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The Measurement of the Flow Outgoing the Francis
Turbine Runner

By Takuji Yamazaki and Tomosuke Tejima
Hitachi Research Laboratory, Hitachi, Ltd.

Abstract

This report deals with the experimental investigation the writers carried out
recently into the behavior of the water flow released from the 16,500 kW Francis
turbine runner. There have been a lot of reports available to date which give the
theoretical answer to this interesting problem of what pattern would take the water
flow after it has come out of the runner. But those reports, being based on the
presumption in each researcher’s own way, equally have been in lack of backing by
actual observation, and this was a reason for the writers’ experiment described
herein, which ended satisfactory in revealing the qualitative tendency of the flow as
summarized below :

(1) In the loaded condition under which the turbine approaches the maximum
efficiency, the flow coming out of the runner shows an almost entirely uniform
distribution of axial flow.

(2) When the above limit of loading is exceeded the whirl is mingled in the
flow, spinning in counter direction to the rotating direction of the runner, and
when the load falls short of the above limit, the whirl is caused but spinning
in the same direction as the runner rotation, increasingly near the turbine
center in both cases.

(3) The increase and the decrease of the water for the turbine with any loads
which place the turbine out of the maximum efficiency are handled by the
whirl under the lower part of the runner which grows or declines accordingly.

(4) The water flowing alongside the pipe wall takes axial direction almost uni-
formly, irrespective of the loading condition.

These results, furthermore, showed a good agreement with those of their previous

study conducted in Hitachi Hydraulic Laboratory.
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Fig.5. Whirl Angle Distribution at Air
Valve Closed

*:;}- e :;- E.%l e /;
%‘:_, ‘__f:(? L_ _“___;; ” . :
o~ | I . /
—— i & %
fg_f_"'; A i
j{'}‘_j a & "_....-l l.:’ 2
E /1/1”-'“”{i / :
£l : //Ae
RES ﬁ;
b,
,//_
s ’,
|;'} L L i =) (05 PR f
K o] Vi / qdIJK )
& — HlxrEonE
;__i
o

60K EBEAEHBRESOEA MM KSR
Fig.6. Axial Velocity Distribution at Air
Valve Closed

i |
|I {:_]_u”,_ [

iR+ 7S

Vw

1% 12

s

t-?"'
VIR ¥R Al

-_.L__
e

%
) !’/
7
= .
s
&= 7 X F &Y ES oER & E S fG

Fig. 1. Whlrl Velocity Distribution at Air
Valve Closed



720

= i 236 4% H4E

{029 24 7 H

- ﬂ?:' ) . /

I Wy — 8B 7

@ #F ——4=~ - 2

: -
gy T T A
(e N [
Wt N b
& ', 6 ¢ & Nty
= =t *”ﬂ[%@
= %( ok fDﬂI

bﬁ&

/

T =

o

L JE

FON R AEZHACEEEORNABEOEY H
Fig.8. Whirl Angle Distribution at Air
Valve Opened

] —
-—O—T % o Y
S . . ”
3 ; ?
KA} e — e e . /4
- 4 7
§ —— ] //,
X A
] 7
ik o
g 2
= 0r 7
X [/
8H f
‘{;} i 1 1 o do e
N B D F HIIK
& S EN1E
=
TIA

FION EIFEHCEGGOEFMEES K
Fig.9. Axial Velocity Distribution at Air
Valve Opened

0r

v
/f
Z
%
L
- L85 ;
d V3 ;/
{a . ;
i : A
(@ #r — 7% A=
S ‘ :
S mx /
= R -’
X o \ ¥
m \ |
"’j ﬁ L | i i i |":ll
= A J Fo TN ——
Q% (o \/ ;EIEEJE@
T _/'7' LS
E )
S 2
oy ;
&
s
=~
&
[:F:.
i

FI0N ZIAEBECRBESORENEESF

Flg.lO. Whirl Velocity Distribution at
Air Valve Opened

(3) ® &t

B8R A% L 4/4, 3/4, 2/4 o 3FWMOATTIKEET,
REUPIRHL O LD X D B B VBB TR FR &
B L Tuigus, 4/4 B8R ClikdFdhi e BiTT 5120
THRAEL DAl & RO TR OFERIARFICE UL e D,
3/4 B TIXFEL RN O L FE UlERAE T, £
DIEFIFE I/ NE V., BICEMEZU T 2/4, BNl
B LEERED KIS R T i o T, JRFI O[]
fiz e BEARIOERNE UL k2EMLY R LTS, K
BE5OMETRT b OEFIRAI O i & KO 518 o FEm]
AL TR L TV 5,

RICTEEIGE S 2 R T8I0 % 4 % & EEioFEI
—BBHEEZ /e, KEOEERTIEO B TILFE L E
AR 7e <, COBML D REVEN TR FDICE
ﬁ%éuanwﬁm®M¢&mﬁﬁﬁ®ﬁﬁ%ﬁﬁ¥:
PWELLD, FLCOEME VNI VERTIERIRFED
mw&ﬁu%m®mme%L<mELf%é*&#b
5. TeBEEEIECIE/KILES SEE Lic TR
%,7§yvx¢%zﬁtmmﬁ%%$Wﬁ®%ﬁ?m
%a%ﬁmmefﬁﬁﬁﬂ%tL Z DEAREED B
I X7 BT HED TR R O FEMAFR L Al i 3 F2
i%?‘: L, @5EARLIAN T RA T < 7o b 22N 4=
THLDLIEEENS,

KIS 9 RO T RLEE OS2 B R UT X &
DFNTH S b —ERIc(i%2 R L, sEEMIT Tl
%@ﬁ@ﬁﬂ@ﬁ@ﬁﬁﬁﬂkéckﬁ%kmn&EO
Sl

D EXZES A EHEC B SV TR LD ThH 5
N, ERAXBAULEGCL, @ yBULERLYRL
Tuwa, L LESH~F7 X &3 8 K~FI0B] % i
B L TA 5 &5 5 X 518, ZEKF 2B\ 7285 A0
B EZ R L Wit 2 AHhZRRDBLE, 7F VALK
HLOJHEHIOMOIC R E WA T 5 L EE LIicimus

HLDETHEEEBIS.

NIRRT SEORIEE TS T OB O R A H SIS
&V, FREOHTHEIC T\ TURREG Do\~ 2 & /T
Mz T

HIbHEEE P —FIC X 2ETIR L DREDOHIZEIC
(TR DEREIRI VDS, BEOWEECIXELEFLEL D
FIEID~OI XN Tk D, Z ORMNERELVIE
D, TEOHSHEXTEMECH D - LITHEEBTHL, il
HfER e b — gty T 4« OFFZEE, T XTHlVE
ZEEWTOFRERTHS T, SEFHLICX 5 e RWEK

o

ﬁbfﬁﬁ%mﬁﬁ%ﬁv,:ﬂ%wﬁ%ﬁmA&QW

D‘L\—fff;ﬁ:”]?h Frebicuw. F1-HE Hile b —EEDOE b
—BREIL T ORIETIT T ﬁﬁ?ﬂ)%éi‘zf’%’é\ig < 21k

— 10 —



W7 7 vy AKEDIJIRE

L OO KO aE &k g © H3l E 721

THZENFEHEMNERTCEY, ZORCHEH\T LN
SN 5,

ARFRC O TIE, M HOFEBITNTHEL T
HEDTHLOTY P —EREILL L L, FEEOEEI L/t
WD L, IO AN 4L a0 T ie\ 73R BT E A
T4H0L LTHIE LTS, UMiCIEREEER T
bz r LTh, £oMHE & T fiE o &2 EIE
BhRL b B EDE 2 s bARREEO AN NI 7k
EOHHEILTRT 5 & & #RET, ThUTE s otk.

(IV] &
FE7 7 v o AKEOIEREH O OKOFINOIRAES
WEL, TOEMEZMLACTL, Z OfEHHROFIH
Ao hy 2tz
C1) sKHLD B AR O G IRAE TUR A HY
ToRIE SBR[ HRAL, Lo 2B M O
S RIE—ETH D, FEMRAUL U

C2) EARY EOARCH L TR OM)R &
Foe i ofiEm], AL © & TR T O [l
& FE—JRDFERRA 3 % -

(3 ) EREMIE DRI E faf DR/ INTHEEERICIZ © —2E
DRI OFEEZ 2T\ 5,

(4) EFRHUADGAHRHREE TIXRDOIFIIC X D F
EH ORI T 5.

C NTIR 78 H ik el 247k )56 = TR K EL
WZEE T, 7 D ERIMCSEER L TP & X < BH
Licfdm s R U, BEEVKEOEER C1E -t S5 EED
R GE T HHEEET B ICE D7,

il

F 7o RO FEERDFEYLD b IR I 225 % WA ¥
D EKROBIULERETHTHAH S 2 LB HICHEEX
NS
D BRI IEEHE R CEE o0t L DS
7%, SEEPRIUCEEC TERRTNTZER L, EHIiCiEHk
HIC X BREFRL D ILSEHL, & \CHEEYEDICE]>
ToREBTHD.

1% DI ERAARFER O T FERC = D G K7 215
A G ORI ESMETRELYIRY, FEEITEIC
B KB DOTAETHRETEHS.

s £ X B
(1) &EH: #WhE&3E 27 793 (K 13)
(2) =H: HIEREZEIZHHE 4
(3) =&: H>LFam 10 87 (B8 2)
(4) Wl MA: HBIriss 35 1437 (8 28)
(5) 4#: HIrFaw 9 775 (K 15)
(6) HEH,Fil: HIrFaH 34 1367 (BB 27)
C7) Br: HWhk2e4sE 34 171 (B8 6)
(8) B4n: #bi2i4zk 34 175 (B2 6)
C9) B, iR : #BREEFTE 4 17 (88 13)
(10) J.E.C.—117, 49 (1948)
(11) #HPa: BHEBEREILESHESE 1II-1, 5

(RB 25)
(12) #Htra: BHEBRSEITEZHHESHSE 111-2, 95
(B8 25)

(13)  FH04, R4 #®EomE 3 600 (A 26)



(BEE6HE» L)

EEEHEINA-BILIEEROE

 BEEES
|

£ R

T 5 Kl

IR S

I

i

I

{!

I

fr

!

r

'

I

I

!

t!

fr

f!

t!

r

fr

I

'

f!

!

!

H

M

= AHEE

409616
409617

405018
405620
409632
409636
409637

409638

409643

409644
403646
402647

409648
409649

409650

409651
409652
409654
409625

409614
409635
409563
409610

409611
409639
403655
409566

woW OB OB 4 % ®
M ZERBOXKECED R E

FEHEFICNG 57 v M L ORDSEE
I} el £ % R ¥
mof ok X Nk EE R
527 7] 2= il 5

@ oW 5 BB o 5 B
BiJ) KB S E WG A PR M

AR I fE TR 2 B

=
ﬁf-
LH
5a

"

TR 5 A - S s

il ¥ £ o oy i
25 Fill =3 s 1 15t i

BB OFT M OB OB OB ¥ om
5 41 2 5 T B A M T MR

KO W = M OB K #

4 A 5 e i
Jie Bl 7k Hi ZE G 13
1z Fﬁi FEJ[
Wz TH] 5

v - I

SR MENEHHHEREOFIEKE
Rl B O # 4 L & E

o = E O BOED R R
ENRIA v R D BhikAlR

7 v ' = 7 ¥

: HEE_'@’LH[J\ f:l J

i P,
Eﬁ _".LIi:E}

B ir T3

H x|

HrT#H
Hir LTH
H s T8
H ar

=hung o

Im
[<+

1
<

11
<t

T ¥

IT]
<

I
<+

Il
[

T %

1]
=y

1]
%‘

;LJ:@

EEI{;@J

H ir T 3%
TR LT E

mE T
BETH

JI ey T5 5

JI| e T 45

[[[ iy i

JI| s T8
HER T |

% 5 1%,

T3

T3 |

T 8 |

T %

T %

T i |

44--.:1 ~
| S
OE

Ny

s

Vg

g
A
i
[
B4
i
75
JI

o+

ST 1

il

5

b

e
&

—_——

g, S—

i, SS—

= H

fr IR

—
&R

x
E =&
S
B R
w1
IE BH

%—Fﬁ‘
jgf\ {ﬁ1

R

o

E =
BOKED

W
~ =

7T fﬁ;

i
7T

% 5
w5

%t

AN =t
1‘L_? A
= = £
i e ‘,J-A—J.
(H {0
sz, 0 v 24

=

ST L

FaEK

29. 1. 14

I

fi

M

Ir

ff

'

r

I

I

I

[t

rf

4

I

r

fr

I

ftr

42

i

It

Ir

7

It

fr

29. 1. 14






