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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

USN 15AE46
Fourth Semester B.E. Degree Examlnatlon, Dec.2019/Jan.2020
Turbomachmes
Time: 3 hrs. ~ Max. Marks: 80
Note: 1. Answer any VVET JSull questions, choosing

ONE full qu stion from each module.".
2. Use of . Thermodynamic data h book is permitted.
; Module-1
1 Define specific speed . of ‘a pump and turbine., Write the equations for the same in

dimensionless form. 4 { (06 Marks)
A centrifugal pump dchvers m’/s against a pressure of 40m of water at 1200rpm. Calculate
the dimensionless, ecific speed of the machme Further, find the speed of rotation and
power of the t (prototype) for delivering 50% more discharge. Take the impeller
diameter as 0 5 and overall efficiency df 3%. Assume (D= D). (10 Marks)

A OR

Derive 'an expression for Euler turbine equation in altemé,’ﬁéﬁvform and explain each term with
significance, involved init. " ; (06 Marks)
Define degree of reaction of a turbomachine. For: mipulse type of turbine, why degree of
reaction R is zero? Supplement your answer w;th the definition. (04 Marks)
An inward flow radial-turbine has the followmg data: Power = ISOkW speed = 34000rpm,

outer diameter of impeller = 0.20m; inner dlameter of impeller = 0.08m; Absolute fluid inlet
velocity = 293m/s (radial). The fluid enters the unpeller axially. Determine the percentage of
energy transfer due to change of radius. © -’ (06 Marks)

odule-2 L
ge efficiency ii) Overall efficiency.
‘ (08 Marks)

U

efﬁclency are 45 kg/s"and*80% respectlvely For an mlet cond1t10n of 1 bar and 35°C,

m,h;determme i) State of, air at compressor, ex1t ii) Polytropic efficiency 1i1) Stage

(08 Marks)
OR

With the help.of a T-S dlagramudeﬁne ‘reheat’ factor in a turbine. Why ‘reheat factor’ is

greater than unity? Explain. (06 Marks)

In an expansion process- in a turbine, isentropic expansion (y = 1.4) is replaced by a

polytropic expansion _process (n = 1.2). Determine the polytropic efficiency for the

expansion process. If’ the' overall efficiency of turbine is 80% and the stage efficiency is

75%, what is the reheat factor? (06 Marks)

Define the following with reference to an expansion process:

i)  Total-to-total efficiency

i) Total-to static efficiency. (04 Marks)
"""" 1 of2
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Module-3
Define: i) Power input factor  ii) Slip factor with referen: e to a centrifugal compressor.
Derive an equation for Euler work in terms of power 1nput ‘factor and slip factor, assuming a
radial vaned impeller for no slip. (08 Marks)
A centrifugal compressor has to deliver 30kg" of a1r per second, the impeller is 70cm
diameter revolving at 11000rpm with an adrabatrc efficiency of 80%. If the pressure ratio is
4.2:1, calculate the probable axial width of the’impeller at the impeller tip, if the radial
velocity is 120mv/s. The inlet conditions are: 1 bar and 47°C. (08 Marks)

‘()R

explain the working of an axral flow compressor.

B . (06 Marks)
An 8-stage axial flow compre er provides an overall pressure ratio of 6:1 with an overall
isentropic efficiency of 89%, when the temperature of air at inlet is 19°C. The work is
divided equally between stages. A 50% reaction is used with a mean blade speed of 190m/s
and a constant axial velogity of 100m/s through ;the compressor. Assuming a work done
factor of unity, estimate the power required and the blade angles. (10 Marks)

With the help of a schematic dia

Module#-4

velocity triangles for an axial flow turbine for the following conditions:

=0.5 m)R=1. Comment on how energy transfer takes place in each of the
! (08 Marks)

Ata 50% reactlon stage axial ﬂow turbme the mean blade diameter is 60cm. The maximum

rrrrr

utilization factor is 0.9. Steam ﬂow rate is 10kg/s. Calculate the mlet and outlet absolute

Construct the

velocities and power developed if the speed 1s 2000rp (08 Marks)
OR
Define ‘nozzle loss’ and ‘rotor loss’ coefﬁcwnts 'writing suitable expressrons (04 Marks)

In a multi stage Inward Flow Radial turbine (IFR), what are.the aerodynamic losses occur in
the stage. Dlscuss” y o (12 Marks)

=M odule-S

Define the following terms wrth relevant equations; ith reference to a centrifugal pump:
1) Hydrauhc efficiency 1i). Mechamcal efficiency.™ (04 Marks)
What.do you mean by Net-Positive Suction Head (NPSH)? (02 Marks)

A centrrfugal pump haying:120cm diameter pumps 1880 Ips running at 200rpm. If the radial
ﬂow velocity is 2.5m/s, exit vane angle - angent to the impeller is 26°, determine the
manometr1c efﬁcreneh ‘and the minimum' speed to start the pump against a head of 6m. The
1D of impeller is 60cni (10 Marks)

Sketch and plam the workmg ofa Kaplan turbine showing all vital components.

(06 Marks)
Two inward flow reaction turbmes have same runner diameter of 60cm and same hydraulic
efficiency. They work tinder the same head and have the same flow velocity of 6m/s. Runner
B has an inlet vane angle of 110° and runs at 600rpm. The runner A has an inlet vane angle

of 65°. For both tur:bmes discharge is radial at outlet. Determine speed of the runner A, and
draw the velocrty ‘trlangle for both runners. (10 Marks)
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