5524 4 556 ) KoOB % M R Vol. 24 ,No. 6
2013 4E 11 A ADVANCES IN WATER SCIENCE Nov. ,2013

FEL#E 17 7K PR TED AR 2R 7K it Y EE 2k i 3 47
BT, AL, BEAT, HAE

(1. FRARBIE A AL 22 B, A AR 350007 2. RGN A S E R E AR E R AR, M2 MM 350007

3. School of Civil and Environmental Engineering, Nanyang Technological University, Singapore 639798, Singapore )

TE: Tk — 40 MR & K R T B S K 048 sh et , 1 6 31 4% 3 140 A AF 98 A7 6 I o) 8, AR R i 2 B,
e 7O A FERH T . BV IR AU R R AR A 3 AN SR IE X B S S KR, G O 2 )
A, 43 AT P EAR 1 om 3% 38 BRAR B0 KRS 7R 35 7K R 7K K TT B R K 0 I 0 4R O 80 o0 A EAT T, S5 SRR I
S8 X BN XS IAF G ARG MR K R A 4T, 38 /K PR T 1 128 B30 o 22 K F R B K R T, 4% H B 1 R 4k
PRERFEARAS ;. B R 72 R T TR 1Y 0. 35 ~ 0. 45 4%, L IR 1A X 3% 8 I 25 55 s 00 110 348 A TR WA R/
K BRI MEAR BRI PRk

HESES,: TVI3S. I TR A XEHE: 1001-6791(2013)06-0849-06

PRERAT ] R — R A e TP 2R, S PRV ITORI RO, JCHR SR A T PRI, — 2 2 30 A R T RERE X6 B3 2R 7K A
M TORNRBEEMNR K, BKEBRSHEKBEOHEEEN, SEOHEKREZE R ENZL, HEAE
KR T B2 K R I8 Sh AR PTG &2, %G g 2 A O T 4 0 20 AR T BEE S E IE A X RS 3, Wang 451
O ) 22 3 80 08 75 O A S T A TR PR A 25 R A . Xk TR 3 K PR T WA 42 KR GE B, Lovera il Kennedy '™ i@
Ao 43 T T B AR L, DA Ay e BT I B4 BEL A A AT RS A 35 K R T B A L 5 Zagni A1 Smith'
VR SERAE B R T 92 B IR R s 31y, 25 3 36 W i azs 7K AR THT %) 7K 3t BEL T L AR TR] 25 44 T 9 AN 325 7K DK Th] 22
K, Zippe Fl Graf ™ iy KGFIK B, 4550 SuHMl. B—Jrm, WAARBOERITH S « f LR, 10 Nezu™® |
Gupta I Paudyal ™ (X B IN H « Bl %5 15 3% A J7 B ISR I 08/, {H Zagni F1 Smith'* K « {35 K745 ; Chen FI
Chiew™' | Cheng FlI Chiew ' 7EMFF8 3 1] 5 3 0 B B K B4 IF, WARGE « A, 6 TWE AR ATSE, Zagni
il Smith"* | Zippe Fil Graf™>' | Gupta Fil Paudyal " ¥ FIXTRCM A A58, IFRUHLEE AR B K R —F:, %18 T Mg %
S EIEIE ., Mendoza Fil Zhou " i HER S G HEATHE S, 198 T IE G RIXIBOR B AR . JT4ESE, i TS msi
I7 B0 % e R F R AR, SO —SeHT B RT ST AR, 10 Stoesser' ! 25 137 IR 77 B (LES) BEAT 1 BB B 1,
Pokrajac 1 Manes" "' [ FJHE 52 (0 {00 12 mm 1 728 95 B8 Bk 4 194 35 7K R T 0 sl M A 00, (FLK TR ek
9 42 mm, LA T 5 7K PR T 0 8 R 20 A LR HEAT A0 AT o AR T AN AT I A0 A T VD g A )
B, OIS AR T R TIN50 AT 1IN, ST T S R S R R

AR SCHE X KA 375 7K DR T BH S 7K 90 A 2 28 9 150 AR EAT B A B W S A bl KRS, R O 2
B E AL (LDA ) K Be 2 1) ok BE AR AR 2R R G0, W I 2 U T 40 A ARG 2R DU o, 1 I A REDRRE 378 K R 1T S R
A LA

T KRS I 7 PR 1 2 £ 0 3 A1 5 2

FLBE AR B KR I 1 AW E AR EMR T, EEREMHARETHETLBE, THTFR
R

WREH: 2012-12-17; M% HARFE: 2013-08-14

P 2% YRRtk . http: //www. cnki. net/kems/detail/32. 1309. P. 20130814. 1037. 015. html

E&UWH: EFARBFESELIH(50979015)

EZ B B4R (1963 - ), 35, admm A, #82, MWl EENFEWHEKDTE G Y E R BT
E-mail: cxwchen215@ 163. com



850 KRR R %24 %

L_Llny_‘_y‘
u, _K k,

AP w ERIRTE y AR w, ﬁ*ﬂ*LT@ﬂU” FERHR s « R RITHEEG b ORWERIKEAR; v W PR
F; B ABITEE
% FHUBE % K R, Zagni Al Smith™* | Zippe #1 Graf””' | Gupta il Paudyal” Y5 = (1), (0% y, #1 B
ARALBEA INLABESE . Mendoza Fl Zhou' " $2 H TN 1 R 920 A KL, AR y =0 I, SCBR 9 K 1f 73 N
w,; RS EE HTRE] y =0 DL XS0 5 A
A )
., K Yo
Aoy RS I K R T B LS o BB 375 7K PR THT Fr) J5E BEL 3t 3
Mendoza F1 Zhou'"" ﬁ\jﬂFﬁ?ﬁﬁE’]Eﬁ ma, HKE B K E
= WU A A TE — L B, SRR AR S B Ao [
B, B R X R 2 b B R A R AR R, WA
u, — W2, WMEMMEELZ FWERA %, BN ER 1
FAY R 2 M 5 22 R 3 A SR R R 43, R UK AR 37 K K THD U B 43
Mk, WS E LN y,, HIRIKEmRER v, ; REE
A LR IFAAEAE, W B SEBR I & I AAEAE yo Al w,, H
HR MR RA R ARIE XN A B, DR B K
PR T 3 2k 3t A A B A X AT HES R
X RCEIRTH ) e = shih B2, Hox i

over permeable bed u % + U@ I Lal 1 ﬂ (3)

ax ay p 0x p Jy
Kb v NEEFE; p AT p FOKIEE; « B T1o X FOKRERE 2508, 5 o M7 (93 @22
HIEL, w B p (8 o T [ ZSARAR /N, AT L2200 o T i 30 0 A X N, T AR AN R, AT RGE I AR, v
=v,0 MF(3)HLfE LN

+ B (1)

(2)

B1 MR I K R T 3 2 T ) A R

Fig. 1 Schematic diagram of velocity profile

du 1 dr
p Qw1 dr 4
"dy  p dy )
MHRGFEMNE: y=0 5 y=y i, u=u,Fu=u; Uir=7, 7=7, B (4)1H
T =T, +puv, —puv, (5)
5OCHRIS A AL BEARARL, A IRR TR B B
T =pL2(j—;) (6)
K HEBKE, MK
L= Ky (7)
FARBEKIREAH L, BKRIM FREhEE R y= -y, 2 L, AR (T)H
L= k(y + ) (8)

L (6) AN AE N
de _ f7 1
dy AN p xk(y+y,) ®)

T 7, =pu’,, BROGIRAR(), FFRBEES KM y=05 y=yBF, uw=u Ml u=uiffF7E S



4 6 19 W4, 45 HRE 15 /K AR T I 38 K I A 28 200 7 20 AR 851

u—%_ihziﬁ+fLF%1;@2 (10)
u,, K Yo U.,\ K Yo

2(10) 530k [8 ] B BF 5 A PR T 5 10 95 Wi Ve T 0 9 352 0 ok 02 8 40 A 245 SR AR 26 0L {FL 15 K T % Jf) 358 37 5% 0
P, LS K PR T B 7 B HE KT Oy B A, B w5 G, T I 1 3 v, AR /N T B 20, T 5t

(10) 22 %

(11)
HR@) M, WEEXME, B y=0 K5 EE AR .
2 S BRI AR 5 vk

BRI KM 5 PR A BN A 2 fron, S3CHRCIS T KA 20 m, $E0.8 m, R 0.6 m, JKHKFHCE, ol
AR AR A B (AR, PIONEE B . BEKAEE D 10 m &b, B—AK 1.65m, 58 0.7 m U4 BE, 12
JEEAE T em B BURER B A U A,  DABHDORDRE K PR T o e b SR El b 1 T2 (R S5 B B J0RELAS 12 A4 R (2
AEKIRTE, S5 5.0m A2.5 me K5, RGN 0. 1 mm (0 BHR K T A, 3L i i 22 2 A E K
EIE R R TR, R R AR . SR T A DanTec Az ) 4E LDA I /KR v 3 26 (9 3
MG, LDA Z AR R 1 = 4E A bR b, ERERTJE N 6.25 pm,

Y . x1 HKBAASH
0000000000000 0000000000000000000) . .
[ 0000000000000000000000 Table 1 Hydraulic parameters of experiments
Bl leeseecsccsecoscosesecee — —
E R KW WL BOOPEWE R R
-—50m—>| 1.65m <2 5m— %5 H/cm B/H U/(m-s™") Re Fr
i N s 1 17.5 4.6 0. 443 76 700 0.34
K2 MRS K-S A S KK E R &
. .o . 2 17.5 4.6 0.504 87 200 0.38
Fig. 2 Schematic diagram of test section
6 213 q/\ﬂ P 1 Fﬁ 15 T 3 g 3 17.5 4.6 0.543 94 100 0.41
k2 IV Z i ! Z
KBRS |, RIS TR T RT3 |,
b I o ; IH E A s o2 L e = A AR
PRI A R, i 3 1100 B AR T AN RE K IR AR AR, s 200 4.0 0.513 101 500 0.37
B RGBT TR € Jo A T i B 43 AR AN K 6 20.0 4.0 0. 550 108 900 0.39

BRI E T 2 4580 3 253, M F x= -19.35 cm,
—16.75 cm, 89.65 cm, 94.00 cm £199.25 em, FEARIFELA, FIXFEERTIAS, AMIETHER 0. 2 cm AL TP LRI &5 7E
0.2 FE RN T RF 50 5, W5 SCHRI 16 ] 42 i de/h 50 S Zsk, el b, #h2 T )5 3 ik,
I AR, (H HAE B KRB XA x =89.65 cm Al 94.00 cm b & T W A FEL, £ 1 hFKERN
x = —19.35 emAb Frill . A H 0 H — e, H AT i I & .
3 R
3.1 HEABKKAEELRESH
SCHRL IS TR LA s, 1580 7 AR A RURE AS 175 7K A 1 3 26 U 33 40 15
L:L1HM+10_1 (12)
U, K k.

YR (12) My =0 F y = H J47 45, 5
U

e = k. (H+0. 25k (13)
2.5[(1 +0_25;)1n(;
i
R (3 EBRNWAET 3 Hu, WE2, SHRETEMEMRN, H3% 22N, FTLL4~6 HiREW v, X

(13) 5 Ifa F 3% 2.

k. 0.25k
)—o. 25 "1n * 4 (4.04 - Ink.)
H e

e



852 KRR R %24 %

K2 FABEKSEKKEIXE LS REEE

Table 2 Comparison of results
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4 0.0311 0.0394 1.9 0.18 0.004 4 0.006 9 0.379
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3.2 MREKKEMELRENH

B3 iR B 1 AR ES 5 BIROK IR ACPE T, HURE % /K R I 00 T 2R 9 A A 0 B 4 S, P 3 R, 7 T
R, TR TS, VEWAZEBURUEE Bk BRI 1. 65 m iR BE N, RAFIZ B L B4
KIS Z RN B KR E 520, [H7E x =89.65 ~ 99.25 em Z b 8 HFT G — E W B N, W3 &1
B30, W LA WORLES 75 K R T K i I 3R o

= SCHE T R 5 K A T T LR R A A AR (11), BE « A, WA 3 ARMBE u,, . ou, My, AL
30 3o T 2 O A S RO 2Rk T E R A SR — A o, E R A T AR w, A w,, IR A
Rify FAGI R FE 7 o RSN, RS R e, Fsok, BT, 28tk y,, AIA3HmM FE, #
i b, FLEIRRE F B, BRI v, BORIRIARG w, AT w B R BT SR Q0 sR A A T 2R A LS S5 R
SCI LA AN E 4 B, AEOE R %L RPHRAE 0.98 LI L,

0.25¢ 025 ‘
0 % 1(x=89.65 cm) X AE1(v=89.65 cm)
020k © 158 1(x=94.00 cm) XA o0l T I A DS
0 X8 1 (x=99.25 cm) : ' A RE3(x=89.65 cm)
015t  ARK5(x=89.65 cm) 015l a3 ) HE
~ * 1{3E5(x=94.00 cm) E
= =
0.10f 0.10
0.05F 0.05
0 . = - , 0 . : : : ;
0.2 0.4 0.6 0.8 1.0 0.4 0.5 0.6 0.7 0.8 0.9 1.0
wl/U wl/U
Pl 3 MR 375 7K PR T VAL 322 43 A 0 Pl 4 HDRE 3% K PR I i 2 4347 1005 5 S 0 L A
Fig. 3 Velocity profile measurements for permeable bed Fig. 4 Velocity profile for permeable bed

i — 4 7R i K PR T RS20, A 2 T B9 2 B3 AR AR A5 RO 14U, BN gt
i, S5RME S pron. B S g% © fEBUHRE &K R | S8 BLA, A — 2 W BR824 1L
BARAE , AT DURFMRE 5 K R A K I8 SR 1R @ X (11) ARG sy 8 1 R 128 7 PR ThT ) 2 B 2k A2 b
3.3 ARXSHTH

i BT A (L) [, PR 2 i B 408 3 S B s T3 20 B ENE R N — 1k, DLRE
SCIRE B i 3 5 W TR - 4 O LU P 5 B D R R, 6 IS AH N T S TR s TR 2, R 6. KT R
F2ME 6 Bon, T RMZEAK, FRKJEAFAEKT5 1 (09 05, T LR T3 58 85K, R 3 0P 3 0 3
0.35 ~0.45 7% ELAHNE PR 1 7 3 B 27 7 Vi X009 15 DR T s A7 i/ o PR 7 3R, B K R TR BHL ) R BB 1B K
PRI AT BRIE K, HAE IR TR B2 A% K Z FLB R A Z B T, B RECEARRFEAZ . 8 Ui Bie %
A VA T VA R e/ o



4 6 19 Wi, 45 HRE 15 /K AR T I 28 K I A 28 28 U 7 20 A 853

(T F R A 5 I8 — MR T ZH B 454, Tk s B BELAC T . B 98 R T g o R Dt (6 8% 3 S S8 R Tl
BERHER R, MtFE— 20 S e s Bl Tl K T 0 L X S E, WIS R —E R .

0.20 ¢ . 0.20
o AH3(x=89.65 cm) A H52=89.65 cm)
oisl H30=94.00 cm) B iE5=94.00 cm)
: A itH3(:6=99.25 cm) 0151 SRS
= — AXADUA =
< ol0f < 010t
0.05 0.05
0 * * * * ’ 0 * * * !
0.2 0.4 0.6 0.8 1.0 0.2 04 0.6 0.8 1.0
wlU wl/U
S AN [l 1k o 26 1 R 38 K R T 3 40 A1 552 0 S LU
Fig. 5 Velocity profile measurements and modified log law fitting for permeable bed
0.6 0.008 - . . 4r
= R KT
A Jﬁ/k%[ﬁ]
05} 0.007 |-
o 4 3t
> = N s . E
= 04} — ~ 0.006] N . g
3 v v = s
L 2 N
03F 0.005
u L} n
n n u
0.2 1 1 1 J 0.004 1 1 1 J 1 1 1 1 J
7 8 9 10 11 7 8 9 10 11 7 8 9 10 11
Re/10* Re / 10* Re/10*
P06 PR T AR X A8 1l Pl 7 PR B 7 2R RO b A K8 L Al
Fig. 6 Variation of relative bed Fig. 7 Comparison of resistance Fig. 8 Variation of origin
surface velocity coefficient displacement
-+ N
4 4 e

H

(1) HEHE T B A i HURE 15 K DA 1 3 2 U 70 A 48 1E X By 30, i A8 X & A BE BT . BILIe PR I
M SALRE 3 DSEG RS R, IEX A NS LA SR 4 o
(2) MFKIEAPET , 5K R T 4 FE BEL 3R T AN K PRI, 45 A Y BHE T 5 BCRE A A Bl 75 7 B

(3) BRIE PR I A0 O T B Y 0. 35 ~0. 45 4f,  ELAH XS PR 1M 370 3 i 25 5 oAy 50 130 46 A T et A 0/ o
SE 3k

(1] #WGrE, PR, 20T WM SN KDL K = 5. A, 1994, 9(1): 8-22. (DONG Zeng-
nan, CHEN Changzhi, LI Xinyu. State of the art of research of open-channel turbulence [ J]. Journal of Hydrodynamics: Ser A,
1994, 9(1): 8-22. (in Chinese) )

[2] WANG XY, YANG Q Y, LU W Z, et al. Experimental study of near-wall turbulent characteristics in an open-channel with gravel
bed using an acoustic Doppler velocimeter [ J]. Experiments in Fluids, 2012, 52(1); 85-94.

[3] LOVERA F, KENNEDY J F. Friction factors for flat bed flows in sand channels [ J]. Journal of Hydraulics Division, 1969, 95
(4).1227-1234.

[4] ZAGNI A F E, SMITH K V H. Channel flow over permeable beds of graded spheres [ J]. Journal of Hydraulics Division, 1976,
102(2): 207-222.

[5] ZIPPE H J, GRAF W H. Turbulent boundary-layer flow over permeable and non-permeable rough surfaces [ J]. Journal of Hydrau-



854 KRR R %24 %

lic Research, 1983, 21(1) . 51-65.

[6] NEZU I. Turbulent structure in open channel flow [ D]. Kyoto: Kyoto University, 1976.

[7] GUPTA A D, PAUDYAL G N. Characteristics of free surface flow over gravel bed [ J]. Journal of Irrigation and Drainage Engineer-
ing, 1985, 111(4): 299-319.

[8] CHEN X W, CHIEW Y M. Velocity distribution of turbulent open-channel flow with bed suction [ J]. Journal of Hydraulic Engi-
neering, ASCE, 2004, 130(2); 140-148.

[9] CHENG N S, CHIEW Y M. Modified logarithmic law for velocity distribution subjected to upward seepage [ J]. Hydraulic Engineer-
ing, ASCE, 1998, 128(12): 1235-1241.

[10] MENDOZA C, ZHOU D. Effects of porous bed on turbulent stream flow above bed [ J]. Journal of Hydraulic Engineering, 1992,

118(9) . 1222-1240.

[11] STOESSER T, FROHLICH T, RODI W. Turbulent open-channel flow over a permeable bed [ C]// Proceedings of 32th TAHR
Congress. Venice: IAHR, 2007.

[12] POKRAJAC D, MANES C. Velocity measurements of a free-surface turbulent flow penetrating a porous medium composed of uni-
form-size spheres [ J]. Transport in Porous Media, 2009, 78 (3) : 367-383.

[13] 2% T, fiE, fokZE. B ulE N T IKE IR Jymg SPLE[J]. KBk gt g, 2011, 22(4): 509-511. (LI Shougian, LU
Yan, LU Yongjun. On the response of bed shear stress to seepage [ J]. Advances in Water Science, 2011, 22(4): 509-511. (in
Chinese) )

[14] Gz, Bik4E, 24T, nEE AR LR sy R 1J]. KB2EdE R, 2011, 22(2): 215-221. (LU Yan, LU Yongjun, LI
Shouqgian. Bed load transport with bed seepage [J]. Advances in Water Science, 2011, 22(2);: 215-221. (in Chinese) )

[15] BRXA, MoK, ARATTE. LRI 7K PR THT B 3R 7K O 1) 0 26 3 20 A1 SR B P 5 [0 ). S ity B IR PR IR 2 i, 2012, 7(4) : 16-19.
(CHEN Xingwei, LIN Musheng, LIN Bingqing. Experimental measurements for the velocity distribution of turbulent open-channel flow o-
ver permeable rough bed [J]. Journal of Subtropical Resources and Environment, 2012, 7(4): 16-19. (in Chinese) )

[16] BR>efli, MRANTE , BRACH:. A 258 dik b WY 3R e 4 0t 20 A1 0 B sl & s [T ). K AR s Bl24 R €, 2013, 33(5) : 35-
37. (CHEN Xingwei, LIN Bingqing, LIN Musheng. Influence of sample size on the analysis of velocity distribution in open-chan-
nel flow [J]. Advances in Science and Technology Water Resources, 2013,33(5) : 35-37. (iin Chinese) )

[17] AR, WA T, KR MR SEMEIIM]. Jba: S5 HE d 4k, 2008. (SHENG Zhou, XIE Shigian, PAN
Chengyi. The theory of probability and the mathematical statistic [ M]. Beijing: Higher Education Press, 2008. (in Chinese) )

Velocity profile of turbulent open-channel flows over rough and permeable beds *

CHEN Xingwei' >, LIN Musheng', CHENG Niansheng’, LIN Bingqing'
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3. School of Civil and Environmental Engineering, Nanyang Technological University, Singapore 639798, Singapore)

Abstract; The time-mean velocity profile of turbulent open-channel flows over rough and permeable beds is analyzed
both experimentally and theoretically in this study. The velocity profile can be derived from a slip velocity at the bed
surface and an origin displacement, a modified logarithmic law is thus obtained. The experiment is conducted in a
glass-sided flume where the channel bed is prepared with uniform marbles 1 ¢m in diameter. The velocity is measured
using a laser doppler velocimeter. The profile of the measured velocity is used to validate the theoretically derived pro-
file. The result shows that the modified logarithmic law is able to well describe the measured velocity profile. Under
the same flow condition, the shear velocity over the permeable bed would be greater than that over the impermeable

bed. The value of the flow at the permeable interface is about 0. 35 to 0. 45 times that of the average stream flow.

Key words: velocity distribution; log law; rough and permeable bed; open-channel flow
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