15 P, -
KN SKR
BE\WRiE

Professional English for Turbomachines:
Hydraulic Turbines and Pumps

4R @ £iEH 2K

TOSHIBA Hydraulic Turbine




|or

2B : RERHL S KTR
A Iei

Professional English for Turbomachines:

Hydraulic Turbines and Pumps
IHHE 2K ER

VU S R R
CHL R



Bl HEEM&%E (C1P) #iE
I - KFEEVL-5KIE £ L JE1E = Professional

English for Turbomachines: Hydraulic Turbines and
Pumps / FHEHE, XI/NS T 4%, —aUHR: VPO RE 28 K
Hihat, 2016.10

ISBN 978-7-5643-5048-2

. @& . QF-- QX+ M. Q7kEeHL - J&E
- M @KE - JGE - #b V. OTK73QTH38

[ AR A CIP Btz = (2016) 25 220628 =

BENM: KBNS KREWLRKIEF

Professional English for Turbomachines:
Hydraulic Turbines and Pumps

R XN 4

EEHEBE F
B 1B & B KUl
#H o\ & it ARBNRITTAEE
VU A 32 38 K2 H Rt
M % 17 (PUIERET HEt—& 111 5

VU R A A= K 21 #8)
028-87600564 028-87600533
610031
it http://www.xnjdcbs.com

RN
Ilwlil-
&

=
b2l

Rl AR R 4 B EN 55 A FR B AT AN F
<F 185 mm X 260 mm

205

# 666 T

®O2016 4 10 HES 1

®O2016 4F 10 HES 1 IR

S  ISBN 978-7-5643-5048-2

i 58.00 Ut

MHETFTNIIIIAER EE
=i
A

PR E IS . 028-87600533
E AR R a8l Afk i stiR
WURUT A HShRA5Y 254G . 028-87600562



AT

o}

A AR v S A AT RE IR S B ) AR R oK LA R A . KK L gl g TR 5 ) AR B
A, DABED AU TR | AU B T AR L A58 A & MV SETR20b , i R LA S AL
B dE . EBEANG, KFDKE TR ERAE AR L REESE S,

AR A T e SCICRRET X PR , K240 F R AR IESCEORBERE . B IR S Rty 3f JEE 5
Ho AL HPRERSY, o> FEYRR R AR E KL (D, R, W
AR, FR R, FRse s, BT SR ) Mail . AE G A E
AIEhRE . 847 IR HE, DASRAEHLE PR RN e R 5 58 — AR 20 32 2R i 2 B0 TR A R AC A
SEARSH BTG RBEUR . FrtEMiZ . sATE L skl DURRh R AR A AR
I8 B PR B B 18] LU R 2 AR R RIR S H 2 IR AR5 3800 0 18 &, B —EH R — &,

BEANE BT EERTE 2 000 JESCHIAZLEA, A TE P E I N AT U o

R T , EERMAARER RN E SRR, EBEENA SElE—p,
—IIICA R . BRI RN T R TEARE, A MRS OS5 ML, A B T30
FAEME A RAERAMRIOTOR, I THEFNIE. BREMAEENAREEE, 4t
2%,

AR s DR AR E LR, WA AT E SRS, PR
R A 2RI H BB AR, 9 TR s Il

BT HBEAKFAR, bt PERAAAEA LS H AL, WOFH A 15 900 2E R H A 35
PP IE

W E
2016 4E 5 A



CONTENTS

0 Exordium .................................................................................................. 1
0.1 Definition Of a Turbomachine ................................................................... 1
0.2 ClaSSiﬁcation Of Turbomachines ................................................................ 1
1 Hydraulic Turbines ...................................................................................... 4
1.1 Introduction ........................................................................................ 4
1.2 Development History ............................................................................. 4
1.3 Turbine Classiﬁcation ............................................................................ 6
1.4 Difference between Impulse and Reaction Turbines «««-«-xooveeerererreeieeeeene. 11
2 Pelton Turbines ........................................................................................ 15
21 Injector ........................................................................................... 15
22 SerVOmOtOr ...................................................................................... 16
23 Deﬂector ......................................................................................... 16
24 Runner ............................................................................................ 17
25 NOZZle ............................................................................................ 18
26 Distributor ....................................................................................... 18
27 Casing ............................................................................................ 19
28 Braking Jet ....................................................................................... 20
3 Turgo Turbines and Crossflow Turbines .......................................................... 23
3.1 Turgo Turbines .................................................................................. 23
3.2 CrOSSﬂOW Turbines ............................................................................. 24
4 Francis Turbines ....................................................................................... 31
4.1 Introduction ...................................................................................... 31
42 Main COmpOnentS .............................................................................. 31
5 Propeller and Kaplan Turbines ..................................................................... 40
51 Development .................................................................................... 40
5.2 Main Components Of the RUNNET c - v v rrrrrr e 41
53 SCrOll Case and Stay Rlng ..................................................................... 44
5.4 Guide Vane Cascade ............................................................................ 45
5.5 Head Cover and Draft Tube ................................................................... 45
5.6 Automatic Alr Valve ............................................................................ 46
57 Shaft Of the Hydro Ul’llt ........................................................................ 46
5.8 OVer"Speed Protective DeVice ................................................................. 47
6 Deriaz Turbines ........................................................................................ 50
6.1 IntrOduCtiOn ...................................................................................... 50
6.2 Development .................................................................................... 51



6.3 Mechanical CoOnSIAErations <« -+« « -« t rrterrtmmremnntant ettt ettt 52

6.4  Hydraulic COnSIAErations ««««««««rrx s rrrsrertee ettt 52
6.5 RuUNaway COnditions =+« - e resresresee 53
6.6 REVEISIDIlity -+-v v e e 53
6.7 SOrVOMIOLOL ==« <= s = ¢ wwmmn s s & swmmn s s & oo s & § S § & § ST S ¥ ST S ¥ ST S ST S S S 8 7 54
7 Bulb Turbines .......................................................................................... 56
T A TIEOAUEEIOIL: - « = e = « = wwsvwrvs  w & v w5 avsarave ' s ' e ' v ' v ' & e ' - carav ' 56
7.2 General ATTANGEIMENt -« - -w - r  r e et 56
7.3 Main COMPONENES -+« +wv-rr e srssr e 57
7.4 Assembly and DISMAntling -« ceesreesrrrmresmti 66
8 Turbine GOVerning .................................................................................... 69
Q1  Titroductiom: « ¥ # ouems & ¥ & 09ms & ¥ & 0980 & ¥ ¥ UUE9E & ¥ £ 09000 & ¥ £ 0000 § ¥ £ 9000 § ¥ £ 9000 § ¥  NE00 § § E 0NE08 £ ¥ E 49 69
8.2 Turbine Governing Demands ««« -+« ree srerstrs sttt 69
RY  BUNCTLONS (O (GO VEEIIOES v« « < woreere = « + svsowtrn 1 v ¢ ssausess » ¥ 4 sutusss ' v < STHINES &3 € SSHRTHES 5 ¢ STHRATTS ' 3 3 STuEHIS 0 3 5 050 70
8.4 Specific Turbine Governing EQUIPMEnt: -+« +++ssrrrseremmmssmmmsrtriiii 71
9 Selection of Hydraulic Turbimes -« -« coveorrrrrr 76
9.1 Speed ............................................................................................. 77
9.2 SPECITIC SPE@d: -+ rr v 77
9.3 Turbine Efﬁciency .............................................................................. 78
9.4 Turbine Setting and Excavation ReqUirements:+««««««««====sssssssserrrm. 30
9.5 Criteria for Selection of Hydraulic Turbines =+ +++««+«« s rmsesssssrrrmi 82
9.6 Determination of the Number of Unitg -« crerrererrerae i 84
10 Classification and Components of Centrifugal Pumps---------oooeeoeeeeeeeeee 87
10.1  Classification by FLow «+«««+eesrerersstrtmtentiitiii 87
102 Stationary COMPOMEIES <+« +x«srrrtrerstrstrestrtttt ittt ]8
103 Rotary Components ........................................................................... 90
10:4 Shaft Seal Devices =« s« s s s v o s 5 v wwmos s 3 ¢ w3 3 ¢ e 3 3 GT0E 3 ¥ TGS 3 ¥ T T ¥ 03 91
105 Wearing Rings ................................................................................. 92
10.6  Axial Thrust Balancing Devies -« ««« -+« srertrerstrsmrti 93
10.7 Multi-Stage Centrifugal PUmps -+« reesrerrremtrmr 94
11 Basic Parameters of Centrifugal PUmps <« oo 97
11.1 Flow Riitesss:sommessssoumes s 5 oumes s 5 oumes 57 5 0umas 7 7 5 0uwes 5 7 5 Sumes 5 7 5 S59es 5 7 5 S55e 5 7 5 S59e 5 7 588 97
11.2 Head ............................................................................................. 97
11.3 200 /s SRR P P PR P 101
114 EFFICI@NCY -+ v re e re e e e e 102
1 1 5 ROtatiOnal Speed .............................................................................. 103
116 Net Positive Suction Head (NPSH) ........................................................ 103
12 Centrifugal Pump Theory ......................................................................... 106
121 VelOCity Triangles ............................................................................ 106
122 Euler’s Pump Equation ...................................................................... 109

2



12 4 Sllp ............................................................................................. 1 1 1
12.5 Specific Speed of Centrifugal Pumps -+« ++wesrerrrrmrrmr 113
13 Pump Losses ......................................................................................... 116
13.1 Loss Types .................................................................................... 116
13.2  Mechanical TOSSES @« rxws e« s auwass s sawans s s senwns s s saaanss s Sruas s s o saasss s 6 wass e s s newsie s o 117
13.3 Hydraulic LOSSES <+ ««+rwrreerstestrms ettt ettt ittt 117
13.4 Loss Distribution as a Function of Specific Speed -+« --rvrreererreereeeeenns 123
14 Characteristics of Centrifugal Pumps and Their Systems: - ------ccoooeeerreeereeeeee. 125
14.1  Pump Characteristic CUIVE ««« + -« srrrrrerstrs sttt 125
14.2  System Characteristic CUIVE -+« +rr s rrersrrs sttt ittt 128
14.3 Matching of Pump and System CharacteriStics -« =+++sssrrssermmsmmmaanmreeeeio. 130
15 Centrifugal Pumps Operating in SyStems <« -« -« -x o reererii 132
15.1  Pumps Operating in Parallel -+« +rerrremrremmiiii 132
15.2  Pumps Operating in Seri@s «««« +««+rrrrrrrsrremrutrtiii 133
153 Regulation Of Pumps ......................................................................... 134
16 Cavitation and NPSH in Centrifugal Pumps -« -cccreremei 142
T6.T  CAVIERLIGRL == -+ «omove s » v wromue s » o wrvimieca s + o wrwiminca s + o siosti s o o SCkMIRCE X o SHOLNER 4 4 3 SCHPMERES o & 3 CCUTRERCH 3 o 0 KCRERCREE 3 @ 3 142
16.2  Net PoSitive SUCHiON HEad -« crxrrerrrerrrmmeneemmenee ettt aeass 144
16.3  Preventing Cavitation -+«« -« « rerreresmteiiii i 147
17 AXEQL FTOW PUIIS - cc v veeeeees ettt 150
17.1 Basic Structure of an Axial FIow Pump <+« srerseesrrm, 150
172 Blade Design .................................................................................. 152
17.3  AGPFOT] TREOTY v« reeseerseee st ettt 153
17.4  Performance of an Axial Flow Pump <+« +teesrerrremeemt 155
17.5 Advantages of Axial FIow PUIMPS «+++« - rrersreesrersremtrat 156
17.6  Applications of Axial FIow PUIPS - ++««+resrersrersessmtriaii 157
18 Positive Displacement Pumps ..................................................................... 159
18.1  TtrOdiiiction ¥ #sws s s« sossn s by avmsss 45 ames 5 5 s 6o o § 5 S0 3 § 5 SVRNS 8§ 5 S0 8 4 B SUaRE S ¥ 5 FHRNE S ¥ 54 159
18.2  Principle of OPeration «+««««««  tersrrrtrunttrttiiiiiiiii i 159
18.3  ReCIProOCating PUIMIPS «+«« rrerresresssrssattt ettt 160
184 ROtary Pumps ................................................................................. 161
1 85 Diaphragm Pumps ............................................................................ 1 65
18.6 Positive Displacement Pump Characteristic Curves ««««««-owsoerrersrsismeeeees 166
18.7 Positive Displacement PUmp Protection ««««««««««««rrrrrrrrrrrrrmrrmrr 166
B R Al - 169
0 Q%i/e ..................................................................................................... 169
0.1 ]‘ﬂ&'tilz;mﬁkix .................................................................................. 169
0.2 @S’Z;‘:}Lifﬂl‘i}.;}g .................................................................................. 169



1 7k$’é1‘)1 .................................................................................................. 171

1.1 fg«j{l\ ............................................................................................. 171
1.2 Z{}E}ﬁi ....................................................................................... 171
1.3 7}(%1:}15@53\;1@ .................................................................................. 172
1.4 #Filiibk?ﬁﬂ%fi%ibk%m%[iﬁﬂ .................................................... 177
2 t)JI:_EEt7k§/B1;)1 .......................................................................................... 178
2.1 []E«»Eﬂ-;’:nm ....................................................................................... 178
2.2 BEEFRBBHALA - v 179
23 }ﬁrﬁj%g; .......................................................................................... 179
2.4 Z‘sz: ﬁ,\‘ .......................................................................................... 179
2.5 uﬁ«» []%ﬁ .......................................................................................... 180
2.6 [ty éé“ .......................................................................................... 180
2.7 ;,:jL ,% .......................................................................................... 181
2.8 BEEFEIBH ooveeveer e 182
3 ﬁ#fﬁft7k$/l:\7m,$uﬂfﬁft7k%$ﬂ ..................................................................... 183
3.1 §+ﬂiﬁ7k%7m .................................................................................. 183
3.2 Xﬂﬂiﬁﬂ(%;m .................................................................................. 184
4 ;’E;’ﬁﬁ7k§/e;m' .......................................................................................... 188
4.1 ﬁﬁ ﬁ\ .......................................................................................... 188
4.2 Eggﬂmggﬁg .................................................................................. 188
5 miﬁiébk*umiﬁ%égﬁ7k$%$}l ..................................................................... 194
5.1 ﬂ: 7/{ .......................................................................................... 194
52 %%E@Igéﬂﬁ%ﬁﬁ ......................................................................... 195
5.3 ml% ,j'{. .......................................................................................... 198
5.4 (ﬁﬁ]@ﬁ—w ..................................................................................... 198
55 ]ﬁ%*ﬂ%ﬂ(g .................................................................................. 198
5.6 Eﬁ]ﬁlf%lﬁa ..................................................................................... 199
5.7 7J(%7HL2EE/‘J£$EH ............................................................................... 199
5.8 ﬁiﬁ%?}j%_ﬁ .................................................................................. 199
6 ﬂifﬁ.ibkﬁ’éﬂ .......................................................................................... 200
6.1 ﬁﬁ fl\ .......................................................................................... 200
6.2 }F ZV: .......................................................................................... 200
6.3 *ﬂ*ﬂﬂ%:f/}_ ....................................................................................... 201
6.4 7J(jjf|’%‘|‘$ ....................................................................................... 202
6.5 9@}%1% ....................................................................................... 202
6.6 m‘lg_ﬁ_‘rq: .......................................................................................... 203
6.7 ;Eéjj%g .......................................................................................... 203
7 *Tfﬂﬁ'iﬁf.ft7k%*n .................................................................................... 204
7.1 ﬁﬁ fl\ .......................................................................................... 204

4



8

9

10

11

12

13

7.2 E\Mmﬂﬁﬁ ....................................................................................... 204

BB T BEERA <o s emmans s o w56 oo 65 6 on 3 6 RS § 6 GANES 54 6 SN § 5 § GRS 5 6 SRS S 51 205
7.4 gﬂ%%nﬁfﬁ] ..................................................................................... 212
7k$/b\$)1ﬂ§]i$ ............................................................................................. 213
8.1 ﬁgﬁ fl\ .......................................................................................... 213
8.2  FKAE ML T LR - v vttt 213
8.3 1)%1%%&5’94’}3}% .................................................................................. 214
8.4 ELOEE AR BT TR wn v v swnms o v s wmmes 8 4 s 5 4 6 00R000 5 4 1 40AR £ 4 3 SR § K K HKG 8 K RS ¥ 214
7k$/b\$ni§§§2 ............................................................................................. 217
9.1 ?sz: D T 218
9.2 Hﬁyz:lﬁ .......................................................................................... 218
93 7J(%;m§i$ ..................................................................................... 219
9.4 FKIEHLZEBEEFRFNFFFEELIR <o ve e 220
0.5  JKEEH LI B RIE -« 222
0.6 HLLH GBI IE -+ v 224
%‘,D;ﬁﬁgﬁ%&gﬂﬁkgﬂﬁ ......................................................................... 225
10.1 ?ﬁtﬂﬁﬁﬁﬂﬁ% ............................................................................. 225
10.2 %%Bﬁ: ...................................................................................... 226
10.3 yz:gjjgmﬁF ...................................................................................... 227
10.4 %ﬁ—%ﬁ ...................................................................................... 228
10.5 E(J%Eﬂ: ......................................................................................... 229
10.6 %r’gﬁﬁﬁiﬁ@j%ﬁ .......................................................................... 230
10.7 gé&%/[ﬁﬁ( ................................................................................... 231
%‘,L"\ﬁm%z:%%i .................................................................................. 232
11.1 {ﬁ“ i ......................................................................................... 232
11.2 % B+ 232
11.3 lj] % ......................................................................................... 234
11.4 %{ $ ......................................................................................... 235
11.5 ?sz: T R R RREREP 236
11.6 Eﬁ’tﬁé‘%;—eﬁ (NPSH) ......................................................................... 236
BB R T T « o v oo s o v s s ¢ w1 4w 1 w4 € o ¢ S 8 4 237
12.1 @E%Eﬁaﬁ; ................................................................................... 537
12.2 ﬁ(lﬁ@@k?ﬁ}]ﬁ% ................................................................................ 239
123 HHEIBIRSGEHHEERLE oo 240
12.4 2 ﬁ'}f ......................................................................................... 241
12.5 %/Dﬁﬁ@tt%@ ............................................................................. 242
ﬁmgg%?ﬁ% ........................................................................................ 244
13,7 BEELH A BRI ¢ vovmus on summun e s sumina s s oums s 5w 3 5 6 50000 3 5 5950008 3 # 6 50003 # 5 6 009 5 54 244



13.2 *ﬂm:ﬁfi% ...................................................................................... 245

13.3 7J(j]3j’ﬁ96 ...................................................................................... 245
134 I tt%@ﬁ@ﬁﬁ@*ﬁ%ﬁﬁ ............................................................... 249
14 %'t‘ﬁ&ﬁ%gﬁﬁl‘]ﬁ'&ﬂﬁ ...................................................................... 250
14.1 ﬁggﬁ%:l@ﬁg}% ................................................................................ 250
14.2 %%E‘J%‘Vi&ﬁéﬂ% ............................................................................. 253
14,3 ZRAeh by 2 B il DU TR, s s« summin s s oumis 2 5 s 3 5 5 s 5 5 e 3 5 s # 5§ 5 5 4 254
15 BEINZRIEBRGEHIBIIE AT < vvvvrrrrrrrrrrer e et et 255
15,1 EElBE IR o v v s rrmmn v o v s ¢ w1 ¢ s S 255
15.2 %‘,Dﬁ%@%@ﬁ? ............................................................................. 256
153 BB I T E T e eerrerreere e et 257
16 %‘,D;ﬁﬁ@ﬁﬂ_ﬁfs“m,\E ......................................................................... 261
16.1 =3 ,ﬂ: ......................................................................................... 261
16.2 %fﬁ é‘%;—Eﬂi‘ ...................................................................................... 262
16.3 %'ﬂﬁﬂ/‘]ﬁilﬁﬁ ................................................................................... 264
17 Eﬂilﬁf.ﬁ ................................................................................................. 266
17.1 %0%?([3@%1#1:@1% .......................................................................... 266
17.2 IH'H‘&H‘ ...................................................................................... 267
17.3 ﬁ}ﬂ}i{e ...................................................................................... 268
T DT FRTAE ] comc oot oo v oo ol 3 4 -3 4 4 OIS KRN R 270
175 BT I «ov e errrerrr e eee e e et et 271
17.6 %{ﬁiﬁﬂ@@ﬁq ................................................................................ 271
18 %*ﬂiﬁ?ﬁ .............................................................................................. 272
18.1 ﬁﬁ fl\ ......................................................................................... 272
18.2 Iﬁg)ﬁ}i ...................................................................................... 272
18.3 {:‘Egﬁ ......................................................................................... 272
18.4 @%ﬁ ......................................................................................... 274
18.5 K@Hﬁﬁ ......................................................................................... 979
18.6 E*HIEE’J%‘V&HH%% ....................................................................... 277
18.7 E?ﬂxﬁlﬁ@%?}ﬁ ............................................................................. 278
Glossaries (English to CRINESE) <« -+« xwxreererressrmsriiii ittt 279
Glossaries (Chinese to English) <+« ceererreeemmiiii 298



0 Exordium

0.1 Definition of a Turbomachine

Turbomachines are defined as all those devices in which energy is transferred to or from
a continuously flowing fluid by the dynamic action of one or more moving blade rows. The
word “turbo” or “turbinis” is of Latin origin and implies that which spins or whirls around.
Essentially, a rotating blade row, a rotor or an impeller changes the stagnation enthalpy of the
fluid moving through it by doing either positive or negative work, depending upon the
requirement of the machine. These enthalpy changes are intimately linked with the pressure

changes occuring simultaneously in the fluid.

0.2 Classification of Turbomachines

0.2.1 According to Power Conversion Directions

Two main categories of turbomachines are identified: firstly, those absorb power to
increase the fluid pressure or head (fans, compressors, and pumps); secondly, those produce
power by expanding fluid to a lower pressure or head (wind, hydraulic, steam, and gas
turbines). Fig.0.1 shows a variety of turbomachines commonly used in practice. The reason
why so many different types of either pump (compressor) or turbine are in use lies in the
almost infinite range of service requirements. Generally speaking, for a given set of operating
requirements, one type of pump or turbine is best suited to provide optimum conditions of

operation. Only hydraulic turbines and pumps are studied in this book.
0.2.2 According to Flow Paths

Turbomachines are further categorized according to the nature of the flow paths through
the passages of the rotor. When the path of the through-flow is wholly or mainly parallel to the
axis of rotation, the device is termed an axial flow turbomachine [e.g., Fig.0.1(a) and
(e)].When the path of the through-flow is in a plane wholly or mainly perpendicular to the
rotation axis, the device is termed a radial flow turbomachine [e.g., Fig.0.1(c)]. Mixed flow
turbomachines are widely used. The term mixed flow in this context refers to the direction of
the through-flow at the rotor outlet when both radial and axial velocity components are
present in significant amounts. Fig.0.1(b) shows a mixed flow pump and Fig.0.1(d) shows a

mixed flow hydraulic turbine.



0.2.3 According to Pressure Changes

All turbomachines can be classified as either impulse or reaction machines according to
whether pressure changes are absent or present in the flow through the rotor. In an impulse
machine all the pressure changes take place in one or more nozzles, the fluid being directed
onto the rotor. The Pelton wheel, Fig.0.1(f), is an example of an impulse turbine. In a reaction
machine, both the kinetic energy and pressure energy change when the fluid flows through the
rotor. Fig.0.1(a-e) are all reaction machines.

Rotor blades Rotor blades

\ / Outlet vanes
Flow direction—=

\ \ Flow direction —=

Outlet vanes

a) Single stage axial flow compressor or pum ixed flow pum
(a) Single stage axial fl p pump (b) Mixed flow pump
Flow direction Guide yanes R hles
Outlet diffuser
Flow direction—w= —— Flow direction
Vaneless diffuser
Volute Draft tube \' ’/
Impeller 2
(c) Centrifugal compressor or pump (d) Francis turbine (mixed flow type)

Guide vanes

Flow direction —w —— Flow direction

Wheel

Draft tube
or diffuser

(e) Kaplan turbine () Pelton wheel
Fig.0.1 Examples of turbomachines

Questions

1. Define turbomachines.

2. Classify turbomachines according to power, flow path and pressure changes.
Reference

[1] S.L.Dixonand C. A. Hall. Fluid Mechanics and Thermodynamics of Turbomachinery
[M]. 6th ed. Oxford: Butterworth-Heinemann, 2010.
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1 Hydraulic Turbines

1.1 Introduction

Hydraulic machine is a device in which mechanical energy is transferred from the liquid
flowing through the machine to its operating member (runner, piston and others) or from the
operating member of the machine to the liquid flowing through it. Hydraulic machines in
which, the operating members receive energy from the liquid flowing through it and the inlet
energy of the liquid is greater than the outlet energy of the liquid, are referred as hydraulic
turbines. Hydraulic machines in which energy is transmitted from the working member to the
flowing liquid and the energy of the liquid at the inlet of the hydraulic machine is less than the
outlet energy are referred to as pumps.

It is well known from Newton’s Law that to change the momentum of fluid, a force is
required. Similarly, when the momentum of fluid is changed, a force is generated. This
principle is also used in hydraulic turbine. In a turbine, blades or buckets are provided on a
wheel and directed against water to alter the momentum of water. As the momentum is
changed with the water passing through the wheel, the resulting force turns the shaft of the
wheel performing work and generating power.

Hydraulic turbine uses potential energy and kinetic energy of water and converts it into
usable mechanical energy. The mechanical energy available at the turbine shaft is used to run
an electric power generator which is directly coupled to the turbine shaft. The electric power

which is obtained from the hydraulic energy is known as hydroelectric energy.

1.2 Development History

The hydraulic turbine has a long period of development. Its oldest and simplest form is
the water wheel, which was firstly used in ancient Greece and subsequently adopted
throughout medieval Europe for the grinding of grain, etc. It was a French engineer, Benoit
Fourneyron, who developed the first commercially successful hydraulic turbine (circa 1830).
Later Fourneyron built turbines for industrial purposes that achieved a speed of 2300 r/min,
developing about 50 kW at an efficiency of over 80 percent.

The American engineer James B. Francis designed the first radial-in-flow hydraulic
turbine which became widely used, gave excellent results and was highly regarded. In its
original form it was used for heads of between 10 m and 100 m. A simplified form of this
turbine is shown in Fig.1.1. It can be observed that the flow path followed is essential from a

radial direction to an axial direction.



Fig.1.1 A simplified Francis turbine

The Pelton wheel turbine, named after its American inventor Lester A. Pelton, was
brought into use in the late nineteenth century. This is an impulse turbine in which water is
piped at high pressure to a nozzle where it expands completely to atmospheric pressure. The
emerging jet makes impacts onto the blades (buckets) of the turbine, producing the required
torque and power output. A simplified diagram of a Pelton wheel turbine is shown in Fig.1.2.
The head of water used originally was between about 90 m and 900 m (modern versions
operate up to heads of 2,000 m).
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Fig.1.2 A simplified Pelton turbine

The increasing need for more power during the early twentieth century also led to the
invention of a turbine suitable for small heads of water, i.e. 3 m to 9 m, in river locations
where a dam could be built. It was in 1913 that Viktor Kaplan revealed his idea of the
propeller (or Kaplan) turbine (see Fig.1.3), which acts like a ship’s propeller in reverse
rotation. Then Kaplan improved his turbine by means of swivelable blades, which improved
the efficiency of the turbine in accordance with the prevailing conditions (i.e. the available
flow rate and head).



Fig.1.3 A simplified Kaplan turbine

1.3 Turbine Classification

The turbine has vanes, blades, or buckets that rotate around the axis by the action of the
water. The rotating part of the turbine or water wheel is often referred to as the runner. The
rotary action of the turbine in turn drives an electrical generator to produce electricity or
drives other rotating machineries. Hydraulic turbines are machines that develop a torque from
the dynamic and pressure action of water.

The hydraulic turbines are classified according to the flowing direction of water through
vanes, the head at the inlet of the turbines, the specific speed of the turbines, and the pressure

change of liquid through the runner.
1.3.1 According to the Direction of Flow through Runner

Tangential flow turbines: In this type of turbines, the water strikes the runner in the
tangential direction to the wheel. Example: Pelton wheel turbine (Fig.1.2).

Radial flow turbines: In this type of turbines, the water flows in radial direction. The
water may flow radially from outwards to inwards or vice versa. If the water flows from
outwards to inwards through the runner, the turbine is known as inward radial flow turbine.
Example: old Francis turbine. If the water flows from inwards to outwards, the turbine is

known as outward radial flow turbine. Example: Fourneyron turbine (Fig.1.4).
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Fig.1.4 Fourneyron turbine



Axial flow turbines: The flow of water is in the direction parallel to the axis of the shaft.
Example: Kaplan turbine and propeller turbine (Fig.1.3).
Mixed flow turbines: The water enters the runner in the radial direction and leaves in

axial direction. Example: Modern Francis turbine (Fig.1.1).

1.3.2 According to the Head at the Inlet of Turbine

High head turbine: In this type of turbines, the net head varies from 150 m to 2000 m or
even more, and these turbines require a small quantity of water. Example: Pelton wheel
turbine.

Medium head turbine: The net head varies from 30 m to 150 m, and these turbines
require moderate quantity of water. Example: Francis turbine.

Low head turbine: The net head is less than 30 m and these turbines require large

quantity of water. Example: Kaplan turbine.

1.3.3 According to the Disposition of the Turbine Shaft

Turbine shaft can be either vertical or horizontal. In modern practice, Pelton turbines

usually have horizontal shafts whereas the rest, especially the large units, have vertical shafts.

1.3.4 According to the Specific Speed of the Turbine

The specific speed of a turbine is defined as the rotating speed of a geometrically similar

turbine that will develop unit power when it works under a unit head (1m head). It is

m/P

prescribed by the relation n, = T

Low specific speed turbine: The specific speed is less than 50 (varying from 10 to 35 for
single jet and up to 50 for double jet). Example: Pelton wheel turbine.

Medium specific turbine: The specific speed varies from 50 to 250. Example: Francis turbine.

High specific turbine: the specific speed is more than 250. Example: Kaplan turbine.

1.3.5 According to the Pressure Change of Liquid through the Runner

Based on the pressure change of liquid when it flows through the runner, turbines can be
grouped into two types. One type is the impulse turbine, which utilizes the kinetic energy of a
high-velocity jet of water to transform the water energy into mechanical energy. The second
type is a reaction turbine, which develops power from the combined action of pressure energy
and kinetic energy of the water.

1.3.5.1 Impulse Turbines

An impulse turbine is driven by high velocity jets of water from a nozzle directed on to
buckets fixed on the periphery of the runner. The resulting impulse spins the turbine and
leaves the fluid with diminished kinetic energy. There is no pressure change of the fluid on the
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