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Fifth Semester B.E. Degree Examination, July/August 2022

Turbomachines
'l'ime : 3 hrs. Max. Marks: 80

Note: Answey any FIVE fuil questions, cltoosing On"E full question from euch rnodule.

Module-l
I a. Describe the parts of a turbomachine with neat sketch. (08 Marks)

b. Explain the effcct of Reynolds Number in turbomachincs. (04 Marks)

c. From the perfbrmance curves of turbines, its seen that a turbine of one motor diameter actir-rg

under a head of one meter, develops a speed of 25 rpm. What diameter should be a prototype

have if it is dcvclop 10,000 kW working under a head of 200 m with a specific speed of 150.
(04 Marks)

olt
2 a. Explain the application o1'1" and 2n'i law of Thennodynamics to Turbomachines. (08 Marks)

b. Explain total to total efllciency and total to static etficiency. (08 N{arks)

Mndule-2
a. Derive Euler's turbine equation with usual notation. (08 Marks)

b. In a radial inward {low turbine, the runner outer diameter is J5 cm and the inner is 50crn.
'l'he runner speecl is 400rpm. Water enters rllnner at a velocity of l5 m/s at an angle of 15o to

thc wheel tangent at inlet. The f'low is radial at exit with a veloci6r of 5 m/s. Find blade

angles at inleiand exit. Aiso find power output lor a mass flow rate of 1.5 m3/s, degree of
reaction and utilization firctor. (08 Marks)

olt
a. Define degree of reaction. For an inlet blade angle of 45o, blade speed at exit as twice of

that at inlet and a inlet whirl velocity of zero value, prove that B - 
(2 + c-ot 0t )

4

For a radial outward llow turbine where, B 
: Blade angle at exit, R: Degree of reaction.

(0tl Marks)

b. Show that for maximum utilization of an axia[ flow tLrrbine with R: \/q, the speed ratio is

givcnby 4,:%coso,whereur :Nozzleangleatinletwithrespecttotangentialdirection.

(08 Marks)

Module-3
What is compounding? Explain pressurc con-rpounding with sketch.

15MEs3

(06 Marks)5
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b. A single stage impulse turbine rotor has a diameter of 1.2m running at 3000 rpm. The nozzle

angle is i8o, Blade speed is 0.42. The ratio olrelative vclocity at outlet to relative velocity at

inlet is 0.9. Thc steam flow rate is 5 kg/s. Draw the velocity cliagram and find the following:
(i) Velocity of whirl (ii) Axial Thrust (iii) illade angles (iv) Porver developed.

Take B2: Fr - 3" . (lo Marks)

OR
a. What is nleat'lt by reaction staging'? Prove that the maximum stage efficiency of Parson's

(50% Reaction) turbine is given bY

2 cosr a,
_lll.nr", -. )

I + cos- clr

I of 2

(0tt Marks)



The following data refers to a parlicular stage of a

turbine : 1500 rpm, Mean diat-neter of rotor - lrn,
angle:20o, Speed ratio - 0.7. Detennine the available
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Parson's reaction turbinc. Spcccl ol
State efficiency - 0.8, lllaclc outlct
isentropic enthalpy drop in thc sta-c.c.

(Otl N'lartis)

a. Explain the working of Francis,u.ui#*##t sketch. Also draw ve locity trianglcs.
(08 Marks)

b. A Kaplan turbine working under a head o1'20 m develops 11772 kW of shalt powcr. thc

outerdiameterofrunneris3.5mandhubdiair-reteris 1.75n-i.Theguideblade ar-iglcatthc

extrerne edge of the runner is 35o. The hydraulic anci overall elficicncy oI'the turbiuc arc

88% and 84%n respectively. If the vclocity of whirl at outlet is zeto. Dete nnine:

i) Runner vane angles
ii) Speed of the turbine. (0tl r\llarhs)

h. A tirree jet Pelton turbine is required to generate 10,000 kW under a head of 400m. 'l'hc

blade angle at outlet is l5'and the reduction iri relative velocity while passng ovcr thc

blades is 5o/o.lf overall efficiency of wheel is 80%, C,,:0.911 and speed ratio:0.46, llnd
(i) Total flow in mrls (ii) Discharge through each jet (iii) Diameter of ict

(Otl Marks)(iv) Force exerted by jet on wheel.

Modulc-5
a. For a centrilugal pump, show that the prcssure rise irr rrnpeller neglecting {iiction and othcr

losses is

(Pr P:): llu,.] *,.,,' -v,' .ur".';1,]2' '

where Vr, and Vr" - Velocity of flow at inlet and exit

u2 : Tangential velocity of [rnpeller al exit

9z: Blade discharge ang1e.

A 4-stage centrifugal pun')p has impeller cach of 38 cm diatneter and I .9 cm wide at ourtlct.

The outlet vane angle is 45'and the vanes occupy 1}oh of the or-rtlet area. The nrauornctt'ic
efficierrcy is 85% and overall efficiency is15%. Detemine the head generatcd by the pLrnrll

when running at 1000 rpm discharging 60 litis. Also detennine the por'ver required.
(0ti i\Iarks)

OR
With a neat sketch explain an axial Ilow compressor. Also sketch the velocity trianglcs a1

inlet and exit. (oti l,Iarks)
A centrifugal compressor flins at 15,000 rpm ancl procluces stagnation prcssure ratio o{'4
between the irnpeller inlet and outlct. The stagnation conditions of air at cornpressor irrtakc

are 1 bar, 25oC respectively. Thc absolute velocity at compressor intake is axial. 'l'hc

compressor has radia[ blades at exit, such that rclative velocity at exit is 135 nr/s and total to
total effrciency of- cornpressor is 0.78. Draw ve locity triangles and compute slip ancl slip

olt
Briefly explain the different type of draft tr-rbes witl, neat sketche s

coefficient. Assume rotor ciiameter o1'58 cm.
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(Otl Nilarks)


