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iieJ-GI'nlil ':i'IKGI' 'i1 eJ'U. .•

-nEJ 1 (30 f1::LL'U.'U.)EJEJn-nEJGI'EJU1~[JEJ.i.'I"lh';)tl m1~tl

1.1 ,rn~nM1mfli"1l1i~1m·nJ~1~~fi.~i.iVl;nm1"lJEJ\I impulse turbine ~\IhmJ~ 1 1'U.m1EJEJmLUU~r1\1
'II

n\l~ 'U,LY:i EJ~~ ~hh~h~1V11U1"1l1'U,VI1i1hu,1mffl L"lJ1
'II 'II

,rn~nM1 i.~'Yl~lilEJ\I~r1\1n""\I~'U,li1 1~[J 1iti1'U,"lJ EJ\I';)1'U,nlil3J ~\I:UL;'U,~..h'U,~'U,cl"mn\l 0.15 m ~~EJtiu'U,n\lrl' EJ
'II 'II

'Y'h1~1~:ui1\1fi\lmn\l"lJEJ\I,;)1'U, r = 1.0 m ,rn~nM1i.~,)1lilEJ\lm1'Y11\11'U,~1m~~li1"lJ'U,1~L;'U,~.h~'U,cl"mn\l d
'II

= 50 mm ~:Um11.JL11L'Yhnu 45 m/s y.J\I"1l'U,,;)1'U,"lJnt::LfI~a'U,~~1[Jm13JL1110 m/s ~\I1'U,11..l~1.2
• 'II

"I1H1LL1\1U'U,';)1'U,LLIlilil::a'U, 1~ [J1i~3Jm11m3J'U,~3J L-n\lL;'U, U~~H1LL1\1U~"lJ a\ln\l~wd1~ [J1i~3Jm1

1m3J'U,~m-n\l3J3J (angular momentum)•
o 1""~A I 3 2mVl'U,~ VI 'U,13Jm13JVI'U,1LL'U,'U,1000 kg/m LLlil::g = 9.81 m/s

kl.
••

v= 45 m/s r-J"
d= 5~ mm

lrj

11..l~ 1.1 Pelton turbine
'II



~El-G\'n~ "l'i G\' 1iI ElU .•

'"
1.2 U"'3J'VI3JUL'VI~£h'l'YhnU~fl113JL11"lEllJ 750 rpm li'1i.'V1GHi11lJvr~1'U'Yi~:\IU1nnlJ1lJvr~ (CX = 0) 'VI1El1u•

LLU1f~ii LLlil::i.'VIlilElElnl113J3J35 a\l~1 nlJLLU1f~ii (CX2 = 35°) iif~ii'Yl1\1Li1 (1 = 12 em fl113Jnl1\1•
1lJvr~ b1 = 18.0 em f~ii'Yl1\1aan (2 = 24.0 em LLlil::fl113Jnl1\1"lJa\l1lJvr~~'Yl1\1aan b2 = 14.0 em

er~11m1L'VIlil 0.573 m
3
/s

~.d Qi .d
(a) u"HfnCPJ~13JL'VIlil£J3J"lJa\lfl113JL11(velocity triangle) 'Yl

'Yl1\1Li1 (inlet) ~~ i LLlil::-n'Yl1\1aan(outlet) ~~ 0 lJU• •
1ui1\1Gi1\1
'U

" .Qi 6' o.cl •.••

(b) u""1"lJU1~m13JL11~3JlJ1rn"lJa\lU1 'Yl'Yl1\1L"lJ1LLlil::
-- 'U

Impeller
blade

-----•..._-_.__.-
In



ifEJ-~n j;l ..•.••••.••.•.•••••..•.•••••.•..•...••..•.....•.......•...............................•....... ":ii'~ lil EJl.J. .•

1.3

n. v"Ui'{@l",UJn11" h.IL:IJ,"~:lJL-n~:l.J:IJ~l'V1f1J1i'VIl LL1"~U~'lJ!l~L~~!l~,rmnG'l'lJ!l~ L'VIG'l•

Q H (L:lJlil1") bhp 11
(~lil1"lii!l,"lYi)

..- ..
(llillil)

0.0 47.5 133

6.0 46.2 142

12.0 42.5 153

18.0 36.2 164

24.0 26.2 172

30.0 15.0 174

36.0 0.0 174



,rEI 2 (30 fl::LLtI,'U.)ElEIn,rmmu hHJ EI.nlil~trmi 3J~1";i·HU.

2.1 ~1"lJEI\lLvlfl~\I"1l'U.n~EI\li\lLL~lil\l1'U.";iU~3J3J~1'ifl113JL11 V r!'Yh1'in~EI\lYl~n ;f''U.ElcinUfl113J'VI'U.1LLU,'U."lJEI\I
• 'II 'II

Lvlfl p, "lJ\.I.1lilLi'U.~.h~'U.Efnfll\1"lJEI\I~l"lJEI\lLvlflD, til'V1trn"lJEI\ln~EI\I W, fl113Jnl1\1"lJEI\ln~EI\I b LLfl::";i::t1::vll\1
'0 "I ....f

";i::'VI11\1fll"lJEI\Ib'VIflnUYl'U.d

1) ~"'lnn~3Ji1LLU";iHii~"lJEI\lU"'ty'VIld tliltl1'i p, D, W Lu'U.i1LLU";i.ffl

2) ,;)\I1i~3Jm";it3JL3J'U.i3JM1fllfl113JL11 V 1'iEl~1'U.~U"lJEI\li1LLU";iliil\1')

3) LJ.1~EJ1JLnEJ1J~llilElU,rEl1 LLfl::2



ifa-~n iil 1'i~ <n au. .•

2.2 (10 f1::Lmu.) L~m'llLL1'.J<illU.(drag force) "1Ja.J1Jaiiliilu.~LfI~au.~<illt1ml:JJL11 6 m/s lu.aln1f1am'l'lll:Q
'II • 'II

o 3 2 0 0 '" .f 1 1 ~ d20 C (Pa= 1.2 kg/m , lJa= 1.80E-5 N-s/m ) LL1J1J~liila.J:JJ1Iil1'l~TI.4,1:13 rJn~1'l.J"1JULLiil::'Y1liliila.Ju.a :JJ.JU.l'Y1
'II •

•• 0 3 2
am'l'lll:JJ 20 C (Pw= 998 kg/m , IJw= 1.003E-3 N-s/m )

• 'II

1) 'i1"H1ml:JJL11"1Ja.Jlil~li'Y1liliila.J

2) ~ml:JJL11"1Ja.Jlil1u.,ra 1 LL1'.J<illu~llili.<ilijfhL'Yhn1J2700 N 'i1"H1LL1'.J<illu."1Ja.JLL1J1J~1.J



~f)-~n Gl 1~ ~ 'il f)'U. .•

Cavitation number
(Euler number)

PrandtJ number

Definition

Re= pUL
p.

UMa=-
a

U2
Fr=-gL

pU2LWe= y

IJ.Cp
Pr=T

U2
Ec=-cpTo

cp

k=c"

St = tDL
U

E

L

{34TgLJp2
Gr= 2p.

Tw
1';

C = P - pw
p tpl.P

QunUtathre rutio
of effects

Inertia
Viscosity

Row speed
Sound speed

Inertia
Gravity

Inertia
Surface tension

Pressure
Inertia

Dissipation
Conduction

Kinetic energy
Enthalpy

Enthalpy
Internal energy

Oscillation
Mean speed

WaUroushn:ess
Body length

Buoyanqr
VISCOSity

Wall temperature
Stream temperature

Static pressure
Dynamic pressure

Lift force
Dynamic force

Drag force
Dynamic force
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iEl 3 (30 f1:;LLUU)aania~a1JhHJ a.~1111i 1nUff11\1•
flli\l 1~,rn~myTYhiEl~ 3.2 LLfl:;L~Eln'YhiEl3.1'VI1El3.3 LVi£J\IiEl1~iEl'Vl'ct\l

3.1 (10 f1:;LLUU)Ul£J'Yl1in~~El\lm1ff1J,rl (v=1.12xlO-6tnl11\1L:lJtn1~EllUTYi LLfl:; r=9.8xl03
'lJ

i'biu~Elfln1J1f'fnL:lJm) Lil1Jmi\l~El~v\l\1,;)lmL'VI~\I,rl L = 150 L:lJtn1L"lJl1iriElVi1oJi~\Imhrim1mJ:IJ1nii\l
'lJ • 'lJ

:IJ1n~ff~ (£ = 0 L:lJm) LiU~huf'fuEfnfll\1 10 L6JJU~L:lJtn1fh'VIu~ 1~elmlm11'V1fl"lJEl\l,rlfiEl Q = 0.0393
• 'lJ

fln1Jlf'fnL:lJm~ EllU1Yi LrtEll1Jfi~m1ffru L~£J1El\l~Lntn;rU u"ATU'Jnnnrha\l'IJel\lifant. L'",Vi~'J £ILL1\laJ.
'lJ 'lJ'"

.d ~Q",IJ.~ J" ~i-'
(hp) 't1".U't1'JA'Ml@1el\l'Zl'elaJ. L1S



i'i1J-~n1il •.•..•..••••••••••••••••••••••••••••••••••••••.•••..••.•.•.••.•••.••••••••••••••••••••••.••••. d~ ~ <1l1J'il. .•

3.2(20 T1::LL'il.'il.)L~1J'VI,"1LLtf~:IJ1i1~"1:IJ~" LLSl::"L1J~" n~~~::~1JJ1 (p = 1000 fihnf:IJ'liilSln1J1l11nL:lJm~ ~
LLSl::j.1 =1.12x1 0-3 ibiU-1tnYi'li1Jlil111~ L:lJm) L,r1tl~Ln1JJ1Lyj1J1-:1"1. "1l"1U'VI,"1LLtf~.yir'hi~~:::IJ1i1~J~
~1J~~~"li1mlu~f1~1::1J1J'Yiili~ LL~~~~~LUUri ilL'VI~nntf1 i.1~ii.:IJ (Stainless steel pipe) .yi~Liu~hu

.. ..
IIIU£JnSl1~20 L6JJ"UlilL:lJlil1TI11:IJ£J1Tn:IJ500 L:lJlil1u""1~ --

a. Ellil11L11 Lii~1J1:1J1lil1"lJil~J1rii. 'VISl1Uri il1U'VItb £JSln1J1l11nL:lJlil1'1iil1U1l1~
b. fhi~"lJil~J:lJ1u'VIti,1£J1lil~

L~il1J~:IJ~r'hi~~~~~ hp = 172 L:IJ<1l1

riTvlu~lV1'1";Moody chart lUn1Jf11u1ru T~lJn1Jt1~f11u1rulviff3J3J~ Red = 2 x106 VI~EJff3J3J~f
= 0.03 EJth.Jl~EJEhJVIUJ

kL,Ent = 1



0.1'\111 II1I1 m
0.09 Laminar Critical TranS~'ition~ I' _I~ -~--

-flo me zone f..-

0.08 - C _ ...L \ Complete turbulence, rough pipes
• ..~ IIIIIII _'.noo ~-,. - - _ ..,

_ ~-f- f-

:.......:~:= -

Glass, plastic 0 0
Concrelc 0.003-0.03 0,9-9
Woo<!slave (WOI6 0.5
Rubber. sllloothed O.OOOO.D 0.01
Copper or br,lss lUbing 0.000005 0.00) 5
Cast iron 0.0()085 0.26 _.. .'

O.()! Galvanized icon OJl005 n.15 ~
Wrought iron 0.00015 OJ)46 ,~,,~ I ElD = ()J)00005

0.009 Stainless steel 0.000007 OJ)02 r-- -. 11 II I I !
Commercial steel (WOO15 OJl45 ., _. ~jl) ~.(>.<5booo I ~
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FIGURE A·27
The Moody chart for the friction factor for fully developed l10w in circular tubes.
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3.3 (1 0 fl::LLlloll.) ,nn~lJLUll.~llmrn1~ el~'d1md1'V1~1wri€lrill.1 [Jfl:IJ"ll1qjm::LI?l1[J:IJ~ll.v"H1~1"lJ€l" h

Lrle)'riElJ:1ii"lJll.1~0 = 5 L"lI"ll.~L:IJ~'dLill.~hll.\IIll.£fmn""lJEl" Nozzle ~El d = 2 L"lI"ll.~L:IJ~'drl'1J:1lvH~
'lJ

106

Re = pVDlj.I


