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Experimental Studies on Lower Head Axial Water Turbine
with Passing Fish
(Comparison of Load Operation with Nonload Running)

Yukimaru SHIMIZU, Tsutomu KATO, Cheng QUAN,
Takao MAEDA and Hisako SHIMMA

A water turbine through which fish can pass is studied in optimum-load operation. In order to
examine the effects of the pressure and flow velocity on fish passing through the runner, four casings
are used : one straight, two diffusers and one draft tube. A single stage axial runner is used. From
the results of the measurement of the velocity and pressure distributions inside the turbine casing, the
negative pressure and the flow velocity in which fish can swim are investigated. The kinds of fish
tested are amago salmon and rainbow trout. Photographs of fish passing through the rotating runner
are taken and analyzed.

Key Words: Fluid Machinery, Water Turbing, Axial Flow Runner, Fish Passing through Runner,
Rotation Speed of Runner, Number and Configuration of Runner Blade, Pressure
Distribution, Velocity Distribution

EERREC K EERE CREL TW2REBTO 7 >~ T
WO FUEAORIBE AT L 7208, A& T3, RER
DAY RBRWICHIRL, CnE TORFBREHEL

1. # 1}
AFZ TN BB S h T2 AN REAARE L #

NAOBEFREATHZAEERCL > THETSZ L
FHMELTWS, R AORERKECRIEEL
WS L Tk E, #IFKE, 772y AKE,
~) b VAKEE EROESESFIHINTVS, Zh
S DAKEDH THLERAEE & HE S 5D I3EFK
HEMFAETH S, APFRTREFARELRY £
5, WiFAKETIET T TRICN I 7 b F 2 —THK
Bah, iR ESEILOSNTVRE, IO, 7V F
TV —FOARFREBELSABECRY, ¥rET7T—¥
a RIS, O L) RRETIRADERFIITA]
BELHEEXINS, T}, L0 LD BEHFTHNITAL
BELEZTCHERT v 2 ERIEL I LNTES
b, HKHLEETH S,

IhE TORRO® TIRB b ICEFAKEH AR

* WM 19961 H 8 H.

*ER, CEKFTFR (B514 i LatH] 1515).

* B 77— TEGD (B467 HETEMKEET 15
1.

R, ZERKFRER.

KB R AR BT S (B 519 HEESR KBETEH
224-1).

fo. FUBAEBRCIIHBMKE 2> 7 ) — P BUKE
WIEBEFEE#MEAELREL, ARK10cm » 5 20
cmBEOT T, BIU=YeARHERALK, Al
WREHE->TVLEOT, RROALIHFVHERSRR
3 R230HERE TR AL EOMICAEIZ R,
FOFR, AVERATE Z2RHEIHYUEBE O, Y
CEHAMBELTIGERATE 2R MGE0—mBBIHI N
1o, E70, ERFE AV Oh TV 3EFKEDHS,
ED LS EERETH T ADOEBIAFETDH 5 H
DRFNoBETELLICK>TEL,

2. b RS
DR mi/s
DY AERETHROEZE m
v T N+'m
D KEEE

D [EEEAEE  rad/s
EHOMEE m/s
KkOEE  kg/m®

5 @ &8 s N T

— 126 —

NI | -El ectronic Library Service



The Japan Soci ety of Mechanical Engineers

BEEZ MK E & AEB BT 2 EROBIE

3355

3. RBERSIUFE

RERBMAKE L FUEAKEZRT 28 EBRC
i3, ROE>8b0nEz o3, 7> FEER >
FOAO, OB XU T v FREHIE, 7> FHNE
5%, ¥ 37 b Fa—TDENDE, 5>F 7L —
FEE, 7v— FEREB L URERRSD 3,

INSDBERE—DDORBREETCIRIRFT S
EIIREELDT, EREHCAY TUEREELTEL
BHROEBEToN, UTFTTRBOBOOHEHIIEE
THu SN RBREBOBHEIT.

MldEHRECERIRI#MBS >+, T4, 7

Upstrean Upstream
Downsteam fB—s— Downsteam
C B RA <
T [ 4 ]
g b g
dcb a N dc
Cain . trigt Casing I diffuser type
draft tube
Upstreanm Upstreanm
Downsteam — Downstean
¢ . c B
& 17y :
@ ‘% ] Sl
ydic | d'c a ’
‘ Casn T Casing IV

Upstream diffuser] 2 °* Upstiream diffuser? 4 °

Fig.1 Four kinds of casing configurations, the mea-
surement points of pressure (A, B, C) and veloc-

ity (a, b, c, d) distributions

—YYIZBLUFI 7 b Fa—7, OABBEER
T. M1-13AGEr -y 7RTT >+ 2
B, FZ27 b F2—-7LLTHHBE A TE2H W
BE M -NIRASEr —v > Z70Rb D CEMND
BBI12°OT 4 72a—PROFSF 7 b Fa—-T%H0n
IPBET, AODRAVT Y ADR/NEEABE CE#H S
YFERBELIBEERT. AOOBR/NERAEWE
EHOOEMBEIRW1:1.5TH5, b3V LAKELH
Dilchote s, EREBOME L, ChBRTH-
7o, R1-IBX UK I-IVCREBOFA LR 1-11D
FZ77bFa—7FEKEOR/NENIDDH E DS
TERP-1:DT, AT 28EOHE*RN TS
T T T o EFHBEINBE L 72 5 A AOBERICK
DEEFRI., TORVBTCRHEBNAERAESRE
RCELDTI7VF BRI AAFEHERE VIER
TARELAFEOBFREHAN:., B, M1bo7LT 7
Ry PAXFE A~C ZEESHAENE, 7V 7 7
vy M\XFa~d 37— 7 ORBEEHBEME %
Y. 80K, KREEMVEBORE L, M1or—yv >
71, 1, IVTiE, /KEEERE THRAL» > EEBE S h
REBLTHACERBEs LTV (M2). K1-110B
AidKERER FRAANEEB S h, BRESRL LA
ANRBEh TV, K213, EREBOSLEARE T
7. KB, KEFEMEFEROI Y 7Y — 8k
rAu, KEZMEOQ0.8m*5.2m), #X(1.5
m) TAE 12° fiE T—EDH T ARMB#Z THALT
WEREHETICHS, ZoAKEOFIcar s ) — bRY
LEBRBELI, ZOFL2IO@ODE S HRECEE Y —

@ Inverter
) @Computer
BRYLaLIP hnsor ~
N Upstream
B\
] = (D Pipel |
=t
! -— @ PipeZ |
: Rectification Lattice
Downstrea | | Video Camera,
®Torquemeter ® Concrete D;w N
D Pumpl _ | @Video Camera g
Shaf't2 Fish Preserve
' 1 l@m ® Net

1.5n0

@

3

L urbine

Fig.2 Schematic diagram of experimental apparatus

— 127 —

NI | -El ectronic Library Service



The Japan Soci ety of Mechanical Engineers

3356 BB TR &l B3 2 KRS

U RBELE., r—yr7HEOBR+ARERR
F YV AMEHOBVLERT, FOHhCHRELOT <
I, ZYTR, REEBOBO, HHE(EROAEE
BETiRVRL, —EOATHS) THRILL, EBRET
57z, KEROKIZ2EDORY T EBWTSY A LR
DBFBRFOLRAU~EREINE, K77y 7sh
TR BHREFCBFINEBAKEY —v VT ZHA
T2, AREHEr— P TH>TB» L ERS TR
VAT ATHETETIERENKE L, 2 IIFEHRS
THENCHRB S nBE 2R, KEREH I~~~V
F7EoTRICEET, P22 L TRERKC
BEXhTWw?, BRI N—FTHEAIN TS
D, IEREREHSUETHS. FLDO LR TH
BOAMERZR Y 7HBEHAMT 2 Ltk > TEE
Xg, BBOHBRIS ALY —v > FAHATS
BMOEESHEH S UHRAE L CHEDM %2 EE
L, R OEBRIFICIIAREELREL, £TOELS
Koi:, HEAFOHECBERI0mm O/NS LT
uRIRAFHES A ORI, T—Y Y 7 OREREN
SHRAKEY /) A —F £l dESIERE (98 kpa) T
HIESNT:, ¥—y Y7 RERERZT 7 YA T
BLUFRPBIF 4 72— I 7 v Fa—T7FkIX
F4 7 a—¥BAVeNT, AYT VT EEAT SR
BEEI»®D, 0, ROEHLBE T 5700, RS
WHRBEXNETFAIATIBLIUKPET A H AT H
FAwshsb FRP 74 7 a—YEHWIBEEATL
WO THHBRBRITAEETH S, OBFIT LS
=y I ADAQPET 4 72— HOKETFT L A
27 BRBELAOEBEENBE L, EHART2Y
Nr—y 7 DBER T FROEBBRE BT
& r—yvr 7 BB LUAFOREL S 2 EHFTYE

60 90 90

e
P R l
R145) |

apH

B GE——Y
=
or

(b) Two blades (c) One blade

(a) Three

Fig.3 Three kinds of blade configurations
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In case of optimum load operation
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Fig.8 Photographs when fish swims in the rotating
nunner
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BRI, BEEAE L 1.7 0L 2.5 UNTI, 5%
25 50%DBIC RS, 1, AHEDORMETIIFER
12#7 150 rpm, A FHEERR XY 250 rpm 23 FEA O
BRIZA2, 20O x0T > FRFEHFEIZ 1 m/s(CE
BIaERO 5~10 fEoER#EE) T, AF —25mmAqg
BETH-1. ZOLICKEREOHEL 2BHITH
BRICIR TV FANDEHOOFENENKEL D, 5
YRS 270 TH B,

(2) EEET 2572 FRRVLBEITIZIEIFE4
m/s Bt CE¥ R £ D 20~40 fE OBk EE) T, L
b EE —400mmAq TH EGHIKHIRZ < AR
IBRJEETH B, Zhi b, [AEET 27 > FHidAICHY
kb EeHEZOND,

X L2

(1) HAREN « FAENE, SUEATTREKH T >+ ORI
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