of flow at fhe outlet is 2.5m/s. The dlscharge through the pump is 0.2m’/s, when
pump is working agamst a head of 20m. If the manometric efficiency is 80%, draw the outlet
velocity diagram and'calculate :
i) Diameter of impeller at outlet .~
ii) Wldth’*ef impeller at outlet (08 Marks)

Explam the phenomenon of surgmg as apphed toa cgﬁg%gal compressor. (06 Marks)
What is slip and slip factor in' a centrifugal compress t? Derive an expressmn for the same.
; - - (06 Marks)

A centrifugal compressQr - nnmg at 5950rpm- ha’vmg an 1mpe11er t1p dlameter of 100cm has
a mass flow rate of air as' 30Kg/s. The total, ‘essure ratio is 2,125. The pressure at the inlet
is 1 bar and temperature is 0.9 and the mechamcal efﬁmency is 97% Find :

i) Total efficiency & ®

i) Temperature of air at exit
iii) Power input needed

iv) Pressure coefficient iy

(08 Marks)

* ok ok ko
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