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0.2558 0.41 4.1 1.05 17.2 RUN 1 Coleman [31]

0.2780 0.41 3.11 0.7530 6.54 C-1 Lin [32]

-0.03 0.41 0.09 2.098 10 Cw2 Wang and Qian [33]

0.105 0.41 3.70 0.572 28.50 UGA3 Kironoto and Graf [12]

Table 1- Values of used parameters for measuring lab data
3y U 53 0L,z sl il O Kia s galows 4 0 &1 IS Colh ogliza alie 51 = (V) s

. Cardoso et al., Cardoso et al., Kirkgoz Nezu and Coleman

Lietal. [43] [34] [11] [ 43] Rodi [30] [41] Coles [4] Researchers
0.3 -0.077 0.08 0.1 0-0.2 0.19 0.55 I

Table 2- Various values for Coles parameter, offered by different researchers for open-channel flow

odd gy iliies GLadUS 5 0T Blias o arsloes RMSE 5 (galgeiy dde (ell ool s 0 3358 el )b slis (F) Jskr

RMSE Coles parameter(IT) Type of Data in channels

0.1316 0.24 Data from Cordon Bleu sewer channel (D=0.65 m) [35]
0.5055 0.53 Data of Coleman (RUN 1) [31]

0.311 0.71 Data of Lin (C-1) [32]

Table 3- Values of Coles parameter, obtained based on proposed model and corresponding RMSE calculated in different studied

W Judow ¢

Je il 5 =) ¥

air Sle eolpiy ol 5o s e la il dles
36w (IT) P55 Kos bl (08 doles) s
sy e BB el G 4 S by S
Wl S ud ooy Sumdse st 00 1 e A
ol b S ) Sl s 4 Bl sl
250 5 @algidn o Sl el dlows s w55 S
Sl 3 0Lz ln asder el J55 bl «
PS5l Gl Stz pslie ccilie 0 Kt by,
Slp ol Hluie S S W SR a5 Llesls sl
@5 i S o AL Gy LB ISl
doles JLi B 5 a8 galiwy 4 ol &I uﬁ’b; RIS
P55 AL wslie slie L U b e shie 55 (V)
(s O K25 Gths 4 okd 43S S 4 slie)
2 S o) S el e Jaall b oas sl Ol

S Sl gy 0 355 ST Ol 4 (5 %S Ges

channels

3/

(Y] OLSan 5 Blus s ol (5 ,Se3ll slaesls yizean
Jol b bl sl ARl JUS S s
Gl 5 o3 e JUS el eslizal duas Sl end
QJUSCLL?JJ‘J’ZJ; WJsb a5 Ol s
el e le b g e mle b (e VYO Wy S S
Sy ool JUE ey i 5 ol antle aind ) Lao o
VIO s Cotl g 5 4Bl anw s MalS Ol 5 ol (g gl

.w\oMJlJBﬁJugdb))ijOﬁLééfiﬂ

Ml JUIS s o (5,8 03150 (glaesls —Y-¥

T 058 el Sl Culi s sl (5 ,Sesll slassls
Sl Blr B s S e BB JUS S 4 b
slae o0 é@u [Yo] cl s oslanal Co &5
el JSE e oS g1 JUS Jeld (5 00 hade
5107 31 S5 sy sde b Sl ps 5wkl 0L >
el Sgsds byl s (-L‘,J Sl Y 50T b sde
Gl V8 Kl g5 wae s /et Jib il
Le4]

3 Cordon Bleu


http://www.sid.ir

I e 5 e S

by JUS s s i 8 Syl 6l e K Jue T

ol ys w))lSA:.k;uJ:,ablide@d:L@.;iﬁ Jde &S !
sl B 3 b nll ) slie ol o3V (383

.b}w

Joe olo3T gl -Y—F
odal s 4 JAK:,.:LU'T Sleesls b gslgly Jdss Ju
QY01 B3 5 5ss,S 5 YT OLS 5 Ky ek
claesls 55 5 [FE] OLKea 5 Blueys slassls osdle
SLZ Gl sh 028 AL JUE 55 el (5,8l
95 55 (Gl JUIS (LS o)lgs 51 Sl dolb Z) aliss
5ol bl zaly 5 alio 2o V4 5 e /A) O 515
bl Sl olie gl 4 O 51 ool s 0 s s
GLJLE 55 cas o s w1y Uast Ol s op 1S oS 1S
3550 0l (5 S5l Glassls plad ool ol oy dbo gy o
53 e 3l edel s =l bl s gl stz
S 43 (051 268 (olal cnd) 2,208 LK Lyl o
5348 Ol sl v 5 e Sl Ce 85 5 cdiloal
Sl W5 en 4 el 35t sl (5 S eIl (glaesls
@ S g0 O gl S woax g L oaS ol &:ifm.p'\[
A3 Y e ol bl galy 53 I8 eyl Sl

A 4 S
Looleiey Je 31 el s 4 S mis amlis
(YT OLS 5 Sy glaesls 5 [\Y] GBS 5 555,85 slaesls
(e gty @ ol alws lace oS ol Ol Sl
Slaesls L s J<.\A\A_A Juls dai« ol
o3l Olzs 35 31 o aalesT ladUlS s el (5 S5l
35l 5 e (S35 53 S e OL3LS L 5
52l T e 5 e Sl s g3y e 3
Cowd @y Jodo g aalie 5o L sa o)l bl 5 Shee
Gl ol S OLS 5 KGs slaesls L onlgein e 5l ol
sdalin OF alan (o s a0LST 2l 4 oo
Wl Olxin sl )5l ple oske @) S5 e

.(.,U‘o.,\,\i.; 43\)‘ JL\S 92 U'i‘ B ol V.:»:JS 6\.&&&1

38

Bl 4 —dUE e Sle amb 55 oy a4 -5 oS

ol S (D) P8 ol iy polis
Obe Sl o5 s e Oln b addlas l o
L 5 Walae bl Sleals Glast s sed LS
PS5 bl Gl pslie bl 4 (08) ol (oleiy
Jisn 25500 5o 1y et a8 a8 el ol 5l (g palie
JUS 55 glp as e s @ Db Jsb oo
OOl JUS 5 [YY] o 5 M S AL
(7)ol ol slgdy 2o /N0 O 515 53 el )
Slr @olgd Jde olol et 50 J55 el ol
o RMSE Jliie 5 ol ) gladUS 51 S a
s e OLE 1) abgse I8 mll Gl 4 el awloes
Syl e 8 e sdalie (F) Jsds 3 a5 €S0k
AL ol Sl S s (ASB LS sl dD s

Aol s o AL 5T LS (4l
JUs s o odel s 4 e (RMSE) L= Ol u0
Ll Gl ol alze gl 31 S ML
ol o3 slei S sle bl A 50, AL
b s Jisn el Gl 4 oS A g lie (s
Slaesls L slks LS..AL&.A el &l Jde 5 edel s
L solging polie ol eajlse (20 53 205 ol (5,85l
(Y Jsder) ciloses O Kinss Gakowy 4 ol &1 sl

.le)ulA}:.}JJ‘yw@)bjcmb%Liﬂ

Jbe Cwlu LT -Y-¥
G35 3B oy n IS bl G Gt ol
4 el le S 5 g s Sled 5 e e
ol il 3lie gl (VE aolee) (oolgily e sadens
Y] G5 5 55, ANl JUS Lyl s s IS
SISl e (R LS ol 0L gl A e
sxr 0 5 JUE Sle 4l 3 o 4 S e Sl
o g5 Joe 5 edd iy mie Obx e
S s ey g4y g8 Ol Ges 3 il e SLe
55 Camles LT S cdl S @ o3V pd e 0Ll

ol Sl @l S S35 oo bl ale s

[ww.SID.id


http://www.sid.ir

Y40 JL&M\; °}'J/° e)w/rﬁb‘}.’»uo)}é

oot Ol e wdige gk — ode dae

1 1 1
0.8 - o 0.8 - 08
Data of Tominaga et al. o Data of Tominaga et al. Data of Tominaga et al.
" (1989) o (1989) . (1989)
a “*| —Proposed Model e *|—Proposed Model i 06| — proposed Model
L]
- - >
0.4 D 0.4 0.4
0.2 0.2 . | 02t
. o ] .
7=0.05m 7=0.1m ) 7~0.15m|
0.2 0.4 0.6 0.8 1 0.2 0.4 0.6 0.8 1 "0 0.2 0.4 0.6 0.8 1
U/Umax U/Umax U/Umax
1 1 1
0.8 - 3 { 0.8 .
Data of Tominaga et al. Data of Tominaga et al. d . Data of Tominaga et al.
(1989) (1989) (1989)
" 0.6 — Proposed Model 0.6/ — Proposed Model | a 06| — Pproposed Model o
- - - ®
0.4+ 0.4 0.4
02+ 0.2 0.2 .
.
- 7=0.2m > . * [Z=03m
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1 0.2 0.4 0.6 0.8 1
U/Umax U/Umax U/Umax

Fig. 1. Velocity distribution in Tominaga et al.’s rectangular channel [34]
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Table 4- RMSE calculated for the profiles obtained
from proposed model compared to data gathered in lab
channels
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Table 5- RMSE calculated for velocity profiles obtained from
proposed model in Cordon Bleu channel, for different water
levels and aspect ratios
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Abstract:
Determining the velocity distribution -as a key parameter for estimating other hydraulic parameters- has been
always of interest. Velocity distribution in the inner region of the flow (y<0.2D where y is the vertical
distance from the bed and D is the flow depth) is well described by the logarithmic law. However, this law
deviates from the experimental data in the outer region (y>0.2D). The log-Wake law is among the most
accepted laws for determining the velocity distribution in wide open channels. The law modifies the
logarithmic law by adding a Wake function; but in the case of narrow open channels, it deviates from the
measured data near the free surface. Distribution profile derived by the log-Wake law depicts the velocity
which increases monotonically with increase of the distance from the bed. Thus, it is not capable to show the
negative gradient of velocity near the free surface which happens in narrow open channels. In narrow open
channels, the three dimensional structure of the flow and the transport momentum from the side walls to the
central zone -due to strong secondary currents- will cause the maximum velocity to occur below the water
surface. This is called velocity-dip phenomenon which -for the first time- is reported more than a century
ago. Since that time, numerous investigations have been conducted by many researchers in order to propose
new models; not only for describing the dip phenomenon and negative gradient of velocity near the free
surface, but also to predict the position of the maximum velocity accurately and to converge the
experimental data throughout the whole flow depth.
This paper introduces an analytical model based on Reynolds Averaged Navier Stokes (RANS) equations
and an eddy viscosity distribution, to estimate velocity distribution in turbulent fully-developed flows. The
proposed model is suitable for both narrow and wide open channels and is capable of predicting the dip
phenomenon. The numerical results are verified with experimental data measured in several rectangular lab
channels and data collected from an actual sewer channel. Since the proposed equation for velocity
distribution is dependent on Coles Wake parameter (I1), the effect of this parameter has been studied on the
level of accuracy and description of velocity profile as well as prediction of dip phenomenon and location of
maximum velocity. Many researchers have proposed different values for Coles Wake parameter. Thus,
seemingly there is no universal constant value for this parameter. In this study, the value of Coles Wake
parameter is proposed using data from different channels, based on the least error calculated in predicting the
velocity profiles by the proposed model. The results show that the profiles derived by the model agreeably
match with experimental data, and predict the velocity-dip phenomenon. The model also contains few errors
in comparison with the data measured in the channels. This shows a high level of accuracy in defining
velocity distribution profile of the flow. The value of Coles Wake parameter estimated for channel-sewer is
less than that for lab channels.
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