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FLOW CHARACTERISTICS OF SKIMMING FLOW IN A STEPPED CHANNEL
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Recently, research onto the hydraulics of stepped chutes was driven by needs for better design
guidelines (OHTSU and YASUDA 1997, CHANSON and TOOMBES 2002, BOES and HAGER 2003).
Although stepped channel flows are characterized by intense turbulence and strong flow aeration, most
studies did not investigate the turbulence characteristics. In this study, mean velocity and turbulent
intensity distributions for skimming flows have been investigated. The air-concentration ratio (void
fraction), and the bubble count rate (the number of bubbles impacting the probe tip per second) have
also been studied. The difference of velocity characteristics between the aerated and the non-aerated
flow regions can be found. Further, the friction factor in aerated flow region can be obtained on the

basis of the measurement of the air-concentration.
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LEANE

FEBCIRKBE OFIRIZSF RO =RV F— 2 BET D
TODEMNLFETH S VD, £, BEERIRAKEIZ

BT DMAVIERIBA LR E LTREOIT B4,

mE, KBRERAE, 27y 7EmE, REkEmSI
X o> THMIZZEAL L, skimming flow, transition flow,
3 L V¥ nappe flow IZ KR S5 3.

FEBORAKBREAIZDOWNWTE L O REIZ L > THE
R BRSPS, o x ¥ —HEP
skimming flow @O K EH BN R I L TW D
D.2,4.5.6.0.8,9 T 3 )L X —# KUt K BB (friction
factor) D K & & % EBANCFIM§ 2 72 OITIZREBR
KEIC BT D RIAR AT L (aerated flow) D K GEFFAMh
EWALTOUERDD. BoIER LI K- TKET
WCHBE LIz AKEREICHV B, FHEFEICOWT
bEHZEAEBLVCHEBERNED TELZRERRE L
5,6)8,910)

$72, skimming flow x5 & LT KIBADH
4L (inception point of air-entrainment) R KIAIRA
B, JUBRAOSHL ENRI N V201D JydiR
AN OFFHEIZ DN TERRm I TWN .

P B R K BT ALIC 3810 D E BF RIS DV THE,
Yasuda and Ohtsud(Z £ > TRIEMBIRA L TUW e \WHE

OB L OELNR S DSMBRENTND.

Z D%, Chanson!®3 L O} Boes!2 5|2 L » TRIAE
AN DR D N s Sz, 61T,
Chanson and Toombes!?1Z KIAIRAFEALDELAVIR S 12

DNTHRFTH R MBI ESW B EFEEZRE L.

Z D& D R KIRB AR O IR RE OB EHIMG E -

72EN Y TRILRENSZSVONRERTH .

AFFFECLL, skimming flow(BE - D& xHE LT,
K18 A (air-concentration), EATEF Y 7= © DRI
HiE % (bubble count rate), it Dy AiEFMEE KR
WRET LT, TORR, KUZIRA L7ofEEk & XyEn
BAL TWRWEE L OFEREOBR WA RT Z &
MTE, Fi2, MTEFHFMOENBIDORE INHE
ALFRFAIS 720 OB ET L Z L 2 L
Ll 26, [IWBEAROLGMICESE
skimming flow OJEKIEITIEZHEHE L7z,

- 499 -



Plan View

Double ~tip
conductivity
probe

Reference

H.Chanson, 2002, Journal of
Hydr. Engrg. (Forum), ASCE,
March, pp.252-285

xternal electrode
(stainless steel)

Inner electrode

(Platinum) .
Insulation

Needie probe design
(conductivity probe)

-2 2 /EERERA FEOMER

BH -2 2 SEREARA NaFOkHE

x®-1 EBRFER

W i AL | x/de | Ye/de | Cuean Voo/Ve | d/dc Vinean
& (0-Yop) m/s
Step No.

6-T* 11.8 | - 0 | e - ==
7 12.8 | 0.445 0.242 2.72 0.337 245
9 17.1 0.432 0.298 2.85 0.304 245
10 19.3 0.509 0.257 2.88 0.378 2.34
11 21.4 | 0.603 0.351 2.80 0.392 233
12 23.6 | 0.540 0.279 295 0.389 238
13 25.7 | 0.617 0.386 2.87 0.379 241
14 27.8 | 0.486 0.230 321 0.374 2.53
15 300 | 0.643 0.367 295 0.407 2.45
16 32.1 0.553 0.280 3.0 0.398 2.46
17 343 0.597 0.366 295 0.379 2.50
92 15.9° , Q=0.0776 m*/s, dc = 0.0850 m, S/dc=0.588
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(a) type A (6 < 19°)

(b) type B (8 < 19°)
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