
Fifth Semester B.E. Degree Examination, Dcc.08/Jan.09 

Turbomachines 

061\1E55 

Time: 3 hrs. Max. Mark�.lOO 

Note: 1. Answer all)' FIVI-:."full qllestiolJs, .\"electing 
ut least TJYO qlfe::;fiollxfrom eaL'1l purl. 

2.U�f! ofT"crmol�vlJ(Jm;c drr/allnndbook is permittl!d. 

PART-A 
1 a. Define Turbomachincs. Give at lea..;t .:; di ncrcn! class; lications of !urbomachines. (06 Mark�) 

b. Deline specific speed of pumps. Shl)'.\ tbl �11�("j lie spcc:d of pump is givt:n by N\ = � fi� h " -
(06 i\13r!..�) 

c. A nlfbine moJd of J:IO develop!'> 2.0 1.:\, Wh.!.:r a head uf6mls at 500 rpm. Find the pow:.!!" 
developed by the prototype under .\ h,::to.1 \,1' .J.l)m. Abo firtd the �rced of protolYr� Gild its 
specific speed. Assume the turbin;.' .. :Il�d�·:j"':��' ... [(I remain s..'lnlt:. (08 ;\l:lrksj 

2 <!. Dr&w the inlet and exit \·�Itxil:. ,ri;!r,:;!·.': li'l ,! i�;Gi;;.i 11(1-." r(lwcr ;;bsorbing turb-..)m2.(:hln� 
with (i) I3ad�\\'Jrd cun:d '.10.'2 �;il ::";,id ·,.,jl� (iiil Forward \·<m�. Assume inje� whirl 
velocity to be ZCit). Dr,!'-'," :m-j ".'.f'�:::: . . ;,,:. !�,::,.:�-_·�p2.::it�· relation::; for th.:' aho\"{' 3 1:'r"'S "f 
vanes. llO i\l:lrl..,) 

h. Show that for maxim:Jm uriliujl�n lj�l' '-'.nrk ,1UlpUl JX'T stage of an axial flo\\' impulse 
machine (with equiangular TOtOr hl;:.k . .;) i:- J,.til-,k that or <1 50�'� rcactwn :;[agc , .... l1ic11 has: {he 
same speed, ASsuIl.wlhat axial \"�hJl:il: remains constant for a 50% reac1ion machine 

(10 i\brk5) 

3 a. DeD.ne.degree·of�r�aqion and utili,dliv!\ r�Kt!l!· with nHH�lcmatical expressions, SI10\\ that 

V 2 _ V 2 
E= ; 2 , where Ie is lItili/�Ii.i,'n r:.�l"l0)!'. R is d�'gree of reaction anu V! & \'::: Jf¢ 

V1- -RV.,-

absolltl�_ \.:.cJocities at the inlet and (.:.xil. (10 I\tarks) 
b. Air enters a roLor in an axial nO\\' lll;'hin..:: \\ illl a tangential component of absolul� ,·,:Iocil} 

equal to 600 mis in 1he dircClion ()I r\l1a\t\lIl. j\{ the rotor exit, the tangential component of 
absolute velOCity is 100 m/s in a din:'...:l;\lil up)losite 10 that of rotation. The ti:lngcnlia! blade 
speed is 250 m/s. Draw inlet & c)'"it \�I(\dl� triOlllgks. Find 

(i) Change in total enthalpy. 
Oi) Change in tOlal tt.'mpcr;tlur�· ;I''''':'S til..: mlor. 
(iii) Power in kW for a no'.\. r<.,k Ilf I (l Kl..!/\' 00 M:'lrb) 

4 a. Show that polytropic efficienc), I inlinit�'\!mil1 S\Jgc cniciency} is givcn by (Draw th(,; T-S 

I'n-I)' Y 'I diagram) 1) - -- --
P-, n 1",-1/ 

where n = polytropic process of IlId..:.' 11. ./ :., r:nio of specific heal. 

b. A 10\\' pressure air compressor d(:\\:1I1P:' a prc�surc 1400 mm of \ .. :aler gaug.: (WG). if Ih� 
inithll and final stales of air <Ire f'1:� I .01 ha •. "1"1 .... 305 K ;.1nd "[2=320 K, determine comlxo.:s,\ror 
and infinitesimal stuge efficiencie.;;, 
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I'.'H: r -- B 
5 a. Explain the surging phenomena ill c,'rnp �>'.0rs with the help of head-discharge :\l1'Vt:5. 

(08 :'1'1:1 r"�, 
b. An axial-flow compr�ssor siage dr;lw� •. ,. ';':illl inlet stagnation 1.:0nd:tion of I bar at�J .\5\'('. 

Assuming a 50% reaction stage '.\ nil ;! :l\l"s c(.1cfficleor of 0.52 and the r.J.tio ,3. V in = (! �:;, 
lind the rolor blade angles at the inlet �)I�.! t:.xil ,I) wetl as mean mlor ::.peed. The tnt.11-\o-\.ot<:l\ 
efficiency of the stage is 0.&7 when lit� :.i:l:�l' pH",duces n lol<il-lO-\O[<!! pressure ratio of 1.23. 
Find the pressure coeffiCient and P,\\\"(,\" ;ilf\ ' \\1 the system, (l'Ssuming work inp:t fuc["r lo 
be 0.86. The mass tlow rate is 12 kf-:�. (12 >"Iad;\) 

6 a. Applying Bernoulli's equation h(>I\':��n �h�' H:lct <lnd {'xii of lh.: impcllt!f of a ccntrifu£<li 

7 

pump, show that the static pn:s�lIrc ri�:.: I. :0'\ '. �'!l by 

P [v' u' V' ,.\ 1 P2 - PI = 2' IIlI + ,2 - m2 t;O:-.C\.' I :: 

\Vherc. Vml= velocity of flow at miLt "'" \ : ' Vn•2= \elocily uf flow at e,-.;it. 
13:-.::: Blade angle at exit. lh= Blade �pccd ,II exit. 
p = density of tluid, ;> i Lt.,: p2 --' Sialic pn:')sun: 01 inl�1 & exii. JUS )!'II'\.:.() 

b. A centrifugaJ pump dischargl!s If 15 I1'l � .. -c ��f waler ,;gainst a h-=<I<.I lIt' 1 � _ _  ';;ll\' SrL..:�l 11(" 
impeller is 600 rpm. The ouler ,\:. inH ... , :.bm..::ters or impeller arc S(JOlllln an..:! 25()mm 
respectively and the vanes are /len! hd . ; ' IS" to th ... tang"::JH <:1 exit. rr Ihe ;jt" .. '� ('If IlI)w 
remains 0.07 m2 [rom inlet to Olltkl. lir:ci i�) I, hnonletri.= efflciency of pump (ii) V�\!lC <lIlJk 
at inlet (iii) Lu:-.s or head at inll'l (0 llH!-,-,[1·.'l' \.·h("n Jiscilarg.: is rceuccd hv .t()'y" \'.lliw;..l! 
changing the spec.!. (I.:! i\br\."" 

,. For a single stagt: imrulse lurbin\.·. I'f·.I\,: '.,,:1 :11..:: maximum bl.:-:(h.: �ifi.:icn,,;y I� g:\\:n by 
2 . 

(1'Jh) 

::: cos �(l +KC) WhLr,' r� '-. ' m.L\ ') 
" , " 

PI' 132 = are rotating blade angles <it Illl:..:1 (I: �:\lt 

b. The lollowing particulars relate 1(1:l ;\\·1'-;1'\\· \ docity compounded impulse · .. .-heel. 
Steam velocity at nozzle outlet ::;� 650 In,:­
Mean blade sp�ed = 125 m!.s. 
Nozzle outlc! angk = 160 
Outlet angle of first row ofmovi!lt'. hr;td�'s'- 1;-)" 
Outlet angle of fix�d ::;uidc bI3d�'., ., '")" 
Outlet angle of second row of moo, ill": j1::\: ..... -:: 360 
Steam flow = 2.5 kgls 
The ratio ofrelati"e velocity at 0��h) til;!\ at inlet is 0.84 [or.nll blades. Detenl1inc 
(i) Axial th.rust on bl<!dcs (ii) PO\·,,'r ·.I .. ·\·d')I'�'d (Iii) The efficiency of {he wht:eL (!:!: Mar,,",) 

8 3. Slate 1h� [Ul)ctjC!.ns. of a draft tuh: ;-;11,,'.,. llKlt the cftlciency of draft tube is riv.::n by 

vr - v� - 2�h· 
lld ;:0: ., � I ; "'\'hcre. 'i i .... ;:b"�I!�lh: \·o.:!0ci:y of '.'.�<..Ilt:r ;tl rolor t:xil; \'� i� ,:i);;.olute 

vi 
velocity ofwalcr �l draft tube C"xit. hi h !.,,,,, (.'rh�ad due to friction. (i.'j J'l1:1rk,) 

b. A Kaplan rurbine working undel ,I hI,:;:;:! •. ·r ::Om lIc\'doj>!:> 1 j 772 kW of shaft j)i):,·cr. The 
ouler diameter of rur:ner is 3.5m ,\: huh diameter is 175m. The guide blade ,mg\: <'It the 
extremc edgc of the runner is 35�. '{ hL (lydwulic .and on�ra!\ effi.ciencies of the tur;,incs ar� 
88% and 84% rc�pectivcl)', I i th�' '. �'krJi:- ,)f' \vhirl i� z;;ro ut outlet. determine: 

(i) Runner vane angle at the jnl�'� l� iI[ltk! ,d ihe cs..trcmc I!dge ofthC' TUl1JlCr. 
(ii) Speed ofwroinc. (1 � :\I:..1ri.;s) www.vtuclub.com
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