A=A o/ PR JLaTA 0yl VA s/ iS5 5 5 bl S0 3o oawsigee oligioes

AERI

pbWio 9 ytio (haw o L JIK> Wb j Al (AL 3T (wy
Al byl 2 4o

Ol 3lgz 9081 Hslek 1 pmows

G FVYYVOOYTY U_JJ.J Q‘)_J ﬂ)b_.‘b‘ s)b__‘b‘ Q‘J_o} Qs olKasls “Tj ia5lr- (g saSisls s@] L_;leo)‘[,.u 0515 J}iaw.c aJJ)lXJ

gl ooz g oy T (slaoslo 09,8 JLetils g ksl oolid IS A gl il send oy

*

ja_ahadiyan@yahoo.com :,5elo

*

AN ¥+ 5y gl AOIVID 18l

ouuS>

E4

ouwd &A1y Sl sl e ;3 pbYie g 5 ykie b G Cod SR Ll AT 2 Ruiulejl owyp 4 e ol 4o
ot o amygl g sk Jold cwiiad g el )y 9 S o S 5 32,5 (20 Jolud (Sdgpaud (51 kel 5 L ans!
Foco 10 g A0 (glaslad ay (e (Sgpd S Ml () S Gl g2 B39 G piey 12 b BASASS J5U
S8 b oxie pps Do gad i (i le ;] SWg i sliiigle;T 45 (J3U cilisee (ol yRed (gl Co
Job 5S1as (Xp) da o A CurBige b g9 )3 oo 4 G o 2 (A1 (59 puioy (ST 2 Jolid o Cx (b >
Blguto dxwgi oS D o0 Ui B wyp zals .03 )8 oy ol (Kinin) Sl 500 Jab w810 o (Xina) 2YU 550
A5 aad o oLl Wodld Juod (miined B iy o0 O g0 (Sl 98 39,8 dlas! o JRs e S 3l (g ik
990y £+ B3lal s Xinay o3 £ 831051 49 X cas 3 Ao a3 10 5l J5U 2y RKod Ggl5 il 381 b (nSbo jgbas

Ot 45 323 oo Wi (g bl Jalowi 51 0alianl U 3adiod oyl 31 o] Cawddy gl ol oo (Wil Ao 3 £6 3gas 45 Xigin
ol Y5y Joed B s b s pué Ayl G 3l > Arwgd Jolos b (o081 ol dosio Olpogad

SoiS slaojlg

‘;:L:siwb o 50..\45).4.«*:.’ 29 A 5Jl§é .55)5 das sd‘)io)a :\g‘sl) o> (554'*“3" 3.39..\9% vay“

Lo 51 o gle S Ly 0a¥T 5,551 ome (3,51
gy S oo by Sueal G Sy larone Lads
5 Looa S el gyl 8 o 51 el el 2155 i,
JULI5S el sas iy ol il yo (Al sla JUIS
slpoouSa_Jss 5l eolawl ,o (Kourafalou, 2001)
Sl 00,5 sadlive laailsog, 4o Clay ddzs 4l sl
W)03|®omwd)bjo)oyialaw45
g o 35 pete atals cpl yo o Sogll g Glae )3
e s 00 S L5 s Sy ] 5 55
s 5l g 0gi o Lmoa VT 5 3 lae )3 ool g

M

Aodio
s Lolsen ol mlie (oo ol o
A g)dg, ol slacle; g Laclay ol o)l
Lol o=l 2% 5 @55 S55%% 5 ot @bls
3y Jome o> 50 ogatan waspdy ol wlis yo
aile) s slaosgame 5 o] ;b 5 lacla) ol
5 S omly Sheey Lol oYU (o & g
b Ol ol e sl (s 2500le slae
S5 p s L bl ys o b ugildl o (55085 Dlogse


mailto:ja_ahadiyan@yahoo.com

M=AT o/ IFAT JLal A 85los VA sl SB35l o5l i olisios

S g cged Slindod 0gb e 0dipndy O
pbMie slace Jols slow ,» (De witetal., 2014)
Gl s @l s g il ablite ol b 4o
2 i e ol (Bl e s 45w e Lt
PSSl bz (o0 Sl 80 S 50
95 9 S5 L i 5658 (e DL > >
Sgn g ol bglse 50,5 L (Zhang & Zhu, 2014)
Sz (FolBlonly (oo (o) o JiU S b
Lo Job by sl abline glagl > )0 log=
Pl ol 6 5o o sl (Fobdlonl s 555
Ji (gl am a5 Saw; ams cpl 4 Glag> co
©)ygmody dlgi e 9 5L8 (635 pe o> coniiS 4l |
005 b il e playz 5 S S8 o s
g oboml ) (Soldlimly (govie doainns 9 (3l (6 ymne
(Oliver et al., ;Lo 5 5.5l oS o0 byt ol
== (Shao & Law, 2011) 4Y 4 ¢ilis 4 20133, b, C)
Cor 65 o b (FabES, eSlee 5 (Tl
3 )9l i g 55 el L) gane ol
W) Amel Gl A 9 930S o az el Al
Sy (e gl s cm S L)l as
sy 5 emetle a2 )5 50 S ) (g5 by
OhHlSen g —wule g (Abessi & Roberts, 2014)
lFaiz gl 5L plesl ow, 4 (Abessi et al., 2012)
Ol Sl ooliiul b g aizls y S8 slace &l5s
) RoSe Slbe L Alals jSlaa ¥ jo clale oo,
Lo b 5l akold a5 ool aiid 57 azis § 20,5 (o) 2
93— (e il o 2l (pwain slopiie K0
s (F1833) 5 b on Gl (SOl i
S (o g RalS 00 (o polie I g
o b 955 Sliiss o (Lai & Lee, 2012) J 5 oY

5 iy Sloyeme a5 aidl o (JBs 8l olj] slace
Lyl o oglss ccdeas oS b oyg5 p dlaii o cldale

AY

UL gPS NP IS SUNNURN PV BV B NERC
Slxao gjldas 5l (Lee et al., 2002) )l Sen o J
Sl 7 g e Sl A5 (6l 3 pris oLt
=2l ilbdoe 5l S Gl 5 sy &35 (o2
Sl 1y e Jo—il s SYolas 5 00,5 oola il
L ol oyl oslesls (b s bl &8 > s i
St S Lps a 00l 00ld Ay Joo ol 5 eolaiul
9 e WS0)S (e |y Co S8, A ol
Slogas> o, » 4 (Abessi et al,, 2011) |, e
2 e gl Sl (xh A 0 o
s 5l g asls oo ganay 5 Sle ol lee S
Slaastin el jglaieds 095 2Kiolk;l Sloalie
Sl Ul i GLONSL (o 8155 50 L >
0, esleul S slala e o Ll
Gk ol Ol (esin )L, rizmen (liine ()
A5 eSSl Sl BBl 5 Al el sleant
5 Oboml Bl s soel Cwdds ol 098, L5105
(Ahadiyan & Musavi-Jahromi, 2010) 4> (S5wge
Bl o ) Gkt o bz deng » 5o Jaloe
= Tl 5 5 onn Sl Bipdy O
Sladdsn UVDP LLssy SwsST (s oo
a3 S5l e alidee wblie ;o oy
Ly oo (g yS o3l ks gl iy dlie Ly i,S

S A ah asine (rwsS Jboy e 6,95 aly,

) )| oolax

Sort OeesS & 3l 0ol (g pSeslwl e s slafids
(Ahadiyan et al., 2014) | )LSen ¢ Lol oS
B9 Sy yied Slogas g @3B Ayl ST o) 4
e Jome jleslitul b o jine e e Gl @9
Sl am e yielyb sl oty ol o aSls
Lz 09,8 due @ Sl S A3 i sl 5]
e (s ol Aball (pized (W0 (o
e haw GlaY b o (b i bM)W el



e Cod JBe o 4 il )

60&9—;)&5—1&}5 :\_».>la e |) p.}a)Lo_A 6‘M )5L§_¢$)
L_f)..:- o, S Lg)'LWJM Q)‘)_>- 9 clale G s o
Loy 5 co STy 5 2395 L (irka, 2006)
oy gl KD Joae lead ganay o pdy
obazl g oolyledw |2l 0,5 solaiwl c oS >
G S| a4 (Salmanzade & Ahadiyan, 2016)
B = 5 JBep b e 0 (295 S 0L >
39,8 slael yo B e bz )3 Cx (b2 698

5 Al iaren wed e 3y Sl S
e )0 Sz Gy (G9iam 039u5e Axwgl ST
b 30 a5 Sl U Sha8 plp Voo 090> U 5lee e
D35 ksl T U bz 5l Glanwg iz B
Ol pizmen (yldiire (ol (gl gy o a8l o 35T
ed e S0 BTl i slacdale jo aS was o
S o Gl Aawgs )0 5l 8 S0 pdy Lase il
ol e 5350y barme 51 e
J Sz b S (i S ail 4z g b
3y90 a8 Gl saSalss joagly Jib b oo
ol B o gy0nl el 4,5 158 lakos az g
2 b g 0,0 (b Cor e S8 Glay 4155
g Lo ytie g oy °l§—5’*—.’.L"}T 2 hab sl >

aslol jo aS coul oo (53,40l (oo slaiales]

Sgd go i3l ol 4

gy g olge

Saad g ip sl ally Fl Gedod Gl o
35 JLSz 5 obSe w0, hie e o o
OiZu (pl )0 gyl 5l el eads gy p Il slab >
Oygodn (Hhw Lo Gl &S > @S sle il
30D oy Loyl ) SS Lol oo il w50
s oe ol |y JBs (b Cx b

AY

= (Cuthberston & Davis, 2008) g0 g (yw ylS
slacs 5l (255 Gl lay 5l (A0 e sl
3 8l O ygmodn aS ol g IS 5 s Sloplo
u_:‘ Lsugs—“"))'.' CJLA.) "b“\'“"gs" 4...1.'>u o..b).n.b g.j )
Sl—ogas 5 oz 0l > S9tay 83590 5 sl
6&_)Lm.) )0 09—90 (HG—) ubd Jaj.s_.w C«.C)_w
9 QL:A_'>| | w‘j )_».’ o~.\_:).:d.: Ql—’)?' C«.C)_w 4
(Ahadiyan & Musavi-Jahromi, 2009) o> (Sswse
T § RS S (Slg s Sleogad 5L
Soolawl by G yxun slopls sbhce o (Solidleyul
o=l Gleail abs S wyp 2B ikl slo fds
= Job s lie a5 das o lid i
O boes Juds a8 ol atasly 50 s 4 Soldlyul
g o> Slig o, Jals Jl  SKhol slag,s als
o SS9 ol Jolie 1 ieS e asmis o
Ol § o | S0 Solb—ulg,ae
Olastivn s ie— 4o (Dastgheib et al., 2013)

S L

sloas—b loslawl Ly glopls bt cor (g y000
i lie 5 o510 , ANFIS 5 ANN e e
ANFIS s ANN L mls U alfiyle] glaosls
i 6yt 5 ANFIS _egias 450 oS ols olis
oS g caliSels 5 s ams e 4] ANN 355 a,
i< 5;udaw 4 (Kheirkhah-Gildeh et al., 2014)
OSLw Basindy mle )3 jsbd glamio slace
LS Sloogad 5 i aighaSons bl 5 auisls,,
(G5 Ol )0 N0,S gy 1y Lale Glazio cr o
S sl 1150 ¥olae 55 obMie (sla Joe o,Slas
el 00l () 2 i dg; gt Sl Cod

slro> Q|9_'§(_¢,c aS awd o olis Slagbos ol C.:Lu



A=A Lo/ VYA JLaTA 8l 1A sl iS85 5 6kl gbo sl wotigee ol

=

[T

loNoNoNoNoNe]
AL LR

-

J&s e 6245

ol

Har

T ]

13

(@)

g
y
/ / 4
=L 3
f / £
// 5 /I /
/ e S
[ e
/ / /
/ \
{ /
,/’J / |
/ /
// Xmin
j
Xmax
(An

VU 313 (05 509, 203 (18 (s G ol Sl (slos =) JS

o.A_:.\J u_:‘ 6‘)_> A\ S ujd_: .]a_:‘j) ‘09_9

HIWW) C‘)’"‘Lw!

puiox, X, X

P Xmin
d," d

d

p p

AR

Pa

o

‘U‘ )é 45
S9r— 03930 (63959 jtou) Sue =Rej Jsl Sl
Sl JL X 0,8 00 c=Frg pgo el cc>

T ‘Ap

29l e g fhe B e =00l 0 &S

ol eyl odig vy g Sae =W, pos sl
o oo g oty ol )y Bl oig iy (Jobo Cons
(S8l (e by 5 YL e IS sk
Jlm o Sz s (o oy Cond oo 2l
ol o (2l Sen Al it Sl 5 sl
Sl g FYOY jalen ) sae JBlas a5 0gd o (5,510
15 Laialasl 48 ol iy el oty ¥+ 090 )]
2 Syl Sy aslass s 18 o (b > Bogusme
5 L 95,8 dae b amlie 15 by (Saiddy (e

Sl o=l Slgreml Jhaeal 522U ng sas (oo

AY

sobul Julos

Sz ol by oSl laill @ g b
S by, 4o oliws g biean 5 LS (b
L T e B B e S
byl was S Fie bl il o soll Jelos
odsipdy Jbm )3 Y Cz Jlw S > 55 S5
:londs 00,91 VAl yo

fl(palpjv/’leUOIdwgVXP'Xmax'Xmimg’o-):O (\)

ol e as
e =P (Y5 2D sl Jbms (o> 02 =,
o Jlw adgl Gllae cog = 41 o Jhw (o>
Lb =0 toz il =d (e (6399 sl ey =1,
A Camd S 5l (B8l (69 ey Lol a =X ¢ 4
cs’LQ‘ Ji—b = Xmax LSV g Condgo L T J’“
e @b Job = Xanin ¢ Solomly (s (YL 5
=X dgly = 0, 1o (Soldloml o Sl
O3l Jomo (o iS5 = 05 e S50 sl
sla b s ol Jdow 5l eslaul L (Y <D




e Cod JBy Ol adss (ARl w2

g oy dalss JBz b,z 655 el i el
=0 S oslasl Gl oo o <Y CBs L 3.8 jegld
s ahais w5 oolitul b oy JEx cor yeiie
iz sl Cewdty JBz S (29,5 S g b
b s nSoslal lp pold jusl s yo Jsbo sla 25 Lo
Pls oasadd b oo e bod b
A emg 9 omeB e Gy 3l edindy s datole;]
2yS s 1y ol (saglae i1 L g 0 oo Jiia pslo
Lo e 9 G5 O Gk 3l 38 S e Ol >
OFFe bioe By odipdy Jlew sol> psld (50
et sl g o wS b Sl e Sy e ) By
rpSskS P s Y N0 lacble L S b~
5 SRSl 5515 b Sad bal pasiie polie S e
OO At gl i e ole JUES! &) 55 055 4
sole l o ndy Jm po Sl Gy &5 > s
Joe ¥ ST o o solawl O jo s Pl (S,
Ot oasindy baome 1o p5ld 5 o (b2 (2R

Ll 00 00l

3 ol s e WU 4z g ble el )b ple 5 0>

Das s 5 b o e iolesl gl

23T oo o

Loy alss allisles] )y lp adllas cnl 5o
sbagle,z 5o pbdlie g 950 (b S cod JB
Olyez S olSils Sy a8 ilejl o sl
3550 @tale] Jao ad sl (g5ludoe 4 sl
slo,lens L @muj pold 5l ol JSCacte oolau!
ol g e s IS (oaSly iz 5l Sl
o=l @l e aS Slies e Vg P NIV
pods Joli wiois a8 5 LSas g aslu Lo yiolajl
5 axds oz Gy Jlew 8250 (e (R
Gt 5 S G5 ey w0indy by Of el ceny
O eitias 5l xS el Sl S Sl LIS
S (e 50 e

FeEC Jolids alizes (gl sl (65505l ol
oS ) edo b by Jlems 380

o
pald 4 59353 ”

soa09 J3b

I, =
Fapkd J¥i s
\ o Fj

o Jls o 33 o»"{

I

__/
JA
A

185

’-25\|_\ I &

- |L- B F ey 7

J¥5 0l e pusd UL

- 3
Y50l el any ﬁ

o il pskd s g

ZE20m

23.50n

o udy buse j3 ool g Cor > (ALl Juto -Y UK



M=AT o/ IFAT JLlTA 05los VA sl SB35l W05l wtigee Ooligios

M‘R‘o&wd_a)))gjt_mmsl_ﬁu_u& )J))_wo)‘sod_)))ub‘_]wus)éuieja.wp@d‘f

Oinles Gds ool o 1y Laialesl aabp V Joos  5leslawl U Lo iole;l s ol pgls slozsl yo

S e Sl 5l lges 56 ¥ IS8 j0 am0 00 gyt e VO 9 A D slajlad L (25 sl
Sl ool ooy i yie Lo O ;8 g la o Liax 09 g F X N0 ol Sen slaayl;

Sl (oo (w2 (51 bl 3590 g ylaw Conmd Y Jguia

cdale o yhd o (20 ol Sop & 9l5
(5 ) (%0 skro) (4l i) (az,9)
VO
VO «[+\Y
Y.
Y. ) 12
I
5 <[+ ¥A
q.
VO
VO “ [ YF
Y.
Y. A s
I
5 AR
q.
VO
VO o[+ AN
Y.
Y. VO ANIA
&
5 < I¥AF
q.
175mm
l/izszlmmiii Sm%% 254mm
T\;i | T% _
T S Y
(<) (AN
— ! z zrzp
Voo | | fer |
5mm — 254mm __ 5mm — 254mmf7f
T T\
v 2
(®) (@)

Fagskeo & o J3U ialed ¥ S5

4z ;0 (0 945,08+ (7 a4z 0 Yo (0 w5010 (I

Y4




e Cod JBy Ol adss (ARl w2

693l 9 O 0 )8 Bogazme slp yuag,mem g Jlums  cx ol (e Sjgot o 0l Gy b

azg bad zlsil o8 /o) cdo b Jusus @b a3 ,F e 8 Ol maw p les DlS el 4 5>
L39 ua?uwo (_gl.QLAQ 5O amwlod )‘ LS’UL’ wlo 4&0‘ aQ 6)_5Jg_w 9 oJ)JJdo JLW Ll L)l))‘> &y )‘ o
O Aty alh asin badal,) cpl leo piloaSs col b Sl (g9, 5l <8 L eools ¢ Solidl ol sove
Gt gy L (Slwlons )b SHIBIH jegjaen 51 gl adioo (g lopnSe DO+ SX Jow CaNON (550
dap 30 Sad ool Jlow &esls cliws ol bidel sy 00l ccas slo iS5 b o 315 5 liebl Jga>
L Seos aclale g0l 5o e puSoslasl LB laolel  Loos oo slopgai L ;500 b eosls (agld g,
Lo ioles] (g pm cpl 50 o5 atmusls (6 S ojluil 5l oolawl  Cewodn glm Al an a gl b .us )5 dvolie (o y90
Lo ol cnl o Loyl (SisSz ¥ Jgoz g0 )8 Jrus Sl 4 9955 9 50 S by S8z 09,8 29 (0,4
et olBislej] 10 a5 wmo o lis |y e slod jo e Al il o dils cpils 4 5Ls e pdy
&l cdale g aniils b g e Slles den ool oo B iolol sla g, 5l eolawl L auils ¢ (5,9

el P; “Pa polie Qo)ﬂmo@ é_,jo)JAEC )’| ‘_g)_‘,foj_ef.l_g 4_]43‘) Q_ﬂ O S

g 423 T0 (slod 5> dlensls o 6)9*:’ S s Al =Y Jgi>
chle S LI baxo sloo

G pesS) e il pomjishe)  (coo ol 2 p)8)  (ugmdes 4259)
Vo YAIA Vey A

Y. OYIA V/-Nay Yo
7o AATAR V/-YyAa Yo

Sz Ol 9t B3gatme LS > Ay 6l ooy g e
slwools IS ol o ol oo ooliiwl (e v g YL jymo Job LS Tos dx s Al CarBgo
590,85 aslone Xiin 5 Xinax Xp i ol8iiale] JBs (b s 58 (Sl
Sl odig iy g dae g JLSz 99,8 0ue Jlio 10 Xl Gl Bem daiales] gl s 5o

9 dmalio b Conlond gy il ol Koo slaasly o cois cm (b a8l g9t lol o> g
S99 50 Xp (oSl jobos &5 0l atio @l (o) g Xinax Lo il ez o Ak Condso b 5,5 oo
azye Ve a0 5 (lSen dgly psd Gl oo, BV L g oYL e sla e b STas lyeay Xinin
s 51 ol L Mo Lol sl Gl 8 g 5 S s (ol o bl 1 bigge (oo
Lol il ao)s $O Kinin g dey0 ¥r (ol Sen )50 00 ndy Sl gl ;2 olos 5 (2xba DS
03g e S > 45 odigphiy g da She B a4 azxg o (V) D) eaindy bpome (s (piS i ndy
odd 3 sloyally Gl b S (b Sopde i )0 09 leS She Lo 0l (590 Bogue

99 00 )y ayloged jo (ol Keo digly Eal38l 10 euig i yug sae g K> 09,8 b0l dw e olael

AY



A=A ol FAT JLafTA 0yl A s/ S5 5 55l sWoo il oawsigee Coligioes

WSS e A e Gl deesi sl 1) st o
Byl 2 )0 U0 g @l Ken &gl (RlBIL e 5o
Sl wmbios i GRIPl o (Sl (o
St ol Lagialsjl dan o 5380 () 2
Xofdy 5 XAy Xy )it ¥ IS i ko
ol (mhRes Al 5 JLSz 95,8 sae 4 Ci |
.M\DGA

9Sgy ey oF ISd e Bl bl sy e
el o] S By3ly i1 s 0ig iy (6o oo i
Syg sladsb (s9ta Wy, (alKen &gl palST L
2 N Srlean b aelol (656 b b o)
(=S dgly ali8l L solawe JB 992 0e G
el (ol Sen Aol il s (S95 S9rt sladsb
odspdy larze ;5 SS9y by i 98 Ay
9 5590 lalools S 0l 2 (g9 pty 3995 9 990 o0
¥ ISl sl loged e ez g Ly alony (e i
39,8 sae Gl Ly (Solsdloml (sovie Sluogas
39,8 e B3ga e (peizmes 1l e il JLS
o=y aS Canl MVAIY sae 5,0 U gl copl yo JB&
S8l Lol il e Elle s 2 039 e
ol Job amly )3 Saepe D5 (B 998 00e
Gz (59 iy 509 Dre i dx g 4y 5 0l o
o & gots Mals a sl oSyl ey sl
o 450wl eles Sl 4 5 ol 5
R e oWyt pg doe (JBs 39,8 Sus pogdle
o 03 pdy Jlw (o 1t jpan el oad
Sy (o) Sz Ol (S by BOgazme 45 295 o
b L (Solidlonly (e 5 wley (B Ol s (s
IS bogies S uulss 4 Cars i (glalold

AA

LU, baee Jdo .cal oals ools )lis Faogas & S
L Soldlyml sl gove 4 bg e oals (S8 sla Job
onm WH uu.>|)_9‘ Q‘F(FA ‘) rl)iw i_,s\)
Ledls 2l Ked dygly (2ol Sy co b > (g iy
logps 23l eindy Jlw o co olz oS> il
ol Ay cel (sy5led S9ym 5 (39 o Sl
Logyonl jleosdon odindy 0l o J&s (Hhw c
S S Gl Aragi () 5 6 ysbd (S sg e ytS
Sl ol sla i sl el aS (5 5bay WS
S35 (pping— (5955 090 50 H3al Sl yo aliSee
b o Ly opud Lol Jule g b > 69080
adsy Jlew L;lj.g i Cyaw Jloel b aS S| ol pdy
3048 S 09,8 sae yiol8l L .00 )T o bl onigd
o ol (oeiege 9 (S5 ey L (G930 &g
o8 il Ko gl el Lyl m ol
65)—'*“" 5&3.\_7;@ ).._Mu.) 5.4;»)9) g,«.c-l.) aS rg..».».ﬂ}d 65),0
e e sLa el g wboe il gl oo Zx
2 peiege Sy Hpax i e S938 ) (Soldlnl
4 (ml g (2lgS 0k phn pg dae g JBg 99,8 Sae
oyl el ) S gly Lialydl o IS jsbos s
So-dee 09 pdy Jlow 4 (6395 Olz A Yl S
L sldy) jo o S50 @ 09,9 5l im < Jlow 125
Sl oy 68wl Lyl as s)ls b, 55,5 ks
S bome g (S5 A ot S0 b g Sl

5 98l e sl GLeSL LS j5bas gage (nl a0



e Cod JBe Gl 4 il o)

600 - o angle=15 P
a angle=30
o le=60
500 1 x  angle=g0 ,{’
. — e || le=15
i‘ Linear (angle=20) 5,/ R
: - s a» @ | le=60 *
j 40 = = Uinear (anglecs) X ~
2 3 300
53
2" W
7 Y 200
L)
I'}ﬂ 100 -
O T T T T T 1
0 20 40 60 80 100 120
J&z 99,8 due
VU jn Jsb 551 ()
o angle=15
400 - A angle=30
. [¢] angle=60
boomo| _x moew ot
p e o |inear (angle=15)
9 300 - Linear (angle=30)
RS @ e» = ® | jnear (angle=60)
“", 1-‘ 250 | === = Linear (angle=8Q)
23
= “',’.9 200
Y 150 -
{, 100 -
50 A
0 T T T T T 1
0 20 40 60 80 100 120
Iz 35,8 oue
b e Jsb ST (o
500 - o angle=15
A angle=30
450 - o angle=60 ”
. x angle=90 Y
3' 400 1 00 Linear (angle=15)
: 350 4 Linear (angle=30)
-9, @ e» = ® | inear (angle=60)
—‘? 300 | emm= e Linear (angle=90)
4 250 -
3 200
:la 150 ~
100 ~
50 4
0 T T T T T 1
0 20 40 60 80 100 120
J&z 99,8 oue
4 oo il Job 551> (2

JB 39,8 sus 4 G (SOl (i Cluoguad il pui —€ JS

A




M= o/ IFAT JLalTA 05los VA sl SB35l W05l wtigee oligios

P Ojgoty B o A5 Cuils gad50 (pl

Big—dialow Jlw (0 ploe 5 Y5 0f s,

Py Gyt e (Y5 SN 0sindy Sl b cr
8390 me 00,5 oo ol mhaw p JE> o )b > 33905

03,91 ¥ Jgaez 40 Sidgim ol 5o s (9o sloel

Solidlnol gove Slogas Oloss 0 S (o

=l 5en sloangly )o oigdny g Sas 4y azxgi L
O IS lalogad jo cwl oud ool s (el
Slogas wdig iy yg Sde Gl 8l b oS pein o

9 9979 45 Wb oo Ll Soldlul sl sxie

o angle=15
400 ~ a  angle=30 O angle=15
o angle=60 600 - N angle=30
i 804 X, i?ﬁée;rg(oan le=15) & ’ o angle=60
- ey s oo x e ®
3 @ e» = @ |_inear (angle=60) 3, f 9 —
Do e = |_inear (angle=90) - Linear (angle=30)
H ] : | ewemeelj =
‘—’\9 3 250 2! 400 Linear (angle=60)
5, § "19 3) e = |_inear (anglg90)
;‘E‘%ZOO? 52300—
4 7 150 % "
. 200 + i’
i 100 A :,}a
50 1 100 1 ﬁ
0 : ‘ : 0 ‘ ‘ ‘
1 10 100 1000 1 10 100 1000
39 pik 2, L. c
PEorS 2 255 o) oig pluy ytg SuS oty
el 50 Job JSTas (@ YU jp0 Job ST (I
500 4 o angle=15
450 4 a angle=30
o angle=60
400 A x angle=90 %
: @+ Linear (angle=15)
3 350 4 Linear (angle=30)
Xy @ e» = @ |_inear (angle=60) % )
- 300 @ e |_inear (angle=90) 7
1 250
3 200
ﬁa 150
100
50
0 : . :
1 10 100 1000
odig pliy yig Suke iy 51
a2 s 405 Jgb 55105 (2
BTG puied 319 DIE Ay S (SN p by Sovie Oluoguad Ol i — 0 IS
KEVRRY RO\ KV JUVES - LYRE R (i PRES
>(min Xe xmax Re]- WbP Fl‘d
d
d, P d,
YOv-\Y FIF-7) OVY-Y# Y-020-YY0) AAEYACAVA VVAV-Y/PY

q.



e Cod JBy Ol adss (ARl w2

X

—_max

g = a.(lzrde )+ b.(6'f )+ c.(WbF,g )+ d

b D)
R? =0.93

Ko alfr)bloeofm)ea
R? =0.9

L(: - a_(Frde)+ b.(@f )+ C.(VVng )+ d )

R* =0.9%5

ool )b e (2l Adal) (40,5 et i ol

ST 0t 4555 0, 40 SPSS (s Lal l5dl s ;|
slayully b (s pe 5 s Gl slaghy) oS
b sl Jowe plaml e 5 2 g bl (el ads
bls; =l o S asns S gl b el sl 25
e 55LeT sla oy, 4 amr ea sl el )b cul o

sloads 00)51 f Jﬁd} )\) 9

w2y (g9 (B phol )by ul b (pedd € Jgua

Xpld, Xemin/dy Xmax!dp ol
\Y/A VWA \$1) a
AAS YOIY Yo/A b

Vo \/# \lid I

-YVIY -yq _VE d

<IV¥ JIYY VO o
\IY VY VY f
<Y <IPY VY g

St Jglie slaghs) 5l (S eend SYolas 4 by e
Eazeo Slygioes Lawgie ady) g olae 230 351
Jgiz el Tlallas £gazme bawgio dda by, g allas
|) .lo%),n CBS s 6]“54’“3" SYoleso )‘ S5 B 6‘)‘.’ I

5048 aes e s gloosls oo Ve ulul o

Silanslas i g bl Joe gl Sl

J38le sl eolaiwl b o po o yige &5 Conl o585

ools woyo A (gl gz ysd b9, 4 SPSS s k!
2oz ol dugi e Sleogas bl sla o
a Sl an asg Lo oyl sl 8o weaipdy Jlw

85 gl omolie JLme 0l a4 (R (et oy

&bl glaJae cds -0 Joun

X,/dy Xnin/ Xinaxl O G,
\aild FAA r RMSE
O /F- Y VA V/ER KERLE MSE
AF AY A¥ (doy9) 2o
VE VY \& (ao,9) s

1- Root Mean Summation of Square Error (RMSE)

a9

2- Mean Summation of Square Error (MSE)



A=A ol FAT JLafTA 0yl A s/ S5 5 55l sWoo il oawsigee Coligioes

3 S e b 5, S oslail polie F S 0g sl
Slr Slwlre bl polie Jlis jo 1) 393 slo el )by
B B b g el Jow amo o plis baiole; &S
Sz S > 0 e Sl bl (i 4 08 Jed
D9 o odaline 45 (5 ek len 5 Col JBs (rlaw
3O i polie Jolie jo Slaslxe glaosls yiST

oo adly Ky 4y K bt Sileos

9 C‘le oslo M)Q A g)"’l”" » (_g)Ln] LgLQLJJ.A

Ww 9 8 0)5])_3 6‘)_> Laoals Qo y0 Y. )‘
slaJos jlesleul b guiow ol o .0l eolaswl Laslg,
Kiaxllp polie jiole;l 1o lp oo sols laws (s)bl
G =Soilasl polie blie jo g dwlxe Xp/dy ¢ Xiin/dy
Ol 39 i et oy 035 e il S Ble 00
Sl sla o 51 S5 o cdo ol 5l sluled <>

600
500
4
I
% 400
% 300
g 200
100
of
0 200 400 600
sl oo Sl oo
b 3o Job pS1as (o YU 50 Jgb S Tas (W)
500 -
o 400
3
%
3 300 1
3 20 -
1
100 |
0: ‘ ‘ ‘ ‘ ‘
0 100 200 300 400 500
Sl polis
a3 s Job Sl (2

8w (&5 0310 g (ot yiy 9 3lBo —T1 JSG

Sla e s S ool L ildas ol 00t
— e 5O 0l 5 slaJy b o35 6)LA]
N

S0 )0 Ve aStl 56 g oS (g Wil oo o8 LB

Ay

Vol we e B8 oy p slaal, 5l SO

—or 9 S d S a3 jlesliul g,
solte Jlie y5 5, —Sejla il polse &l s
T SN G [N SN 7L | IR £



e Cod JBe o 4 il )

Do o sLii 1) 90 ol Slgren a5 Conl oy i
@l b ol g b dlie Ly sl el
Ahadiyan & ) x> Gs—wse 5 sbaa! Dlalllas
0Xigyion slo Jobo yiul58l (Musavi-Jahromi, 2010

Bafime Ao S (o C 0 Xy g X X

min

sl e MalS

b Sleen )0 Jwoiion blas jo Sl slaosls

Wl adly 4z, FO

iy, Sl b polo i g3y (gl o oy y
? Jgaz 4o 0ol Cwddy =l el sl—

Sl s U ol iogin ol g slawslis

by Slallbo gl b gy (] Ul Ay lie 1 Jgu>

Ol g Y 0 s ek KSTus ax pul Al Congo (o y

oslaiwl 8590 ol

o )0 Ve flpedy X az )0 A0 10 5l 5t cx 36 2 RKen dgly tali8l L

Abee Gl aoys YA plimeds « X g 200 YO (5 400 X

AT Syge 9 Oho]
(Ahadiyan & Musavi-Jahromi, 2010)

max

s Jdods a5 amo oo yLis §yxiame Il b o ol ene] Cassts gl dglie

Comd (G ol 65.51 (59 i shls b= CS o yus o A3 Sl o das .>|)"|

N B JFESUICH P

(Abessi etal., 2011) I,Ken 5 cwle

w3 TV lieds X, a0 A 410 Gl (xas Co 50 o) Kes Lol (]38 L

Aboo sl soys O Gliear c X g dy0 T plieas o X

ol gl

9 99-bem Dl (S Culbeb b Ca by i
(bl ke 2ol by Jlie (SEhasl slag
9 42 b Al Job Jalidl o (695,9 <o o a8l
(oS B ogboe S Ly B3gaze (59t by
Sl Solilimly (pomie Job (ol Kem &gl 218N L
ol az b Al CoaBae 5 (Y g Sl 50 90 0
VO 5l (Ko dngly i sl 5eSlee jsboa sl oo
SoLBlomls (oo (VU 50 2l Jsb 420 A0 @
S il o o ol il o 33l sy Fe (Xina)
4 VO 5l ansly s sl Kinin) by 50 26 Jsb
Sy S o sl g 0,0 TO g0 j0 a0 A
4z el Aol CoaBe b oS Jore 4y S (L2 (8

VO 5l ol Xes aygly s gl do o FY g0 50 (X))

qy

S 5 A
oo alss allsales] oy & Good (ol 5o
» JBz g pbdlis i (rhw Com oo S8
A5 aed o lid b cw) gl aSb bl slagl >
gy g odigydun g sie (JLSa 99,8 dae il L
S9y B3g9e dagi )3 e sla il )l (2l S
5 YL s 2l Jsb Sl &5 (b o L >
Sorbe Sl 9> Guizmen (SolBlml (Govie Sl
ahall CBge Ly zgy5 Jore 4 o e 0l 2 RS
Rl Stz (IS 4y 00, e Sl ) 4z 0t
elS ez Sl (135 (55,0 Amdls (2al5 Lk o0
L ez Gl s b 5o sl o 5 wlise

65;.»».») éojm)ksu@lfb‘w@ w‘d&)sl?:bj)



M=AT o/ IFAT JLalTA 05lows VA sl SB35l W05l iz Oolisios

d S Ol (B Go i Sl oo g (Soldlml Gezmen Lo @bl b Rl 4z 0 A0
L )lel O jgods az s dlai Condga b g5 Jome Sz oz (59,4 0390500 dagi 45 a0 0 (Lt
awlba (- 0eS Gl a8 (o by jleslitul JLSa 99,8 slael p3 (gt (il jo S (el
55 oo il gylel slo oo oS 0d (asiie g puyn e Shmogas a5l 5 g e e 5y Sl
Slogas aily e iduiold, CBo b Gdod (ol el S (s o (Lo (Sobsblonly s

DS 03,5l n | (Soldlomly (svie e e sl e 5 @Y s Js b S |

&\

Abessi, O. and Roberts, P. 2014. Multiport diffusers for dense discharges. J. Hydraul. Eng. ASCE.
140(8): 04014032.

Abessi, O., Saeedi, M., Bleninger, T. and Davidson, M. 2012. Surface discharge of negatively buoyant
effluent in unstratified stagnant water. J. Hydro-Environ. Res. 6(3): 181-193.

Abessi, O., Saeedi, M., Hajizadeh-Zaker, N. and Khirkhah-Gildeh, H. 2011. Flow characterization dilution
in surface discharge of negatively buoyant flow in stagnant and non-stratified water bodies. J. Water
Waste Water. 22(4): 71-82. (in Persian)

Ahadiyan, J., Mohamadi, F. and Bahrami, H. 2014. Effect of vertical angle and hydraulic properties on
flow distribution of single dense jet using physical model. J. Khoramshahr Marine Sci. Technol.
13(1): 51-60. (in Persian)

Ahadiyan, J. and Musavi-Jahromi, S. H. 2010. Evaluation of effective parameters on buoyant jets
development in the stagnant ambient fluid. J. Water Soil. 23(4): 179-192. (in Persian)

Ahadiyan, J. and Musavi-Jahromi, S. H. 2009. Effects of jet hydraulic properties on geometry of trajectory
in circular buoyant jets in the static ambient flow. J. Appl. Sci. 9(21): 3843-3849.

Cuthberston, A. and Davis, P. 2008. Deposition from particle-laden, round, turbulent, horizontal, buoyant
jets in stationary and coflowing receiving fluids. J. Hydraul. Eng. ASCE. 134(4): 390-402.

Dastgheib, S., Musavi-Jahromi, S. H. and Nowroozpour, A. 2013. Predicting hydraulic properties of
circular buoyant jets in the static ambient flow using ANN and ANFIS. World Environmental and
Water Resources Congress. May 19-23. Ohio.

De wit, L., Van Rhee, C. and Keetels, G. 2014. Turbulent interaction of a buoyant jet with cross-flow. J.
Hydraul. Eng. ASCE. 140(12): 04014060.

Jirka, G. H. 2006. Integral model for turbulent buoyant jets in unbounded stratified flows. Part 2: plane jet
dynamics resulting from multiport diffuser jets. Environ. Fluid Mech. 6(1): 43-100.

Kheirkhah-Gildeh, H., Mohammadian, A., Nistor, I. and Qiblawey, H. 2014. Numerical modeling of
turbulent buoyant wall jets in stationary ambient water. J. Hydraul. Eng. ASCE. 140(6): 04014012.
Kourafalou, V. H. 2001. River plume development in semi-enclosed mediterranean regions: north adriatic

sea and northwestern Aegean sea. J. Marine Syst. 30(3-4): 181-205.

Lai, C. C. K. and Lee, j. H. W. 2012. Mixing of incliend dense jet in stationary ambient. J. Hydro- Environ.
Res. 6(1): 9-28.

Lee, Y., Cho, J., Seo, Y., Lee, J. and Ahn, K. 2002. Modeling of submerged membrane bioreactor process
for wastewater treatment processes. Desalination. 146, 451-457.

af



e Cod JBa Gy a5 2Bl owy s

Oliver, C. J., Davidson, M. J. and Nokes, R. I. 2013a. Predicting the near-field mixing of desalination
discharges in a station environment. Desalination. 309, 148-155.

Oliver, C. J., Davidson, M. J. and Nokes, R. I. 2013b. Removing the boundary influence on negatively
buoyant jets. J. Environmen. Fluid Mech. 13, 625-648.

Oliver, C. J., Davidson, M. J. and Nokes, R. I. 2013c. Behavior of dense discharges beyond the return
point. J. Hydraul. Eng. ASCE. 139(12): 1304-1308.

Salmanzade, S. and Ahadiyan, J. 2016. Distribution limit of jet flow in the same and dissimilar phases of
ambient fluid. J. Irrig. Sci. Eng. 39(1): 93-107.

Shao, D. and Law, A. W. K. 2011. Boundary impingement and attachment of horizontal offset dense. J.
Hydro-Environ. Res. 5(1): 15-24.

Zhang, W. and Zhu, D. 2014. Trajectories of air-water bubbly jets in crossflows. J. Hydraul. Eng. ASCE.
140(7): 06014011.

6



Irrigation and Drainage Structures Engineering Research/Vol.18/No.68/2017/P:81-96

AERI

Laboratory Study of the Single and Turbulent Surface Jet
for Discharge of Dense Current in the Steady Flow

S. Salmanzade and J. Ahadiyan*

* Corresponding Author: Associate Professor, Hydraulic Structures, Faculty of Water Sciences Engineering, Shahid

Chamran University of Ahvaz, (SCU), Ahvaz, Iran. Email: ja_ahadiyan@yahoo.com, j.ahadiyan@scu.ac.ir
Received: 26 September 2016, Accepted: 19 January 2017

In this research, the single and turbulent surface jet is evaluated for discharge of dense current by
evaluating the effect of various parameters on circular surface buoyant jet flow. To achieve the
purposes of this research, a physical model with 3.2 m length, 0.6 m width and 0.9 m height was
applied. Then, the experiments were conducted by using the nozzles with diameters of 5, 8 and
15 mm at different contraction angles. The final limit of horizontal length of jet flux to inlet of
effluent position (plunge point position), X, the maximum of upper limit length, Xmax, and the
maximum of inferior limit length were considered as important properties of path trajectory.
Findings showed development of surface jet flux occurred in supercritical Froude Number.
Hence, the trajectory properties including X, Xmax and Xpyin Was increased by 41, 40 and 45
percent with increase of contraction angle 15 into 90 degrees, respectively. Result of statistical
analysis showed a nonlinear relationship exists as a satisfactory correlation between trajectory

properties and jet flux parameters.

Keywords: Contraction Angle, Densimetric Froude Number, Jet Flux, Progressive Weber

Number, Trajectory
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