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Abstract

Using dead zones of rivers for berthing purpose may involve some problems of which the
most serious are sedimentation and silting. These processes depend on water flow pattern in
these zones. In this paper, a two dimensional depth averaged model is explained for flow
modeling in river dead zones. Governing equations of fluid flow are discretised using the
“Control Volume” method and solved by applying the “SIMPLER” algorithm. To reduce some
instability problems such as oscillation and non-convergence of the results, two dimensional
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results are compared with one dimensional data and some justifications are made where
necessary. To verify the model, results of the flow modeling in backward facing step have been
compared with some validated data and proved efficiency of the technique. The model was then
applied to simulate a river dead zone flow. A rectangular geometrical section was applied and
several Reynolds numbers were considered for flow modeling. Velocity profiles and vortices
are given in some positions of the zone for several Reynolds numbers. Non-dimensional vortex
length variations are drawn for several Reynolds number. The locations where sedimentation
may occur are predicted and discussed based on velocity profile.

Keywords: River Dead Zone, Backward Facing Step, SIMPLER Algorithm, Control Volume

Method

[Y]os salgs aslo s o1 51 6o)lge 53 4 aalol
i ol Sleega s () p VARV Jlw o
Kimura & Hosoda) lsgwga o108 lawgs
bl oo S pshate noy el 0035 ploxl
Sy5me 5 B=hS (Sl Gamgd g0 Juo S
= bl JUB S s )8 wll by cleogas
loyad gyt & 5 ool ok dpgg UK ot
slile; 5o ol s 555 0ad LSa5 alls 5 g0
Syg i (B8 4 Job S il By il

[¥]osbo VO 4\ axllins

Gl 4y ooly il g ooly @S> YYAY Lo o
e (glailog, jol o agil Ol (20,5 (soae
Yol Jo 5l gy ol yo sl sy ISl
Ol il ad Gl Goe 5o 00d 65 JI Sl
o o3liinl g yo Sgaone JOLE gy 4 Vo9
039 oyl g5 5l Hlaus dwaie a4l ]
et 4 bgye Slle oilo danS gl ol
SVl 5 (Lax) eI g, 90 5 Sl
0dds dmmslie ,S5055 L (Upwind Downwind)
2= B A Job Cons s aalllae cl o o]
[¥ ] 005 VIO &) axdllas 5 50

oLSen g (Yang) S cL3TY -0 Jw yo
S L GLSE (Sadil o 0byr 9, p (b
Sibedde sl (a3 ey b Gledy, ol
o9y 4 oo (il A b aslosls ploul el
Jome b goue @l .l aid pdy plol sgamme o>
2o o olis gl ol ool awslie pKisle;]
k=g Jow yo (Sabil 5l an oad S5 als S s

A Glisj 5 sl /1 0)las fozeis Lo

oo —)

U lailsog, 5 byes asle ol sleal, 5l ool
3l pdol oz gyl Ll (yog anjo o5 Lo
PSR NS TNEEE P T A
Ll oo podas a5 o ls ol et 4y 1) SIS ladils0g,
Lo oS )BDUT Sy >y o) ol Gos (5 S
elea be> jamie OIS 0 o 3l gl ]
ol 4 a8 0ed o aSLl ailSog, Jolu sladal jo
[\]M Pgwgo 6‘43505)
iz glaojlos! g JSol b g 0ly b adds o
ol ol aS el ouls pylre o Jg wloads aslu
o Wl 0900 50 IS g, b (855 Y cle o,
QJ‘).’LAJ MLAGA L_;QL: oolal 9 (:3‘9.;6 )| 6.4:.: 5o
il cabu g (b o Yl &S (Syge 5
il LT s lagSS slaa s 00,5 sl jolo
09° =92Y Jold Loasyie ol .ondl aales
b lpls abbioe (9w Sluls @ds g azos>
oolaiwl gl Jolo sbaxsg> colu 5 b (o
L ol ol U ogi 3Lssl (g mlass o ol sleal, 5
4 g e (golail Ll sl Uanl 090 oS cpiils
ol a8 55 Ll (g lagSS (slaanyse g il 4d 0
Pl 50 Y Gt 5 (g IS 0505 45 L]
S il (9,0 50 39250 Ol (20,5 USE 4 55050
L 655 ol 3 45 3508 &g i gl 5l el
59955 e y3ie ol 0950 0 2l (80,5 38
b)j )‘)5 oolaiul Sy94 QS"“"L"A =3 JJ.A U] )‘ o
daliee V> j0 Ol (10,5 655 oy 0 g adlllae
5 a8 Cewl adl plol ol Siwghy 5l g0l lawgs

Y


https://dor.isc.ac/dor/20.1001.1.17357608.1388.5.10.3.3
https://marine-eng.ir/article-1-65-en.html

[ Downloaded from marine-eng.ir on 2025-09-19 ]

[ DOR: 20.1001.1.17357608.1388.5.10.3.3 ]

oo Ol o I e 5 S G0 ol (Sls am e (oude (5L e

Lo Gwd—io ag puiis

L oS o ojladl 5 (S OYolas Bos )0 0ald
S 3l b o 5 g o515 = (28
o i) Slatse e ;3 0L 5 s )5S

[7 sV asTco 5o (1) 5 (V) (V) &Yolas &j50

L;W}u aoleo

ou ov
- 4+ =

0 D)
ox Oy (

X (_.;L’;.MJ\) 50 C,S)} o)"..h’l dolzo

oU oU* oY) on
+ + =—-g—
ot ox oy ox
n*JU? +V?)
yh
U 82U}

_gU

Q)]

—+
o’ oy’

+ (Vl + Vt )|:

1y 613-”‘") 5o u.",S).> o)“&‘ dolzo
2
v awu) ot o
ot ox oy oy
n*\J(U? +77?)
e

o'V oV
+(, +v,) —t+t
ox oy

-gV )

Ul GoeH Ol mlaw 5,5 17 V¥olee ol jo
ey addge VX glinly j0 lawgie S adlga
Sl gy e Ny Gliwl) o lavgie
SO A8y Vg ol (Silotms 45555V
Jsb Joe 31 ool Ly a8 il oz ;5 bamsgie
aJolee o .a{l‘f Cowds (F) dolee & 50 40 LS
St oy S s U e50)lS (399 o K o3

: . koo
~ly Fischer slis ololy r LKV PN

Sl U Jlocie [V]ogis ce azs 5 )k 0 +/V0
lse oy (0) alad,

Y

po— dipo (ot ;o Joe g pgd adpe (o e
ABanlel Jae b g Gl ldas plos 4 o
leae (oled o wilBg) (ye 50 S Sy -0l
L] o)l alislesl Jow b os5 Gollas

x> O & JUIT Db 5o samgs (siledone Bios
P YA e by sgn; g e <N (Sadily
6‘)_> éwt;oj)w uboww‘ o0l w; JJGJ
ablas 0 VPV g VYO VYY) (Saiib slpsmns
J—ols bl canl o gy (Sl 5l ae e
g el 00005 ansslie 35 aKislel Jas b
mgw\owmw‘ﬁm@—lwé)ﬂ
Ol i3l eel aly el )l aolidl as ol ol alol>
[o] ab aslys S8l o 55

a3y, (D ol 0 aS gam 9o Jow w@lis opl jo
S SYolas g oad el (Gangd ASD S 4
il ghaine S e gy a2 J Ol
0dls (gikw alaiie SYolre .l ouls &l cailonys
cday ol o0 J> SIMPLER ' o2, 63 55 b5
SHSU Ol n b Slaslre Sllos o> (050
Gy B bl 5o (lwg 352y (owiia (lase 5
Sl 50 saal Cewds @l jelaie (s .l i
5 0050,5 duslae (gun SO Oledbl b conds dwle
Dgd o C)l..o‘ 03! Cowd a (‘?L"’ s)L..v Syg0 0
So o ol o e s J S sl
aalol yo ol oai asls, JSLpSL Saiil
39 485 Ojge Gy, ja 0 Gl ibdae
Ll o0l 43‘)| o] Cewdy C"L‘" » ‘_“.LJ?:) wl.@f

S oYole -Y
d_.o.cl_:d.\_&: 9o ‘_gl_e;lap)_’wfb SYolae

aw Yol (5,5 JIL5l 51 IS cdls o g
&S agio p b0y oo Cunsy Salnng e (s

AR Gl 5 gl /) o)locd fomty Lo


https://dor.isc.ac/dor/20.1001.1.17357608.1388.5.10.3.3
https://marine-eng.ir/article-1-65-en.html

[ Downloaded from marine-eng.ir on 2025-09-19 ]

[ DOR: 20.1001.1.17357608.1388.5.10.3.3 ]

Il (b2 (poigs o]

Los Gwd—io ay i

ne—nw—sw—se sl o>l S5a 0y ooy
a8 S by s n'e—n'w-—w—ene' —n—s-—se,

Ll 00
30 CS ool adolas oo &3l Cdlas 4 axg5 L
IS w gy 4 ile haiiie jolaier X g

88,5 ol p Dype 4

aJ
6U+6Jx s =—ga—77+Sx
o oOx Oy ox

n*JU? +1?
S, =-gU ;
yh
@)

J, =U’ Y

ox
J, v Y

oy
V=v,+V,

p—= (59, (F) aJoles I, Sl e
OV Ui o oo ooy ylis) ne' —n—s —se’ S
[A] ol 5 @90 @

(U%;U:)AXA)/ +J Ay = J LAy

+ JyneAx - JyseAx = g(UP - 77E )Ay
+ S8 AxAy

0]

o bgpe S e 285 5k 5o L (V) dlolas o
‘]xE’JxP Lgl.mjl.,o‘)li X Sz o ;;5)9- o)’L)J‘ dolzo
JyseDJyne 9 099= E 5P I &9y = Jx )“'x—a‘°
uL....o.]a‘ )5.‘4...04 Ll SE 9 ne j (S9y Jy )‘\.\M
o3lal oo atadin atolas jo K wgm ki
o}‘..\.i‘ J)Jp» S92 Lfi"“’}‘" dolso ‘xc;S)_>
ISl 00,5 o a8 5 1 L g oo ahaiiie &5 >

. PO ’ !
Sl 5y O igo & ne'—n—s—se

F.—F,+F —F =0
F=UAy , F,=U,Ay )
F:m = VneAx > F?e = KGA)C

AN Glisss g sl /1 o)lad fpziy Sl

v, :EU*H 9)
6
U. =AU +77) ®

OYolro goue Jo (59, -V

x> by 5l Sl SYslae (gile ahaiie sl
9 Sl oo ooliwl (Control Volume) J s
Gl i g3l C_la.o.‘dc SYolso Jo jotaias
Y Jses gllas el oso 5 Ll SIMPLER
cylie (gauaS b g 5l oolaiul 8,90 (g A
Losre 59y = Sy 3l (S sl 9 Wl o
] A.J)f )|)5 oolaiul Sy90 Ulel’ld qu)

A A
[ 3 L3

nw N ne
| ] X A X

X »r R
~2¥ - =

Jnwl D ne n€

mWx Wi P e xE Te’ Z‘

= SwW S € Tge
2] X & X X | |
S [e

AX

9 gt Y3lro J S w9 rglile aSiwd — ) JSU
S o 05l

chie 4 barye JyuS po ok A8 g5 ol o
cuas ojlasl 4 X Sy 0 &S > ojluil dolee (g5l
chiie 4 by Jy5S x> b oz gloa 5o Lol
adolre (g3l alaiin 4y by J,uS po (ppicmen
3 olbedl Ghad ojladil any gy &S > olall
Sibw hite 4 bonye S, e Loy Cux
30 el Dglaie mBge blad 5l Siwgu aoles
5 ;;5)9- o)’L)J‘ 9 X Sz o C;S)} o)"qj‘ ‘c;i“"“?"

£


https://dor.isc.ac/dor/20.1001.1.17357608.1388.5.10.3.3
https://marine-eng.ir/article-1-65-en.html

[ Downloaded from marine-eng.ir on 2025-09-19 ]

[ DOR: 20.1001.1.17357608.1388.5.10.3.3 ]

o O w0 I e 5 S 20 ol (sls azm e (oule (5L e

Lo Gwd—io ag puiis

n+l _ n+l n+l
a,U" =a,U;" +a,U,
n+l n+l
+a, U +a U] +b,

+ g0, =1 )y
b =S AxAy + AZAyU” O
t

a,=a;+ap+a,, +a,
AxAy
At

+

Gy Dygmo ds (V) dolee oV S @ ol
sl oolazl 8

n+l n+l
ane = Z (anbenbx )+ bx

Ov)
+g(m, =15 )Ay

2 Gty - albuls S5 S Gy alesn ol

DS oo Slwloe 8515 1) J S o> 0929
alis )5_|0 Qs Y <5L""“’|) 5 VS)} o)’l..\a" aoles L
o)'ld_ﬂ aJolro ool &]:w...a u)L..c Gl 00 )Uﬁ)

el 0] Gy g Sygo Y g 0 OS>

n+l __ n+l
a, Vn - Z (anby any )+ by

QhD)
+ g(ﬂP — Ny )Ax

oo 4l gty len & b, g by ca, oljle
oo glpwl ¥ cge o &S > ojlusl dolas (gl

83,5 o 6 )l0g3 Ll 5351 lans| cags as
Yol ylae o 77 polie o (adtine Gjgo o
polie 0500 Cawds gl el > BB S > o5l
> 59—t 192y dJolas 77
L cwl ool alaiis ne—nw—sw—se J,-uS
Sty oy adolae (g dolas 5l 65 1SS!

@ U Wy -vr A =0 0o

5 (V) Yol jl ey polan o030l Cux
=) Dyemo dn (V) adolrs 0g-d o oolaswl (VF)

08,5 s (o g3l

o

(V) adslas 5l 5 00 oy UL & leys (A) aoles
23,5 o S

(U:+I _U:>AXAy

At

+ (7 Ay F, xU™)

_(JxPAy_FP XU:H) Q)
+(, Ax—F, xU™)

- (JyseAx - Fvse x U:H )

= g(ﬂp -1 )Ay+ S AxAy

9y 3 Ol s )3 Lete s e lne g
ionl gl ol oays 5 sl Upwind

J Ay —F,xU" =

a, (v -uz)

J Ay —F,xU"" =

a, Ut -ur)

J e = F, xU™ =

a, (2 -Us)

J A= F, < U™ =

n+l n+l
ase (Us’e - Ue )

A wle (V) aJoles 5l ag,a,,,ap,ap <ol 5

D9 50
VAy
a, = EeraX(— FE,O)
VAy
aP:Eerax(FP,O) .
a, = VAﬂ + max(—F,,,0)

se

Ax
a =V—+max(—qu,O)
A :
Q) adoles ;5 (V) 5 (1) S¥olme gl Sil> L

G X gz 5 ES e ojlul dolas ool aladie O le

205 oo gl nj &jge

AR Gl 5 gl /) o)locd fomty Lo


https://dor.isc.ac/dor/20.1001.1.17357608.1388.5.10.3.3
https://marine-eng.ir/article-1-65-en.html

[ Downloaded from marine-eng.ir on 2025-09-19 ]

[ DOR: 20.1001.1.17357608.1388.5.10.3.3 ]

Il (b2 (poigs o]

Los Gwd—io ay i

N o Slase sl a5 sl (o K0 By
sy Sloe (VF) 5 (VF) c¥olae jo ol (5 13K 4
ools i VT g UT L as wlco cowss JolS

WOgu 0
a U =3 @, U5 )b, .
+ gy~
a V" =T lan Vi b, -

+ gl =y JAx

el 0as 5915 5 alaly o 7 B8 jlode

n=n"+n' Y

Llog.gfo S8y Slwsal ol 7 C—*"A’u‘r* 77’

305 (o0 (Byxe wlive by 4

u=u0"+U", V=V"+V" H

Sy po ) dolee (V) oles 31(YY) doles 1S L

an; = Z (anbe:sz )

(YD)
+g(ny, - )Ay

oad Hlaid o Z(anbe;sz) Ooke 5l S ol o
2= (VF) adolre &ygmo ay (YO) adoles g ol
O (Feod Aoy el jeS e Ol Bds> 00 5 oo
0l |, Sen Clgo 10 0g-d o oS> Yol >
adolee yo Lot 7 as bgsye o o,lin ceyuw lowse
cSlw Sl inlplis S e Guo (Sivg
3l ouds 1, Ken Oloo Como a4y ay, 7' aolas

[4]

aU! =g(n, —ny)Ay (¥%)
1 1 1 A

U =gl -m) > (V)

a

e

AN Glisss g sl /1 o)lad fpziy Sl

Un+l — Z(anber’:[:xl)-i_bx
‘ a
A ‘ %)
+g(77P _77E)a_y

e

n+l
Unﬂ — Z(anbenbx )+ bx
e

a

e

Y

5 oS 5 UM 53,5 s soalice a5 jshailea
i 7] pplie Jalis g 0390 Uit oo (slgte
Jeols OVA) adsles (V) 5 (VF) @¥olas oS 5 L

")'))fk:'a
Ay

a

e

urt =0 +gln,-ny) OA)

adoles (g5l ataiio 51 (V) doles aslie 5 b 4
ol Cawds Y S 40 S o o5l

+ 5 n+ Ax
vt =V, '+g(f7p—77N)a— 0

n
O 0) adolzs ;0 (V) 5 OVA) Yol 5L L

aApllp = agp +aylly +ayly

+agn,+b
A
ag :g_yAy
a@
A
Ay =g_yAy
a, .
( B
ay =g£Ax
an
Ax
ag=g—Ax
aS
a,=a;+ay +a,+ag
b=(0, -0, W+, -7, JAx
12


https://dor.isc.ac/dor/20.1001.1.17357608.1388.5.10.3.3
https://marine-eng.ir/article-1-65-en.html

[ Downloaded from marine-eng.ir on 2025-09-19 ]

[ DOR: 20.1001.1.17357608.1388.5.10.3.3 ]

oo Ol o I e 5 S G0 ol (Sls am e (oude (5L e

Lo Gwd—io ag puiis

adolio g oo,e livl) 0 Swd Dygo A Y Sy
liwly o dd Dygo a4 X Sz 0 S > ol
odd ataite OYolae Jlosl b oo 5 o (28 Job
4 SYolro oo wb_.o u,....‘)JLo ‘UL°J‘ » ‘_g‘)g
2ol J 0950 4T 00,5 o JuSiS (6 ka8 A O jge0

ROWI PRV Y PSS
J= Dby (mals sl (oleby) uiione ogdln
JUise ey a5 0 uS oo colaiw] (gamgs (s3lado
9y 5 [V s ez il (39, 4y Ols (0
sla el Ly, ol o [VY]o,5 o,ll T.V.D
yolome blai s obbad o) cely oolaiul 5 )50
@l 50 55 SLlslS (b lgen a4 e g oud
oolaul ‘_g|o)_>9 ‘_;Lm_i_..,& )| ‘C"l—"' 59 G:Ui@l;
OAMe j ale S Jgene Sl 00,5 0
“5_9)95 S sT.V.D. ‘GCW u_>).l )55.\_9
=5 50 slasladl slass il8l b oS canssl azg LS
a8l ol ol Ses # 5 c¥olas (g5le alaiio (o
Ols=sany b e SRalf mls o plus ol & 4
(g S dolee jo Jlal o5 (g5l aadin jo Jle
Ll 5lo,ls el Lol g0 hadd ) as o cewsVL o
0008 ;oS (G Ss sildow @l jo lug oS
iledae @l o Glsie o151 Glsioe 090
oeplS e dates cdlie sl o .0, S oolatwl (gamgs
a0 ol laall (ol Ko 1315 Loy
s aeul oot S gun S by sl s b
z! 2w HEC-RAS 15816 5 5l (sons s5ldoe
L e (60 Joo 90,5 oo (0,8 Sl 00y S
ailBog, 5l mlas L 00,5 colaiwl Jgmu3 5,50 <o
Gogd (g5ledane az I ol s clb y b
2 ol L8, 5l i Sl s Sldlbl Yoess
Apd oo &) Gy Juw b annlie jo calizee bl
G0 (§iladane bl a5 cund Las lay ol L
O 5 (g by OYolee o bl 5380
IS s e dpee lial) 95 50 Co s slaadlge

tv

) S gmoral adolas (YY) 9 (V) S¥oles 3
Ay

a

e

U,=U.+g(n,-n) (YA)

Vo )0 Ce o moral adole alics 5 )b 4
Ll (V) dolee illas

* ’ ’ Ax
V,=V, +g(f7p—f7N)a— (¥2)

n

(V0) adoleo ;3 (Y1) 5 (YA) &¥olse 5,0 > Lo

! ! ! !
Apllp =AMy + Ayl +ayty )
+agns +b'
e lps wiles ag,ay,ay,ap,ap ol
Cwds g adasly 5150 BT el (V) doles 0 oalds

V= -y o

SIMPLER (55! §l oa sdaite <¥olas J> (s,
ks lae ol gy ol o sl ol oolau]
CS > ool adoles ol b 05d s 08 i
51 ooliial Ly g 00 apulos (OVF) 5 (V)&Yoles)
OY) adsles asile SYolao 511, V™5 U™ L1
ol cony alesn slote o polie (0)IS0 L
1 Shee o Jo 3l g o dmslone (V+) dslae ol o
adobee 7" plyie @ 0 S0 L 00,5 o0 (e
g U™ polis goas Jo (YY) 9 (YY) &S > ol
(¥ adolee > 5 6" awloeo bl oo cowns V°
Sloslaiwl b ey lae 08,5 o Jol> 17" polie
U Jeolye ol s 4085 et (YA) 5 (YA) &¥oles
3 e ey S D9d e LSS 2l Ko
[] &= 50 4= OJs5— SIMPLER (55515 )5
AD.I? g, 4y oads shaiie cYolee 5 axxlye

30 CS > ojlal g (S dolre el 0y 5 >

AR Gl 5 gl /) o)locd fomty Lo


https://dor.isc.ac/dor/20.1001.1.17357608.1388.5.10.3.3
https://marine-eng.ir/article-1-65-en.html

[ Downloaded from marine-eng.ir on 2025-09-19 ]

[ DOR: 20.1001.1.17357608.1388.5.10.3.3 ]

Il (b2 (poigs o]

5 =8 o eadSiisle als 5 g SLSL (Sasil
e aie) algl e Sl@SL  Sas S5l oy
= asdlas ool b ailsog, yoi 10 gy gldone
LUl 5o SleSt (Soiil o ol 55l s,
Slos u S & 50 4 (Backward Facing Step)
A odd dd Jow o, Sles Cono 050 40 Guiksd (gl
S (Sl S o ol e (o
ol angd Jowe bl Helaie fpay ol oals aiSlo
OHlSe § Sy gy cods ploul Clalllas bl b
S sled Glgs oo VO USS o el 00y T A s
w85 )18 anlllas 9,90 o5 SLSU (Sadjl awais
2,5 oaslie |, col
s SKE Jos zmlss o) Ken § S BT Slalllas
el oo sl ikl Jow g Spezial Jos
uu.A_‘ 4.»_MJL7LO 09_76 B )55.\.0 &O3s u’“"ﬁ) 99 g.)jl.o.’
ki a5, darle [¥] oo g e 4 o oo
Sl ewdid o coald agd Jow (el
el 00l pxd Joe Gl VOSSO g a0 JUIS
Slass oS Lo (JSKS (pl 5o sad oy lis slael
ASl oo Lwly o 0 0ul a8 8 i o sleiladl
2V s slhe SLSL Sassl dedae el (o
o=l 5o b,z jadsn, sue S ol suls aid 3 L
gadeiny sae Jobo el ol o YV Lo
Sire byt ceulond a3 )5 I s (Sadslh Jsb
5 000,85 blod colb o0 )bz sVl )0 (59958
s oleslS g S GbolS Gl s Gl o
G 00 u;).’a;)o).a..o).u‘).' uTC_Ia...J
lame ¥ Sl o o Jmdos s yols ol 6l
6l ygme il oois asin d akd o Slaixe
sl .l oo oolo ylas IS cpl o 5 Vg X
0 oladl Ve SleSU (Sl ceend o Ll
o=l Job ggorme @l pa) (slp el ol a3 S
Sl ol ool uL....; H )~o|)l; L QL"'” )
Jome 99 @S 51 JUB (o) 50 (o S pow yl3503
oo s 2kl Jows 5« Spezial 3 SKE

AN Glisss g sl /1 o)lad fpziy Sl

Los Gwd—io ay i

S rmzmen o lioe sy Ll o 50 Ol gl
5 ooli ol Uy glaie 1 48 Lausgio e pos 5 ol el
@S e jshiiey el dlne LB (oS Joe
oS b ool b gamgs s3bdae
Spdyes plnl 2y J>lie

0ol Slgidy (S 5 Ry 50 S o —!
Yl o atado 5loads awls (5900 (20 Oglas
00,5 (oo dulne (Sorgd 5 (SouSS

Jymax
q, = { z Qi7_/'2,) } - (Qi],) YY)
=1

d ataie 1o GanSo Joe o0 Q[]D aasly oyl o
Ty 91 abie] oLl jo gamgs Joo (20 O,
Jlie a5 a0 0 lwl T ooy ahaie o el Sloss
Sibede glss asl i 5L 9590 <80 5 g
T Joosbgs oSl SVslee g oad hawd (gamge
B, dolsl Lo 8,50 CB5 4 s, B adg, ol 00,8
2 1333 9090y opds il s Sl haw -0
ol dwbe ol a5 Galas conds Slpiny b,
dale (Gungs 5 G S DL )0 &bk |

.\).))560

T yima
b = (L Zgi,jzn)_(gilD) (¥Y)

‘]ymax j=1

iy 4 i ;5 Ay Joo Ol g 515 &
el T adaio] ol )8 gomgs Jow ol mhw 5
asl iy 5L 0,90 <o 5L e 4S5 550 50
wSle OYolas g ouls Jiowd (gumgs (5leduse gl
Sygme LB 4y sy B g, (pl 00,5 o0 S 0)lg0

Sl dalol 5Ls

Jow 6.‘{;2.«:‘3 -f
La aslsag, ol o of (50,5 ¢S aalllas

plys (Sod S5 g (Sabh o olyz o) n prkes

o o ead JSes gl b F  Swlnog,as

A


https://dor.isc.ac/dor/20.1001.1.17357608.1388.5.10.3.3
https://marine-eng.ir/article-1-65-en.html

[ Downloaded from marine-eng.ir on 2025-09-19 ]

[ DOR: 20.1001.1.17357608.1388.5.10.3.3 ]

oo Ol o I e 5 S G0 ol (Sls am e (oude (5L e

Lo Gwd—io ag puiis

S35 Jsb a4 ails )5 Job Cud ) Jgua

. o 4 4l )5 Job Cod
Joo g9 .
Sl by
SKE f/4
Spezial oIy
ol aalllas #1)
RN sIYs

alog) yuk giludow -0

P T y-5] PV KPRV I L2 S L SN P PV
ey 6‘}_: S| )L>)9>'ﬁ &5‘5L> M&b‘ )| 43505)
G (=l ) ead g Jae 5l 0l (g e
ool a8 S I 0 7 KA Ojg0 4y (5)US b
00 Sl (IS5 ol 5o eas eols oyl slael el
ASl oo Ll o jo Lol sl
Ol s 4 on Jsb o dgildl slows 4y axg5 b
u.._.;ql_>u1)|uwu_.|w|omu)f]lm)o/\
o leasle 3 LSes gl 35 glad o conl ons
gt Joe 3lall alils 09z g amog> Calizes blas
Fovee adsn olael b glodl > Jolos (sl 0as
ol el ool oolaiwl YO e g Yoo er (YO o
odd aid S i s (Sabil Job Galen) sue Jsb
Jleel <ol (oo sz CawsVl 50 (69959 50 b s
OkslS 5 S GLolS Bl s Gl )3 g 0
] 00 M)f)b)\) ).O.ao).").s u] C.la.w)‘).s
ol bl o5 VISl 0 (o izl 5l oy
oo ooly ylis calises julan ) slacl b ans 5 IS
) Gl uam.._a \s JLA B as )BJa)Lo.Jb ]
et ol als )8 dw oals aid S a5 odgae
=B ped anle )8 Saiil slam Jol als 5 .ol
i (( Sals Kl am paw s F 9 Sal S5
gz a8 Cenl pl 53 BB OIS 1SS csl oas
CS o Cg o Ll wles o Ol i, >
ASl oo sl slaay i

R

3O ez ol 40 oal angd Jow g Siu Bl Lawgs
Sl Joe 5l (Foiil Jsb 2l 05 ¥ alols o
b3t J=8 50 ol ey Uref il aily oo
el SLSL (Sal

ol @l il asin FUSE o a5 jshiles
2Rinlesl Jae 5 goae Sladllas b oo ags Jow
Coo g o)l o Bl K o Sy Slallas
bglas O b j0 005 oo ol 1) 1580 e 5 0 Slae
aslyl ool angy Jow 5l oolaiwl b oo dwlze oL >
el 0050,8

s, b olSn 5 Sty LT (slo oy 50
039 (G20 990 Jub (Sl 5l aw y0 ead JSas
A Joe ity Slalllas ol 4 azgs b [F] ol
sk am s 5 Job Cond igiy (50 00l
Sl 0 43|)‘ \ Jj..\? d.anA LS?M)L’

Joe a5 ga ongs ¥ US55 ) g olodlbl s
ey ool LSS alo 8 Job ez (o ool ags
JUU (2 ablio ;o e b 5 (Sbjl
gy Joe 0, Slee Coro a b b sl 009y 3890
P ol eon @l Je 2l Ol oo cons
L alel,> jslaie oo dgei oolitul slailss,
s g wlas 3 18 Ldow 0,90 aliBee jalen ;) slacl

ol 00 &8l ]

8H

JUL 3 andllas 3,90 SSU (Sadsl owsid olawe - S5

AR Gl 5 gl /) o)locd fomty Lo


https://dor.isc.ac/dor/20.1001.1.17357608.1388.5.10.3.3
https://marine-eng.ir/article-1-65-en.html

[ Downloaded from marine-eng.ir on 2025-09-19 ]

[ DOR: 20.1001.1.17357608.1388.5.10.3.3 ]

Il b2 soige ozl _
Lo Gwd—igo Ay i

08

01
<

25 150

JUIS 5 axdllns 3490 (S 5o 5b) pwaSne Ay dwsidd ¢ Legloll laws Y S0

2.5 4
2,
jan!
> E 15 |
1,
0.5
0 - ) : : : : : 0 : : : : : :
-0.3 -0 01 03 05 07 09 11 -0.3 -0.1 0.1 03 05 07 09 11
U/Uref U/Uref -

X/H=O3X/H=Yub)$éb.§aga):wusﬁ)b’d—f‘}£w

———
| ] ] ] |
150
0 dndd Joo 31 03wl b ouwd dlme by bolad -0 JSUS
AN Glisss g sl /1 o)lad fpziy Sl O


https://dor.isc.ac/dor/20.1001.1.17357608.1388.5.10.3.3
https://marine-eng.ir/article-1-65-en.html

[ Downloaded from marine-eng.ir on 2025-09-19 ]

[ DOR: 20.1001.1.17357608.1388.5.10.3.3 ]

oo Ol o I e 5 S G0 ol (Sls am e (oude (5L e

Lo Gwd—io ag puiis

Ol L Ve US4 az g b aS a0 50 il (o
oad JSas als S Job v 9 (28 m2 s, dae
i on Gl Sa S5 5 s

lasls 5 olel da g Camd (la,logad VY ISS jo
ey Ol Jdsm; dae plpn o (Sadil Job 4
Job s Ly ol )y Laloges ol o sl oalds
ComsLy o Sodil Jobo a4 (Fabil jlam als S
(Al s A S S5 ) 5 a5 ok
S5l =B e O pe ol ety Jsb cons Ly
(Sl Job an (Sod S5 Dlilse 4 s (Sub
Jybo am (Fad S5 jlam alo 5 Jobo cons Ly
dae VY ISCs yo 88l jemme il e (Sl
Sinles IS 0 ol G5 l5e Jlade a8 ol o jodg,
el 00 o0ls

Ol IS (nl 5o 00l sy slologed 4 azgi b
S o eas Sas als 5 pye g b als 5 sk
Sy s alal, (b md, Sl b (Sob S
el 00 e VY S o Ol i ol a5

Sos oo VY US40 0uds o sleadal, 4 axg L
PLy Ly oLy Sl SRIBIE 5 oS LS ax
Ly Gl e e YIF LY G saden,) pln
il (oo s¥sn; plp

Y

Slie 0ad angd Jome Sleazg > B85 Sl o L
Ol [0 b 5l Y JSKS 50 eas eols lad Ll
GreS e 5l (Sal S5 S a5 S e
4S5 0,8 (e G Ol rlnle Sl o3
ey Jdgn cd A JSS 50 09 dalys i
el 00l sy Ll )5 L SCiS e

sl ool LSas als 5 Slose e (o2 ln
Sloy 4 U8 o Gl jalgn, olael b Sadsl
e, olael b Sos S5l 8 ool JSis als 3
Ay oads JSis wlo 5 aluym o Ve S0 0 calize
V)OSl o el judsn ) slael b Sas Kol
ol o ead eols GLis A el )b el oald ools ol
Al oo (Sadil Job cos oLy JISCa

ot (2B Jsb o s o IS5 () 5o
)ou]u.mj).ukjg_'a\‘ JL..':))b05)l_a.g.CA.m|od..i)
SoBb Job v p (Sad S lilse 4 Db
1Y 94 USs jo a5 jahailes .l ouiis ools )lis 5
0o e, sae ol L il oo cosline L8
I LT Jsb Ll i e s i Lo s,

|25 | 80

| 80 |

YU jds; b kil 6l ol drwlne (b bohad i -V UK

A

AR Gl 5 gl /) o)locd fomty Lo


https://dor.isc.ac/dor/20.1001.1.17357608.1388.5.10.3.3
https://marine-eng.ir/article-1-65-en.html

[ Downloaded from marine-eng.ir on 2025-09-19 ]

[ DOR: 20.1001.1.17357608.1388.5.10.3.3 ]

Il (b2 (poigs o] _
Lo Gwd—igo Ay i

10~ r;’;
- FRIFe e rr e ~
Y BREEEEE PO O VNN S
B T e R AT 2P IV SRR AR RN NN ENCNENCICHERD
— \\_\ L h:"“‘“‘“““—‘t—\—ir—q—f‘q"k"’f'lf(///({lf.'-\"-\\\l\u“u"‘-u"'
5_ N o onfe ot - L R EEE R
- i R T e e e S T A N SN TSR
= [ IS - L
= PRRPRY SR -
0—
_I 1 I L L L 1 I L L L 1 I L L L 1 I L L 1 1
30 40 X 50 60
S o3 5l aag aly,S !
15 - >
e S T & T U
PO - N ,__‘aw,-"?/”ﬁ.ﬂ;\
| (1] R N SN
R M S e L PP
)’ R r— - R
e e Y
. -5 - E B e TR
5 I e e e T T e e
R e b e e it S
444444444444444444444444 N
- B
O L | R TS S SR T
90 100 X 110 120

5o S5 51w 8 ¢y ald,5 o
& 39 Jad sl ald S i

Lyl )8 LSS Jomo 13 Cas puw Judg p o —A S

r20““30“..4015(IISOII.I6O.rll’70““80 PO T T N T T N T T [ T T N S N T T N
20 30 40 X 50 60 70

Yoeooo =)‘_\J9.’\_l)

I o v oo 1 o o v o 0 o 3n ol 9w 39 0y a8 v o 3l

20 301 40 X 50 60 70 80

¥Or oo = jaln,

liSes gy dluel (glp A 0390 13 (S sl 5l das bawd JSUiS ald )5 Ol 3 -1 S

AN Gliwsj 5 sl /)2 o)lod fozmty Jlw )


https://dor.isc.ac/dor/20.1001.1.17357608.1388.5.10.3.3
https://marine-eng.ir/article-1-65-en.html

[ Downloaded from marine-eng.ir on 2025-09-19 ]

[ DOR: 20.1001.1.17357608.1388.5.10.3.3 ]

) ./Jéﬁﬁjjﬂ“b"‘fﬂ)‘){j‘5/4453.3})‘/.3[%‘5'[4Wf&)#‘j‘)uub
Lo Gwd—io dy i

|

201

[y}
=]
rraa

15k 15

\
\\\\

10f

(=]
1

9 95 X 100 105

95 X 1000 105 110
T0000=)',)J9;i)

o2e]
()]
[
[
S
coTTT
A E
O
S

Deoo = jugi,

[\
(=)

)
|

)
L. T
!
b
[
0.70
b—
'_
)
&
1
0.60
i

of 21H oF 1.6H
85 90 95 X 100 105 110 85 90 95 X 100l 105 110
YO oo =}_\j9_;_:) ‘“0000=)‘_ﬂ9.’\_l)

BliSe jWgh y dlae! glp B adgase ;3 (Suwd K5 51 Jd ol Suid il )8 Ol e Y e IS

-
15, _.-_:: o
Y’f_ —
10F T

1.2H
b i = )
5
0 . L - i 0 . .

105.- ' LllO‘- X '115‘ I120' ‘125' 105 1'1() X 1'15 120 125
Y6000=)‘_\!9)_:) Y0000=)‘_\!9)_:)
20— = =
= = .
IS = ff
Yﬁm
! 10 T
"\._ 2.5H . an, -':: 1.9H ) aw
5 ’ ! 5) J 1
0||||l||-||.|||||l||.||-I||.||I||.||| 0-- i M i i P PR T i
105+ 110 X 115 120 125: 1301 135 105 110 X 115 120 125 130
Y"0000=)‘_\J9;,3) ‘"0000=}_ﬁ9;£)
BliSes jgh y dlael gl € odguasms 13 (Sud K5 1 dmy bl oSl ails )5 il s YY) JSG
A\N AAULM)jﬂL/"OJLa.w/WJLu


https://dor.isc.ac/dor/20.1001.1.17357608.1388.5.10.3.3
https://marine-eng.ir/article-1-65-en.html

[ Downloaded from marine-eng.ir on 2025-09-19 ]

[ DOR: 20.1001.1.17357608.1388.5.10.3.3 ]

Il (b2 (poigs o]

L,=0.106(Re/1000)+1.31

5.5

5.0

4.5

L,

4.0

3.57

3‘0 T T T T
15 20 25 30 35 40

Re(10%)

2.5

0.0 ‘

15 20 25 30 35 40
Re(10°)

Los Gwd—io ay i

L,=0.122(Re/1000)-1.78

3.0

L2=0.122(Re/1000)-2.13
L3=0.0356(Re/1000)-0.514

Vg g das il 3 (Sl Job o asly 8 dlayl Cond -V Y UG

Pl s iz jalsn; shael b alel > 5l 4t
le als 3 olayl s g 00l ool glailsog,
2 9 Jab sty o ol (Soail Job
Hlis Jdos s cul oals dlxe a5,
Pl s sled o Ol i3> Cpx S ams (o
Gl L st ol gla e S > g
e od oS5 gl als 5 Jsb bz jen ;) due

S5 A g (G0 gox —F
30 Sibedos gl a5 slanl s gols allas ol o
p> Ghg) 5l eolitul b aildog, (M )0 by o
L was ags SIMPLER o315 ,,15  J S
Lol SlgSL Sussl o Sy olalllas bl
SRS UVE LA I VRS S P GO S0
Siledoe i e @Res 4 Gor; 5 Slleg
99205 duslie gam SO (giludoe @S b gange

Slp oad apd Jow b fand 5L Oje0 o

of


https://dor.isc.ac/dor/20.1001.1.17357608.1388.5.10.3.3
https://marine-eng.ir/article-1-65-en.html

[ Downloaded from marine-eng.ir on 2025-09-19 ]

[ DOR: 20.1001.1.17357608.1388.5.10.3.3 ]

oo Ol o I e 5 S G0 ol (Sls am e (oude (5L e

Lo Gwd—io ag puiis

models", Communications in Nonlinear
Science and numerical Simulation, 10, pp.
315-328.

5-Chen, Y.T., Nie, J.H., Armaly, B.F. &
Hsieh, H.T., (2006), "Turbulent separated
convection flow adjacent to backward-
facing step—effects of step height",
International Journal of Heat and Mass
Transfer, Article in press, Published on line
10 February.

6-Tofighi, M.A. & Zeinoldini, M. &
Golshani, A.A. (2006) "Two-dimensional
simulation of Urmia Lake hydrodynamics
for indicating the flow regime," Journal of
Marine Engineering.

7-Fischer, H.B., (1973) "Longitudinal
dispersion and turbulent mixing in open
channel flow," Annual review of fluid
mechanics, 5, pp.59-78.

8-Hoffmann, K.A., (1993), "Computational
fluid  dynamics for  engineerings",
Engineering Education System, 2nd edition.
9-Patankar, S.V., (1980), "Numerical heat
transfer and fluid flow", Hemisphere
Publishing Corporation, U.S.A.

10-Koutitas, C.G., (1983), "Elements of
computational hydraulics", Pentech Press,
Plymouth.

11-Long, W. J. T. Kirby and Z. Shao (2008),
"A numerical scheme for morphological bed
level calculations", Coastal Engineering,
Vol.55, p.167-180.

12-Delis, A.l. and Th. Katsaounis (2005),
"Numerical solution of the two-dimensional
shallow water equations by the application
of relaxation methods", Applied
Mathematical Modelling, Vol.29,p. 754-783.

IATA

odal Cawdy S pos Jdyy @ az g bl o Gl
a5l Laaslo 57 Jlasl alais 5 55 0 ;0 Sy e
WS 3,5 samlie s g el 1wl bl
o0l JSas als S 35 50 )3 Saepe e (n il
Cls Sl g go 5 bl o (Fain S 5l S350
m Pt ady jledguse (nl )3 Doy clll Jore

sl
5 Lo s, olad s 1 oS gl logas 5 Lol
olis a5 &l ot 4] alie e o obye Slakis
Ol w2y Shess b als 5 Jsb Slpis sms
Sl Gl 8l 5 odlar 3)ls (it Ced Logas
- =R YIEBY G sl plp oLy oLy oLy
4o OlgSoe 9 ML (o0 jVgn ) Rl oLy Gl
Soaa s 5l 8 o anl F Loy ab, aS Cé )8
Ioys3n S 25 5 b als S (o a4 o

o

OB 5l wals
1-Semi-Implicit Method for Pressure-Linked

Equations Revised
2-Alternating Direction Implicit

&zl -V
1-Hakimzadeh, H. (2001), "Simulation
of Circulation of Water in River Harbours
Using the Zero-Equation Turbulence
Model", Proceedings of 3th National
Conference on Hydraulic Engineering,
Tehran University, pp. 367-374. (In Persian)
2-Hakimzadeh, H. and Hafezizadeh, S. ,
(2003),"Numerical Modelling of secondary
Circulation of Water in Rectangular River
Harbours", Proceedings of 4th National
Conference on Hydraulic Engineering,
Shiraz University, Volume 1, pp. 695-702.
(In Persian)
3-Kimura, I. & Hosoda, T., (1997),
"Fundamental properties of flows in open
channels with dead zone", Journal of
hydraulic engineering, 123(2) , pp. 98-107.
4-Yang, X.D., Ma, HY. & Huang, Y.N,,
(2005) "Prediction of homogeneous shear
flow and a backward-facing step flow with
some linear and non-linear K—e turbulence

AR Gl 5 gl /) o)locd fomty Lo


https://dor.isc.ac/dor/20.1001.1.17357608.1388.5.10.3.3
https://marine-eng.ir/article-1-65-en.html
http://www.tcpdf.org

