UNIT - 1
Introduction to Turbomachinery: Definition, Parts of a Turbomachine; Classification;
Dimensionless parameters and their significance (No Derivation only Discussion); Specific
speed, General Analysis of Turbomachines: Euler equation and its alternate forms-

components of energy transfer (05+1T) Hours
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Computer cooling fan Radiator cooler

Cooling tower Turbine flow meter

5. Exhaust System
6. Exhaust Diffuser
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—> Power Absorbing Device — Compressor & Pump
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— Power Generating Device — Turbine

Nl
r' Axial flow machines o -

Turbomachines —— Flow Direction —— Centrifugal / Radial flow machines

“Turbo” or “turbinis” L Mixed flow machines Air/Wind
is of Latin origin Gas
Compressible flow machines
Refrigerants
Steam »

Implies that which spins or whirls around

— Flow Physics —>
(et gte=Y)
Incompressible flow machines \Nater




TJ»‘(‘ODV\/\M‘\M'- T A = oQov\cz/vv\;.c[vw, ') vé\/-‘d,, thee A
e

e

bekiacen Conlinnes ot -

e~ Hen -

o= Fled & St —7 Towlmet - —
CcvaJ/ 1704'»(
\Ces. —2 Q—-“h& VO}U V\Mua.ﬁp;/\[&u

> riem & M

R @k —s Yowrer
y G —= TeewetbeAf T T 7 T

EJJ‘:- e Towloo iane e !
[ED " 0/‘;6 adn thee= A Cc“/‘HV\MM ,
<o ok rstes 5 Fund

' vIns
'(/waMaotvw b o Aevice ™
O‘F F°W oK. . ?@)\Me. e .

Pa_r‘h Oz“—-& TJ\—W.‘CD-ON\@C‘/\.N\@ N

—/—/




Y Lt — C%m&md/ﬁb@aJ\—%zMuyl
)’> Zl=Ader / S M'j AMDA?”W\AZC, Ja\ﬁw

S et Ui,
Te
LE /M

B Couwg /Homng — Comes to bnebic =vwepy o

W haa A,
A»Wl,j I—[a\.@ O,F Hherno crmICA '—‘fi/’ﬁkf’oowcp\'“d -
— OFe/\n ,A%‘t‘eM/Co/(hOr Vo[um.
Ener
jm&'e—/pj‘é"éﬂ
] kit -
&cWA&?/_‘
Tt
ot Tl —remyg eadt
- Prespue Evog (P )21 b Premdme hemd o Jph = Sh.
i X
2
23 Vaekic. Brergy = Lo > Lwnedic. head — 2\16 :
@' PD{T@\N(’I\A E“""ﬁ@‘? %‘* ;>‘ POEM*,J L\L—«—J - _%ﬁ_n,z_

0
Ly EV\'[:‘KA(& . —> h ;,F&T'> —> Hot Geoet, Steam.

k=M+E&'

\9 =

t
B



-

v al __?L
/&7—*‘ v’*ﬂ[u(ﬂao‘—x— N, + Z:(" AR RSN —i—?@ +VJ_+ZJA—M
=2

R {@—upf@@rw}ﬁév,—v} >+(Z‘_,-Z)] -

L Z- & o [ersizo= (Do(sinmj

ety Moo Erompy Epoks
—_ T, >

> M[Q\ u\g_)_(—CP,\Sl\

éw w‘p\n@- / C‘&‘eam '\’ ‘omgj -

sz- V\>m—(>\9~ C
= (G a)«—\/ \JJ —

v o ncompreatide flck.

\/
rf Gy Vo \SQT -y = negdrgtle .
Bwﬁ &W == %L\ﬁuz AU x APE o
nedehed.
meﬂ@r‘{)ﬂﬁ}f’* + V)’f +L§¢/ZJ):] :
b= ML@\"F:)'\-ICM:] _)@ @'— - - >r®
ul) w (1
o ol (B - @
g+45v\gjﬁ—m/([—e{‘4.g presuwe e A F#—ej;\ji\}_‘

NS M[%r”ﬁa}j —’@ = o \?\; ?I—y—fg:

Ry-prd Ve
2



A-P\Q\«c;i_w a.’f. Iir ‘AJO QF— "HR&fM-oaQ NANCA -

Y Era ';.__E—D/ = _"_JL. T las ade _J.
2 Enbopg > dex B8 spopery | Floe > L2
T =N « 7 A—étiv-j
3 Absoluta ”t‘avfe/rfto-& —- T oo itiom.

/
\/\Dé)U W \'Wbo‘\'\?"[“\’\ej'
[ —

————— e

Edlier, Tarbwlewe, \;:Am(sf% \

Todens) loxet- ({‘alf-e ===

2y Llean fF*\‘c'hsvx, = Vene Awff{lzca,

et
Rtsr ZhafE .

VAR el Er\e_:m Losser.

L
VH — l/i——_fzo

2 2
wnlet Est
\/‘2=D
A Hec‘/\awicﬁj fF“\G’Q‘\M - Ee’ﬂ\@
o L&Atﬂxé@\ &| — ®9~4@l A&agf/\,_@;:

\ Ext
ket Lost



= the VOFGP - [.o);—e/v = ./SL\‘»{/('_‘

/%
Lz MM —W\ g &2-
M’_.— M\—AM A&Q®\'_&Z

S C
 tpydomnlic o Lode fficiongg = Topd "

C\fc-ue, )

2 Pechonsed effeeng = U %

2> Volumetie efficioney —> v = B-20 i — A

N )

f

i Ovecnll edpioncy T ge L, T ® T

Cornpprewer/pareg [/ Bover

Enersy, Sugp lied . z ~lalld pu=, ,

"oy G0 | Fichend | Bregy cvelolis putne | Bregyy

L 4o AL\A-H' . lassea- = t= P L esses cvalLtle
@ @ s «r-[w:a? -

® @ -
b thydoowlic (@0 Uade fcengy
L = 2

€



2 overll = .ZNOL\ Z"b

M° agej ,&&4 é&‘el O,F -T(:V'\DDJ\MC—LCV\&( .

-

———

Nawaldes (@9 Parcwoatecs aﬁ T boruadhive. awf!;]fu

- /
——*L—T

> D\ et er
2> Dischome

oS Hezad umOQe:M‘ﬂEmacﬂwe—aH S e o

’r-

N 7

—%M——?f‘fm—’?

i4 VOof[C»\V\g
S Deonsty of te flud -\ M
Gy%m‘w‘c V\Acozs"fa a.{— /F—(wa? —%/A — N"—Z,, - MCT‘
F Fowes 5P P eow >METE

v Accelerodiso She A= @—raswf% _;7\6’ - ,\,7?_ — L:]tz
Y Youggs rodd —'e — N/, sl T



@ \a\“/ B Combiredd &8 A /;male veani=ddea

Tota] noumbe- c—( Vomalles m™m=2 .

Nuwler m«F— V\m'—abmd\‘ov\ﬂ‘ uh N
CIL\\"@(/L“"%\) 7~ -~ ’H/_\c,a*fe,wtf ha wn

-

-:g.

unloe,~
.—-). &GG&T&UJ\é b TZU-
Me—n = -85 =5 7% Temma.

o,F =ty -
Ko —= Home worl.

% ) Nay Rz, Ny X wrmoy
. £ DN, =
d/\mée,'ﬂfz rcpaaivé Vesalded. —7 2, 7,
v’
A l=-, C, & < -
2 "K‘zf D N & — ‘7(_[:- K’Sl—’- __?D“Ac)lwg, Cocff\cxo/d‘
ot
o = DN aﬁ —> K,=_§ — Heod CDe_—{F\*a&wt~
2_ 2.
N D

* DN Ty = 7 = —7 foroers Coc—ef'voe/((,‘
JNTD
Y b oo
~=J DN E —%_- E _Ef Conapanitith
IS N ~ Al
:D:(SGU\Mcv\
= >
N & I &_—.AV - \/2_@—- s—_g-z—_-‘ A:-'%Dl
® l/‘\—p—g P&)o\@ A D‘ \_r
8 s F’-\wt C \A"(/TDKD _{)/ .
7?_’_/&«7 N} 90’5 _/—60 s =N | N
w NEI7RY
NO — pots (02



U ol He W B W

R, 5H g4 L@ .
= o’ o” ‘f' ® |
PR 6H — He/:—J a\waag.z = ND = ® = ®/DL
’ g —_ (K,D ' ~

P r

@ (R ff\% D fy\)gép ] f\A:D
/-—? Foroe~ a(avao\?cﬂo/obsdae_ar

I A—
T st
;le’% ~
}' Ut /QF-e_z,ﬂ‘( (Uu,: T A e ﬁ o,F f=. o bive -Jc—(lc,\/\s

st M%J of— ﬁ\/\em .,s@rbv\@ /p—(wzzq

L%;?/L) — Lvehbe @V\a—pﬁ 5

vnNAe=—

f,»_\fi = uo<\/ (o> \/c-(w - (’61\9\/«[’
¥ w4 — O
W%—» WNL X X (G
N[

Ny — @



(v

AL
t S arse
el
mvf[C_\l\é 2
Ma&&( - L I
‘,k ~
ALK .
e e
1= W=
el -
’ /p( P B
- ~rech
| e

Q- A —
> -
Q< \ < |¥H
_—
] ®

(N9
GRS 3 c
= (e’ r
F Q=8 - 3
A “a‘ &
u'_‘.
o) !
_zs&w—f;
®: s
O @
= — (&

©)
Uanst
_’_P
orde~" )
@w\[‘“ﬁ Pu/i Jt
Uu\oLH ‘\Am
TN =
T 0Fvoe/ Fevelo
=
Fe.a'?
alor g
o K\f tol=
‘ “ O'\Mdo\
ve

P=-
=>4
(e
P= S
P &
H —=
f"?
@H:( xm‘H @ R
. i JF
P-ceH
_ 7
@Lc_cHl —> M
C 1\6" E
Z;ﬁ/? .
et & )
'PV\HQ‘ ‘Az_&,,
! W
T )
A —® K
H7
l




Specfie oot il

———

Torlswe ! Mg.r

‘[ﬂ/.fo\avv\ac[/\?v‘i~ © }\\s’

D Todegeded of fo 2

‘M,Tme.)a a-’/ 'QWV( M&

e = T
Vs
(752
S o ) ~
N'c'r: = — ELM&—D
o >‘(‘,
Ny -Xd
A
e N
ghdt
Mg/‘ﬁ&
fé_
= F
AN e
/
e
S/ raA/s
N2 [}
N NP N\
Mo T o e
— NN S J’ -~
S‘pao:%rczs?“"« @
me{?f of dom2O
v
R LA
renmanconsd w7 P

ppesfesped —

¥ *eA}
Ve, - A, = Diachags &= coeffre:

,\J- - ‘H@«J Co@é\-F‘o‘eAk )
Ve

~ 7/
( ) s




B Fa;(’—rc 4\7,«;? Vedoes fpv" Todines & Dd/f’w‘*\’ .

SN Turbo machine Q Q\\ < ;g) Equation
(Power absorbing) (Non dimensional,
1 Centrifugal pump (Slow — fast speed) 0.24-18 Q=NY 94
, (gH)
2 Mixed flow pump 1.8-4.0 where
- N = radians / sec
3 Axial flow pump, Propeller pump 183.2-5.7 B
Q =m /sec
4 Radial flow compressor, blower, etc. 04-1.4 H = meters
g=m/sec
5 Axial flow blower, compressor, etc. 1.4-20
SN Turbo machine Q Q\\gb Equation
(Power generating) (Non dimensional)
6 Pelton turbine 0.02-0.19 Q=N P/g
Single Jet 0.1-0.3 H '
Double Jet 0.14-3.9 where 0
Multi Jet ore, :
N = radians / sec
7 Francis turbine 0.39 — 0.65 P =watts |
Radial flow — slow speed 065-1.2 p=kg/m
Mixed flow — medium 1.2-23 2
Mixed flow — fast g=m/sec
H = meters
8 Propeller turbine — axial 1.6 -3.6
9 Kaplan turbine — axial 27-54
10 Axial flow steam and gas turbines 0.35-1.9
SN P Ne= NG rpm | SPECIFIC SPEED
umps CIFI
H ,E% ! A)c ?a-! :
b
Centrifugal pump &~ | b
1 12—-95 i
Slow — Fast speed i 1% el —
2 Mixed flow pum 95-210 2. Y i T Bt ROTATION
Axial flow pump
8 Propeller pump 172 -320 |2~ 30 Lo - Ao~ 2 25 —ﬁ)
SN Water Turbines Ns = Nﬁ rpm Equation
(Power generating) T H Y ——
1 Pelton turbine Ns = NVP
Single Jet 137__3500 :“
Doui_:)le Jet 24-70 rpm
Multi Jet Where,
2 Francis turbine N in rpm
’Iaadialffllow - slo:;v speed 1%021110828 E iir?rl;‘;vters
ixed flow — medium
Mixed flow — fast 188 — 368
3 Propeller turbine
axial fixed blades 256 578
4 Kaplan turbine
axial adjustable blades 428 - 856
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1. A flow rate of 3m?/s of water is available at a height of 110 m at a project site. Due to losses in the
supply line, the head available at the inlet to powerhouse is estimated to be only 101 m of water.
The leakage losses in the powerhouse are negligible. Mechanical losses account for 150 kW. Frictional
losses in the rotor blades may be taken as 250 kW. The exit velocity of water from the turbines is 4.5
m/s. Calculate the hydraulic, mechanical, and overall efficiencies of the plant. The specific weight of
water may be taken as 9810N/m?.
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2. A reservoir has a head of 40 m and the channel leaving from the reservoirs permits a flow rate of
34m3/s. If the rotational speed of the rotor is 150 rpm. Determine the dimensionless specific speed

of the turbine. N
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8. A small scale model of a hydraulic turbine runs at 360 rpm under a head of 22 m and produces 10 kW
output.Determine its: i) Unit discharge ii) Unit speed iii) Unit power. Take total to total efficiency

as 0.8
). NeZ@0 rpw) H=a22a! Poioly) ! v=0.8. ve=ADN
———J m/ e m ‘2/ /N\ﬂ

*Z/; F —_— Q= F
WS Y Z"QH

<
Q = oX\wo
0.E X A0 * 22—

QA = 0.9 mg/gq

‘\>‘ Vst AAA%@%@ &VL‘:_(!L.

Qu= 0.0124% .

o Uk APZZ—A, N = %
3]

- XE0

Faz 221 Ly



3. A small turbine runs at 600 rpm using water at 0.05m?/s at a head of 12 m with an overall efficiency
of 87%. The turbine is accepted as a model for developing a prototype to be used in a powerhouse
with an available head of 60 m and a flow rate of 6.6m?*/s. The speed selected for the prototype is
300 rpm. Calculate number of turbines required for the powerhouse. Assume same efficiency for the
prototype.
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Number of Trbines =t Ve &t -

Fl" W oF

An axial flow pump with an impeller rotor diameter of 300 mm handles water at a rate of 162m?/h
running at 1500 rpm. The energy input is 125 J/kg and Total to Total efficiency is 0.75. If a
geometrically similar pump has a diameter of 200 , mm running at 3000 rpm, Find its i) Flow rate
ii) change in total pressure iii) input power.
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The quantity of water avaialble for a hydroelectric power station is 260m?3/s and a head of 1.73 m.
If the speed of the turbines is to be 50 rpm and the efficiency is 82.5%. Find the number of turbines
required. Assume N, = 760 pw -
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