B = ede dlaee
roe Ol pas (pkige
VA8 Jle o) et by 0533

39 oy gy JUB SO 53 GospS 4abT b 3> » Slanliae
B a1 Siuw oo

iu-\-blé r-'a'-f ‘VL;A\J)\,'S A‘}é ‘\YéﬁLeﬁ Oy oY ‘\M (L\m"

3 o)) aast plol el o o830 ¢ g 5 5 o dSLEl> Do odign 05,5yl lid IS (5 gmmils )
Ol il 32 ol (pwdige 5 23 0dSEls Ol o ki 638 lsbensl =Y

293 o) aast plol el oRls ¢ pwdige 5 b o dSLESls Ol s g 03,5 lskal =Y

U i 5 pshe Al ST ol&sls g loms 5 o Ol e 0 dSKSls o Ol e ndige 03,5 bkl ¢

*hossein.mohajeri@khu.ac.ir

WY iy s W S35 o6

oS>

o
el b5 (ol s 65 Sl 0 o Gas ) iy o Gl L D 8 Ol o2 (S pses Sl o 5200 51 S
LaailsKwr oo 53 Ol ¢35 onl 34 iy 4 sl anlllas b o oo gla iy b Sl S slawibin gy s VU 55,
STt 3lde esdle (b e w FIOW3D 15816 5 55 a3 Jie 03500 3015 Lo 58 o ey s cnl 4 Conlantls
ol pd opl 03 b s 2525 4 313 LS S (gledite DLL D3 5 o S Sl ey A 03 8 Je (5 25 e o ettt o b
oS 3l OlEs (e il K U Cow b oS ) 218 e 1Ol 4 s e A5 Saidl ol Ol Ol pesdle
Sl eles 1 s blad oo ot O 5o Les = 5 Sl s 53 anliomm ab s 5 Y 5 51 S 20 el 5 Y (500 st
el nl ol 5 83 i 5 lodal e i el o ok Ol Goo #/Y B+ /0A Sl essions cnl 35 anlllas Syge ciliiee i3]
Sl Job a8 S5 5l S Saksl i (6551 B ste 5 S S Dk s s il o ey 5 S Sl
2 Said] Giledde g5 4 a5 L bl o alde Ol Geo b Sy nl 6 (535 bl o JUS (250 53 (i (350 5 S e
0305 Ty obns JSET i ladila Ko Slbl 55 S5 ladlis 5 baals 8 0 sdid a3 4 a5 ol K25 ol anlllas
A N3P 03 (o S e 4 A3 S ol amS pl JUS S 53 (e Gl S S e b ule s
Al e Ja gt M S| S5 4l 0 IS e oS 33 8 e SRS S
Gog oS bz 3o (ldde sl 0L Slsy JUE (b s iSols” OB 3Mg

\YY



Q\)&ﬂjwrl‘m}

U S s GeeeS ksl Ol slanlllae

5 S s s 0L 5 0l sl 0l el ST (6 5
Se 9 1S5 oS Kes Jodizes (1 e dhor 51T
Lol & (Sostes (ol 5 oy JUsI b adasly s o
s ghl O o e S o Ailes S sl
O Olas i a8 Wsls OLid juast 5 1r0n
o 158 53 3, ot 5 (Said 1w Oeas
oS 2 b A Dl G s SO SV D2 e
5 0Len 5 ol S 0t ol S [4] il e GLlo o)l s
Lo e 3 ol bl S 3T a8 sl ys voluds
ool 33 Gay ol bl Said T wand arw g Jltls
S35 e o | salllae S5 [5,6,7,8] i L s il
el 825 JalS 5 e 5o (Sl ey (S b
Blriul by s 0L o 5 Sladllas suad M
A3l o 3 pdome sl GasoS 0L Ll i o Lelaassy VL
Lo Podile 3L atlid U Ok o cpl glaasr S (ol
3 B gl sy Bl 0L 5 (5 g 4 g0l Olse &
L3 0k Gae dy Camd i $ 23 g1 Ol &S 0L
Ob o Sl (s sl IS 058 S 8L ol
SUS 53 sl Y gla )l Ol sen (65108 3 LS &
bl BT 3l eslin ol SU15 pde am 53 5 Saos &Y
OLe s Ol 5 6 lee praman il o Sl Sl
Jolo 53 pa o b ey B OL o Ol oS Lsls
Az DUl B 5 A3 L e 45U GlEL 2 5 ey DL
ol el G 55 Jol s 51 OL 2 2
Sy S kB8 en i o LIS e O e
Lol 3l o (s ege Jalo o6 o o (sla Al gn (sl j2n
gc_,;\“)bwqﬁ;;uiousm;mu“

03 L2188 oy (Rl (s Bl | Do 3 il 33!

8. Nezu

9. Dey & Raikar

10. Smart & Habersack
11. Nelson et al.

12. Wiberg and smith
13. Raupach et al..

14. Grass

15. Defina

doddo. |
S e s SinsS 15l 8 laailisg, S|
e ab S 5l JSKa e s 53 sla s sl
s ol 2 Ol Ges (Dt bl 3 3L
O (S35 2 SR o3 4 53 g 035 by Laailss g,
B G s n) s pesat 4 Lo Jds s 5 0L
208 o VU Bl l b bakilta g, b el )3 (g i
g;.ﬁ-h_i}\.adb'-sj)j\t}j gl 30k Ve iy
e Sl e O (Said T g gl el 51 2t
LS oSS biilag; g5l ) ke s
Lol Ol sb3 L oS Goo ((Sskea ki ahds Sl
a2l Gas Cad) O el Bl | Ol 2o (5 50
i m (HIA G iy sdias LS55 liml (6 15 Gos
Slesb o3 bl (nl 53 ol bl 20 S
L 1,2] ditbe Yo 5l S s Gl L2 (GasaS
2,15 5 g Cumlad pde o3 gdoms ol aasly y3 sy ol
s Ol L 0L o 0 s B3 (alal 503 Ol e
sy b8 K 55 Ges oS 0L Llg e 5 b0l S
S Gy IS sk a4 cmlad pe 55 L [3]
4y Ges oS (e Ol Ulge )0 Sl a8 Gjaxal
el ol
Slr b s masi G e b Sbs Solra 52
FopS g 0Ly Saelossds Skl o S
0 el 5155555 @ d S5t s vl S 5K g vl S
UG 5 s wsp v KusS 5 LSS a5 Gl S
4] e sl S s 5 sl
bbby Gas s eeism (rl o3 el el Sl la g3,
Hless Sl edd 6,8 bw e SVl Salusy s

1. Jimenez

2. Kironoto & Graf
3. Song & Graf

4. Dittrich & Koll
5. Nikora & Smart
6. Graf & Altinkar
7. Nikora & Goring



\“Aq JL\»’/\ GJLQ..:J/M 092

oot Ol jes pwdige agh = oade alae

S N Gy

G plxil gy .Y

ol DYz 5y

saolple s 5l G e 0o 0k Olbs > sk o
WSl ol sk e 1Sl SVslee b pldT 4 5l sl
S S ol 5 i 050 Sl S sle b 0L >
S Slos 6,8 Lo st Dypay 5 it TOL > Sl s
S law gie S g 1m0 OVslae sy Lol
Saslas Si 4 (RANS Wlas 4 g ne) S50, ol

] 3550 0l (1)

opuy) , Apuy) _ ), 0 fow; o
ot an aXi an an axi M)
+5('Pﬁiﬁj)
OX;

]

el

L JL:._.A L;li?: Q‘ﬂ.ﬁd Cf g‘:l) A.E.Ab U'~'~\ L 45

.. 0(pujuj)

05 o =l LU 5 pdy WS15 0L S5 —e
0

%
tfaﬁ”[i_ﬁ?] 52 05 D s
5 o 3 il Ol O 5 oS dsles Sl
L2l o ool b 58
oS gl =4 5L gdslae L (V) gddslan ool sl
Al 305y SRS 4 p s e (PTG el 34 s
—ag 3 Vsl 51 Glos (S o e ool 5505 sleds

ol RANS SVsles sldie s 3l o 0L o a2
a5 S ) My b 650 bl s s, slen s
Fall Olaa ol 3l e 9 Ales S ks e (laols S
s (Said T gy 08058 sl o 5 ey 3 580 o5
S
Je 31 (Seisl (iloand ke 4 yol (gandllas
Oljee  Sxi3l dde opl 45 A3 63 0 ¢ K-8 RNG
Gdsles el | p e s K gla iyl 0 slasls S a3 58ns s

g menls Lol x)

2. Particle Image Velocimetry (PIV)
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Fig. 1. Open-channel along with boundary conditions in the
numerical simulations
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Table 1. Hydraulic conditions in numerical simulations
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Fig. 3. a) Rough bed in Mohajeri et al. [9] experimental study,
b) rough bed in present numerical model
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Fig. 6. Longitudinal velocity near the bed in the

longitudinal section at the center of the channel, A) Mohajeri
(2014) laboratory results , B) numerical modeling
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Fig. 9. Turbulent kinetic energy contour maps at longitudinal
section, A) y=0.2, B) y=0.15, C) y=0.25
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Fig. 11. Contour maps of shear velocity for A) cross section
in 3.1 m, B) Vertical longitudinal section
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Abstract:

The study of mountainous river flow in natural condition where the relative submergence (the ratio of water
depth to the bed roughness length characteristics) is low and Reynolds number is too high is one of the most
challenging hydraulic topics. Indeed, most of the rivers that cross the mountainous areas are covered with
coarse aggregates such as gravel. In natural conditions, usually water depth is not high and consequently
existence of roughness can affect the whole of the flow field and velocity profile specially in the roughness
sublayer. Investigation of flow field in this type of rivers and understanding the important parameters of
turbulent flow helps to better understand the behavior of such rivers. In shallow currents, the relative
submergence is often less than 20. However, there is an uncertainty regarding this range. In the present study,
the flow structure intermediate submerged flows has been numerically investigated. For this purpose, the
gravel bed was modeled physically by importing a digital elevations model of the laboratory artificial bed into
the Flow-3D software. One of the innovations of this research was the importing of a rough bed in a physical
manner while in similar researches, the roughness equivalent coefficient was imported as an effective
roughness parameter and the bed was not physically modeled. Furthermore, in present study, the study of parts
of the flow in numerical simulation order that in laboratory study Due to laboratory limitations was not
investigated, was considered. Actually, the main purpose in present study is investigation of turbulent flow
characteristics in a low relative submergence in near sandy stone. One of the other points of this research is
the investigation of low relative submergence, while most studies had done on high relative submergence. It
should be noted, for simulating the k-¢ RNG that is two equations model and having Medium computing cost,
has been used in Flow-3D Software. According to the results, it was found that Flow-3D is able to simulate
these types of flows. After validation and at the end of modeling, it was found that existence of gravel particles
in these conditions affects severely the flow field, turbulent intensity and shear stress. Quantitative
investigation of region under sandy sandstone shows that roughness sublayer region not only changes in
location, but also vary according to the parameter being studied. Such an observation makes the region's
precise and comprehensive definition very difficult and complicated. also existence of changes in longitudinal
velocity and medium turbulent kinetic energy (T.K.E) is the cause of formation of longitudinal strings of
variations in velocity and kinetic energy across the channel. According to the type of turbulent modeling in
this study which was k-¢ RNG, existence this strings Attributed to Swirling together and Arranged sequences
near sandy sandstone because these model Based on isotropic turbulence assumption and it hasn’t ability to
investigating and modeling the secondary currents. Finally with investigation of shear velocity contours in bed
channel, it was found that maximum shear velocity occurred near maximum elevation sandstone. Also,
maximum drag force occurred in this region. Finally, due to small flow fields in near of walls and colliding
Flow currents to these walls, the mean of shear velocity and friction increases.

Keywords: gravel bed, Open-channel, Turbulent flow, Numerical simulation, Shallow flow



