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Effects of Reynolds Number on Local Skin Friction Coefficients in a 55° Stepped Channel
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Abstract: This study shows local skin friction coefficients for a wide range of Reynolds number in a 55° stepped channel.
In the range of the Reynolds number is greater than 4 x 10, the local skin friction coefficients might be independent of
the Reynolds number. An empirical equation for the local skin friction coefficients is proposed, developing the analytical
calculation method for the water depth and the boundary layer thickness in the 55° stepped channel.
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J&E DRI EIR W AR, BRSNS LT
FEx i B Uh Lads s, RFTEEBIEGUREIC N T 5 L
A I NVABDHEITHATH 5.
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VA D D ¥ TRFTEEBIRIUREEMET L, nonaerated
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Tz, ZDEDTFHRMENC 6 = 55° DFEELIRIKES A3
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(a) Nonaerated skimming flow
(b) Aerated skimming flow
Figure 1. Definition sketch of a steppd channel
Table 1. Experimental conditions
6(°)  S(em)  §/d. (-) g (m*/s) Re x 107* (-)
55 25~10 02~0.8 0.0173 ~0.138 1.7~ 14
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Nonaerated skimming flow @ edge Wi IC 81 % IS
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nonaerated skimming flow DK & ELIRGEREE DI N H
Mz, X@) 2R G) 2HVWTRkDLNS.

®)

1D HRHET - Be (D - £ 2 HRET - #HEB - K

343



SM7 FE HAKXRFEIFE FMEEZTE

4, BB
4.1. FEDH

Nonaerated skimming flow O edge Wil 12 3 1) 2 AHH7H
/U D3 HDO—H% Fig. 2 \RT. T 212, xo EREEIRIK
FRBHBE O EETH 5. 1238, § DHEIEMEIZ Satoh et al.[4]
DHETHEHE A TWS. Fig. 2(a) &b, 52677z 0,
S/de, Re R LT, u/U ODEBRMEDOIHIE (x —x0)/de DA
12 & &Rk E R, %72, Fig.2(b) £ D, 525
7= 0,8 /de, (x —x0)/de TR LT, 1.7x10*<R.<1.4x 10°
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S5z286h07-0, S/d., Re, (x—x0)/d: \ZX$ % Cr DREIHEHI
FEED—H% Fig.3(a) \Z/R"F. Fig.3(a) &b, 51 oh7
S/d 3L T, F—® (x—x0)/d. Tl&, Re < 4x10* D ¥ %,
Re DD Cf OIS %, %72, R, > 4x 10
DA, Cr It 5 Re ODZALOHBII/NE V. R > 4x10*
DEGED Cr DEEERIEMD—F%Z Fig. 3(b) &7 v v k
T/RT. Fig.3(b) lm&Eh s X 51ic, HXTEHE x/(S cos 0)
DL & BT Cr DEIF/NE L 5. BUFRZESIEA
IKTRDEEEHRHURENE, Re > 4% 10* D& &, R AR
¥ 7% Ul Z ¥ 55, nonaerated skimming flow @ Cy (%
T2 R DWEBIIR > 4x 10" TEHTEZ2HDEZ,
0 =55 DHED Cr DEBHR (R, > 4 x 10%)
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¢ = [0.0512 +0.00586 > (
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PIRETL. X6 X7 IvELNS G OFEEDO—
ik, Fig.3(b) ICHHTRENS. Fig. 3(b) RSN X
2012, x0T LT, S/d. DEINE & HIHE—D
x/(Scos@) TD Cy l3/h& <72 5.
4.3. KRCEAMRRABEDR FARAZEL

Ezohi0t S/d. izl T, @) ~KX7T) ZHWT
#6053 d/d. & 6/d. DEIEEZ Fig. 4 IZ&RTRT. %
7z, dld. ¥ 5/d. DEBAER Fig. 4 1270y b TRT.
%8, FBEBRKEEBMITE (x =x0) 1B 5 d/d. & 6/d.
DEBRMEZ et RoEREMICG5 27, Fig.4 Lb, 5
ANz 0 8 S/d. LT, (x—x0)/d. DEIME & HIT,
dld NS D, §/d FRELS RS, ¥z, BRoh
OIWTNLT, S/d. DIRAD e & bITHERICBEeohizs=d
L7253 (x —x0)/d \FNEXL B, XBIL, d/d. DFEERME
LEHEMEDZEIZ 0.060 AN, 6/d. DFEEME L FHEMEDZEIX
0.041 INTH 3.

Ze IR AIKTRIC BT 57K D AT U 727K (clear water
depth) dy, &,

Y0.9
dy = A (1-C)dy = (1 - Cu)yos ®)

TEBRINTNWS BHO =292 30913 C =09 27423y,
Cr (ZHITHAFHZZRIBARTH D,

1 Y0.9 1
Con = — Cdy = / Cd(i) )
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THEBIND. GRONE0 L S/d \H LT, C OMEME
H BRSNS dy/d. D—1il% Fig. 4 177, Fig.4 XD,
d/d. DFEHEY dy/d. DEBRIEZ X —HLTW5. T,

) Yfor 0.2 < $/d. < 0.8

(a) 0 =55 8d.=08] O (b) 0 =55 8/d.=08
R.=49x10" | 3 (c-x0)/d =195 &4
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[ 0.98 :
1 o 1.95 "’\ 14
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Figure 2. Velocity profiles
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Figure 3. Local skin friction coefficients
1 Exp.value Eqs.(4) and (5) with Eqs.(6) and (7)
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Figure 4. Water depth and boundary layer thickness

KR L ELTR B R O AT IEH L B o e s
6=d ¥R BWEE, Cu~ 0.2 &7 2K (Fig. 4 HO%
D MR —HLTW2 Z PRI

5. &

R A EE 0 = 55° OREEBUIRKES 2 X R 1T, nonaerated
skimming flow O &P BEEIRGURE Cr et g 214 /1
2 Re DEERRLT=. £z, Cr OBENEMERD,
R.>4x10* D% T C DFEBRR (7) 2HEL. Zhi
& D, nonaerated skimming flow DI7KEE ¥ FLIRIRSE S O fiF
MrfatEE ¥ oI LR X iz, X512, IS
Bohizo=d 725 LP. 13 Ch~ 0.2 & 72 2 Wi & da—
KI5 ZhiEdE L.
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