‘ -t . . & - - 4. B » » A
S 9> 5T FH198 9 S ilwamd 3 Sl g e Bud s Tandno i
65y g (10 900 S0 031 3 giuo! LS yhoe S
Tost K28 THe § SIS dumeltines

4 onse )

g 03l 5 39 (yLooj Gy I ol (AT g (guts 93 (Glazugn Gkl )3 B @ O Bois

oy ol 3585 glaguan 5yl ladte 1 (g kmn 43 13005 o0 @l ] 31 39 oS | o oo g
3 ming 3 Lal 39mid e oo DAl puad Tume g 35 loj Cuozh jf oaill O jg0 4 S5
WSS s Of 3985 sammagn Jgb 3 o b lautne oS Slaaedi (258 b slazge 5kl sledse
it il Jio 93 1l B ol Blile G dgui g0 B8 15 13 395 o Cuoyd i (oails i
$753 3 3o bualone 3 0 e Beo 31 53T L ZIWPY o (S5 cslauge (5l yino
SYLSIE gy Apmalone Wil 8315 T 3985 1 20w s Jazmo Sl il L ZIWPC Jus

S bt o 93 pb gl dledure a0 31 (g by ool g o ool S SioS 4 29000
e )30 s )3 Sy rieg Ao o loj i duaglie (YAAR) JSSlozast (5l (514 50 (claosls
ds yo opt o ZIWPC Jae Jg 5,5 wibar t9s 41y of ZIWPVY Juto & Cuusl aiida O
L] 02,3 1E g YV U ol ps 48550 43 00l (580300l DU CU 5,5 391y oS suojd VA1,
4y 1, DU 4 CU ZIWPC Jis 3 303 TA/O 9 YW/E cai 5 & 1, DU g CU « ZIWPV Juo
g 45530 o )3 oaud 60310 WL Dol ol Jawgio Bk .3} (pmedd duoyd AL 5 AV i
= il YIEY o c AN VIEY bl i 7 & 30 ZEWPC g ZIWPV gloise j el Cows 4
(o35 o8kl o oo (6l 985 Anuwlone 3 8 i B T (013 CIBD ol polly st
3391 Fisbir 1; 4B 3905 O bawgio (a0 (Jg bt o0 25 1 Al Boi f 2597 SIS
Ty 8L 3985 Bos Jauugio Wiilg? (g0 cgans SQ Sodi (15,8 b sldzign (bl (Slodus (prirod 05 0
\ 292 3nlgs. Bl j1 ey 4Bl 3o ol (BIGISY (e Jg S 5 hurdpn w.y

—

fgalS slaojly —Y
B w_o_."'i- .h._n?a :}J'ha— U""J;‘t’-‘ J.M t‘_ghhi.i g O’:”J 5‘5!49;._1_,:- ‘_g)'._v.di

Ol a1y (65,5008 dSllils 283 5 gobal dd )l el 08 4l b 31 43 8, -
WLy (55,008 uKls - S Ol s g5LT a8 5 2S5 sl R ASS bl g gl i S 4 Y
o3 sl ismreza_aminizadeh@yahoo.com G oby < TV-YYENN 2 Sl — 0T uiige 09 8 -01 —g

O f Bl ol g o)l prdigr 0 g 8 JLtits g Jlstist £31 M Ol e Aok LIS (Ol pp  puakige



VAT SLaali/Va o)los 1 8 o/ 55 ,5WbS iy ilidiod alxe ¢

382l Lt i B35 ol 5o s b el
>3 (Izadi and Wallender, 1985) ,u_i,
B 53 Ll a1y b O i g eSS
Sl s ol (Bl g ad ge G 0l st
e R P LI Y-S 0% RE Y I g g
odd st Jroma (s 348 Lae Sl e St
P 25ge 5w oAl Gl b S S
o) 03 S Gl y oLl Sl den s
b ol ot S e 0 S 35 0 2
g 0L e als g o g Uk 3 oS
o (sl Gl 5 Ll e SRS 3 d e
Blod b el b 30 Sl 5.5 5a 55 54
Bk 53 0l e Jasa 0303 3l (gl 48
[0 5 Y] ol o sbgi, ilise S¥stas
ey 5oLl slghie 3 6ok Lo Ul
Jsb 53 Ol jor RalS 5 gy b oS 55l 00 15 5
S Sl L add et Tame §5100 cag e
S 4 Gl Wi opl 5o opl by Lile s
Syt 435 53 3 ah o b5l s LS
>ypa b ati Bslas cla 2l )b dgfia ol 2 [V1]
Chasela 5 ol gl Sledbl ol L
S anl e s g Sy ki
33 8dd amliod i, ey OheS e JLie gl
SasS algdas 53,5 o 1 [1] Tglakis
G Ly pl S oedel s & 348 Vs les
slite a (gladsles AS o o3litad 35 i e
LS a3yl 3 el st Jass LG
o i Aol SOl W S L gl el en g

QL&»}AJ;}L‘;)L_J Ol {a'L.,J Sy ool e

e R o
Sl sy b LT sl
a1 Sl sl s b
ey Sl S Je a3 ool s 250
by pees (Gibadad 5 (635, Sledll C3s
2 5 058 S Sy o b i s g
Gl e dy SLs g O 34 el a1
Wl gl oyl t (S g g 85 el sy
Vs (Fam 8 Jalse 550 Doy o
L oSt ol 3585 Ol 6l 355 i ¥oles
S ERYLRVECRE RV g
st s T 5o L) et Ll 3,48 Cos b
338 O Gas ond 5 ol (Say 33 355 Ol >
rets ke lsdate [N 4 deage pr 5wl
latz o 3 SLs L O Galed b 3
P Jolss s Laiam i pein JS3 5l
s Kos wole 4ol ity S
s 39 o b 5l b Lo o 5
OF 31 55i 48 e Sloas goast 5 03100 o KL
Ve s Al ol S 505, 8 vy
el lm OSL S (6 i (s Sl
R S RTL I [ W5 PO VTR F P
UV PR SUL PV AN AYRPR | IR AITE:
s e a3 b S L ol S
A A R P T
s 5 20 3 o (Sl Blas 4,
G o Ol S Ol s e
20 o=l s Cabaaan o ol g (S

UJ.J 4 J)R.: _)L.«LEA)J o.."\...lu,..:.’- l::)u).ﬂ gLy

1- Wetted Perimeter

e A AL et 1 e

2- Two - Point Method



AL Slomgr Sl FBIP 9 5ludnnd 2 Sl g o Badd (st baona i1

J}_la A-ig 4o 4..“3[_:_ .3_9.:1.: u]ﬁo-—:Z ‘4._...""..'7_)3

g A S el SO0 (e h A e

b 3P T ol =S e e e

Jl‘d-ﬁb=X)L¢_uUWjdLﬁ)=t‘}lﬂjP

.J};L’Aoju:_.ul

g 2 ™)
AR

V] et s

y=0g 47 (&)
3

A* RY = p A" (0)

S sl s 02 5 01 02 Of gl 5 0 S
les e Gl pSoilit ag a5 L oS aea
CVolas 53 kol o Cews w0 o 0 phaae (S
Sl b e Sy oden el =R 0 Y

iyl g S 4 g e 5l S

r= ()
wp

okl e a e = WP sles ) 3o
el 2

Llone S0 580 N¥lan dasy Lalsl 5 L3

z > ZIWPC s ZIWPV sldus 53 554

Sy Gmae ZIWPV Jua 5 55 5 e ool

Lo g 410 S g (S8 Sl 53 mend

AU e ot 53 8 S Ol e Sl s
Blod 34 i A los 3 00 e Jaen ol
) RGO

olel lgdos blin (B ool 5l s
S5 PPy S S 3 o L Sl
il gla mal b cesed i 5 (gde g
A L e ol bt Alis 5 ol sl
o — e b D K s ol sl
a3y Laaloee 3 00 st s G L
3448 «S (ZIWPV model) & o315 Loy ghas 45
PRSEFEIPNUC SN N (PN 0 R
S eimat S o dnlous 345 Oloj oo 3
L (ZIWPC model) ;&5 i — o gl Jda
033 oy (614658 4 ol et lames uli LG
a0 S b 51 i Ol 4 g 1) 5580 45 0
S sl e a0

ey 9 o190 —F
ol SY oo -
Sl LS o 3L g 0 glly Vsl

o e ez _, M)
of ox ot

Y-, )
Ox

‘()":“-‘—““}J—‘)‘JL-.’,}"M%})‘L“G’I_J;*S

e s e (853855 Ol Al =0

1- Zero-Inertia Model
3- Constant Wetted Perimeter

2- Variable Wetted Perimeter



VAT SEadl) YR 0 jlond [ O s/ g5 ,9LdS dign Slipind dlra "

30l e b3 am gz 3 ol e kS
ol e oS Ao sl 6,50
Je e 8l 5 ZIWPVY Jie 5 Uil s
by 2alS Ol el a8 (55 g 5 4l

.t ’"" E ks _-;L? ;. ]r:-]) _)\ A £ A

- F

sdb ostiz.t (Bautista and Wallender, 1992)

Zn+1 o Zn + [Z(tnﬂ) - Z(In)]

(\Y)
W n+l ;WPM-H. < WPH

szl 5 by yasla =1 0 VL s Sl
Laos 51 ZIWPC Jie 3 ol gl o8

il add enlinad 3 Al 5V 3 4
Z() = k" + f, t (™

c(ﬂ/a@ﬁgfa_{nﬂ wfkcui B Fiy

- > , Jo 2 (h—ny 0390 ) a

U Y PO PN [ PRIV Pt VNP W S
25 g 3l aS di s el y - Sk S
3y Gas e Gl Lo Blodal s 4 (glaais
Wl 35 Tz B Ol Sl gl R aend

By 03ls gyt S¥olea by dals) O 58
Y ojte Usbas 0 B Y o ted So¥olee 4y a3 L
Dy BB P ) Sl

HA™) Q' '
S S {\¢)
i ox © p A"

s:,_-.-_‘a-ﬁ'l) o dl_j-;u,-“i o_)La..j: ll:.s'u_ﬂ

3 S aealoea K5 (gla e

o] 255 g0 slons 5

Z=z(t) WP )
C}T BL LY
z(t) = kt" + f, ¢ (A)

a la _)._';a/aA_L_EJIg__,_xSAJ_:JL.'_._..:-_ﬁk
A aid aSa e 1 fo 5 (Arr D50)

nJ._..i?u...:_';:- .lﬂ.__>u.,\_>-'u S_le.l'l 6‘;—."‘5‘)"“:“*‘“
3 K e
WP =a, A™ 1)

0 ol dhaty 53V osladd ity I b oS

W2l (..:.aly‘-
a =p " ()
a, =2.5-0.75p, (YV)

e 1 3o Ceno =l A ojlad Uslas 53

3 Sleslone plowil Oloy ey Coplll 45 ol wid>
i s pae e 4 F (St A Ol Ol
) gl b gme ol (8 5 U e g2
LS a syl 5 fa b 23 0l et Jas
JE=HT Sl e Jame Olgs a AL Sl
plonil OF 3L A Olas 55 355 o5 ol 0 43 5
Jsud JB 535 L osl g, L8 b, e
Ko 55 LS 331000 4 A Sl b5 4 oo

[YV] L

2 1 '“) K] = ...;Lf
4_s\es 5 (Bautista and Wallender, 1992)

o o ol 20 3 Aesloes (6
Sl S 38 Ao (G



1y SMsn )l AHES 5 ilwdand p1 ol g e B s s 1
Lkl ke ik XY esinondt st ¥ contionll sl bl i

el Cewd 4 T

n+l n+l n n
Ai-—l + Ai - AH "A:' n

2 At
£2 L}
C,'"H (A::H) 2 C,-’:I (A:r_-fl‘l) 2
Ax
Z:‘Ml B an ’*'Zr”—:l _Zin—] =0
2 At

(Y+)

o8 Jpb =AX Yr 514 Lt gls da, o oS
el (3] b Gl oS =AF 5 () S
b Sy lemh 1o O jastlid a5
I SR SN U ICY A5 [ W A
ga5 =1 510 jasli oo s Sl
ol Slasiis oSGl G a5 b g Cod sl
=2 5 ol loun (il s s (§3355
B oy ds LER oy GV 54 e g,
AFL GVl g Sl olS pa 0 o e i
ol o st [ e paze 3101 4y s 6 b0
22 2 0 Sl el sy o0 Wl e o
S Slerend o Gl Cule) S 5 Jue
ot 43 ZIWPV Jue 55 ol _ilows o
I
oleo AT (61,008 05la s e, L

a3 e et 1YY o lad

Q=0CA" (\e)

:C}T J° FLY

1
24! pi
R

C =(§, - o o ShY)
2

=L£2 \Y

m 5 (\v)

SR (..:Jh'l‘,;:-\ o lads

%‘;L+‘3(%m_)+9§=o (\A)
¥ sV oslet sbaatal; 5ol on A dad,

gk o g S (sl adh ey el e
Lol () lloms 55 10 13 Ob o shais
ikt o Sy A ot 2l

3,5 Silean V) (Glame o (g L

S9y=ias Jolyo 33 SWles (0,5 Juadio -
8yudd g
Al S ikl gads Jo sk a
b Lol i slgte S
St ledd o Bl 3 gdome Slghslis 3y
i el 5 it ZIWPV Jue

A:'H-T] + A;‘Ml - Az‘n—! - Ar'n +
2 At

Cn+l (A"H)% - Cn+1 (An+l) EZA
i ] il i1
Ax

Zin+l __Zjn B
At

0

(}4)



WWAY GG/ V8 oyl [ O Mo/ 5ol pwdigee Silisiiod alowe A

n+l
At =

Pz
2A CHAMY T 4+ 2 Ax (Z] 4 Z0)Y + Ax (A7 + AT — AT

(SR UL S VRN N1 PN T L NI Y GV P v
VY osled il s alie opl 055 Sl
35 belour o s D) o 4 L Ax Ol e
S ey Ao o 53 Gl Db sl i onl

:r_u'o

P2
2 AL CY (A ?
A+ 2 WP, z3 (A

N-—

Ax =

(YY)

oS 4 a5 b g i Zlen =X T 0 8
$h O arli =N () sdd st gl
588ty it g 53 Ll Sllona i S
b Sl odds o Jaima davs ya = WP
U e oS (gilwand b oo (2a) ol
Al o alsh oy sen e 4 Slinlne (59 0
ot e & iy o ks Ao e pg 3 L
Uslae 31 oslinal b 343 g0 gl am o Sl
Do Sl Dl b Gas 25 5 Sl
sl 85 0 0L o adade gl ) S
N gz plad bl Sl g 23050 Al
g ey PV Gy o e o Gles o8 o 5o
azm s lim 5o ol adad Sl b L e ol

b e aslsl

)
Ax + 2 At Cin+l (A‘-’H-l)l: 2

f2y

4 i~1 (Y\)
]

;KRS T PN BTN | f o Cond 3
ot 23Sl [N el sa3 4] Sl
SV 0 8 Uae (G20 stezobest sl
Cmsd Ay S w2 Ydlae 03 S Jeadin Sdata
oS Sl 4 S plomil W Woles 51 JSCS 33,58l
s 55 LS (Gl 1 Ch o Sl e
o 45 5 ol s Sl i ZIWPC
s Sl il fl_"'"“ by s 0l o
R CJ]’\C-J“ NP
sty S¥slae o8 Jm g ST 4 5l
Job 3l Slilos o o e 3 (pl
£3 pydne Slasle Ly ol S
o3 ey o Sl @ Db 3 250 0
i pa o Sl ploil Cogar AL o aelil
23 o Sl a5 e 55 g S0
Ualas 3 oolimel b cam p2r Solasela 3 (53559
s (5355 Coomd 33 e Sibe
VT RIS RS\ DU 2 11 PV IV P
8 S A e g (A
Ol e (59 vy Toblos dsloa (12 3 90 0
23 by i Jaker @YY osled o
(G 9 ey A pendm 33 ilgsl Sl n

Zl-n 9 Z;H’ cA,-'il LA: ¢A~n+l J._:'Jl_...__._._....aa

1-Explicit 2- Tteration




" Sl42men 5l (90 g (Giludand g1 Cull g oo B ud Tassea 1

Ag—

Zpa “"""/

AX +

Jobw (o 515 9 (e sl Zpoa =Y 2 lend S5
S A po 53 Sl

‘-9_)4';‘ CMJ\'L’ .jj‘" a8 c;]_g L;L...ﬂl’u 3_)5‘ ‘.J’.‘.JJ%

1545 o dnaloes o3 Asles b
mi_ T n vy
A'=15 A (57

S208 0 Sb i a5 L s
Ao g Slalome d o B 6l cnndVL
el dn gl e Sy el o
st 2 O b e plade Zombes 530l
o 53 s o8 o sl (g5loans il e
Y sl ol 3y dal gl 4k

VY o lads dlail) g 3 b ol e 5o
Al slo o A™ S Sl ol b w15,
oS D g gt Lmnnd 093 Al 3
Gyl ol ol il ks Kl
(Y0 oplat ilasl)

2 Ax (<Z" 4 Z7) + Ax (A7, + A7 = 07 A7)

a5 Lalpe 3> SYdre gd0s o
St 9

o U e g3, 0 «TJT ol Cla.a L

s fors 52008 D pla 38 e
23 W (5 b B S ) L
S 833, 53 S Cobun) adss U e
Sl plpb s asile Slilow £y 50
e llous 3.8 rags 5 0L ol Ll
S S e w0 ($3350 52 0L Cobus
S50, 3 = ol A bl 55 0L > Colus
3o 3 m e  al Gl sl LB
ool ) Sl el s 4 Y s s

:\_......._l;"f_).ld.\ anJ‘l. .‘.L-;“","'.'. &
NS 'Ia:_,...._o J.l_a RN uvk._u LSU::’.-_,‘LJDU_ ~

J:Ol__"ﬁgs-l_...acd_.l;u""d_l:-‘ _}.A_).:L',.Ll)!l_‘..!

o
A =

ntl
A =

Ac + 2 At CI (A7) %

Pz
2 CIY (A7) + 2 Ax (<27 + Z]) + Ax (AL + A7 - A7)

, =2 (Y¢)

Ax + 2 At C™ (4™ ]

(Ye)



YWAY bagUi YA a,leal [ O W/ 55,0L08 | pwaiges Siliuing aloe Ve

JPJJOQﬁ@LALjA:Z @TJ:AS
Lol a8 et JSG Lle =8 5 bl

S S (V)

_0'2+p2—2

T oples daly 55 YY ojleds daly 5l L
:Jﬁdi&:ﬁé;d‘ﬁ‘_’

[ wP(x) dx =, A3y,

J‘XN .XN - X ﬁ-al dx
WA Xy T X

(YA

rodls el ol 4l

WP, .
WP, = —1- (Y4)
Po, +1

(_gl_}_u onﬁhﬁmb}#:WPE VLY

23 edd e laes =Py 5 oSt Dk

.;;Mn'uxN_I

slac, e glaosls -
Vsl (gode o oo st 5y Sde 4

Sy s e 3 5 Come bl WS-
rdsene Lyl e agd o3de slls, b S
5 &) b bl slede Opasl 2,
e 5515 LT L Wl ol dslie (ks

SN [ FRS LF W Y R S B R

ol s by e 4 g 3
| WFPSICIPE AT U TN K P EPCI ¥ P
Sl Colbas Lo Ve Lo e 8K 5
ALY adas O )3 (5 s bov 2 (52958 (oo
Fwa ol gley o8 G s V0] el el
Fo it dom 5o Dlajen Hsb ar (59 g
3adss Jorl e Ol ke SN a5 s
R L e
s 3 58 30 d Al e (Gilwand Gl el
399-) Sotima Gl oS ol g Sl 4ids
3l e gl gl (alds 4 U S

[V] 585 S me Wate &y (59,

Jolmat 35 80 (paaaes JraSes dailime -
Sl
s e 3 (Pte) bt b sl —
5l e P oSt e a0y
ST S SR . LIS W P T WE
e Sy 5 0 (g5 i e
Aol S e R e b ed iy S
Bpme (S e (Sl 5
3250 5 Sl g S el s
itsoles (Strelkoff and Katopodes, 1977)
g Jdo sy Sl 03l DL g ) 5

38 L) S e i S s

A =( xN'x]ﬂ (1)
Ay Xy — Xy



V3 19392 ol (G190 g (Silwdend 5t Cull g puide B Ly s )

gt 0l G i ZIWPV Ju_
Sl reen Ll 03, 5 (g3l ol
SH hy (G 95 2 53 e e OO
Ja ol e b K s a5 ol
R
cests L ZIWPC Jua & a3l eeah
Dy ) Bled Jadm) ghaesie sleiles
GlSE 3 a8 w3 el ey 5 el
WSa ol ol o o3ls OLES 0 5 £ olad
S odal sty (S35 58 Sl Amylie
A Gl e, oledibl b ZIWPC J
b g o e ZIWPC Jss bzea gLt
P L R RS Lo Y
sove b odde ool Gl edal s 4 (59
Slesyse sleiilasl sl s 4 G5
e Oy glas &l M g it
el oledl LB S e ZIWPC Jus
ZIWPY Jie sl 5oy W e slaosls
9y D o 50 ZIWPC Jaa 5 5455 555 4e
g b ds i 00,50 Gl a b
Sl 3 e se on) Oy D2y US4
ol gl e 3 adom pe ol (hem
S srm 33 s 5 3 Gl ol
ol il 5l ol sl

.[\\] @‘a“ﬁdﬂdjﬂjﬁb{;

Sy 5 (VAAR) IS, 5 (gl o5 bl
Jad o) Coud sd 3 eal il (Y4VT)
Sledol [V Y] O 5 Y e VB
BETE PP NENFRCH) |- Pu5 ) P S
« (Bautista and Wallender, 1992, 1993)
Shas 4 38 Shalesl s e o mleel s
Vol sla zabily 5 a3l s Row g
L5 edd et lama dxly Jgb gl 3,
S 33 50 ZIWPC Jus {)_,nﬂ Sl Kled
2035 S sl okl sl bl
Jador) Gl 0l oolind Jgl (6 dgda gt
b oo e Uslee J¥] (0 58 Oz ) ke

el 0l C.q.-.:'fﬁj.a Lg\d.ia.ij a2 U:‘-}J 4 kl.GJ__)L:.I-I

e oige3 -
st el Jleel U ZIWPY Juwe oy
033 Dy (s 550 SRlesl (5 93 (sl p3Y
2 288 el O et Jgdz e s
$lae e sleisbest s ZIWPV Ju Sl
aad ok 3ls OLL Y 5 Y olad glelsa s
(AR 1S5 liulesl (gl (o pm o
sova 3 Sl 6390 34 g0 (VAVA) (5l s
3ol s @y s ok a3l LA (59

LLL._J‘U.G_’:.:JY‘JY SJL—.AJ‘_QL._G.L{J:



et A AR AP At S 1

VEAY bnali/ 14 0 kol / B sl 55,0U88 qwaige Colising aloen

YY

Sl g1l S plalyly Y 0lens Jga
o (39,9 s 2l Ol ; o
Modr gy sl el
YV YV YEAREL YAATIVA a
viee¥ VYA /EaY YRR K
/vy efeva¥q /e ioea iy Fg
JOE0 [Fatt VY ] (A:JU_).) j'.'._.]) eQa LIt UL!J"" L
YA Yoo Yoo \ (o) o agm sk
sy VERRNY v ATy YTYY (e 53 ) Sy o g s
'Y vt /vy /20 NETITR VIS N PR
VA VYV YA ¥4, (aida) gy Ol (':L" ole
/AY A ATARR! 3 o,
A VAN AA F/OART O
Y EY «JOTEY FAS AR Pr
YivY Y/AN YAV TTY Y/AVVYYA Pz
(1D 1
e ——————— e T
R .s,ﬁ‘ﬁ,f‘_;lu‘,'f‘_;hub
5‘ LTI _JJ-'J‘;?‘JlJ"’" G sl
_;‘: g ™ e el Sl el g5 e shaests
-‘% Yor Awga AL —die e Sy gl
'_'3‘; oo |
9
I‘;,‘ 14
~— 1es
o
a A Ve Yoo Yar
(J;n) Ao e (Slval 3 dbold
L

s e o e Rt A SR et i

(YAAR) JSitans glas )30 gtaoals L ZIWPV Jio ol

g o —Y 5o



\4)

Sloagn 5yl B9 o (gl 1 Culi g o band e baare

T oSartn M sl slansl
" \»_ Ui gl el g A sbaeals

iR PR P T TP FOR

e et o AN = e e SO gl

{aida) satel £8y3 3 Oloj

{ o) 4 gor (Slusd i dlold

(YY) 30l 5146 350 sW0313 & ZIWPV Jito gl Aaglio —¥ o jlod JSS

I =

BRI TY R e P U

 Jie bl 3 e gy glanals

T e Y st gt

= e g ) el g ey sl |

daga WOVE =da e B stk

T 8955 3t Ola)
=
;

by

(4d2) 5

() 4329 gt jt dlelh

95 S da0gyl (5148530 (sWodty L ZTWPC Juo 200 dulis £ o land JSui

- ]
,.—:.—F--—-r-""*—"""—“""““__‘ EF PP T il il . \
" P07 s e gl glants
I"""'"""”"Ja.- Shal 5 el g0t \5“"";
" TR e U e gl ‘
A

T T A gt et gy py Sty

Lo )3 VYYD o e e 33 gt

{4a58) (5 )T £955 J1 Do)

(o) 4z g Shaz) T Lol

S (5w Mino gl 50 s3I L ZIWPC oo 20l dulio -0 o )lens JSUS




VPAY Slangbl T8 0lond ] B s 55,918 puviiga liios e ve

e 3 ol S48 S (83505 (o3 e
ket et o ok 0 ol by
Usles gh,— S 20w O 358 gla i
heme ST 3 SO Sl S 554
Sladed g3 s 5l eslin ot b wcli ol ot
L e fo csolal ol sl A 4o
ol 20/ A BB x50 a0 AT
NOUWESISRRYIES L1 - N SRR VY g AR )
VYA @y el ey e e
el
5 Gy Slgronn A slad JS5
ZIWPC 4 ZIWPV Jus 35 & s (65
Tl )3 (88 iy A e Ol Lol aslia
S ZIWPV (s b 5 ols (goleand 5 455
sVoviA eV L s s 4 ZIWPC Jua
o=V ZIWPY Juce ot ol ol wids M
5 S Sl g g Ay |y 4 e
1y o e o 03 ZIWPC Jua 1,
Sy Sl 3 (e FeS des 3 VoA
Ay s il S 93 el Jels

.J.;Jll

aaidl -0
ol g puiia 23w (ud Japmo 31 s o -
ZIWPV e ;33 &4 ulows &g
Sy ol et Jama Dl i oS S 5 5
ol glin 3 gk Ronlona 53 3 S50 Sb 4
St o ol 3,8 ZIWPC Jdue s Wl o
Aol 5 el Ol 5 b Olye 4 LS
Oley plod 5 5 azmy o sl 53 0dd st Laoes
G el 0l 2 B E 3 DLy L
als — el Uyl o ol )y
R WP U N F Y O S 1M PP-5 e
i ol gl has aalis DL glas e
oxbiiut (YAAR) STl (g 0] =l 5 Laesls 3
O JEP S VAV N PR VoL G0 RPN PR
9 a0ledal s @y 0 e Jas Jly b
A ol ZYWPV Jue 5 sstizad (st
ezl b WL ZIWPC Juse o ol oty
Sl S et Jamee Sl (61 1 3 it Aol
oy Slasela aSil 4 a5 LS s
S el (S ) o oS b



yo Slazge (5wl S5y g G3ludemd 31 Cull g puiio B Gt e ]

A -

(e} 4Bl Bgdi il oz

li-ﬂ-ﬁ*-‘***.“
LR -~ .
‘**-thk.k‘ < b ZIWPG Jha b gt gl
-~
-~ “'“

= ZIWPV Jix gl g arhy gl 5
s ZINPC s gl g a0sa g4 2

— = ZIWPV Jia gl g S 3

(0] A g (Glaal 3 wolé

J30 33 (5131 59yt 9 Sopebat (Sleiorio Dunglio =T Bylowd S
(YAAR) JSSlgzmel (glazals 4L ZIWPC 3 ZIWPY

(DU) 5 25 s e 5 (CU)
AL sV s 5 3 sl (5 =S a3l
CUY oo 33 opl ZIWPV Jua 5 a5
Jis 5 dwy3 WO s WW/E o al, (DU
deoys AVE ATV s 5wty W ZIWPC
sl i a3 e
Sl Sl s po el 53 0l (5 S 3
S el magmle VAV L h e (V4AR) JSSH e
o Ger b ye ZIWPC 3 ZIWPV sl
5 Sl ML il e 5 a1 aily 558
ZIWPC Jus 453 S 5,50 resil VAV
025 il gy Bl 358 Sl Gas
VO 1 ab b ,i ol Ges ZIWPV Jue Js
TG [ ) 1 FURRC SO I Y 358 i Ao
@l 34 dloes 5 0 dd s Jamee T D00
A i S e (Solal Ol plas
b gt ot T dl o 3 g | il 5k

b aml by i ol by oV Slens 502

sl ;s ZIWPC 3 ZIWPV Juse o5 iy
Oz gobal pladl 5l dmy 5 (g i Ao o
pladl 5 oy 5 (59 piy Ao e lgmt )3 e e
s 4 S « ZIWPC Jue (ol
etV )3 1) mednd 3y Goas ZIWPV
St A g Semd 02 g S aom g
B atd 3 (S 9 ey dd o 53 Dl 03 e
Job 5> ol 3 oo 4 gl bl
53959 25 0dd ot B owe $ 50 4o g
vz 52 Sl G 4 35 L g ol ST
daoen ol b 5 0L 2 s (3 Ol
oS S Ul la b e a8 sl s
A3 e dpb el @) ZIWPC Ju
353 s S i BAD e Ja e
3ad ol Gas gy ol Gl s el 03,5 eslind
el 03 5 35312 1S g (Sl 5o 1 Bl
bt S SIS G S 0o



VAT b/ 1R 55lans / B s/ 55,0085 puripes oo dloe 1

Y e

{yia) €8 34 T Goe

‘A4 !
..
et 3

— TPV Jte 5l 50 sl e
— = ZIWPC Jis sl sa e sl |

st ZIWPY Jae 5! sty T ]

- k= ZIWPC Jis gl st Lt 5

Q- ba 10

() 4 g Sl 1 dloth

Yor

P ZIWPC ZIWPV Jio o5 gl 48l dai5 O Judg p2 Samliie -V 5 ko JSu
Syl ploil g (5w (glec!

PR U R DU N VTG [ESEN It LRV e
a8 3581 e 5 3 i dloee 3 0
o0 LAl Je cpl 5o s 0 A e Ol
Bz pl v Sl S
Jdos o Ml on 28 358 Olje 5 el et
islous 55 1y 0k et bams 2alS ZIWPC
ZIWPV Jus o) s ol Blad 3, &
033 et i 3 i ol o gie es
Aol s sdee Lods S Wlg e ol
e 4 g olay csd8 L S i ot O
P g B N AT RY
s 2t S5 35 g e 4 O
L8 b e Al 308 ol o Jaos
I st e 3 i il 53 O s
bl Olas s a3 55 358 Leloms (31
ol 833 e il andl 35i il Ges (Bl

A

1oyl —#

ole; ode ZIWPC s o3 35 Gileand
Slae e shmedls sl (gl 1) (690 Ao
dc._ﬂggﬂj_f_: JJ_‘l_.:I.L;_w‘aJJS)J_giJ__!J:aS
@UaMﬂhﬁﬂjlﬂ%deru
ol yo asly 344 gi&u‘-cc_’ul 23S eolizal
o 25y S 4y g a3 pad 2550 S d gz
3y Tt o oS o (595 03 ke
.g;umlu“a)jwﬁtﬁ
JL;:JA_'E-.:?;;_.»J%QJJ}J_:»S%?
S mee 1 O30 SIS 0T e 4S5 e
ww.@‘s#@bu)bewﬁ
L,.;L_plkslg:.‘_,j)a):_:.ﬁg.ﬁgsj_ﬂgf



Y leagr Sl G190 5 Gilwdns 1 Cql g paile Bl (ud Tagma ]

23 0t et Japn 3 Gl g AS
o 2 e Adsl el e (gl 35 dtons
by 4 O S350 ) g g 20 Bl o
B L L e e
53 add g Seglddt anl i e e L
fedye b Jodo o enls L3 ae ) e il
S ek ke a5 Ol co3d8 L &S el O
S oy ey slmn Slemi g 5
sy gt S35 Sy pLgh Ly o
GRS 3 ey 0 et Jae e

b e

:am,@ﬁ—v
O S 7 PRC el s b o
Sl s okl iluand slgdde U sl
ot Al S 4 O s Q3 2 L
YIRS VI PR L LA PR HR VR PR
s bl e b s 4l 358 O ke
S ST et e S a5l 2V
peily )t amm g Jab 53 4l 358
Colwan s glgds 53 aiaman D Al
Lol Lot oy T 348 48 (gl pr 0L

wbuui@l)_::d_gaum}hpﬁjgt

t&bo —A

S0 S ujl.ﬂ»ﬂﬁ‘,.ﬁﬂweb.\_éw%&h?uﬁjt iy S o2l Juo a5 VAN Ly e g 03] Pael -

DI 155,98 BISUBSNS 6 a5 g (5 el )T (ouwliad ) aolicslol cisheampm o55tf lod] g (g jlovunsd

-

O

s Adoxo Ldazuga 45 ol Babi p bad (i Juome it dalline AYYO o 1§ iy ldgem%a g @ Do =Y

3-TY Y g) (slo;lend ondjl dlen g 55llS

sty g b Sl by S S A VYVA 2oL aiilh o (gm0 o o st o il Y

(5538 WES i g 8 SAIST dumwe bR ()13 T Bylond apul . odaw (gt S0,

4- Bautista, E. and Wallender, W. W. 1992. Hydrodynamic furrow irrigation model with

specified space steps. J. of Irrigation and Drainage Engineering, ASCE. 118: 3, 450-465,

5- Bautista, E. and Wallender, W. W. 1993. Numerical calculation of infiltration in furrow

irrigation simulation models. J. of Irrigation and Drainage Engineering, ASCE. 119: 2,

286-294.



VWA SUaclIYA o)los [ 0 ala/ 65,58 pwriigo Cilludions o YA

6- Elliott, R. L., Walker, W. R. 1982. Field evaluation of farrow infiltration and advance

functions. Transactions of the American Society of Agricultural Engineers. 25: 2,
396-400.

7- Elliott, R. L., Walker, W. R. and Skogerboe, G. V., 1982, Zero-inertia modeling of
furrow irrigation advance. J. of Irrigation and Drainage Engineering, ASCE. 108: 3,
179-195.

8- Fangmeier, D. D. and Ramsey, M. K. 1978. Intake characteristics in irrigation furrows.
Transactions of the American Society of Agricultural Engineers. 21: 4, 696-700, 705,

9- Izadi, B. and Wallender, W. W, 1985, Furrow hydraulic characteristics and infiltration.
Transactions of the American Society of Agricultural Engineers. 28: 6, 1901-1908.

10- Ramsey, M. K. 1976. Intake characteristic and flow resistance in irrigation farrows.
M. Sc.Thesis. University of Arizona. Tucson. Ariz.

11- Schwankl, L. J. and Wallender, W. W. 1988. Zero-inertia furrow modeling with
variable infiltration and hydraulic characteristics. Transactions of the American
Society of Agricultural Engineers. 31: 5, 1470-1475.

12- Schwankl, L. J. 1989. Sthochastic furrow irrigation modeling. Ph.D. thesis, University
of California at Davis. Calif.

13- Strelkoff, T. and Katopodes, N. D. 1977. Border irrigation hydraulics with zero-
inertia. J. of Irrigation and Drainage Engineering, ASCE. 103: 3, 325-342.

14- Strelkoff T., and Souza, F. 1984. Modelling effect of depth on furrow irrigation. J. of
Irrigation and Drainage Engineering, ASCE. 110: 4, 375-387.

15- Walker, W. R. and Skogerboe, G. V. 1987. Surface Irrigation: Theory and Practice.

Prentice-Hall. Englewood Cliffs. NJ. USA.




V4 Slazagn Sl FEIEKS g 5ilwrded gt Coll g yuiie B ud Jarxe 5t
16- Walker, W. R., 1993. SIRMOD: Surface irrigation simulation software, version 2.1,

Guide and technical documentation. Biological and Irrigation Department. Utah State
University. Logan. Utah.

17- Zerihan, D., Feyen J. and Reddy, J. M. 1996. Sensitivity analysis of furrow irrigation
performance parameters. J. of Irrigation and Drainage Engineering, ASCE. 122: 1,

49-57.



Journal of Agricultural Engineering Research/Vol. 5 /No. 19 /Summer 2004 80

The Effectiveness of Variable and Constant Wetted Perimeter on
Simulation and Uniformity of Furrow Irrigation

S. M. R. Aminizadeh, M. Mahmoudian Shoushtari,
A. M. Liaghat and S. Kouchakzadeh
Infiltration in furrow irrigation is 2-D which depends on both time and surface
characteristics at which infiltration occurs. However, in many furrow irrigation models,
infiltration is determined as a function of infiltration time opportunity, assuming the
variation of wetted perimeter is low along furrow. In order to compare the proposed
asumptions, two zero-inertia furrow irrigation models were developed, one was ZIWPV
model, which considers the effectiveness of wetted perimeter, and the other was ZIWPC
model, which assumes a constant surface for wetted perimeter. Solution of finite-
difference equations is obtained with an explicit scheme. The results of two models
were compared together using schwankl’s field data. The ZIWPV model predicted well
the advance time which was measured 157 minutes in the field But ZIWPC model
understimated it which was 10.8%. CU and DU were estimated 77.4 and 68.5 by
ZIWPV model and 93.1 and 89.4% by ZIWPC model, respectively. However, they were
measured in the field 77 and 64%, respectively. The average infiltrated depth in the field
was measured 7.47 cm. But it was estimted 8.6 and 7.43 cm by ZIWPV and ZIWPC
models, respectively. Thus, taking into account the wetted perimeter effectiveness to
calculate infiltration during irrigation improves infiltrated water uniformity, but
overestimated the average depth of infiltration. Also, furrow irrigation models which
assume infiltration to be 1-D, predict well the average infiltration depth. But, they

overstimated mfiltrated water uniformity.

Keywords: Furrow Irrigation, Two-Point Method, Wetted Perimeter, Zero-Inertia
Model.




