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Turbo Machines
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Time: 3 hrs.

2a.

b.

4a.

transmission efficiency

Note: Answer any FIVE full questions, choosing ONE full question'trim each module.
'lirrl. "

'Pletlg!e-1
,,.r,,.];W

Define turbo machine and explain the parts of a turbo machi.nQ with a neat sketch. (06 Marks)
Define the specific speed of.,qffiine. Obtaiin an expressibn'rino-r the same in terms of power,
speed and head. (06 Marks)

(08 Marks)

A one-fourth (ll4) scaler:firrbihe model is tested pp".aS: a head of l0 m. The prototype is
required to work ,J;i;ti$;-;fi0 ;;Ji; *H::i],[ilis .p-. Estimate the speed of the
model if it develops 

tffi kW and uses 1.1 m3/stbfwater at this speed. Also calculate themodel if it developr +J3 kW and uses 1.1 m3/s'.15'l$water at this speed. Also calculate the
power output of the"p'fbtotype and suggest the tlpe of turbine.

::::::::::::::

OR
/r-l) ( n \

Show t!4t,Folytropic efficiency o-{,cornpression process is given by, rlo =[;,,JrIrrJ
.,,,,t,..,,,.., " ..,.., t,t (10 Marks)

An air CIbmpressor has 8 stages of equal pressure ratio of 1.35. The.flow rate through the
compressor and its overall efficiencv are 50 ks/s and,',82olo resoectivelv" If the condition ofcompressor and its overall efficiency are 50 kg/s and,',,82olo respectiyfi If the condition of
air at the entry are I bar and 300 K determine.,.('i},p.,,,.f@e"effrciency (ii) po$ropic efficiencyair at the entry are I bar and,,.300 K determtne@p,1t e efftciency ;(1il)':polytropic efficiency
(iii) state of air at compfessor exit (iv) power required to drive the compressor assuming
transmission efficiencv of 90Yo. (10 Marks)

and.t

::::,:, ::::::::: ,::

3 a. Define degreed reaction and relationship betWeen utilization factor (e) and

(10 Marks)

(10 Marks)

Yr'-Y:
degree of.reaCtion (R) for an axig,l flow turbine is gi i:by, ,= ,#

, _v;
v,2;'-RV,' 

'

b.
', ': i

Arr flgw.s axially through an ixial flow turbine .at a' mean radius of 0.3 m. If the tangential
compontnt of absolute--.IAofiiiy is reduced U,y Jb m/s during passage through the rotoi, find
t|rc power developed fof,a:"flow rate of 200 m3/s at a point where pressure and temperature

":6ie I bar and 27'C' Speed of the rotor is 3000 rpm.

b.

OR
With the helP, of inlet and o$oa,U.rdcity triangles, show that the degree of reaction for an

axial flow'iCIompressor, R=ftanf* , where V" ir axial velocity, u is blade speed and

tanv, + tanv"tany* --------.i-r- 
(10 N{arks)

Z

ln a mixed flow.pump, the absolute fluid velocity at inlet is axial and is equal to radial
velocity at exit. Iulel hub diameter = 80 mm and tip diameter :250 mm, Pump speed : 3000
rpm. Assuming,the relative,velocity at exit equal to inlet tangential blade speed and fluid
leaves the rotoi in the radial direction, find (i) Energy transfer (ii) Degree of reaction.
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(10 Marks)
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5a.

b.

6a.
b

Steam at 300 m/s is supplied to a single stage impulsertdfbjle through a nozzle. The nozzle

angle is 25", the mean diameter of the blade rotor is *00'"-m and it has a speed of 2000 rpm.
pind suitable blade angles, if there is no axial thruat.l[,f the blade velocity coefficient is 0.9

18MR55
Module-3

Prove that for maximum blading efficiency for a single stage.,impulse steam turbine is given

by (no )-o = cos' cr, .
(10 Marks)

and steam flow rate is 10 kg/s, find the power de$loped. (10 Marks)

(iii) Manometric efficienry''* (10 Marks)

OR
Derive the condition for maximum blade effiliency of 50% reaction turhne (au.totr;t"rur,

At a stage in reaction turbine, tfre meanltade ring diameter is 1 m and the turbine runs at

50 revoiutions per second (RPS). Thgblades are designed for 50% reaction with exit angle

60' and inlet angle 40' with resp6'et,to'axial direction. The turbine is supplied with steam at

6,00,000 kg/tr and stage effi-6,i#y is 85%. Determin'b (i). Power outpul of the stage

(ii) Ideal specific enthalpy,tkop fn the stage in kJ/kg (ril)'o/o increases in relative velocity.
,- ,rtlt' (10 Marks)

.,.,,,,,,' 
'""',,. Module-4 , ','')

Define (i) Hydrau[c{p, iency (ii) Mechanicali ciency (iii) Overall efficiency for a

Pelton wheel. Obtain i "'expression for the maximum hydraulic efficiency of a Pelton wheel

with usual notations. (lo Nlarks)

In a power statid'h, a pelton wheel prodiCes 15,500 kW under a head of 350 m, while

running at,500''rpm. Assume a turbine o$hiatt efficiency of 84o/o, coefficient of velocity for

nozzle m;gS, speed ratio 0.46 and bucket velocity coefficient 0.86 jet ratio 10. Calculate

(i) NW g1 of jets, (ii) Diameter of each jet (iii) Tangential force on the buckets if the

buckbt deflect the jet through 15.+i: (10 Marks)

'' 
'' OR ''' l'"" '".

Explain the functions of a,draft tube show that pressure at the exil of the reaction turbine

with a draft tube is less".than atmospheric pressufe,:'r (10 Marks)

A Kaplan turbine workfu under a head of+'5 rq produces 10 MW. Taking a speed ratio of
1.8, flow ratio of0.5,,,boss diameter 0.35"tirnes the outer diameter, overall efficiency of 90Yo,

find the diameler.and speed of the.H*; ', 
- 

,' (10 Marks)

. ,rlF'::', ,',,,,V.IiidUIe-5

Define the following for a centrifu$eltbump with a schqlnatic diagrarn,
(i) Statif'.head (ii) Suction hdAd, (iii) Deliver,yhead (iv) Manometric head (06 Marks)

Explain Cavitation in pumps. (04 Nlarks)

A centiifugal pump having outer diameter eqlal to two times the inner diameter and running

,at I,200 rpm works agaid a total head of 75 m. The velocity of flows through the impeller

is:,constant at 3 m/s. The vanes are set.baCk at an angle of 30'at the outlet. If the outlet

diameter of the impeller is 60 cm and width at outlet is 5 cm, determine
(i) Vanrliangle at inlet. (ii) Workdone /Second by impeller.

7a.

b.

8a.

b.

9a.

b.

c.

,,." oR
10 a. Derive an dipression for Head capacity (H-Q) characteristics curve for a centrifugal pump.

Discuss the H-Q curves f.or,the forward, backward and radial curved blades. (06 Marks)

b. Derive an expression fur.,,minimum starting speed of a centrifugal pump. (06 Marks)

c. A centrifugui pr*p wlih't.2 m diameter runs at 200 rpm and pumps 1.88 m3/s, the average

lift being 6 m. The angle which the vane make at the exit with the tangential to the impeller

is 26ff and the radizilivelocity of flow is 2.5 m/s. Find the manometric efficiency and the least

speed to start thO:pumping if the inner diameter being 0.6 m.
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(08 Marks)


