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Figure 1- Velocity distribution, sediment distribution, and sediment discharge
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Figure 2- Velocity distribution in open channels



AP g9 50 — 01030« Folods YA uler (S5 g ol 4 s QY

slwodls jl aser ol (gjyme an¥ ad an S5 (e
fLoS 5O w).c; & Alagl) C)g'l 3439 OgJ L J)..fua alold Gmliwlo)]
aS ol Jds a9 gy 0 )5 @ obMie C5G axis (5500 &Y
DS o by (mbge By QAT HlMe 4 ]y S @iy JSS
Ty oS gl el SVl i L (V1) ) Sen 5 SO
h o) @iy (b e Wl gerem @iy 2B L
Llod ey @jgi 1y JUI sl 51 ey 2 sl .255,8 oMol
sl 5 Eygo 4y ol 00 2 ol (a2 g5 338

" l[m(l) +aln(l- Z)} )
u. K| Y, h
b

olen YU doleo =+ slj) @ el JUS Loye b ey ol 5
Dy dalgd ety 55
9 simgd ol o ol G po @ig (yp b (A) 35S
o) (s o o) @i & Sy @l pU 4y (il 09,5 L
A dnogi (2B 5 (B 4l 53 2 )3 co g 3yl el )
D9 g0 LD 325 Oygo & g Camsl By e Sog (48 & @5

U Yo
2Biolojl claodly 5l o3kl b cowl yigo (V) (o5 9 o5 Ao
929 ol duoloee (¢l (6 puine abaily g 4] > 4 0945 3 )9l
oisu  ladd a S cowl ool mje opl Gluogas dles 1)l
o 25 e g oS lagk 3 9 099 2 55 e
o Jad> ay /< b sl JUIS 50 s yuize dd o0 &y o
A oy gl Sl > g8y 9 i (S35 )3 58 iy
9 o GPL8 2j90 (ol 3 g dmd o0 &) Ol v 5 el
anb )3 ol3] e 05 )3 sy (8483 D9l 4 B o9 58
g >
slagber 325 Ll U ) gamaw gl »
Sy o8 el g 2j 53 pSlas G p g98g a3 g 45l
ol 4 Sy @l (9,8 8L L Can Cs po 3)90 0 4 36

L. %{m(l) + 2011 sinz(% %) (v)

o) xjg) ol oad )l y 5 dolre s pMol o, S
:(4_&9 —odud C)’Lol

2 -Reynolds-averaged Navier-Stokes (RANS)
B an b ) Jgeme job a a5 355 00 i goil> Sl 4 Sy - Y
AR o t)

LTy eg )

u. K Y,

Cli K (g Gy Un P o )D Casypuw U cddasly 0] 0

O] P& Cal Ldoe Yo ol /Y ply Clo o &ly) ooy s

SN Gy (39 podan Cjgio )3 B0 &) o Loy
D9 s AL 35 25 Cyge 4 (o) mis (ol

for y<o (¥)

u _u 1
2 max _1n(l)
U, U K 0

& dhmax S Cae o il ) oS cal olis)) O ) ol o
Slp usio S ws 39y o pised g dlasly pl ey 00lw 2 o
S5 e 4 09300 gmime @i ol blie S0l 3 35290
dawgi ooy o) @) Gl Slgesy JUiml Lallg) juie
Fomy S35 2 4 BB 4l S (gl o) ()96 lasly
2Bl claodls jl L5 sl ) Lal el yine JUI
oSy 9 S99 (V) (b 9 si] (V) gy 2gd e Byie
o988 sl ol alKylo]l ysb 4 (V) oyl 5 BYI 5 ()
=09 Sl Hlade a8 W S ool g Canl yime by IS 0 e,
ol s (V) yalS il oo il Sl clale il b el
F S35 4l )3 50yl (g b ke p Slgw) clale oS
o) 31 (5) SIS 5 (5 5 (V) el g Sy )08 o 55T
45 3,8 oS 5k nl plgie cnlple 35 Coles (yelS
ol lade g 03 lawy ()1 4l & o )& 9B &S Sloj
48 am e ol ol b oo RS Slguy (Bl b (o) (g
) 4l > Ce o g9 o )bl )5l Slg) Bl
Lyl o)l g <ol lade (35 jlai 3 b cllio ol )3 23,135 oo
Ll 0045 J.J?u sy @595 ‘UL’P B ).w‘).w 0 A

2ol 3500, )3 0Ly5 (lbs e oo @i ol culeo ]
o=l 534S gy 4 )8 o )lil (Y/h>+/Y) ()15 4l o ey
Aoiilof] (slaodls jl (ar g5 BB s & (o) s 4l
L o) 9 b oMol U ddipen Glyzul opl i oo 8o
Leal G539 g o3 g0l e )& 9B & LSl Colb 3438
U (55550 Las 53 5 (b/1>0) (e sLaJUIS > 45 58
2 Bl oo ai)S) ol g w0 &) Ol s 3 ST ey
(b/h<d) )b Lo JUK 55 Lol g edlaiwl b Bos yuwl o

3 \ “a R P 1 . A .
&9 9 Bl 3l Ol aw 5 Jgese pobo 4 Sl Cas
Do dalgs o0,l8 J5b anl o ks o,

Ol Cugd yiime Jl & S35 sl (25 )0 & o

1 -Dip-Phenomenon



OFY  (aleo (ramy 5L lylo oLy 53 e @395 WYOlao (2L

o=l g ol =10 ams 5 O waw Sl ey &S S
b il Ol g 5 )0 ke S £58g ©yp0 )3 ks
9 2 (25 5 3 (2l e ) a5 b (L pizeen
bl pl )3 G e g A yine (S 9 (o) (98

Gl 3,23 patio

L g, 9 dlge

ISy Como g &Bd (o joaie 4 35 (9l
iy dle (Yoleo (ylo 3l digy ddlre (po dos 5o 9 Y alee
Sy &g odd ol ey @iy (o)W @i (Sle
ool Sy — oy @js o —ord gl (o) W 595
Vg 3 el oad QLS (qw) 9590 (St @i g 00D
il sael Sy 2 d baye x50 b ol jon ladlsles cusypd
5 (W) Sgig dd) o] & bgaye (2tlojl (sloodls (5 puime
AEilojl clmodls oyl il 20 odlizl (VA) LS 5 S
s bodly oyl 5l laisee (el aS 039 D93 g0 (sWodID 1y 45 piize
03> (6w Al olaiiol JuJo ailed S edlatul dg3 Y olee L)
2Btlojl buly 5 5ot b ¥olee il cilisee a8 Lol
9 0P gy pogase pya g 1B ) ol LS 5l e
o sl pinles] bl s ol Slguy cdalé o3game g Hby> Gos
ol 005 03,51 4N oo & (V) Jgior o pliEe ol 5 S,

X :1[1n@) +rTsit(C2) +aln(1—Z)} ™
u K| Y 2h h

4 150,8 Mol 5 g a1y Sog 98 (V) (g 9 65
sl By yro 0ld Mol o9 — ot )W @j55 &
U D@y g |+ 2 i P - L 2y X
U |k L K 2 é) 3K é) ®)
LS 5558 b |y sgores @i 25l 3 (1Y) IS
laodls jl eolaiwl b g (il alowg il moje8 opl a8 0,8 ol

ol ) Oygo & (Gootw @557 -l 00 g (B!
2
U ~U _ o1 (¢
Us 77dip

laodls 5l edlawl Ly a S cowl (g3ae el O C aalaly o)y
(/) yim 31 Ams (9 e 1] 9o e (BEalo]
sy )..5‘.&_> L‘?oi 0 aS cewl u.o.e.c Yumax LY ndip:}Iumax/h
sladUls ) gl o puliw 3 @i (nl 8300 &) dthmar
@S ol (2B 4l 350 i 3 9 (S 0) Sk
Lol §1 48 glabaii 45 Lsus, 405 ool & (VA) 53l § Vg .
Slgw) o> Sl lp sl 632)5 oot 9 4 4
ol )l &S Wald L g 3,0 J1E 7= /Y U = /Y 0900 j0 Blre
(VF) ohlSan g lojlw oy gl &y abods ol ey St C
Lol a8 1y g0t 938 Jliisl 4l g acydgaone
bl adai Jaie Sl a8 15,5 ool LalSiyle]l la

G ] 33 o oy s Dby o g doME - Jous
Table 1- Details of equations in this area

Eq No. &aleo o,lows reference abgs o & w0 row o3, researcher §osw oU
2 Schlikhting (15) KezseLsl 1 Power law g5 x93
3 Von-karman (=) ;)5 -5 2 Log law ()l 595
4 Yang et al (21) ,Ke2 5 KL 3 modified-Log law o5 gMol o )& 595
7 Cols (8) Jo5 4 wake law <Gy @598
8 Cols (8) Jo5 5 modified-Log-wake law g —ors ol (o) @595
9 Gue & Julien (9) ;J55 5 55 6 modified-wake Log law o gMol S5 — o) 5 @595
10 Kolegan (9) o 7 Parabolic law (¢gaes 2595
03wl 3,90 (glao3I> (2R lo;l byl s —F Jgun
Table 2- Experimental conditions of data used
Ollime ol é ‘f'fb L P (250 Dso e
Researcher Botslej] Width (m) (mm) _ Sl _
Symbol Sediment density
Einstien (9) i SQ 0.307 0.24,0.94, 1.3 2.65
Vanoni (17) g RUN 0.85 0.1,0.133 2.65
Wang & Qian (19) LS ¢ Ky SF 0.3 0.15, 0.266 1.052, 2.65
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Figure 3- u/u* vs. y/h for different concentrations (a) Wang and Qian’s Data (b) Vanoni’s data and (c) Einstein’s data
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Figure 4- Power law vs. experimental data
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Figure 5- Log law vs. experimental data
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Figure 6- Modified log. law vs. experimental data
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Figure 7- Wake law vs. experimental data
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Figure 8- Modified log-wake law vs. experimental data
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Figure 9- Log-modified wake law vs. experimental data
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Figure 10- Parabolic law vs. experimental data
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Table 3- Results of evaluation of the equations using statistical indices
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Experimental data o) J wake law ? ?
indices Log law Mod-Log law Log-mod wake law [Mod Log wake law| Parab. law
AE 0.268 0.271 0.26 0.299 0.99 -
(VA7) g RMSE 0.353 0.355 0.349 0.382 0.355 -
Vanoni (1946) R’ 0.99 0.99 0.991 0.988 0.274 -
AE 0.95 1.025 0.94 0.951 0.956 1.58
(VY 5 V) Sty oy bS5 Sy | RMSE 1.03 1.12 1.016 1.02 1.034 2.33
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AE 0911 968/0 0.905 0.924 0.908 1.356
(V22Y 5 VAAR) Cguy )3 LS 5 K5 RMSE 0.83 107/1 1.077 1.087 1.08 1.975
Wang & Qian (1992, 1989) R 0.993 992/0 0.993 0.993 0.993 0.927
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Introduction: For a velocity profile in turbulent flows, the flow conditions in the vicinity of the wall are
described by logarithmic law of the wall. However, it has been extensively verified that the log-law does not
apply in the outer region of the boundary layer. For example, in free surface flows, the law of the wall holds only
for 20 percent of the flow depth from the wall. Coles (1956) conducted an important advancement and argued
that away from the wall, the deviations of the profiles of measured velocity from those obtained from the law of
the wall could be explained by another universal law, called the wake-law. Combining both laws (wall and
wake), a complete approximation to the time-averaged velocity profile in turbulent flows is then feasible (White,
1991). On the other hand, the fundamental problem of characterizing the mean velocity profile in sediment-laden
flows remains unresolved. While existence models have been developed to estimate velocity profile, but there is
a lack of generalization in the sediment-laden flows. For several decades, it has been controversial about the
effects of suspended sediment on hydraulic characteristics of the flow, including flow resistance and velocity
distribution. Fig. 1 shows the variations of velocity distribution due to introduction of the suspended sediment.
As it is seen in this Figure, the suspended sediment moves faster than the water in the inner layer; on the other
hands, there is a velocity-lag due to the introduction of sediment into the outer layer. Accurate estimate of the
rate of sediment loads is important in sediment-laden flow. Because velocity distribution is one of the required
parameters to estimate the sediment discharge. Until now, many equations have been introduced by many
researchers for estimating the velocity distribution in open channels. Generally, there are two different views
about the velocity distribution in sediment-laden flows. The first view suggests that the log-law is also applied in
the sediment-laden flows and von Karman constantly decreases with increasing sediment concentration. Such
researchers as Vanoni (1946), Einstein and Chen (1955), Elata and Ippen (1961) supported this idea. Another
view is that von Karman constantly does not decrease with increasing sediment concentration and velocity
distribution deviates from the main region of the flow. Because of these contradictions about the effects of
suspended sediments on characteristics of the flow and given the existence of several developed models , this
question may be raised whether which one is markedly superior to the others or what model gives accurate
results in the sediment-laden flow. No attempt was made to make an exhaustive comparison of the models with
available experimental data. The present study evaluates and discusses the performance of seven models, by
comparing these with experimental data selected from four sources. Then these equations will be assessed using
the experimental data, and the best model will be introduced by means of statistical analysis.

Materials and Methods: In this paper, the velocity distribution of sediment-laden flow has been
investigated. Such equations as Log-law, modified log-law, wake-law, modified log-wake, log-modified wake,
and parabolic law have been studied. The accuracy of each equation has been assessed by using statistical
analysis. The mean average error (MAE) is a quantity used to measure how close predictions are to the eventual
outcomes. The root-mean-square error (RMSE) is a frequently used measure of the differences between value
predicted by a model or an estimator and the values actually observed. Determination coefficient (R2) is a
number that indicates how well data fit a statistical model. Experiment data related to Wang and Qian (1989),
Vanoni (1946), and Coleman (1981) have been used to test the proposed models. In most data sets, the width-
depth ratios are less than 5, i.e., the maximum velocity occurs below the water surface. Thus, the boundary layer
thickness is defined as the distance from the bed to the maximum velocity position, where the velocity gradient
is zero.

Results and Discussion: The accuracy of each equation has been assessed using some statistical indices. The
results showed that the log-wake velocity distribution in both the inner and outer regions estimated the velocity
values with reasonable accuracy (with a relative error of 5%). It is recommended that this equation is used to
calculate the suspended sediment discharge. On the other hand, parabolic-law doesn’t have a good accuracy and
it will cause large errors (with a relative error up to about 15%). In addition logarithmic distributionsare only
able to estimate accurately the velocity in the inner region. It was also found that in sediment-laden flows, in the

1,2- PhD Students, Department of Technical and Engineering, Science and Research Branch, Islamic Azad University,
Tehran

(* - Corresponding Author Email: saeed.khodadoust@yahoo.com)

3- MSc Graduated University of Tehran



\Y"\f)9-.’.)0:*3"‘—é|->}o‘fe)Lo.&‘Tﬂ.\l>.‘Jl”3%,Tq)& OYA

region where y/h > 0.2, the effect of sediment concentration can be neglected as the sediment concentration
becomes very low. Therefore, it is more reasonable to look for an equation having acceptable accuracy in the
inner layer.
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