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ABSTRACT: The placement of a pier in flow causes a three-dimensional complex flow pattern around
the pier, which leads to a scouring hole around the pier. In this research, modeling of scouring around
piers was performed both experimentally and numerically. In the first section of this study, two different
scenarios were used to simulate the scouring process. In the two numerical models, the effect of phase
coupling and drag models on the scoured bed was investigated. One-way coupling with the sphere drag
model was implemented in the first scenario and four-way coupling with a nonsphere drag model in

the second one. According to the results, the first model was not satisfying, but the result of the second  Keywords:

model was in good agreement with experimental results. The maximum depth of scour at the cross- Scour
section in numerical and experimental results was equal (6 percent error). In the second section of this o .
. . . . . . Cylindrical piers
research, in order to study the effect of a collar on the reduction of scouring, a simple cylinder without a

collar and then with the presence of a collar at two different levels were performed. The result shows that Numerical-experimental investigation

as the collar goes up, both the maximum depth and the radius of the scour hole increases.

Euler-Lagrange
OpenFOAM

1. INTRODUCTION

It is obvious that bridges play an important role in
transportation. Many bridges fail every year, most of them
because of scouring around their piers. The failure of bridges
causes serious damage. Therefore, research on the control and
reduction of scouring at piers is necessary. The mechanism
of scouring around a pier is very complex. The decrease in
velocity at the upstream face of the pier causes an increase
in pressure. Also, the dynamic pressure on the pier reduces
downwards. This pressure gradient forces the flow down the
pier. When this downflow touches the streambed, it makes a
hole in front of the pier [1].

A review of previous studies shows that most of the
simulations carried out to study scouring around piers are
based on the Eulerian-Eulerian approach, in which both the
fluid and particle phases are assumed to be continuous. In
this investigation, in order to take into account the discrete
property of sediment, simulations are performed using the
Eulerian-Lagrangian approach with k¥ —w_SST turbulence
model in OpenFOAM. In the first part of the simulation, the
modeling results are evaluated by changing the coupling and
drag model and then are compared to experimental results.
Later, in the second part of the simulation, the effect of collar
presence on scouring reduction around a cylindrical pier is
investigated.

*Corresponding author’s email: Hamidi@nit.ac.ir

2. METHODOLOGY

The numerical model we have developed consists of two
modules. The first one is the hydrodynamic module which
simulates the flow field and solves Navier-Stokes equations.
The second one is a morphological module which calculates
the sediment transport and solves Newton’s second law of
motion. In this study, the sediment-laden flow is treated as
a two-phase flow, which includes the water phase and the
sediment phase. In Euler-Euler two-phase models, both the
water and sediment phases are treated as a continuum. In
the simulations to better represent the discrete property
of sediment, Euler-Lagrange two-phase models are being
used [2, 3]. In this investigation, the soft sphere model is
applied to model collision or contact between particles. The
soft sphere model is modeled by using mechanical elements
such as a spring and a dash-pot. This model is also called the
Discrete Element Method (DEM) [4].

Fig. 1 represents a schematic view of geometry and mesh
in the numerical computational domain. The lower part of
the domain is filled with particles and the upper 4 cm is
filled with fluid passing over the sediment.

The boundary condition for the inlet velocity is set to
be a fixed value of 0.3 m/s for the first part and 0.5 m/s for
the second part of simulations. In the first part, a simple
pier is modeled to validate the numerical model with the
experimental results. In the second part, the pier is simulated
with the presence of a collar at different levels.
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Fig. 1. The geometry and mesh of the numerical
computational domain

Fig. 2. The contour of velocity in the coupled approach on
the plane of z=0 (m/s)
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Fig. 3. Scoured bed profile and particle velocity on the
cross-section (the plane of x=0) (m/s)

3. RESULTS AND DISCUSSION

In the first part of the simulation, the modified model is
done using a four-way coupling and nonsphere drag model.
Fig. 2 represents the contour of flow velocity on the plane of
z=0. As the Figure shows, the flow velocity reaches zero in the
zone of particles due to the coupling effect.

Fig. 3 represents the bed cross-section in a steady state. It
shows that the maximum scour depth is 14 mm. Fig. 4 shows
the comparison between numerical and experimental bed
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Fig. 4. The comparison of scoured bed profile in a coupled
numerical model with the experimental
model on the plane of x=0 (mm)
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Fig. 5. The contour of particle distance from the bed
surface (m)

cross-section in a steady state. The maximum scour depth in
numerical and experimental results are almost equal. Finally,
Fig. 5 represents the particle distance from the bed surface. It
also shows the scouring hole and backfilling downstream of
the pier.

In the second part of the simulation, in order to investigate
the effect of the collar on scouring reduction, the scour depth
is compared between a simple pier and pier with a collar. The
numerical results show that the presence of a collar decreases
the maximum depth of scouring. As a result, the collar at
lower levels has a better performance in reducing scour.

4. CONCLUSIONS

In this study, a three-dimensional solver called
pimpleLPTdenseFoam is used to simulate scouring around
a vertical cylindrical pier. In this research, the k¥ —w_SST
model has been selected as the turbulence model because
of its better performance in the case of flows with a strong
adverse pressure gradient. The experimental model was
developed inthe hydrauliclaboratory of the Babol Noshirvani
University of Technology. In order to obtain a suitable
model for simulating scour around a cylindrical pier in the
first part of the model, two scenarios were evaluated using
the Eulerian-Lagrangian approach. In the first scenario, the
discrete phase has no effect on the continuous phase and
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sphere drag was being used but the results were not in good
agreement with the experimental results. Therefore, in the
second scenario, to improve the accuracy of the simulation,
a four-way coupling and a nonsphere drag model were used
as a modified model. The numerical results were in good
agreement with the experimental results. The second part of
this study has been done to investigate the effect of the collar
on scouring reduction around a cylindrical pier. The result
shows that as the collar goes up, both the maximum depth
and the radius of the scour hole increases.
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Fig. 2. Particle overlap in the soft sphere model

(b) deformation

L (c) overlap

k—® BSL Joo SSls a byyye k —0 Lol oo Lol

k-0 SST |

Jol (s iy B8 usSne L2 LS L slagl > sl b
Joe sl eolainl b s oo lis yie Sliass ol gl 0ed
Jol omuny ol giloas Gl wls (pyiE8s k—o_SST

P e GPGs S k- Jow 0 &S Iy 005 e
0323,5 ol usSine 123 bslS L Sl 55 K — 0 Jae
Ol o aS k—w_SST  Jaw Gudos ol j0 Lo cred a0 Cl
Sy, ! Gilwas lp )l sezg weSre HLid (548 I3
Gl ol )0 el Jo alo 3 LSis Lol cde .l oals Sl
ki coeS k=@ Joo yo adl oo usSre )Lad (558 S (e 53
&5 aatie W 5 @ ety (il i 55 Jles

D] sl e (Snas] i

2Bilesl 5 goae Jaw iy a5 F-Y
POl 3k eyl 550 S HLIY- s ksl Sl 5l gy ol o
IS ollae .ol oais 00las Ll iz 550 dlluce (g 5lwads (ol y
CIPE olal U gl 5l Siie 4 glaipls 5y 5 Lagludnnd ¥
¥ s N0 00 slal & Lt JUS 5 e o/o g N0

by adloo S oo o | el 5 250 (b oS 4 oS ke

2 Wilcox
3 Baseline Model
4 Shear-Stress Transport

35 peed Jlog g (omlon 5955 Sl lax laadlge @ Glg5 o
0)55 I e).S O éulin L.SLQQL"‘” ).:ij)f‘).uo ‘)’J UT )b aS
Slye 5 528 bawg oads slml lagys anly 517 0)d 5 )y
o sloo,S 0 L e ules anad ululy 2l ce casoa
F, 358 nlplis 5 on it bzl W 55 b Jlei (5505

9ds0 Gl (A) abaly bi (69,5 0,3 500l

Fﬂ = (_kné‘n:*/z _nnj (_;.E); (/\)

M Gl sy 5l ($BU 0y plral> 5, 398 ala, o

P e n g (G =V, —V/) o] oyd o Cawd T 00 Cas pu

oS Sy (olon adlge Bl oo 0)3 93 STye Joly Lo
syt ol () alad, b 5

Fi=—k,6~1,Ga @)

Coz 0 (gl ey g S eSS a T, gk, ol oS

5ut=G—(G.n)n+ai5,-><n+aja), xn )

\_«C)_wa)jj 51 o)béL&ww)JA.:a/ 5ai u‘)écts

Ivol axsb oo 0,3 sl

Sisol Gilwans glp cwbe (Sasl Joo ol

I ablin oty al Sym 5 35 Syt sloed
SPEPYINC I SEDVPETCIR S PTG JPC Y
o)ﬂo.c Cde L |) k-o J\.\A u‘)l&& 9 ..\.;y5) LOJ;G‘O u;u.u‘
a5 sSae JLid LolS L s5e Y Sz e ol e
Qiles )5 slprinn ( Siwdol gilwans o Suasl Jaw lgxe
&S Csl 05290 kK —0 o Jon 5l s aws i Slalllas (o

1 Hertzian Contact Theory

1



FYF LYV Clio Vv Jlo ) 059 0)lod DY 0,90 «SilSo  cwdige &y il

Ivsl

n J J

_ j=1 gomf _q) |
OF = <o
Prey

O
>

P Fe) S350 CuaS gz e i gl o1 0 &S
3550 450 )3 (L) SoaS T Jlake 9 5 pl) 08 o (a0
V Jgae 5o oSl slaws ol b Uas as o Ol sy aib o Has
el oo oolo HLaS Y S jo ol 51 el Jloges

oy ghle Jolo YV v e ol gooe atols S 3lao
oS wilioo el (anaSl Dbl jshaie 4 (JgS LB (las
Dgd oo Jde aels chal Z =+ amiao 0 )5 cde 4 o] o
a5 ojled 4 pal o5 b g oog atdlilejle (gauasd
(F JS2) %535 o0 55,

Slowloe aisls (Vb 550 sl 50 Lalyd Jlosl jslae 4
o 0 p 3908 SlagbolS Al Gl j0 &S () 550 byt
Ozt el 00 ooliiul (S o Houe o1 51 Sb,> zen 5 00
b ey e gl (gl a3y gl 5 g oo gz 4alS” 5o
beeeS plo lrolns @ly 5l @ gk lp b33 pas 5550
($99)9 iy brd Cesl ot ssliiul Hio (Lol (5550 Lo )

Syl 039 (79,5 slp (Brep (550 Lyl g ol ey

10

s glas s o

1

2000 4000 6000 8000 10000 12000
Ls Jslos sloaes

S sheS VS0 IS e e VIF LB a4y 0,3 VYY) oo Luls
95 3 05,38 Ol glis )l g yia Hilo ¥ b plp Cgany Gos .ol oo
5 Saiie y e SskS VT Ol I8z il sele ¥
&3l 4 Cond lageasly (illias g j5laio 4

3 Sty hdgy ccanlio (aaSl Sbl 5 Slaslre atsls
Ay bl b Solite g0uaSl Jlex 0 X = axio
ol 00l a5 byl Bl o sllaz g aulioe (guiaSl

b Jolw olaxs ol 38l b pond glas 0o yo Ol s N Jgo
Table 1. The table of changes in the percentage of relative
error by increasing cell number

Y. \YYF. OFAA YAy o Jsbus oloss
T ZESRWRR
VIYAYYAZ | YIVATANO | #/-FAYAY | A/A-QYYA )
(e

—@

14000 16000 18000 20000 22000 24000

W Jokw Slowi (51351 b oo slas oo yd il l5g05 Y S
Fig. 3. The diagram of reduction in the percentage of relative error by increasing cell number

£y



FYF BV Slrio AF e Jlo ) oy ojlesd OF 093 «SuilSlo uoiges 4l

ALY

RUCORURRIAAN

(OB YL e
olg0

ST T

(031929 ey 50

GO o dold (guudSuls 0gou g dwasd F Sl
Fig. 4. The geometry and mesh of the numerical computational domain

2 e IV U 4 6099 0l S sl oad Jaa ool 40l
ol o gl jpax bl g ool b cpgs 51 50 adly oo 4l
@ Sl sl (giluad a5l e +/0 (6399 Zeo e b aliSe
aly glodoe (Kradol Gos )0 dlsb cuai jl5 51 )y jskiie
ol ¥ 5 V10 slaglis ) o o il Vo kb 4y ladish |
Wb oylil aS jebleas 0 5 gilwans Slelbe adls &S )
o o, Sles cde 4 k—w_SST Seasl Jow Lidgh ool yo
(638 oSae 5Li8 (Lol L 550 Y ULz 5o b Joe sy

RO PRV ESS B CT o Y RPN ST

e o8 0 ) e @ Grimren el oad a3 Sl o
o Ll 8,50 el ral Sl sloan e 0 ez ad o Sl g
opols e gy Slige, a5 bl 5 ol ood (gloans
"Wley 50 byd b g widlge (led 3 o)l b e cilons
W35 ooy 9> adl (6551 00,0 AV Liojlgs 4 05955 L DS
Ivvl
dlse lyzme 518 90 Jalds (gl (nl 0 00l () p (00e e
(Pl @l b goue Joe (i Ll pslaie ey Jsl 56

£YA

1 Rebound



FYF B EVY Slrio AF- e o ) oy ojled OF 093 «Silo g 4 i3

SreBle 7o (oye Sln 639y Gl S &S 039y Cole
5 Ol e 50 Fatle O hE 4 lailyal slaly wes
‘)J‘ 5o 0l () 099 I\ J&w o 4.4.3; )‘).9 U] )5).»@ B
Sl o 50 ooliiwl 5,90 arels aslie a5 a5 o plis | ioles]

ASb ge gooe

Sy g b -Y
oy S g Liabeyl pll 51 e Gali.i.il.oﬂ Jae o
aly S0 5l 0wy o ahate pwyp b (ol (St
Loy g il po Jolgd 4 Siwiol Gos (X =+ axio)
9 Bbos yraidhes +/) @yde jgm S8 0D SIS i0e jgm
odnlice o il VO Ly u_i:.wi)y'l ol Ay Ges ol
oinlesl plesl 51 e 1y aRisles] Jow & IS .us )8 el g
3 ol 000 el aseine Sy 4 jebles Laies oo LS
w2y Jubgp ¥ USs ag0 5 LSas aly Glbl Sesol sasay
P (X = amio) ailginl 556 5l (5,500 alafe )0 s o
VIV alols bV JSo 4 a9 b oo oo plis o] Jow

ansol g4 S 18 S0 cov s bl LSl g sole

Cibgayy g = 2
b Sy 8

oBiglol jo dlie cnl ;0 (quyp 9jpe @Kislojl Jas

ol (6,10 0 g Al bl Sy mdss srie oRiils g 00
Aoyl SN 5l oo o) sldvale b Slgu, 51 GialesT pl o .l
YIFGVE o slehad b Sl s Y o)leds SUI (g4, 0nils 4
coSa e YE pl JUB 4y (699,520 el oo oolainl yie Jos

Bl E57 Jod (AEE5T Joo B S5
Fig. 5. The experimental model before the flow starts

L q:. :-F ‘:II""

Sl 05> 13 0 =

Jo b el po S E
5 F | |

.,-“F = _1{ X

&

O ey 30 Cguy oAbl g 4l sl )0 (SOl 1 ool o i 5 S
Fig. 6. Scour hole in front of the pier and backfilling on the back of the pier

94



¥Ye B FYY Ol NP JL» Al 0}35 A)Louf) oY 0,9 s&_g.g‘Sw (sWNRR Ai)u.u

4 ol 3305 42,5 L 33 Sl 3 g Sl 6 ot SichysS
Sy 5 cslS wialsss by 59y 51 DS S cel e ]
aalds &S 0 g, Kl A Conl GlaigS 4y ailginl Jo> ol >
Ol (Kbl el 5 4liS 31 ld g5, ol Js o) 25z
ol oo ool (69,5 Luy Jow 5l Jaw ol )0 pizmen 098 o0
lens,5 (258 65,5 ilwaned Gl wgm) O3 kS s

ks Sigen Gl gert S Old gl e
50 a5 00,8 o Ol adgl et @ e pleans ol b e
Slgay Gos i due Vooslail 4 adgl s 5l o o] azecs
Giloterds S o Vb jslate ay 05d e yla gl Tl S
ol Wyl Ojgods (69,5 O3 5l e cole Folanl (goae
ozl o] 4 S i joue gl (s, 5l Sz &S b o 5 0ad
3 yaeS 5l as ST, canid cpl 5l e g 998 o0 00l adsl s
ol 4 0gl geools JI3 Lol Jaw ;o g ead las il e Gl ¥
Cniis &5 51y Jangy cilgnl Blbl dl> (gooe Jow jo i
plil gl cwl oals 5 cilosged 4y, 1) 093 59 51 5L adyl
sl 00 oolaiwl 5,8 50 eud aldgi oS 3l 598 Sldes

2 Sonl aly Sjpslre jo Glyr (B ey HelS A S
STEE 53 by S 58 cnl )9 s e plad ) ol &>
Oz &y aly ol 4 ol S5 b allioe o 4 el
Ol Al 50 e S )lade 4 g Al (Jop W)
K85 & i & S8 Blle Solgi 3 o8 o slnyl 185
20,5 o0 (ool Jo5 4l 5

L oo gilodas 5l Jols mls aos o las Ve IS
2Rkl ool b calio @illas (glyls 00, S5 Lyl
Sl 2BRale3T L go0e Joo 5l ol g angliio iy ool
Joe 5l S goae Jow jo (Kbl oy o a5l (]
a2 e300 4k 5l 6500 Alold 5l Sligwy im a3l (LT
0,8 5l 09290 alold S (soae Jow cpl jo aiiS oo ol Al
Sso] 56 Cos il co e il O plp aS o)lps b Al
5 b llecs ol o el a8, 15 eyl sl jo 51 i
40 ‘;Lwisgi BoL (i WS 5l Slg e saLi.;‘,.iLa)']
Y¥) sk O b plp (2ilosl 5 (s00e Jaw 50 50 by LS

el g alls Aol 4y 5ls Jow cplpls aib co (B oy

40

20 0

azxino 30 (B o3l Jow 1 Jhols diuninosT pws Judgp V¥ JSCi
(o shwo) X =-

Fig. 7. Scoured bed profile obtained from the experimen-
tal model on the plane of x=0 (mm)

Dy sp

Ol G gl 2 Ol o0 S 5B lagSl (i iy 612
Ol b 99,5 ooliiwl (oS ,f 9, o) ol digey 56 ()L >
3 (00l ysS bg,) dge Bl 1) atsgey 51 (59, s 5B I
9 o ndysr ;b w50 5l s B 0l 65 pd o
390856 sla el 5l (S by e cizmen LYV WSl
5 oae Jae sl 56 s ail oo b ] ot ates 5 &3 s,
Jolo s g 0ol (g gilwands 90 (b Lay Jow 5 Sl
2 e meplie 5l (S 00,5 e duslie aBisle;] Jaw b PR
B 58 S by STl SadsS (sjlaiz bl 5L
Ol Bl Al 392y (cwgSas Sl aS o o o)l0 ST o
90 52 Dbk oo Jlie J1SG ST ls ol Mad by Sl S
Lol sl oo Tad bgs SidysS b ,o il anils 354 56

Jol 58 ooe Jow mls -)-Y
O3 G (0,95 1) (S 3l 508 (595 2 Sl Sl sl Joe 50
(Slwbre an e als jglate 4y Jg 00,5 oo bl Slewle o

£y

1 One-Way Coupled
2 Two-Way Coupled



FYF B EVY Slrio AF- e o ) oy ojled OF 093 «Silo g 4 i3

-2.000e-01 -0.035

03 4.611e-01

‘LI\Z/ W\H?I“‘?HHH\W

(456 2 yi0) 3y (GHS1 as s ;1A JS
Fig. 8. The contour of horizontal flow velocity (m/s)

UXx

[

-8.303e-02 0.062 0.21

0.35 4.967e-01

by ol yo (ol Jai aglo )5 Juslis A IS

Fig. 9. Horseshoe vortex forming in front of the pier

oo & 6955 28 Ly Joo o 9 4851 oz S5 Il jelase
28,5 oo adlaol
Sl (6t (6l a8 )b oz SoodysS 5l pgs Jow o
5 Jbw 59, 0,0 Sleo,d (59, p b Sl g Cl ol oolazul
Sgut yokaio 4y 00,5 oo bl (giluand o ol o Sl
by Joe c alBinlosl i b yios sy § g0 (g5lw e s
GV 5 e SE il i 555 e Jan 4 5,5 Joe
o3 oo plis [y oal hsS g hisS s b )0 sy 5l o 5
Al 21y DS jeam (S xe gy V) IS8 Gk
3 Ol sleals ;S a5 o)l ped Jbew JU8, 1 65
Gl Wilgh god 1S anuilS 5B g Wl jgas 8 Slgw, Sl
S8 9o ol analie b Caled )3 00,5 atugy 5B Ce e S

353050 Y Sl oyl ek ysS lo 13 48 23,5 aomets lyon

&y

72
63
64 —Experimental
60
56
52
48

40
36
32

28 r
24
20
16

2 Pier

-
£
)

40 20 0

Joo b Jis5 pud g00e Joogoinain o] iy Judg yy done o )+ S
(o slwo) X =0 amino yo B losT

Fig. 10. The comparison of scoured bed profile in an
uncoupled numerical model with the experimental model

on the plane of x=0 (mm)



FYF U FVY Olrio VFer Jlo ) o o)l DY 0,90 «SilSo  owdige & i

U Magnitude

0.000e+00 0.12

Y

-7

0.23

0.35 4.630e-01

WHHII‘HHIHHW

(4556 2 yio) Z=- axiuo ;3 195 pm (09 50 Cus a5 DY SO
Fig. 11. The contour of velocity in the uncoupled approach on the plane of z=0 (m/s)

U Magnitude

0.000e+00 0.12

0.2

0.37 4.917e-01

WHHH“HIHIHW

(455 2 yio) Z=+ amiio 33 o fysS g )9 oty 59515 AT S
Fig. 12. The contour of velocity in the coupled approach on the plane of z=0 (m/s)

Joo yho Cooms  dllr )3 Gl S Glane oS Wigd oo Sl
Al s Sai] | o |y s s albie 1Y S
4 g oud dlnd 4l sloo LS g gl 10 Slga ) oo oo lis Il
Solb cde a0 &lyd ey S Bollas o5l ooy Jae o] caio
w b o)l o St o> S0 cpl jo loduw, yho 4
dblge pards JB a9
Jae ol 3 ol odse Jsban ol VF JS 5 Salyd o
ol b Jow ol 50 005 o0 anlio Gali;:,.ll.cﬂ Jxe b go0e
atwdol gais 5 )18 56 Cod s sl LS 5l 6 ke gl YIY
Jae 99 50 aly U5 50 (Sadol Gas o ey S 09 o0
Sl o (S0 )3 8) o Lo V L ol Gbli&%l.c)'ijdéu\s
o o LS 1) (6 80 Sl oS s cl L anslas o
oo b s Gl altlej] 5 saae Jao 3 (Kot oji
2L os5 il g o0 B 8 gl Jow ol ases jo.05)ls

Yy

U Magnitude
4.917e-01

0.36878

o
1S
i
@
@
&

0.12293

m IR R R RN NN RR] Hlﬂm

0.000e+00

. m)@éﬁ@aj&,ool,éuﬁgwd*égﬁ.w Js<s
(48l o) (Kbl 51
Fig. 13. Scoured bed profile and particle velocity on the

cross-section (the plane of x=0) (m/s)

oo ol @ onl 085 o S5 als S Sl jeas e p g
GS 5o e sdez 3 ) USE GBE VY S o oS e



FYF B EVY Slrio AF- e o ) oy ojled OF 093 «Silo g 4 i3

Ol o a4y Loy SIS L g 0ud mez Al iy o 4y GBlLbl

WS g0 &S Cewd (X Cg2)

poo 5B goae Jow muls V-

ool Jalf s alsh Sl pwyp jslie 4 5B Gl o
L Jotisbe aly Jo 59 53 (Ko 51 Juol i sty 9el
Slyd alols Heuls 17 KL 03,5 oo dmalie a8sb (a0 4Ly Joe
5 eaiydS poje e jo il ey Judgy 5 asls S
Bk jyim sl g ool aly 2l 3 (X =+ amia) ol 55
a8gb jghax do0 o lis bl aes o lid |y iz 515 g0 o
gl 515 T8l L g 0gd oo (Swiio] diciin Gas alS cels
38ee Sl 5l o adsb azmsi 53 abige I (St
Ol (Sl el o s

Bl 5l bl slacdl- o oo)e gl Sl g8 sz
i Forie el ol osls lad VY SS jo eole 4l
Swisol a5 ol o s gzl s, caumolas
s it Sl ] 3 il 4B5b g 5 sl wl s
by Ky (26,6 sove ol Jla Lo YAD Ll St
30 a5 Sl YO glas )] jo ouds ceal ddsb Cdl> (o s Judg 4

Sl ol ol ol oo o Lo A/F g;».wk_)‘i ot dcin ]

Sl el
A2 go L iy mhaw 1 @ld als dols Vo S
23 Sl e e ol et JS5 53 o5 b lon
Ol 5 uioren .\.x;:_élsa sl aly o> ad 3laz,0 $O agly
oo annd Ol ( gwls p slaals 3 31 ol oS L 4l cass

64 —Cxperimantal

60 —LMETiCE

=]
=
@
®

=

-

40 20 0

Joo b ol J3g5 g00e Joo dsmb s yimn Judg o dunng Lo NF S

(Roshkso) X =+ amiio 55 BlRs L]
Fig. 14. The comparison of scoured bed profile in a
coupled numerical model with the experimental model

on the plane of x=0 (mm)

L & ‘_"[ L‘é—"'—c

50 TO agals

(y%0) yiannd Gh.w 5l elyd alold jauls N0 ISl
Fig. 15. The contour of particle distance from the bed surface (m)

£y



FYF U FVY Olrio VFer Jlo ) o o)l DY 0,90 «SilSo  owdige & i

YIo 5l o sk b ek

CoordY
~3.000e-02

[ﬂ.WZE

in.ms

~0.0075

0.000e+00

~0.000e+00

Fali ok labie sl s s (el

225

ETJ‘EW:"-

~0.0075

+0.000e-+00

Y10 51,5 0 aBgb b agly (73 F 5157 5o g b agly (o ool asly (.l 55 drald S 51 &y alold Hgiils 3 KT o o adaito PSS
.Fig. 16. The scouring cross-section and the contour of particle distance from the bottom of the domain in
a) simple pier, b) pier with collar at level 4 and c) pier with collar at level 3.5

Sl Bae i 5| doys YAV oS abige yie dua 1Y

el 00l rals

5 4zt -F
bl oy Gileand sl 4 Gheghy ol o
Sl JIE b e 0 a5 (sogee lailgiul al S SlLb
b & podcnl JlBley o 4l dsny saman > S
e 0 Ses JJo 4 098 o oslaiu] pimpleLPTdenseFoam
mwsSae HLad (Lol S L slapl > 0 k —w_SST  Sas] Jow
2Eislesl Jow .l a3, IS4y g ol jo  Sxadl Jow oyl
o olSails gy oliolesl jo Alie ol 10 oy 3590
clie Joo S 4 gliws sl ol oals sl bL Slg g
Jol 56 5 slalgial al Siwnol sas gileans gy
GHIY-6,kel 5,509, L Jow 90 LB [0 gl 90 (gilw Joe
S9) S 3B 31 Jol 25l j3 .85 513 2l 5 (o) 99
el 00 ooliiwl (69,5 Luo 51 )] 50 g el oonis Blod attiga 58
W IPON: Ga»li;:..ll.aﬂ 2l b el @il slhls Jow ol mls
Sk 55 s sludnnd <83 (3 p VU jolaie a4y pgo g2l )3l pl
Loped goliw 50 005 oolittal (55,5 5uf Ly Juo 9 a8, ez
eolie B (69,5 3t 4 (59,5 Lay Joo yeiS bg 0B hysS )
il e il i b ss ol s a5 0,5 ol>

£Y¢

sala asls
— Ve b lal

60 —_— s ahblal

© 70 5.0 30 10

39 yloa8ab arl b oolu ayly astwd s yiwn Judg . dun Lo NV JSCi
Fig. 17. The comparison of scoured bed profile in a

simple pier with piers having a collar on the

plane of x=0 (mm)

FAUY B Wlgs oo cslawle yiwy 5y gl o alold ;o adshs a5
byrye Ky 5oy giomie alSy (Srndiol Gas (e 0oy
Sreile ) alold o adsb o3 Wil 4 L ¥l 50 aSeb

S| Gas aiinn Sl cpl 0 a5 ol Sbgw, s )|



FYF LYV Clio Vv Jlo ) 059 0)lod DY 0,90 «SilSo  cwdige &y il

m/s e m U

g e

me,d Jby slal> 5
meo)d goloe plral> g
Nos/m ( olps oo 7
Nm? oy g5 7
rad/s «slagly ce @
kg/m® . Jisz
SS90 e

A}

o9 )
Jby adlge 7
ol adlye

&L

[1] A.R. Zarrati, H. Gholami, M. Mashahir, Application of
collar to control scouring around rectangular bridge piers,
Journal of Hydraulic Research, 42(1) (2004) 97-103.

[2] T. Esmaeili, A. Dehghani, A. Zahiri, K. Suzuki, 3D
Numerical simulation of scouring around bridge piers
(Case Study: Bridge 524 crosses the Tanana River), World
Academy of Science, Engineering and Technology, 58
(2009) 1028-1032.

[3] A. Roulund, B.M. Sumer, J. Fredsee, J. Michelsen,
Numerical and experimental investigation of flow and
scour around a circular pile, Journal of Fluid Mechanics,
534 (2005) 351-401.

[4] A. Zarrati, M. Nazariha, M. Mashahir, Reduction of local
scour in the vicinity of bridge pier groups using collars
and riprap, Journal of Hydraulic Engineering, 132(2)
(2006) 154-162.

[5] B.W. Melville, A.]. Raudkivi, Flow characteristics in local
scour at bridge piers, Journal of Hydraulic Research, 15(4)
(1977) 373-380.

[6] B. Dargahi, Controlling mechanism of local scouring,
Journal of Hydraulic Engineering, 116(10) (1990) 1197-
1214.

[7] G. Deng, ]. Piquet, Navier-Stokes computations of

horseshoe vortex flows, International journal for

£Yo

2 Jols (Kol Bes Hlaie oy s aS das e Hlis mls
b BB jsbar (Rl 5 pss oas Jae o o2 ahake
Joe o (St i o il gudate oo p (S| 00,0 #)
@oos Joo @l iyl oo b (55 Gl 55 (pRiales] 5 go0e
O agly o (Sdol (lie nyiir o8 w00 Gl Grizeen
ode gilw e pgo 5B a8l o sl Al Hel> ad 3l as o
Sl GhalS 5o absl Sl sy jebie 4 5 (Sdo]
ool asly laml 58l jo el 00y0 )5 ploxl (glalginl by gl o
S 3bodnd Az 515 g9 50 A8gb j5a2 b bl s 5 A9k (900
Gos Rl yo aBsb ceai I 1 pw)n jsbiie 4 el o0l
o 5l F 5 V10 glaglis | b loadsls aly slo Jdo o St
IS el s s .5 (silotct labs 4y S )
a8gb a5 el ool i ol gd oo (Kol Ay Ges
Yo by ol (Sasol als )0 sy o Skee 5ol 55 50
I Sl ) ol i glah  sac dipty iyl 5,

AJ.H_;A

eSS i
N/m? iyl Jouo  E

L“"" ““"J“’ Cp
m LO)\S }.,43 D
Nosysbs s 035 655 F,

N‘l“"’ S Fp

N Jbys wles 6555 F,
N is,Led (59,0 F,

N oloo oulei 5958 F
mM/S (s Sy Jop G
N/m 8 ek
kgeoys e m,

ooy om

N/m? s P

/8% (Jlw 5 D13 o (25,000 05 R



FYF U FVY Olrio VFer Jlo ) o o)l DY 0,90 «SilSo  owdige & i

Fredsee, Numerical investigation of flow and scour around
a vertical circular cylinder, Philosophical Transactions
of the Royal Society A: Mathematical, Physical and
Engineering Sciences, 373(2033) (2015) 20140104.

[19] S. Abdelaziz, M.-D. Bui, P. Rutschmann, Numerical
simulation of scour development due to submerged
horizontal jet, River Flow 2010, (2014) 1597-1604.

[20] Y. Li, D.M. Kelly, M. Li, ].M. Harris, Development of
a new 3D Euler-Lagrange model for the prediction of
scour around offshore structures, Coastal Engineering
Proceedings, 1(34) (2014) 31.

[21] J. Shim, G. Duan, H. Jo, Simulating Sediment Transport
around a Bridge Pier Using Open FOAM Software, in:
16th World Environmental and Water Resources Congress
2016: Hydraulics and Waterways and Hydro-Climate/
Climate Change, American Society of Civil Engineers
(ASCE), 2016, pp. 362-369.

[22] H.K. Versteeg, W. Malalasekera, An introduction to
computational fluid dynamics: the finite volume method,
Pearson education, 2007.

[23] A. Lopez, LPT for erosion modeling in OpenFOAM, in,
2014.

[24] R. Kasper, J. Turnow, N. Kornev, Numerical modeling
and simulation of particulate fouling of structured heat
transfer surfaces using a multiphase Euler-Lagrange
approach, International Journal of Heat and Mass Transfer,
115 (2017) 932-945.

[25] J.D. Schwarzkopf, M. Sommerfeld, C.T. Crowe, Y. Tsuji,
Multiphase flows with droplets and particles, CRC press,
2011.

[26] H. Tofighian, E. Amani, M. Saffar- Avval, Parcel-number-
density control algorithms for the efficient simulation of
particle-laden two-phase flows, Journal of Computational
Physics, 387 (2019) 569-588.

[27] A. Fluent, ANSYS fluent theory guide 15.0, ANSYS,
Canonsburg, PA, (2013).

numerical methods in fluids, 15(1) (1992) 99-124.

[8] J.E. Richardson, V.G. Panchang, Three-dimensional
simulation of scour-inducing flow at bridge piers, Journal
of Hydraulic Engineering, 124(5) (1998) 530-540.

[9] N.R. Olsen, M.C. Melaaen, Three-dimensional calculation
of scour around cylinders,
Engineering, 119(9) (1993) 1048-1054.

[10] M. Muzzammil, T. Gangadharaiah, A. Gupta, An

Journal of Hydraulic

experimental investigation of a horseshoe vortex induced
by a bridge pier, in: Proceedings of the institution of civil
engineers-water management, Thomas Telford Ltd, 2004,
pp. 109-119.

[11] M. Vaghefi, M. Ghodsian, S. Salimi, The effect of circular
bridge piers with different inclination angles toward
downstream on scour, Sadhana, 41(1) (2016) 75-86.

[12] X. Liu, M.H. Garcia, Three-dimensional numerical
model with free water surface and mesh deformation for
local sediment scour, Journal of waterway, port, coastal,
and ocean engineering, 134(4) (2008) 203-217.

[13] Y. Aghaee, H. Hakimzadeh, Three dimensional numerical
modeling of flow around bridge piers using LES and
RANS, in: River Flow, 2010, pp. 211-218.

[14] P. Cunha Ramos, ].P. Pégo, R. Maia, Numerical simulation
of the flow around a pier using OpenFOAM, in: 3rd IAHR
Europe Congress, 2014.

[15] A. Khosronejad, S. Kang, F. Sotiropoulos, Experimental
and computational investigation of local scour around
bridge piers, Advances in Water Resources, 37 (2012) 73-
85.

[16] L. Zhou, Numerical modelling of scour in steady flows,
Doctoral dissertation, Université de Lyon, 2017.

[17] C. Baykal, B.M. Sumer, D.R. Fuhrman, N.G. Jacobsen,
J. Fredsee, Numerical simulation of scour and backfilling
processes around a circular pile in waves, Coastal
Engineering, 122 (2017) 87-107.

[18] C. Baykal, B.M. Sumer, D.R. Fuhrman, N.G. Jacobsen, J.

Mech Eng., 53(Special Issue 1) (2021) 411-426.

DOI: 10.22060/me;j.2019.16679.6418

T. Ebrahimi, M. Hamidi., A. Rahmani Firoozjaee, E. Khavasi, Numerical Investigation of Scour
Around a Cylindrical Pier in Laboratory Scale Using Euler-Lagrange Approach, Amirkabir J.

o2 gyl o (n) 4 AgS

&1



