Iranian Journal of Irrigation and Drainage
No. 6, Vol. 11, Feh.-Mar. 2018, p. 960-971

B

Oln! 523 9 5yl & i
A5+CAYY Lo ATAF sl — cyode ) Al S o lads

Ay bghas s 55 plSe p Al g 4wy 0L blie Sl ARG fdow

7 elal (BISC IOl g5 O3 g3LT ga i

WOV 5y eyl

WAV V/F 18l 55 el

CXVCES

13 00 i Ao ] e sl stalinyd st 5> JUi] Ay bgkas (gl cyel bl el oam | alg) Logims 1836 (S o0 Can

(" dlDJ—A—C u3l.m .»19)@ L;‘.«.AJG u.,l?ub wl;ls L 4}9] S9) ¥ [ XV )Lw] J)Slo.c— =33 ))f ol b b )Ly.w‘ PL» 4 4J9J Ls d\[b
Gos gl Cog (glataly s 4l Ay 80368 Sl8  ise sl el oy 4 2Ble]] Gimgly ol 50 Bk adly LS Cliios
OiblS pols a4y ate dlg) 4 Cand 2o )3 OF b5 1)  Stni] o ) olools 13,5 jasuio g 15 e dlg) ands s s )3 sd33g5
Ol e 9 0392 (ag) a8 DISZD s (sl (89395 e (it 45 2,5 Jool> 4ol 9) 555 2 (S) gl sl s b oo
L aJg) o sladls slaah 8 (5 Job Cusl dg) jlad aoyd FY jlade opl il cudpd yiws sly g dlg) Jlad o yd Ve Joleo dildfy yiws pd
loah s (byus Job (talidl St e Ol Gf 681 b3l g gl cam L g 0351 5t Cab A Cosd anbo Gt
B ) 5 50 & o gl 2,3 oo g 35 (SE olimn er ABlsn g b Jolan €16 & e > slelli

[(Hulsbergen., s il o 83395 Mgy & ydudisn Cs puo (5lp
1984 and 1986; Hulsbergen and Bijker., 1989)

) /Spotler

x

Current
-

(W) A gl S lowss S -9 IS5

Goiims bylad 5 50 (Stwdel sl > Lol bele OB,

2595 (led (bal)S) (Sdgyen caud &5 w0 F) (B g Cul
(gmy 13 039 5 (00 polie (59,5) (5yglintd s 5l adg)
oSl 935 5| uy (ChiEW.,1992) 395 5 iy Sligus,
ladlss Gl p g (Ligs Gl s alsye 93 50 (Stt] a]8
F 5 4y e dlold oS Sl adg) Jslye 5 0l e asb]
O dold jl co Gygod (b ey b Jlow Canl S8 )l
25 Slgy jl o) e Al jo (ol )3 A8 (0 jae pay g g
adg ) )l e Cpgods gy 5 Sl I bgbe © g0 Ay
oael (L5 ol A po (St l als yo ol K9 o0 gyl

sl
dg) okt ¢ 330365 glowle gl 1605 G031y

dodbo

r o Lpd L aslsg) s Lo )3 dlgl bglas 592

@ e lgioe Skl oyl g 0 bl Copglone 3 Gl 565l
Mol e o )8 T BLbl )3 (St b ojlo (Suus
adgd by bs Jlanl o 59 il cdabbre (sl - dulod aad |y ol
Sslocdld L g z9e 9 bz (Seelindgyden sbagy ogsl Sl
L cuslio Bos 0 b g Ngd o odudyy i b b Loyl ¢ Sl
bs aldg) (b i p o8 sl s g o (85 Al jas
I (odge (Kbl cde an g e cusl wd)S )18 Ly
e 5 Sa5S pmd b plgie ) (80055 alp agd Bodss
J olge oghamn (22355 o0 S ity dgutg (Sl
5,8 030zl b bl pb 4y alg) Lot (VU 45 045 s doxiao
(L) logesl e smlo (89365 L) atadl £33 4 a2y b ) JS3)
S IRl S by bg alidg) yiwn  &ly cladlg) (Vb 4 Juate

0928 o8ly s gy« ol (5o 3o (6158 puamed] )05 -
Ao

e gug3,5 oSl (65)5LS” 018l ol puudigs g pole 095 slisl =Y
Sepde (w0938 oSl (555liS” 0uStils w0l wins g pole 09,5 il =¥
( Esmaili@um.ac.ir () hame 03y =)



APY Wyl bghs Jdosss pimille y Al g dgwcSy by Jilisie 1 (o880 3T Judons

oy i ol ol plsl Wb sl 4 e dg) S SlbI L s
gl £165,] o ¢y (Sl dlg BLLI > by e
Alioo ol (Ag) gyt () SIS Cod

9 (Oner., 2016) gl (das wlllas > .(Zhu et al., 2013)
oy gl cuas &S 05 Lo (Lee et al., 2016) f,Son 5 J
sl ol 381 Lyl sanl 5 398 oo dlg) Blibl Ly 03 S s
a8 3 S o 5S35 1y gl Ao 45,5 Gl s
gl 0)y3 sSh 48,5 &g alKiylejl b eone Slillas
=t el 30 4 L 5 Gl 039 ol psld a4y Silojl 3,50 oy
(il 5) Canl o 4By os (s Sojlul g (Siaiol 3os
el b el fein Ay Lbob Al s Slidss
Ogd 9 S0l adlllae 3 ol 43S G g0 (uan obule
Ohl—San 5 w8 o (Bijker and Leeuwestein,1984)
adg o Sl wyp cas (Fredsoe et al., 1988-1992)
bl Gilodnd Wby by g zge SYb 5 bl (o
Iy g Ciliseo (s s b g Causd by a0 s Ky aliusgay alg)
Oygo  (Eoan olouly) 3,8 o buls glawle g 30 4
Jis jleslewl L (Cheng and Chew., 2003) ., 502 § K>
OHLSen g 5uwsdyd Sliass slaodly b1y ol cpl 9 3l (St
94l 3 g gil5 .05)S"  wcews ((Fredsoe et al., 1988-1992)
4 casgld 58l e 5 5l eslawl b 50 (Zhao and Fernando., 2008)
el b Jie (oo g adg obole oy (o3ie ()

ool cdb o Hhawl jleolatwl b (580065 ooy (awyy
ol ade 4y g il 4,55 Oyao ST b Cygods dlo)
2dtl (wyp g odabie (9T (pgw) 9 (JUST slajl g (9
u—"“‘]" L5_:l_‘><.sl> coblB L 4_]9] 89y y= 0 cund ).L»}a.wl o
sl arsh L8 olibss by Sles 3 slodes wigles Wlg oo
alllos o Sats] Jodo s s 3 dy) obuls oS el L2
Argrwl 2Bl 50 sdmlive 5 Sbuls b o dg) dadgs oy
gl L)) Jold ol o Sgo slojial)ly g (80355 5 Shes 5
G ol )3 9 035 (6x9 08 (3 S olide 9 Hhgel o
A5 a3y sy ol (2Bisles] adlllae 4

W95 9 319
Slgpien sla i oS talejl ) (3ios ol sl tlo]]
93 3 b inlejl o plool dpudie wgdyd oKty Ol owsige 09,5
G5 5 i i 25,5 g Sy S JUS

e iy iy 2bule g (Studil 0y Gos (I L 95 e
oy dawgi )3 adg) 15 Loy GRS s 4 Cuwd il S
oy g g5 Gl adojo il oo ol (St
(M@0.,1986) sl s 4ol (glallis jzle,s

) bl oo dg) ks Jlab 5l 5SesS s (Stunel 0> Gas
w@dg 45 dy50 83045 &S (60)lse 40 4 (Kjeldsen et al., 1973
(adb) gl il o (y9p8 (lalwd (Sgias S0 4 s
o & 5 (St e Sl g0 3 A GV & oot
a8l s 83955 Blyn sy Sy duas] K sboml b b gl
Van Beek and ) 55 o atg) by b SJgpid cu s
@ 5y Ol oy e Colts el pizmen (Wind., 1990
Sie] Gas Gtali8l Csl a3 5 005 g 5 ) ol
ol 4y g 55 (Sl o> oS oSt (talis b 5E) 295 0
3 o JUST 5B) 85 (oo (528 ol 4 £ Ayl 4D Bree (S
295 o odebyy dnle g b Ly adgd bas ol b i 3 idys
o5iylof] Ly (glod i i .(Shan., 2015) ( g )36)
Hulsbergen., 1986; ) VaAS Jlo ;o wils cals olKiily g un
= gl 43w, ), (Hulsbergen and Bijker., 1989
F e i plosl g (83395 5 336 5 (Sualindgydun sbogy
i 3 ieghS ¥ Jsb & gl b 53 otalefl 58 ol oo
Delft Hydraulics ) YaA Jw o J—b sl o da
3L Shawl VAN L (glawl 45 5 4 plos] (Laboratory
2o s by add s 3 bgeul (655510 5,8 g )b
095 el 3l (92,)8 ool sladiged (i oSS 3 g3ile gl
ol odie adlas b aig 5 Ko s (Fei et al., 2004) L3 s
) 5 g Sy Gl s o 165 ) 5 gl o 231
4l @l 3l o> (Van Beek and Wind., 1990) 555
Sy 1y ol 3 (b (Sl )3 adg) (g9 Shgel (655
Capmd 423 WV dgli b g w2 jhgasl s Glo g 303 )13 (o)
g o s |y (Sl 0,5t 43 (93908 jyme &
o e gy glatayl, 4wl (Chiew.,1992- 1993)
355 ety 5 2 4 g 5l eslitl o 3 o5 (Stni]
:(Barendse.,1988)

d, :1.3(\’2) x (D +85)°® (V)
29

8D ol oo Vol (Sawds] gos Uy o o a8
bl oo Slspel glis) S 5 Ay
Vo Sl adlsl 4 glawle iy a5 50,8 o Len g 8

gl i 3, Shae (gly awlio (tare bl s Y do
89y = e dallls | Sen 4 55 (Fei et al., 2004) Ll o


file:///C:/Documents%20and%20Settings/Administrator.DLC/My%20Documents/Downloads/آبیاری/جعفر/مقاله/مقاله%20استادیاری/مقاله%20isi/مقاله%20استادیاری.docx%23ژائو2013

IVAF widwl — oot V) o 8 0 ylos ¢ ol ! (iSRG g ool 45 pis APY

el Gialafl ol 5590 (23 5 Gas & ey 5 b S
aJgl laloj jo Ui»_wi aSob sl Sledde sla uu;ln)i
b (Somdol F5 Loy csS b g odg 3l bys g9y
s Loy colo Y ogas s al)8 ol aS ol il o 20lS
&5 o b ospdy Sligw) b Al ol g g 0ud S35 5o
oLl celuw ¥ dlg 59, S gu) 2l b eSS b latole]]

23,5

w3 y5 O 90 Olinlejl b piio —Y Jgua

bl gy s a(e d0mm D(em) QQlit/s) cpujl oyt
. DAL Y.X/A YA F RIS Ve 4T \
D¢
gl g g gl b dly) bl Dir W ‘
D FA
. YA RXANYIARE Y [
pols 4 coli aly) Dir .
Y #
JIYa 1Y #
ilh ys g Coras Jlogend i gy Slpes DI FD YIOXIBFIB .
far WY YA
Y8 Y [T va

(8532 9 S JUI) pulide il

Div AF
. AY
. D¢ . Y £
ol s il d s Jsb Dir
D af

ol CuliB Uy Al (55 1,8 095 ¥ IS

&3t LT
yowr g ol plazl e "Ly g Blo b lys
st o g8y bl adg s Oy (505 595 Bas iy sialoyd
(Ugg )3 o) T (Sl loj 51 (b (Gl e 2 3902)
G U8 old Vad)bSo by oy S byl elis) Dalg jlad
Cn g iogy o pyz Yy ol gl 0 julid el

o (0 a5 555 sl a3 < Jlow JS 4 Seolid
Ll POS ol b S o 1)

d, = f(T,ds,D,S,V,6,Y,.09, p, . ps,, POS) ()
il 00 ool ¥ ]y (g PSS 3, 3l ealil |

Pl g yio ilu B+ i)l § yio Blo To oye cple Ve plp (Jsbo
Ao ¥ Ui g feslo Yo gl o gl Vo ope b Sosf
oS iz g a5 yite Cap Ol e S8 (sl g
sddy Sl xSl el eSSy gaualb by g ) awle
(Dey and Singh., w5 (5 b odlaiul yuy o pelice
= o 35 e Bl 0 YLT s > o8 aizils Ly 2008)

Do ST dlgl 5 (Sl 3o

o4 = Gas <17 (v)
le

VP a8 gy ol b Ui s Lo Gl O

AFAS gy @b jhb gy g conl 5Sass o 5l kil woyd
B ) asle 55 90 5Bl SSa S ol aaly a0
dwlo pgd diiges ¢ V& jlme Gl il o Aoy = 0.25MM Lawsgi
o3l 1/, lze il ool g Oy =1.2MM Lawsgio Jhad & ey
4D 3 15 i o Goos ,-51 (Chiew., 1991) g L 3l .3
a0 o5 Sl 5355 O Bos (49 b D) 255 s
Kjeldsen and et al., ) ;l,LSan 5 yamoilS 305 (Hhgannl (y5)
Ol Ges 5l Gimgi ol > .150,8 slarin |, 3D Ol see (1973

Gos Yo shoeal gL S o 5 a8 s oslizel Y>3
D+S

Ll Gimgin ol p adlae bl s il o JU 55 O Jloy
ey Vol s as asl iagwibd olpls 039 Y5 O
C
5! il o gy oS alew! u:l/ou sy VC 9 ;j Ql?.)?
bawgio ojlul (slil 4 Slou (s Cop e Gl Jgle Laily,
e Sl 95 e 45 am d Ve O (lod g i slaals
5 L ialesl s (Mellvil., 1997) s )3 oslatwl il oo jakud
Hbgl glar)l b las oo adg el o i edlaiu!

o . P D D
01 ol (elaigloj] cilises Yo (gl £lis)) S g ) las
a0 JUB s ctalojl plosl g9y (gl sl 0ad S5 Jga 5
o2 9 Sl S S gl Cap b aiy) Cgwy e T b
)] coM@a_.mdw))mudLQ(;‘g‘Ju‘ LR ul)y») U‘>)9>

Sloj 358 JUI 3l uya GTB A5 85y caoy 5 s 1) JUIS

inlojl pLonl Can 5L 3y90 o & JUIS s ol pans oS
g il gl g 03,8 hgel s adasd s (gl |y sy )

9 49 cead I (YUSB) 48 P8l e gigm) s (59, (250


file:///C:/Documents%20and%20Settings/Administrator.DLC/My%20Documents/Downloads/آبیاری/جعفر/مقاله/مقاله%20استادیاری/مقاله%20isi/رساله/رساله%20چاپ.docx%23دیسینگ2008

APY Wyl bohs Sdssss pimille y Al g dgwcSy by biliie 1 (o880 3T Judons

Slosalin S83093 ol —0 JSUS

ool 51513 A9 b shgeml (9 ) (85 dwmlio

9 il ® 0,8 (o0 )18 st (695 Shgel (i9h ) (B
GMLS] ele 4y el gl )3 als sgsl b el wlen
S90S b b gy g9 g Gl dgd Bl 93 S )L
o JS8) 0,5 (0 y90

W5 Cud )3y glosdlite (bigh il yd 1 JSU

W15 o gy yhgul Slazel )3 4l dgmg ey pismon

BySTas Slgs) Jhogel (g Al 3 ol ol YU Jhgel glis) b

- Gt sl s (izmon lyguasl (Y ) ] e YU Ay glis)|
(AJS) 595 (g0 (> oo 5

L g (A1) Jhga! o gl ;3 Bl o 20395 9 arwgd —A JSUS
(<) ganw!

$:g//(¢9, D ,h,&,Re, Fr,Pos,a, Yo %
D d, 'd, p S+D'D

P Ao e lpied plgice 0 0 Ayl 09,8 s yual)ly 5l
(Ibrahim and Nalluri.,1986) 5,5 eslisl alg) | Sl aslllas
S ®)

VoD

g J8 s V B )biS by o D Ayl jlad o] 5 o8
) ado) 5adgny sace sl Lis 45T hLsGge clalllas .o il o
(3 Sl Gos p 532l 6 (4*10°(Re(2.6*10*
g3y 9 pogu 5 1051 ¢ bS50 .Moncadaand Aguirre., 1999)
Gos Fr<0.2 (4ly a8 65,8 4l (Sumer and Fredsoe., 1990)
3955 ¢ 0oy dae odgde il go 39,8 dae I JEtue  Stunial
ol Brodgase ol 55 W jiales] p

) (¥)

93 395 9 (Sl Kl 8 (o) 2

Slgytem jLid (Lal)5 oS Sloj el g9 ) gy Sl
At m JLod 4 aily gy 1,8 Cowy alyd Blyawl oLal,S )
g dlo jl (bglsee dlgl bad 05 )5 9 a8 0 &) SS9 Ngd o
Jlo (Sstuitel adgl 1o 53 (¥ JS5) 35500 Sy ig e 42
WS (o ygue pamr 9 gy dlold jl Ca Ojg0 o3b5 sy b
B Lrogdioe g 20555y (B A5 Gl 4 e oS
L gy 908 0y 515 4395 (g 315 Ayl eyl 5
o 9 0D LS 0)bgd (ol yd Anl) s 4 dlgl (pad S35
S0P 4 shgl 45 Gla3 B anT oyl b ol (K]
3o a0l e el Wil B OBy can LS g ety yiuw
g dgle (g il )b aleye ( Jolai (3 Bos 4 Ay (ym
(FUSC) Al ol (glallis (ol b alo o brgs (Siun]
ool o odly i & JSb 0 slosaline (82355 Jolye

1SS Lo y3 —£ JS5


file:///C:/Documents%20and%20Settings/Administrator.DLC/My%20Documents/Downloads/آبیاری/جعفر/مقاله/مقاله%20استادیاری/مقاله%20isi/مقاله%20استادیاری.docx%23موناکو99

IVAF widwl — oot 1) Al £ o lod « ol ! (LSRG g bl 4yt AFPF

O3 Olie g 3 jlaB dags LB U I lis o8 (R S)
S5 HUi8 GLalS b ey > b S5y bl Al (Sad
4 Capnd Alja) Sy 3 (Sab (595 Gas g w0 S92 (S
2 b Gl (S 0k (gwy G 0 ) Al Cudyd pw
4o a3 POy Slhgy 0 55y b shgel (g dgf b
Py &y jlaS dogi BB p3U ) LS 4 395 00 039381 (83 Bes
o8l g gl gl (l3 8T L Lol kiyls (83 Bes ol 2
Jiae Loy (95 Bos g oo JAlio 4 30 ol 5Lt Lol S
Olasl)S easly by s 53 (V Jgio) 298 o0y 3 4la
L5 Job g oy FosKie Oy bl cua il 390 )L
J=B5Las loslS e s 50 Al glajlad > o5 bs

Polos oo 380 1) pol cnl Hhgesl 43,05 (glegs

Ay (Said p ol ;53U
dgl jidgiy due fl a1 el S 51 (23U Jole cpia
ALl 13U g g S QA e Sy Gl g )
225 Sodi] g (Sadil )3 dgf (e 9 93909 Gb>
2 oo 8 nialeg] 3 Jaulyd ol b oS a3 e Jiso ol
g yogm Olalllas )3 o ol sy g0 JBlis 4 aRisloj] aslllas
9 yoo—w o (Sumer and Fredsoe ., 1990; 2002) 5 >,

ol o as by ] 4 (Sumer and et al., 2001) Ko

aily Cody T

9% -
A%
Yo%
Fo% -
8% |
Fe%
e |
Yo%

D o e y3

Yo%

%
Yo Yo Yo in"] Fo
mm 4l 5lE

mS=0 MS=D/4 WS=Df2 [I5=D

Ay (Fawi (85 (1540 51 Sy gal EW5 ) 53U
adg) Cygelym Loy w3 s gy S9yp g 558 L
Ol 8l g hge ol (139381 Ly Bl o 3l51 (180395 g Stani]
90 51 8 45 (3 JS8) ly il sosgs ol o el
i GLal,S (Bl a9 b e dladl LBl 55 gl
YL plad (o > (SA5 (8> Glie dulie b (A JSS) Al 0

Ol %: 1Eens slp (289365 Ol o b shgel e
Ay & . ds ol . d
Ay yig 4 B=67% 5 sl yiw )365:70%

Sy Fuln ol G dgl 55y p gl (39531 SLSI gLl
SH08 Ol Gl el g oad gl nj 5o b 4 gy b
Ol s g o Jlgl (13938) U duglie Ca 39
2 kel g b & s gl (Shls Ay (Sad (85 Gee
09 i Hhaewl glar)) Lol b .l ol auwslio Ve S5
Fobss & wbioe Gl gl o S @ S dgl (S

o33l S e ) Ay (485 gl i)l angs LB 50

i:l el jo 50 Hhaml ot dg 4 Cans  (Sad 8 dop
D

Al oo duo pd VO &> Cudyd s ) g duoyd OF &by s 4o

Ayl F80395 i g gy O3 S S
Loyd P 1 Sho ab ) ytun 53 Hhsul glas,l GYb plos )
g (83 adg) ylad aod Fe (pSSlee dlls >y )3 4

ilo3sy yres

Yo vo Po *o Fo Fo
mm 4l ks

W5=0 MS=D/4 MWS=Df2 £S=D

(4515l yd 9 il 33 5 yiaant) Yy gam! LT ) Y olod )3 Ayl (Suwd 485 woyd -4 UG

Q13335 d Al Cudd 31y 13 ylaB pdi b (S82095 Bos Wil o yd -Y Jgia

S=0 S=D/¥ S=D/v S=D

Aogpesl £85))

750 VAN YArd ¥

oy Slogusy (35 305 L 095 Gl e




PO dgl bghs (30095 p3uilso p Al g 49wy by Jolie 51 ool LojT Julows
ailagy) iy
aila colige g Y%
Wha% a % 1 _
e% | H _ s | f
o I : B 7 = 08% 4
3 wen | : : [ 3‘ Ge% | - g
2 BN e ey
g M - i . 3 e ;:
9 fe i g Y rox |
Yy Fo% | mn Ei : B ¥l | E ;E Nm i
voi | : g o ”H‘ I
] . N v | S|
¥o o Fo ¥ te Yo e [
mm 41yl 51s mm 4 e
[Ms=D/4 WS=D/2 O8=D ms=d/4 mS$=D/2 HS5=D
Q13 Cudiyd g Aildiay yunwt 30 Jagaw! (g g &y Comd (S 48 os pinl 3 duoyd —) « S
sy > ilogd sl el 5 Bl 1S (FUS8) A s JUIS 53,5 ol (o9l ol 51 oo it

shgrl gam adg 3 lallsd claals S 5 xS Job g 0
A5l 0 IDX<LID 03980 > adg) Calizee (slaylad 4l

8D 5 g sl s X = X) (1

AD<X<8Dodga s y3 jlado ol pold 4y colb dlg) 4o (VY ISKs
009 ¥pS e (Sumer and Fredso., 2002) cuol ouis (3135
30 o sy S 108 dgame ¢pald &y ol s jo (3L edga0xe
P Llaah s Llouls cdls s Lol asb o  Saiol g5
..xj)b goo) OKo‘ 4\]9] C,w:auub

sk 5 o) (i o glisy) al3 3l 5 ol o
Ol 4S0gbdn b o (wguome i IS ol b 09
Sl by oy ) e (1Y JS5) 1o 521581 28D b b
eyl o bya sl jene 138l cle a4y &S D usgs yebo oyl
35 5o S8 s 4l )3 6555 ol Sbiseul 55,5
WS (o0 (o Cundiml 3 (AD gxe slp F Y5k e &S

piogils Vo gL g yio il Vo (o sl S8 JUIS)
el bl JUS 5 0 9 45 €O Cppo S 5 (8l o
B G Cd [y oyt AT Lrlyd 09 GluSG) JY
g 8 BlpS g plasy Slgwy gy SIS pas balyd A
i > o3 5 Sl 5 39,8 30 eagioe dadly luy iz
3 b Ol a8 a ey o i uls ol 0dgr LSS (LS
0350 S8l Hluww dlg)  Sb 83 duopd liwe 50 JUK s S5 68
255 Ll 39 ey by B8 s g 45 (1) JSL5) ol
G g (Siad] S tlof] aalllas )3 ol ;3L o

oy oo Blis o adlg)  Sud 8o

Ayl (SB35 p SILSd glaals )5 5L
g5 s b o o5 555 as & A gy Sl
3 o 4ol s il S als o Lawsgs (Siuni] 5 it
a8 Ll oy 5 s oo b Sot] o 3
Alos anb o Ayl jlond ablw (ddlis laals)3 gd o s

A b 4y s SIS islon B S g~ Sy

X=x/D ) a5 4y ol allis 2alo i Jsb carns

(cm)D4s) laé
S=0
A\ AR
Yo 4
Y AN
) 3
\s \

S=D/4  S$=D/2  S$=D
\# A YA
VO VO Yy
1 W 1
Ve 'Y VY
e \Y VY
Ve 'Y VY



IVAF aidwl — oot 1) s> £ 0 lod « ol ! (LSRG g bl 4yt AFF

(o%
© ey
Fo'%

Yo%

1% T T T

ofF ofFYQ  ofFly  ofFYD

B
T T T T Lt

ofBFD  ofBD  ofBYD ofF of FYQ
FrD

D15 JUS gl b B Gl 90) S8 JHS @55 JUS gy Ol 99 T JUS

(S350 9 Sog8 JUI 13) Aol 3958 dus dy Blise (Lo ,had b lg) Sl 485 wuoyd gl -9 Y JSUS

————— S=Di4 = = = S85=0

(4515 Cdy3 ianns ) ply gl Cilises 151 13 G1AILID il y3 51 ool gloadlite Kkuanniis] a1 duans o — ) ¥ JSU3

Do gy S JB Shgmal 2259 Vb g Ngdia shgel
sladlis ()5 by coguy b g dgy Jale o ke
g adg) 59y ym gy Gy Sl &5 0390 Hhgel S35
@ ol d2yd o gl ) (SIBCES (e cn e (VT JSS)
ol S dy gl s 01 5] e 9 A8l e ) B e
(V0 JS8) w8lioe Lls (65 (S 809> Moy (4,3 ~Y44)

Mgl b dg) 33355 as 3,910 e (53 o
L oiwbejl Vls plas 3 oas (g ySojlisl 8365 Gos
b s A g3 Ghgel (Ll dgf (83355 Bes nin

203,54l Gialejl 3590 (sl puite b alg)

d d

== 0.313(3)0-726 -15.95(—22)"%° 4+ 0.434

D D D )

Aogal 49l
05 3 (St Sn ) S35 7 gl o 2195 s |
P ol ol ccab anled  Slias ¢ cual gl 5l Sl dl)
(0 JS5) sl 0 oy (Chiew.,1992- 1993) s lllae
Josped ) ol oy ] Sl ) gl st
B3 )8 coai ady gy 0 VT JSi Ballas —¥0 4 +¥0 agl; L
JS5) 3513 sdes glis ol o b glouls @l 4t ibes
a5 adgl claals S b o d gl agl s L (VY Y
s 45 085 g8lg ylagmnl 5 AUg) b3 s (635 5o b (gl 1>
9 g g9y p Sligw) O3 CS > el g 39 00 02025 CuwdVL
syt e oLl (VFJS3) #70 gl 15 g o sbge
cel adlos laahh 8 i an ady b K5 5 (Lig
&l b3 Ll K9 oo (Cawdpynl) dgf Coomw 4 Slgw) (abul>
5 ligy (585 Alols G 9 3)95 0y 4 Hlgeul Slazal )



PV Wy bghs Sdosgs pimille y Al g dgwcSy by Jiliie 1 o880 3T Judons

. S/D=0.25
a=+15

o g

S/D=0.5 Hrgged

LSt o seme

W13 Gl )3 s 93 45 )3 +£0 9 —£0 Cod drglj b gmnl 43 slosaliio (Siummiis] Judg s —V €SS

A%
Yo%

Fo%

0% 7
} Fo%
Y wed% |
Yo%
%
%

Yo ¥

Fb

mm 4l ld

(S :%)Mla}.&),&q,:«.&x&uduqsi}gdyjﬁ@:w,:—\o JSG

100 ds"—dﬁ

N=1 dO

: ()
Gas U5 (goaaliso L3355 5ae Ao YL Ly, 5

MAPE =

S5l oo Loaly slaw N g  Sluwbre (82345
Sloanlin ol b 83055 Ses post doleo slalld l5ue
oo 5 (e (gls 4. S5L0) MAE=1.99 RMSE=2.3
90 aS0) &y dngi b bl oo MAPE=12.5% s sioys 3llas,id

3hi D alyd ojasl Uy e Sacs 585 ges Oy YU daly 5
3L o shgsl gli5)l S g

b sl e RP=0.78 (Fatal)) gped copd o
w‘vd.]a.’b )J‘)Jubu)nwi:tn)am

RMSE = ,/mN_ds) (v)

A oy b iy llas glls 5 Sile
>ld2 —d¢

S S

MAE = )



WWAF sl — ot e W) i o 8 0yl ¢ ol (8825 9 6bul 4 pis AFA

Lo OF b Swi] Gos 83095 41,3 b 5 dlyd Sbuls b
oalS ol ede (WIPUSS) wile il cul dlgd 4y s
3ol 5 OBy anl 3 g9 5l L cob dgl jd oS canl o 5 Lok
b b (g by dls e alols (il g s g Ayl (g 0>
Sl drwgi 4 35 0 Dol cladlos sl yd ¢ 3,5 0 S5
Oty el g Linl,d obul b Syonie dg) clls o Lol Lsolodl o
g Lad )3 drwg yialS a4 oo by puae Sl Lials )
0 sl 9 s &3S 3,55 2 5 s & el g 5
314 yob e il o (Stwni] ialS ] aoes 45 34 ooyt
LYl 5l Jeols (Sl 3os zoli 395 0 odnlio VY S

b o ey (psle 4 colb Aol s o (slosaline) cusdly

SO P RS RE AN - OPTYC
(b cSgman lule) ((80355) S i g ((Nhunnlsl) Coli g Sl 93 50 gy Judg py dunng o —9 T JSCd

Fo
Fe
o

L

mim St (e
-

s=D/4 s=D/2
el

alaly 4ol gl ganail el ol suds edlaiwl (sanaly go
SO Glassdn oad alyl daly jl ler o cplply bl o S
2y b ages 35 L dlal

S yio g Cull Ay (Sl izl dunss o
s (Fredsoeet al, 1988) ., Sen g g—wd )3 aslllas )
SS9l b adg o b (Sttsl Jdgy sam (s20e Olalllao
MolS Sy 5o adg) clls 53 Sint] by bl 3 Jlais
A S ) 0 0L5 (Sl Gos b 4y g 035 Cglite
L g (1 llas 55 (18 JS5) am3o o5 b (ol
ey mb el > Lol 03,5 ¢S > (lals yo g ol s pus
sl 0383 ) b caslize 5 g yialeyd g 0 dlomsl b slite

-"\\ (Fredsoe and et al.1988)

/
} <

Vo= 1.0 Mi0)min

5=

B {adadpeadiald - s embadgearalgl g dada bl

Hogal 15 ) cilises SV 3 ) a1 Jols g oS ot «Cli dly)  Staniia] Bos dunlio — VY KU

a Libgio ool 40 a5 asl sl L8 clidss b sledes cgles
g 03 i |y adg Sl LI (L aje ) olbmle b
o OF U el ady) d Cuus (Sl os )3 yuis el

el

5y Slas 39 o A LI 3 isloyd e il oo g
..\._:]yu._a u_sub u.sl?ub w.l)lﬁ Lv é\J}J 9y ¥ oS Cuad )l)y.wl



P8 Wyl bghs Jdssss pimille y Al g dgwcSy by Jilisie 1 (88 3T Judons

Singapor. 2: 506-521.

Fredsoe,J., Hansen,E.A., Mao,Y. and B.M. Sumer.
1988. Three-dimensional scour below pipelines.
Journal of Offshore Mechanics and Arctic
Engineering. 110: 373-379.

Fredsoe,J., Sumer,B.M and Arnskov,M. 1992. Time
scale for wave/current scour below pipelines.
International Journal of Offshore and Polar
Engineering. 2.2: 13-17.

Hulsbergen,C.H. 1984. Stimulated self-burial of
submarine pipelines. Proceedings of the 16th
Offshore Technology Conference. Houston. Texas.
171-178.

Hulsbergen,C. H. 1986. Spoilers for stimulated self-
burial of submarine pipelines. Proceedings of the
18th Offshore Technology Conference. Houston.
Texas. 441-444.

Hulsbergen,C.H., Bijker,R. 1989. Effect of spoilers on
submarine pipeline stability. Proceedings of the 21
th Offshore Technology Conference, Houston.
Texas. 337-350.

Ibrahim,A and Nalluri,C. 1986. Scour prediction around
marine  pipelines. Proceedings of the 5th
International Symposium on Offshore Mechanics
and Arctic Engineering ,Tokyo, Japan. 679-684.

Lee,W., Hur,D., KimH and Jo,H. 2016.  Numerical
Analysis on Self-Burial Mechanism of Submarine
Pipeline with Spoiler under Steady Flow. Journal of
Korean Society of Coastal and Ocean Engineers.
146: 146-159.

Mao,Y. 1986. The interaction between a pipeline and an
erodible bed. Series Paper Technical University of
Denmark, Issue 39.

Mellvil,B.W. 1997. Pier and abutment scour. Integrated
approach. Journal of Hydraulic Engineering.
ASCE.132: 125-136.

Moncada,A.T.,Aguirre-Pe, J. 1999. Scour below
pipeline in rivercrossings. Journal of Hydraulic
Engineering. ASCE. 125: 953-958.

Oner,A. 2016. Numerical investigation of flow around a
pipeline with a spoiler near a rigid bed. Advances in
Mechanical Engineering. 8.6: 1-13

Kjeldsen,S.P., Gjorsvik,0., Bringaker, K.G and
Jacobsen ,J. 1973. Local scour near offshore
pipelines. Second International Port and Ocean
Engineering under Arctic Conditions Conference.
308-331.

Shan,M., Mao,Y. 1986. The interaction between a
pipeline and an erodible bed. Series paper 39. Ph.D.
thesis Technical University of Denmark.

Shan,D. Liu,Y and LI,Y. 2015. Numerical simulation
of submarine pipeline self-buried on sediment
seabed. Advances in Petroleum Exploration and

Cowds ¢l jo ady L8055 G s pest Cas sldbayl,
el oyt amd e U dbaly ol 008 dleiiy ol xebo
ol < IVFY (Si] Gee ySTis SED m ond 43,3 i )
Slp JolS ©ygods (Sas 85 a3 o lis a8 bl o dg) b
DS (5 Oypo gl b (> S e dgf S

5 gl i s Ay o slallin sladuls,S b yinS Job
Ob S Job iali8l oyt e ) ol i)l b
Ol o 4 039y ado) gLyl ay o wl j3 (dadlss glaal S
ibe 17¢X (28

D

Dl (S 48 iolj8l o ily by i 53yl 3G
e wilbjay i ) e

B9 9305 3 Ol Ll coley @90 3 (plie 15U
Asb o SHl B3dg3 oy Lo yialej

o gl 420 yao aygl > (SAD (08> Gliee (p ke
) Oley> G & gl iS5l G g ABL o g B g0 4
WSSl e s (65 e (SAS 380 Joyd (a0 =0 ayyl;

&l

Barendse,C.A.M. 1988. Hydrodynamic forces on a
near-bed offshore pipeline with spoiler during the
selfburying process. Thesis Report, Delft University
of Technology, Faculty of Civil Engineering.

Bijker,EZW and Leeuwestein,W. 1984. Interaction
between pipeilines and theseabed under the
influence of waves and currents. Seabed Mechanics,
Edited Proceedings of a Symposium. 235-242

Cheng,L and Chew,L.W. 2003. Modelling of flow
around a near-bed pipeline with a spoiler. Ocean
Engineering. 30.13: 1595-1611.

Chiew,Y. 1990. Mechanics of local scour around
submarine  pipelines. Journal of  Hydraulic
Engineering. 116.4: 515-529.

Chiew,Y.M. 1992. Effect of spoilers on scour at
submarine  pipelines. Journal of Hydraulic
Engineering. ASCE. 118.9: 1311-1317.

Chiew,Y. 1993. Effect of spoilers on wave-induced
scour at submarine pipelines. Journal of Waterway,
Port, Coastal, and Ocean Engineering. ASCE. 119.4:
417-429.

Dey,S and Singh,N.P. 2008. Clear-water scour below
underwater pipelines understeady flow. Journal of
Hydraulic Engineering, ASCE. 134: 588-600.

Fei,X.Y., Ning,G.J., Bin,N.E., KizhikkilodJ., Le,T.S
and Zhao,D. 2004. The Hangzhou bay pipeline
crossing project use of spoilers to initiate pipeline
self-burial and  re-initiate  future  re-buria.
International Conference on Scour and Erosin.


https://www.tib.eu/en/search/?tx_tibsearch_search%5Bquery%5D=person%3A%28Fei%2C%20X.%20Y.%29&tx_tibsearch_search%5Bsearchspace%5D=tn
https://www.tib.eu/en/search/?tx_tibsearch_search%5Bquery%5D=person%3A%28Ning%2C%20G.%20J.%29&tx_tibsearch_search%5Bsearchspace%5D=tn
https://www.tib.eu/en/search/?tx_tibsearch_search%5Bquery%5D=person%3A%28Bin%2C%20N.%20E.%29&tx_tibsearch_search%5Bsearchspace%5D=tn
https://www.tib.eu/en/search/?tx_tibsearch_search%5Bquery%5D=person%3A%28Kizhikkilod%2C%20J.%29&tx_tibsearch_search%5Bsearchspace%5D=tn
https://www.tib.eu/en/search/?tx_tibsearch_search%5Bquery%5D=person%3A%28Le%2C%20T.%20S.%29&tx_tibsearch_search%5Bsearchspace%5D=tn
https://www.tib.eu/en/search/?tx_tibsearch_search%5Bquery%5D=person%3A%28Zhao%2C%20D.%29&tx_tibsearch_search%5Bsearchspace%5D=tn
http://ascelibrary.org/author/Lee%2C+Woo+Dong
http://ascelibrary.org/author/Hur%2C+Dong+Soo
http://ascelibrary.org/author/Kim%2C+Han+Sol
http://ascelibrary.org/author/Jo%2C+Hyo+Jae
http://ade.sagepub.com/search?author1=Ahmet+Alper+%C3%96ner&sortspec=date&submit=Submit

VAP widwl — oot V) o 8 0 loud ¢ ol ! (iSRG g ool 45 pis AV

Van Beek, F.A  and Wind, H.G. 1990. Numerical
modelling of erosion and sedimentation around
pipelines. Coastal Engineering, 14:107-128.

Zhao,ZH and Fernando,H.J.S. 2008. Numerical
modeling of a sagging pipeline using an eulerian
two-phase model. Journal of Turbulence. 9: 1-20.

Zhu,H., Qi,X,, Lin,P and Yang,Y. 2013. Numerical
simulation of flow around a submarine pipe with a
spoiler and currentinduced scour beneath the pipe.
Applied Ocean Research. 41: 87-100.

Development. 10.1:

Sumer,B.M and Fredsoe,J. 1990. Scour below pipelines
in waves. Journal of Waterway, Port, Coastal, and
Ocean Engineering. 116: 307-323

Sumer,B.M., Truelsen,C., Sichmann,T and Fredsoe,J.
2001. Onset of scour below pipelines and self-burial.
Coastal Engineering. 42: 313-335.

Sumer,B.M and Fredsoe,J. 2002. The mechanics of
scour in the marine environment. Advanced Series
on Ocean Engineering .VVolume 17.


http://www.worldscientific.com/series/asoe
http://www.worldscientific.com/series/asoe
http://www.worldscientific.com/series/asoe

Iranian Journal of Irrigation and Drainage I "‘ @ Oln! S g 5kl & s

‘ No. 6, Vol. 11, Feb.-Mar. 2018, P. 960-971 i a5.-4Y) P IR ool — oo M ..\qu'e)b.&

Experimental Analysis of the Interaction Between the Unidirectional Flow and
Spoiler on Mechanism of Self burial Pipelines

J.Mehrabadi?, B. Gahraman? , K. Esmaili® *
Recived: Jan.22, 2017 Accepted: Feb.18, 2017

Abstract

To stimulate the artificial self-burial of pipelines to provide safe conditions in erodible beds, the spoiler can
be used at the top of the pipeline. The study of the performance of the spoiler that mounted on the naturally
moveable pipe is a major gap that not founded in previous research. In this experimental study the parameters
affecting the self-burial process of the pipelines were investigated. An equation was proposed for estimating the
depth of self-burial in the normal settling of the pipe and was found that the moveable pipe decrease the scour
depth by 54 percent in comparison with the fixed pipe. Maximum change in self —buried was obtained at S=D (S
is the length of spoiler & D is the diameter of the pipe) that was equal to 70 and 67 percent of the diameter of the
pipe in fine and coarse beds, respectively. The length of Lee-wake erosion in the pipe with natural motion was
greater than in which the fixed pipe and increase with installed spoiler and spoiler height increases. Maximum
length of Lee-wake erosion happened when S=D. The most burying is at zero degrees of the spoiler to the
vertical axis.
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