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E{8l (impulse turbine)dt Ht-ZE{ 8l ( reaction turbine)

2.1) ZSE{Hl (Impulse turbine)
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2.2) HFEE{Hl (Reaction turbine)
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Fig. 3 Composition of the Francis turbine
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Fig. 4 Drums and reflectors on the
rear of the turbine



4. (Theory) A0|E

4.1) Notation

Symbol | Description l:lnits
N Rotational speed of the turbine | rev.min’!
i I Hydraulic Power I W
,."J” | Mechanical Power . W
Ny i Hydraulic Efficiency %

T | Torque I Nm
P I Pressure I Pa (pascals)
{2, I Volume Flow I Ls! armis!
R I Radius I m
A I Left spring balance reading I M (MNewton)

? 1 Hl_ght spring balance reading - M (Newton)

F Force - N (Newton)

4.2) Useful Equation

@ Hydraulic Power
E{Hlo| Hydraulic Power &= Ct2u} ZH0| LIEHE £ QIC}

W=Qp

(Hydraulic Power A&t Al F2Fo| CHR|Of Folg A)

@ Mechanical Power
E{HI0 A 2H448t= Mechanical Power & CH2ab Z0| LIERE 4= QlCt

2nNT

E.lM= "4



® Torque
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Right balance
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(A)
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Rotation

View from front of Turbine

Fig. 5 Torque measurement principle
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Fig. 6 Francis turbine

(1) A3 A 7le]l= e £1x]9F HHle 5o+ &9 = (Inlet pressure)

=l AXE Fletar =4 g
3) EI¥l H%o] A2y Ao wad 008 A3 (-8 )
(4) TEHUAE o] &t H FF FHAA R & Ax BHRS = ()F83h
(5) HWloll 5o+ 9 F%S 243} Inlet Pressure o S2E= 4o}

goto] FHet AEHAY B 3dFE S
T a 05N A3 7 (5),6) = WHT Fagt

®) (NHGANA =28 Ago w= (3,5), Y 3dF, =9 /%
Inlet Pressure & =743kl 7] gt

(9) 23S W3ty u]Eo] A (cavitation) HAS &l

(10) S4% &9 %, Inlet pressureE ©]-&3to] RIS o] &5 ¢

(Hydraulic Power) & ZAlAtel™ =39 A& w=w, HRHIY 3 HdFE o] &ato

12852 (Mechanical Power)S Al2FsHc)

(11) ALk EH1e] o] &5 2 (Hydraulic Power) ¥} 3235 = (Mechanical Power) <
o] &3t 7} kel thgk BRI E&S AET



6.2 &t

Inlet Pressure
Gulde Vane Setting

Mechanical |
Left | Right Load Power | Power in
Balance Balance Flow Speed (Torque)  Absorbed | the Water | Efficiency
™) N | s | (revmin') | (Nm) (W) (W) (%)
7. O&
1) ¥ S58US 0/8510] HEQ O|2FF (Hydraulic Power) 1} 25

(Mechanical Power), ®& (Hydraulic efficiency) A4t 1t~
(2) 5yl |20 2 O|2&H (Hydraulic Power) 1t HHZH
(Mechanlcal Power)Jgj= 12|7]| ( P,,Q,— P, Curve)
3) Hulo] R0 E & A= 12|7| (@, —neurve)
4) 8% =g J=o| Chet 43
(5) 7HH|EH[O]4 (cavitation) 214t0f Cliet 2% Sl 7HH|H 0|8 S
SO Chet 29
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