s T ede A

e Olpes il

S cwtosl S

1902 10 o0 Jo 4l (g0l g b 2> S8 G0 6 sl
0 2Tyt b 0 42 33 1A e (g9 33 (W § shiwo SlRo
B4 g pb 31§ sk Olno Aol iU cd

v . Y ew #) .
28 A0 gy O (Al dea gl g g g

ke a5 oS (3 as 5 Ol jas odige 0 a2l (S5 dn L;LM)‘LNJ;;I Olyas owdige (6,55 (5 seiils )
J@‘:‘}’. ‘JUG CJ}- aK,.':..}\J cwv\.\.é.d Lf‘ﬁ omth “)l‘}A.P L;\Nn/\o\.é—‘ a‘j; )L:..:;..:\J Y
jéjn}f J»)Lé C:L} olf..i.'»b cw.l;gx ‘5‘_9 0 dSESls cu.i:'jj).l:ﬁ éLﬁ a)'L.n .Lj:)‘ wl.v.u)ls LS“‘:"}‘TJ"""’ Y

*a.chonoor@modares.ac.ir

AEXRVAY-TAL g PPN Y <3N A ARVARSEE ISR B

55 Sl s byl 5 0l ool (e oo, 5508 OL 6551 s 2 sl SSIIM (esie Juts 51 Lrass cnl )3
3 a5 Goits Do (655513 5 il SLo pan Jb LG pts Dlio sa b so5es | 4l S
ol JAK_:%L,,;I,L;;J&M@@ aolie 5 A ealial A5 a3 WA g s il Aol Jid s KUK
s 53 0L > S (gledte 53 SSIIM (goie Jus el 5 Sas Sl aARGLST 5 (o glaesls SKalen .
Sl i b gladde oled 53 ey sl 0L o 55 03 sudomn o 315 QLIS sy cnl s Atl o iy 350
Slio it |5 i 16 oo b G spen G it s Slmio &8 = 5503 RFATSIRHINWSITR L SV VRS N S
Sldis o 2aS s w0l CwsVU o 5 e Sl as 1LY dolbes dob 5 a0l 5l b a8 Ll 5 Y/0 ko lb 55 5 jatus
Yoalo U5 of 5l al s 00 alo b s 6 atma Slmiv it | Gl 53 (Ol Ao 3 Ve Sl yes Sl s
R PS5 N PSP+ JYGH] JUVES SENCE S TCOUINA [T ) PR PP NV PRV Vel FRCIUIVES (R TR W V| [PV PR -
P M S e s S5 U e M e Sl GRS A e b x5 g (S 2]

MJLLAUA‘}BerWMﬁwﬁbuwmvm;uyjul,ﬁmﬁf}ﬁozjw)éjzyt}iw

SSIIM . (s3ds Js cazm 33 A+ 8 0L o (6581 (G5 it Slbmis ¢ Jy a0l 1 SAS™ O™ 519

sl s, slaesle o 53 58 5 5 n Sage 51 SO b doNdo — )



VEuo Jb/“a)w/&{.)%e)_js

ot Ol e pwdige Sagh — ede aoe

Shestanad b (Yoo ¥)e 0l 5 O s s Ll 5 OL
e S 5 0L S s 2 4 SSIIM. (o de
191 astls  ohle aKalesl JUS L3 Sy osbe
“S Jome 5 s 5 Ol (Y010) (gadge 5 pl |
“dw Do 4 SSHIM2 Sl 5 5t etz L1, L LS
5 el e @Lu L10] s sd g3ledde (gaa
C33 L Ol e SSIIM Jus 31 a8 sls OLaS (Y419) O, as
5 3 0l 5 Sl S ilans 3 Il LB
OO 5 SLaly [11] 58 eslinal o slaal Ok 5 L
oslizal b Saeinl g3de 5 A&abo3l ) pa o(YoY0)
5 el
G 5 0L s 3de s a (VY )0
3o Slgle 3 Sl eslinal bk slaaly 0sel St
s S s Sldlas 4o L [13] asls , SSIIM
$ s gsas o s dS sladle s Ql@j}; by

Los s WA s 53 e b al Osel OL >

[12]acsls 0 SSIIM - (gode Jde 5

RS RRGI EPR WA STRRCINEY | P JEC UG Y RN
o 43S 13 aallae s pabge al ask cnl U3
I3 55 1y s bl Ga 53 ol aalllas ol by ool
(LS e

@B L oekd gileand Jb mls (bl s O
O e Dl Sl anal S s ez s f&i{uﬂ
Jol VL s

ool B ptms Dlis SLindsb Sk s (Y
Ol Ot Olmis Aol 5 4l 5 Gjaee Slio
S 3 s 5 ol Oel oy Ol 65 5 e
SSTIIM 1 (gsde o L amm ;3 YAy U5 a3

b 9y 9 g0 Y
0L gl a9 Gous Jow -V -T
(CFD) Sluls VLo Suslus SSIM (s3de e

OVslae 5 3 9ds ot S sl 2 G

Koe Jdo SaS w0 axi 31 0L > <l s WSl sl

GSI las S 515 aslinal 3,e 5L s 3l a5 diea
Sl bl g5 5bmy O s altay, S8 ol LI
ot o Ol S 55 W s o Ol S
G s mF by, e s &S Gl6S @ ol
Ll G Sbl oL S s e s
S ) 5 Sl oz Sl 5B 53 SR (sl sl
Gl Slasl b oosgd o min Stiol o= i i b
el g et sl Jiuguﬁ dadil=os, 0L > s 53
Glawl Ol bl 3 s slse a5 A Aales Sl Laols S
Sy disd Jom Cedpmly 4 edd and
S ol oy b o (St el sl o
CowdVL 53 B atese Slmio Sleslaal ba By, cpl 51 S
L ooltng, e 53 G itas dmio SO &S 5 .Conl O
Sl g ipd s Ol sl 4 Cod (S S sl
o8 5 Dl S o Db g 3 s pe sl D
Hls ol s .,LJJ« Sy d dmie SlbI s LU
e Sl e amdo sl Db 55 s (35
S 03 S boedd bl A S s e
Ceml 03 ol SS S sbml e 0L
P S PSS ol S8 pl g 6 Dlds
Olio 1 eslinal SO A8 o W albtsy,y s
3 3 ey e sliia s LIl s B Anes
&= o e bl ke 4 (VAT guS
Bl (Yoo r oL s 5 O gndlr [1] A eslanal alts g
3 omG A 5 (TNDLKan 5 o)l5 (YA Kas |
Glbl (Sl 5 G ates Slmis 31 (Y0 Y 0)0 K en
dngS s ged s ARG Sose @ Ly al
e Slomdo cpl S 5k 4 oS sl 0L T s
w3 53 152 s b Ol Sieial alS
oS b GILKaasn (8 0 0L S
G835 (T OO 5 el U (Ve ol Kas
[8-6] Lsls ¢l>,u'l 63 Sldlas (YO\V): 0K

Sesle w4 SSIIM (e Jue b (gl 0 Sy

4. Kasvi et al.
5. Wilson et al.

A4

1. Odgaard & Kennedy
2. Johnson et al.
3. Giri et al.



OO 5 b e 5

wDlomis g b3y b Ol 0L S s3de (g3lean

[14] e s

SR LT Jow -Y-Y

b by ml ote ileand sl B a5 Ol
DT OLKen 5 5k iz e aa b 3T Sl
LS o WA gl b S w8 JUS S el oS
SIaster o3l o3 Wl 20 ¥ ol bl plad
33 45 Gl o) JUS o el el il oS
VO dsb 4 pts Coad SO JUES s ol 5 VL
o s el A0 UK gLl 5 azdls 15 e 0/
wle Y G sl byl s ol Sas wid Lol s
5 ek VO b 3L e Sl Y calbis o
5 b Ol 3 el ol sl VY Gl ol o
JUS (53555 S 3 ST gLl 5 il 5 2 Ve Lol
Sl Jae gl il WY 50 08 sue 5 e VA
L5 S eslial e Sle 00 ld 4 IS slal gl o)
L Slmio OUT Guisss 53 eslizul 550 B ites Slomis
SR V0 Jsb s al ks uo s Ve dslee Culbs
Bl b b g 5515 asly LVO Sl w3 s al
03 e glaad e 6 SesINl ke 4 s 4z YO
oslaiul Vectrino (g dasdu Tl NEC e Kbyl
LS ol ran 4 JUIS OO 5 sled (1) U8 55wl o
ol eyl Jy aly sV 3 5 rnes Slmio 65515
Slio Sl gan Jsb D oled b aly b IS0 ol 5o ol
Lesys o S 5l 5wl 3l Olbeio alob 5 Lov sl L
sl el 0l QLIS Lvy 5 Lvp glasles

3 bS53 (O shena JUIS 00 (L1 51 ol N K

el csVL 55 G rs Dlmio (5513
@

g — e
1 Flow direction , &
3 — 4 ! 7

ey
|

Plan view
RO/B =7

06

-
Water  0.1Em|%

—

Sediment 0.3m I

5
SEL

oS gl = sl OVslae S o o Gl an da K
O 5ol JE5 b oS5 JU s el =yl iy

[14] 555 Ols 23 o s 4 Ll e oSls

]
a—Xj(pU]-)=0 M

? uu) =P 4 0 (2, 20
an PYi 1= aX] 1j aX]u aX] aXi

()
+a—xj(—0m)

e e e LU 5ol Slx of js S

8ij 5 S Ll KL P Jlw J&s podaun Cgr
s s dly plaiE S s aS el Sy S slds
Coomws ahar sl G358 il 5o ol o B0
o (a3 5 Olej 4 Cod 0L Ol i O me
53 ol aherm .l e il s O Uil e
o33 oz 5t 3 5LES Sl Sl |y S

LS oo Ol 1 Sl s S5

K-e SasT Jow 1-1-¥
ﬁi.:._wb:» RS b 6‘4’"3; &;&-JJ K-¢ Ja
[14] "\iL""L{“

k )

VT:CUE_Z
TR Sl ST

1
k=zru] (&)

Utt-’ﬁ) Q)j—sﬂﬂukﬂu lﬂ)—’ﬁ L;L;_w.&‘ﬂz Jsles

:Jj"‘:&

ok ok d (vrdk
HogBE_ Y (Pro%® _ o
6t+U] aXJ aX] <0k6xj>+Pk € ( )
Dyds Gm p) et P 85 a0

du; (0U; 0U;
P, = up— [ — 4 —L 1
K b aXi (aXi +0X]> < )
e 5 D so 4 5 o3 pk W Ol Siloe

Ot de 0 [vrdk € g2

i 9 (%R € & y
ot " Viax, = ax, (okaxj>+cﬂkpk+c€2 N

LB L b g oS daes 2l C VL OVslae s



AR JLA/.\Q‘)LA.«;/&.}%G‘)JJ

ot Ol e pwdige Sagh — ele aloe

SIS 03T Juko b (5808 S o2 e
bug oS AR 2l Sl dbe opl aolzel lp
(el e 6[}:." [15] (Y+\A) Q‘)&M E) }-L:‘.j}.. She
@)}5 4.%3\.5.» )‘ Q_iu‘b}«w (i B Y') dLAJ.i& LS ealanul
J.>u _;‘ o.,\jb.;\? L;‘afc chu BE) b dLﬂJP- LSLQC’&J*“
©3de e 53 o sl n ) bal 5 O ates Slmdo i
Jal ol 53 &S 80k s o Ol AR LST
R Dl 95 1l 52 0L slace v 5 0 sdalia
SSales dﬁ&i{uﬂ 5 Ge i s ey oy

.M)‘JJ)}LJ;. WL‘

(W glacs &5 @lﬁliuj 5@ amslie ¥ IS

LBMQBL&J)];&LJ‘&AJ)&&F(GJFM(%)JJM

Abdi Chooplou et al, (2018) ---- S51IIM

"

_E 2
§
>4
.
10 & o &0
P
18 5
14
10
E, F
s
?
.
10 | 40 42 a4 46 AR 50 52 54 56 58 &0
0 cmy's B{cm)
14 4
()

—— Abdi Chooplou et al. (2018) --
Il ' il I

-=- SSIIM

()
Fig. 3. Numerical and laboratory comparison of
velocities distribution a) tangential b) radial c) vertical at
the position of the submerged vanes
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Fig. 1. View of a) Pl;: )of the channel with b)
magnification of the submerged vanes at the bridge pier
upstream
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Fig. 4. Numerical and laboratory comparison of
velocities distribution a) tangential b) radial ¢) vertical at
the position of the bridge pier
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Table. 2. Reduction percentage of maximum secondary
flow power compared to model P
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Abstract

In this research, the SSIIM numerical model is investigated to investigate the flow pattern, velocity
meters,current strength and turbulence parameters around the pier of the vertical bridge with submerged vanes.
The parameters of different overlap length, and the distance of the submerged vanes upstream from the pier of
the bridge and from each other in sharp 180-degree bend in the steep-ratio hydraulic radius 2 with a height of
90 cm and a width of 100 cm and a length of straight direction upstream and downstream of the bend
respectively 6.5 m and 5 m, were analyzed. SSIIM software was used to investigate the flow field around the
around the cylindrical bridge pier and upstream submerged vanes. The K-¢ turbulence model was also used to
solve the Navier-Stokes equations. In order to validate, the results of the simulated model were compared with
the available experimental data in the case of submerged vanes located upstream of the bridge pier. The match
between the numerical and experimental data indicated the proper performance of the SSIIM numerical model
in modeling the flow pattern in the problem under study. The results showed that the range of secondary flow
power was measured in all models with the presence of upstream submerged vanes from 10.5 to 12%. Shear
stress changes after local scouring were also calculated. The maximum shear stress from the beginning of the
bend to near the bend exit was inclined towards the inner bank of the bend and in the bend output range the
maximum shear stress was transferred to the middle of the bend and then the second half of the bend. The
results also showed that the tangential velocity was increased as the immersion range of the submerged vanes
and the pier approached, so that the maximum tangential velocity occurred in the passage through the pier. As
the height from the initial bed increases, the maximum positive tangential velocities increase. The results also
showed that at the level near the bed, the radial flow is towards the inner bank. The greatest difference in radial
velocities, as opposed to tangential velocities, is observed near the bed. The highest changes in the maximum
landing number are related to models with submerged vanes at a distance of 7.5 times the pier diameter, which
by changing the distance between the vanes from 1 to 1.5 times the pier diameter from each other, an increase
of 12.5% And by changing the distance of the submerged vanes to 2 times the pier diameter from each other,
it decreases by 11%.

Keywords: Bridge pier, Submerged vanes, Flow pattern, 180-degree bend, SSIIM numerical model
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