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Fifth Semester B.E. Dcgrce Examination, Dec.08/Jan.09
Turbomachines

3 hrs. Max. Marks:100
Note: 1. Answer any FIVE full questions, selecting
at least TW QO questions from eachlt part.
2.Use of Thermaodynamic data andbook is permitted.

PART — A
Define Turbomachincs. Give at Icast 4 ditterent classitications of turbomachines. (06 c'vhrks)

JQ
{3
(06 Maris)
A turbine model of }:10 develops 2.0 K3\ under a head of 6rats at 500 cpm. Find the power
developed by the prototype under o hcned of 4m. Also find the spced of prototype and its
specific speed. Assume the turbine ctiicioncios o rémain same. (0§ Marks)

Delinc specific speed of pumps. Show that spectite speed of pump is given by N,

Draw the inlet and exit velocit. irisngic: jor @ rxgicl How power $bsorbing wrboaniachine

with (1) Backward curved wane «iir Dadizl e (1) Forward vane. Assume infer whirl
velocity to be zero. Dravw and eanlzis e hesa-canzcity relations for the above 3 tipes of
vancs. (16 Marks)

Show that for ma\nn.lm utilizga v ghe wofk owput per stage of an axial flow impulse
machine (with equiangular rotor bicdas: 1 diikle that of @ BO%E reactionystage winch has the
same speed. Assumc that axial velocily remarts,constant fora 38%(reaction machine.

(10 Marks)

Define degree of rgaction and utilization factor with mathematical expressions. Show that

2 el
V" -V, v e . . . . ,
€=—.'}——3—, where 'eis vtiliztion fzetor. R s degree of reaction and Vi & Va are
V)? —RV,*
absolute velocities at the inlet and ¢xit. (10 Marks)

Atr cnters a rotor in an axial flow turbine with a tangential component of absolute velocity
equal to 600 m/s in the dircction of rovatton. Al the roter exit, the tangential component of
absolute velocity is 100 m/s in a direction opposite 1o that of rotation. The tangential blade
speed is 250 m/s. Draw inlet & cxitvciocin trangles. Find

(1) Changc in tota! enthalpy.
(i1) Change in total temperuture across the rotor.
(iti)  Powerin kW for a flow rate oof 10 ks, (10 Marks)

Show that polv{ropic efficicncv (inhnitesinnitl stuge efficiency) is given by (Braw the T-S
n-1
diagram) 1, -I _' l

where n = polylroplc proccss of index n. 7 = ravo of specific heat. (10 Muzrcks)
A low pressure air compressor develops @ pressure 1400 mm of water gauge (WG). 1 the
initial and final states of air are £1:-1.01 bai. 17--305 K and T2=320 K, determine compressor
and infinitesimal stage efticiencics. (10 Marks}
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PAIT-R
5 a  Explain the surging phenomena in comp 2svors with the help of head-discharge ~urves.
{02 Murhs,

b. An axial-flow compressor stage draws ¢ .# «with inlet stagnalion condition of 1 bar and 35"C.

Assuming a 50% reaction stage with a ilow cocfficient of 0.52 und the matio AVy/u =0 25,

{ind the rotor blads angles at the inlet il exit as well as mean rowor speed The totai-to-otal

cfficiency of the stage is 0.87 when the rivee produces a total-10-10:2t pressure ratio of 1.23.

Find the pressure coefficient and power sapu (o the system, assuming work injrut factor o

be 0.86. The mass flow rate is 12 ke's. (12 Marke)

6 a. Applying Bernoulli’s equation betoocn the et and exit of the impeller of 4 contnitugal
pump, show that the static prcssurc TIse 1oviven by

[o]
P2-PI== [ mf UZ m" COxCe [’;

Where, Vm.= velocity of flow atmmtet = \ ;. V»=xvelocity of tlow at exit.
2= Bladc angie at cxil, U= Blade speed at exit.
p = density of tluid, ':w.} & pZ = Stalic pressure at inlel & oxit. (98 Marks)

b. A centrifugal pump discharges G153 m o of water against @ head of 12.5m0 Spead of
impelier is 600 ypm. The outer & g semcters of impeller are S00nun and 25Caun
respectively and the vanes are hent hack o 337 1o the tangent et exit. If the erez of flow
remains 0.07 m? from inlet to outict. fird 13 A ianometric cfficiency of pump (i) Vane anale
at inlet (i) Loss of head at inlet o iy -iee when discharge is reduced by 40%, witheant
changing the speed. (12 Mharka}

7 a. For a sifigle stagditipalse uibin oy « @ iEmaximum blade effictency is given by

2
. s ] .
(nh)m“ -C—O——’; u—'( + KC)Wherg (0 08 WV and Cl=cosfp(cosh, o,= nozzle angle,

B,B, = are rotating blade angles at inh:t & exit
s V— &wmw:avm%- SOH et N e : 105 ATarks)

b. lhe foliowing particulars relate 1o i tvo-row elocity compounded impulse wheel.
Steam velocity at nozzle outlet == ¢34 s
Mean blade speed = 125 mvs
Nozzie outlet angle = 16°
Outlet angle of first row of moving blades < 187
Outlet angle of fixed zuidc blade~  22¢
Qutlet angle of second row of mos in: Fiades = 36°
Steam flow =2.5 Kg's
The ratio of rclative velocity at 0 1o that ut inlet is 0.84 [or all blades. Determine
{1) Axial thrust op bladcs (n) Povor developed Gii) The cificiency of the wheel, (12 Marky)

8 a Sute the functions of a draft b, Shies that the efficiency of draft tube is givan by
vi = vy —2ghy : - . . R o
Ng = ——5———; whére v, i ahsolute velocity of water at rotor exst;  va 1s absolute
v
!
velocity of water at draft tube cxit. hy s inns i head due to friction. (©3 Marks)
b. A Kaplan turbinc working undei @ hcad of Z0m develops 11772 kW of shaft power. The
outer diameter of rurmer is 3.3m & hub diameter is 1.75m. The guide blade angic at the
cxtreme edge of the runner js 337, 'The Ladiaulic and overall efficiencies of the turbines are
88% and 84% respectively. I the veicon ol w hnl is zcro at outlet. determine:

(1)) Runner vane angle at the inlet & oudet ui the extreme edge of the runncr.

www.vtudilib 2BrfRd of turbine. (12 Marks)





