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Turbomachines
Time: 3 hrs. Max. Marks: 80
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Note: Answer any FIYE full questions, cntra i ONE futl questionfrom,each module.

Define a turbomachine. With a [pplain the partspfff$hbomachine. (04 Marks)
",sT:4;IDefine and explain the signifi f dimensionless parambt€h''flow coefficient and power

coefficient. (04 Marks)
c.

,.jt". ...

Tests on a turbine runner.,1J$din diameter at 30 m hea{ ggave the following results: Power
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developed is 736 KW, sffaif.= 180 rpm and dischqrd;fffi"'27 .rr3ls. Find t\e-diameter, speed

and discharge of a simi-lgi runner to operate at 45tffi)head and give 1472 KW at the same

efficiency. What itthe,'specific speed of both lhe turbines? (08 Marks)

lil*ti' 'i'' OR
Explain statie arati-'iiagnation states of a fluid:- ' (04 Marks)

Discuss in'.',*defail, the application of .first and second law of thermodynamics to a

3 a. Derive alternate form qf Euler's turbine and explain 
lh,#n,r".g"if"ance 

of each energy
component.

rii[i{i#$]]
(06 Marks)
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Define the terms begree of Reaction (R) and utilization factor (e).Define the terms-ffi[iee of Reactio"j$fier-ra utilization factcir (E). (04 Marks)
With the help 

q6f.in1et and exit vehEigririangles, show that the degree of reaction for an

lir ' ":l::V^ i r,
axial flo_w.goihpressor is given ns [ = ]."o, B, *1..: Vr is axial velocity, U is blade speed

r:::::: i _:t:;ria!

and Cotp; =

direetion.
,,lili,,i'1iit'11..
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&'ri'*Draw the inlet an{'@it4eloclty triangles for an axial flow machine for the foltowing cases:

(0 R < 0 (if nlt+,1 (iii) R > 1,.,,,, (06 Marks)
b. A radial outWaid.flow turbomachin-e has no inlet whirl. The blade speed at exit is twice as

that of the #ibll'Radial velociry lB'obnstant throughout. Taking the inlet blade angle as 45o,
i::' 

i &s [ = 
2 + cotfi, where B2 is the blade angle at exit.show that degree of reaction,.ip given

-',,j!r'.':.:rrl:,- 4
: ;1;1- ' (10 Marks)

Module-3
a. Define compoundiqg iir steam turbin-;E-luin its necessity. With neat sketches, explain

the methods of c bunding. (08 Marks)

b. In a reaction fr*ffi#e, the fixed and moving blades are of the same shape but reversed in

direction. The"arigle of receiving tips are 35" 4nd discharging tips are20o. Find the power

develop*gd.,.p,er pair of blades for a steam consumption of 1 kg/s when the blade speed is

50 m/s,.Tfii$ aho the efficiency of the pair if the heat drop in the pair is 10 kJ/kg. (06 Marks)
:i;1i! ':

I of2

,,Sr,,dnd 9z are inlet and outlet blade angles with respect to axial

olr';
(06 Marks)

(06 Marks)turbomachine.
c. Air enffi't blo*", at a total p,g.ffi of I atm, a total,ffi,,Srperature of 30oC and a flow

velocity'bf 55 m/s. At the exit, totalitemperature ls 41&iu:"Hrnd the flow velocity is 150 m/s.
Calculate: (i) The change in total pressure betrveeu.iqldJ'bnd exit of thg*b,furyver.

(ii) Change in+ili"1*p pressure in metres of-water. i,:;;, (06 Marks)
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c. Define the terms Blade efficiency and stage efficiency oit,p'steam turbine.
tli
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(02 Marks)
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a. The following particulars relate to a two row velbci 'compounded impulse wheel'

Steam velocity at nozzle outiet = 650 m/s; ;Me4n blade speed : 125 ,/;, ; Nozzle outlet

angle : 16' ; Outlet angle of first row ,raffig blades : 18o ; Outlej_angle of fixed and

second row of moving blades = 22 and'36.$ ; Steam flow rate = 2.5'kds ; Ratio of relative

velocities at outlet to inlet = 0.84 foriil{lthe blades. Determine: ', 
_

(i) Axial thrust on blade (ii) PowerdeVeloped (iii) Efficienc ,of wheel (10 i\{arks)

b. h a simple impulse turtine, th$'ApHtes are inclined at 20o- to the direction of motion of
moving blades.-Steam leave&"the'ndzzle at375 m/s. Blade veloiity is 165 m/s. Calculate the

suitable inlet and outlet ug.gltr for the blades in order,,,thad*axial thrust is zero. The relative

velocity is reduced by tS%d"$e to friction. Determiner$hdpower developed for a flow rate of
10 kg/s. fi*=-".,=,,,""' " (06 Marks)

" Module-4 ':
,ru., ii.,itil'

a. Classifu hydraullihibines in detail. .,'u-..'-=" (04 Marks)

b. Define the foilpwiiig terms associated wift,.:li raulic turbines:

(i) Hydrauliep"fficiency (ii) Mechanic4l efliciency (iii) Overall efficiency (04 Marks)

c. Three n,r#ncis turUines A, B, C have the following same data:

Inlet diameter = 0.5 m, Inlet veJocity of flow = 5 m./s, Hydraulic efficiency is same. The

speed, ili'"t Ut^a" angle for rurbine 'A' are 500 rpm, 60e. For turbines 'B' and 'C', the inlet

blade angles are 90o and 110o respectively. Calculad$i.the speed of two tufuines 'B' and 'C',
,,,,,,, , 

oR ,, 
a,ii$.. , (og Marks)

a. A propeller turbine tui:uiouter diameter of 4.5 m and--inner.liuT.^,:t 2m. It develops

ZO,eOi KW under.a he'dd of 20 m at 137 rpm$ydraulic efficie4g1h,is 0.94, overall efficiency

is 0.88. Find th,_e;&il| er blade 
""*::,,1'.:..'. 

isiharge through#**". 
^, 

(08 Marks)

b. Show that tfrE ffitific speed 
"1.,*o1_,f*ffiwheel 

is giyeu by N. = 240 1n ,vhs1e 'n' is the

number,.p,,fri6qts used for flow, f is,wheel diamete$,o,iet diameter ratio. Assume Cv:0.97,
O = OJ,l5tdnd overall efiiciency orf turbine :0.89. 
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(08 Marks)
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'' Module-S
a. Define priming and,explain the phenornenbs:of cavltation in centrifugal pumps. (04 Marks)

ffi,",,Ottain an express,ioir b3 minimum startin€ Speed of a centrifugal pump. (05 Marks)

c. '"A centrifugal pu*,p.;tifts water under a= static head of 36 m of which 4m is suction lift,
Suction and delivfu pipes are of 1,5"0 in diameter. The head loss in suction pipe is 1.8 m

and T m in eli,y6ry pipe. lmpelie'{r.i3 380 mm in diameter and 25 mm wide at mouth and

revolves afTAOO rpm. its exit blade angle is 35'. If the manomekic efliciency of pump is
82yo, find the discharge and"pressure at the suction and delivery branches ofpump.

(07 NIarks)
;t:: I 

OR
a. Explain surging and stalling with reference to a centrifugal compressor. (08 Marks)

b. The following data,,lrefers to a centrifugal compressor. Free air delivered = 1200 kg/hr,

suction condit{ons are 1 bir and, 290 K. Velocity of air at entry = 60 m./s, T1,,", : 70oh,

Imech : 95%.,;ilotal head pressure ratio = 3'. Find total head, temperature of air at exit and

power ffi16ed.
:a;;r;i
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(08 Marks)


