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Modeling of Continuous Electromagnetic Removal of
Inclusions from Molten Metals
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Abstract: In this research, a 3-D mathematical model is developed for simulating electromagnetic continuous removal of
inclusions from molten metals. The model includes the computation of electromagnetic force field and fluid flow in the presence
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of electromagnetic forces. The results of flow field together with electromagnetic force field were further used for calculating the
trajectory of inclusions in the molten metal. Parametric studies were performed to evaluate the effects of various parameters such
as magnetic field intensity, inclusion size, and fluid velocity on inclusion removal efficiency in molten magnesium. In order to
verify the mathematical model and visualize the trajectories of particles in the melt flow under electromagnetic force, a physical
model was constructed. The predicted particle trajectories and separation in the physical model were compared with those
obtained from experiments, which showed a relatively good agreement.

Keywords: Electromagnetic refining, Electromagnetic force, Mathematical modeling, Physical simulation, Metal refining,

Inclusions, Magnesium.

\Y’/\/\ )j‘ij‘@":’ L\ g)la...:r LY/\ JLM LdM‘

(m) JUIS J b L (m) JUE phie el o0 a

(kg) o o m (m/s®) o3 ol a

(kg) J=T 6,3 £ m, (m) oiSTao= o)l 323 abools ]

(kg/(ms?)) _Sealys HLis P ol S EVslro 3P o 8 wliar Bl oyl 5 anh

e Ok (Kl L2d P P oS sl o S dslos e 5 ap

O e gy ol S aslas o ladl R, QJJMQ’YAM);C,;AQ)L?;@U b

Il 3045 e 05k 3 Re (Tesla) _bline JLi J&x s B

erblie 55 ey 05 3 Re,, dag Oy rblite SL2 JE B’

Il a3 3y day 05 e Re, | (Tesl) z 5y X Sler 55 omblin L J& By.By.B,

(s) Ol t Blal e o o Ca

(M/s) Jw s poe 15 u Shys e Cp

(M/s) JT 6,3 S e Sls i, (M) ss,S =T s d,

Ms) z 5y X Sl 3 e S u,v,w (Vim) S S Olige s E

Z 5y X Sl pdvdnisbcs e U VW (Vim)z 5y X Sl o SOl Ey.E,

m/s) z 5y X Sler s Il o3 S UL, VLW, (N)6L1 o > (55,5 Fy

Z 5y X Slem s bl e dm sk 2o Up, VW, NS> g5 Fp

() JbT o) oo \ (N) ol 31 555 F,

m) z 5y x Slgx 5o Slavhs X,Y,2 (N) LT a3 s 35l bl s S0 (65, E,,

Z 5y X Sl dn sk olase XY Z | (N) X g s JstT g sl peblites S0 5,5 F,px

(kghm’) Sl JIS PE | (N y g 3 JlT o3 sl boliin s ;S0 (558 Fepy

(kg/m’) J=T 653 Ko Pp | (N) 2 g 5 JT o3 ol blitns S0 55 Fy s

P oS slp ot S olan 53 e ¥ (NAI) X g 53 mablie s 2SI (55 F.x

P oS aluss blE iz b (NI) Y g 53 mablino s S0 (55 0 Fey

(V) SoS el ® (N/MY) 2 Cgr 3 ablines S (55,0 F,,

(kg/(ms)) lds (55518 n 55,5 das Oy sde Fr

(C’s/(kgm’)) il S xS oalda of (V%) 5 bl ke g

(Cs/(kgm’)) I o3 S S gl o) el A Ol s Ha
Yo


http://jame.iut.ac.ir/article-1-502-fa.html

Downloaded from jame.iut.ac.ir at 6:11 IRDT on Thursday September 21st 2017

Pp /P whie S w33 S y (Am?) S S0k S s J
A ok 0L T ey Ok O S r
(H/m) St blisn (5,003 58 H dp/a (JUS 31l 4 03 o3l o K
Sleday 51 S s ol o3l b Losedd S asdls —)

oL lols JLST o1l 5 ¢ 50 4 a5 L sl o)Ll p s a
mlie s,y Olnl [Pl Sl adoal dyl b s Lot
Gl ase JBT Gl co w0 St ey, opl Obs
303 el s aly 5 M8 ale

s Sl 51 T Gl Jse 5 e e 31 S
oo ol 3l eslimal Lol LT bl 5 1 Gl
53 Ol e ol iy w1 JBT S > e Ol o
b liie s S Gl [A Tl iyl e pise
5laS cmal JLsT Gas lgdg, 5l glasls 4 Ghase JUT
Sy e o Ol 5 s o SOSTl culas Gl
5055 Lt s S S Ol e S ) 3 eslisl |
S 5 03,5 sloml ublise s Sl (65,0 dlast b Sl
e e G ) S e 25 e L JT S >
4 epd IS S g0 M o3l IS s e Sleds)
Ol bl 50 51l bt s S0 (558 et abws
T Gl gl s sl 4 s VL bl &
A a5 ) A3 Bk sl S el S,
S dal s T o

o SO 0o Glae 0,3 SO 30ly bl s S0 (5 20
[V sS 5 Gsd vy 5L sl Gl i S (ol
b e Sy i ey gt ol AS W) Al
Sl s &l ol 2 D) 5 Ve laen, S 4 Ol S
Sledas mablogn s s (65,0 L5 el sl iy,
slgniey 5 adllas JLsT dline s xSl ol (gl pikises
0L Olagan Jlas! 4 Oy o Olse ) 53 el sl
Jlosl DYIeuls 5 ol 5 bline Olis 5 DC S I
SDYIAC mblias Olus Jlel [\WIAC S ST 0L

\

I s L S IS el slgrall )
Oledlly 5 OV sem e eSSl g o 5L s g
sl sl 53 il sy s 13 platllcos | Loyl 3
Cmnglis 5 K5 o SOLSG ol gt Cdl o go olakad
sl sl ye U5 e I opl Line [F-V s dal s Ss, 0
Llp by el <=l>,;>l GleisSly colle Wl g 5 eslanad 3 40
Al Dl 5 ST sl el dag sl b A
o35l 45 228 Dlald 5 assl 3l eslizad pa JT Ol
S Gl sS s wal aal Ll il a8 ) se sl
L0148 o o SKasl ol ol 3651 05 1 Lol 51 eslined
(3l (gt Jald B RENE S sleds
S SV Gl s e O S il g SO (s 5
Vo B o310 4 Ol 5 JT oy JEs Otlest| oS el
5 S sl Gl ol sy ol 50,8 asl
JusTqgslmsbis sy 3 [Fla—ul jy s e=Voopm
8 e 5l Jol lal 4 i L Ol 55 55 e
Glm oo ol b obdly op e sl e Gl olde 05
[P Il ol sdalive 05 Soo ¥o B To slal L JT Gl
Ol mn JET L 0T S 5 5 oSO8 035331 L psmn 25 3
cosd a5l el SO Ol s S adas |y Ol
Do Sl 51 0AE L gl J&r 5 JET L oS5 e
S s ol 5 S Sl i s Dbl Lol &
05,8 s (s S VIl Gy ol colre Sl Ol
4SSl 318 55 sle 5l et s SO 3l eslanad L e
Sl s ol sde BT Tl as Cle
Sl e 05, K Yo 5l iS5 S bl L JT Gl

J_ﬂgg)mong&.ﬁbui))c_.{\)aﬁsg_éjb

\Y’/\/\ )j‘ij‘@":’ 1.\ g)lA..:r LY/\ JLM LdM‘


http://jame.iut.ac.ir/article-1-502-fa.html

Downloaded from jame.iut.ac.ir at 6:11 IRDT on Thursday September 21st 2017

| * " - |
! T I
| | I
| | |
| | I
| | I
| : L |
| |
NS | : NS |
| | I
| L(, |
| ay |
/)____ /4: /)____
2 T =1 5
// | /,
e 1 <
= _/ -
Juts i
DS T 8,92 P Wi e

Z X
SR XA R AR R A A AR AN R
ol Vie l\ Vi
. ¥
— LAY 1'I <
S > ;"\:I o
:: fr '.*']_F‘;
: & W el (£
P \\

Y
9519 Slod Canly J\Jhwl"? o)l

e 3 BT bl s 21 gl JUIS awdin Siled -\ S

Jie ol anm g dibo oLl 5o 5 T old oS >
A ek 3 3l dde ol s dd s le b (S
ol oslitul b Olgie & e 530S Jshe 5 I Ol e
Il Gl (olaand gl g aalsl 55 oad oLl Jde .ol
s S 15 esliul 355 s Ll 5 3 e Sl S
SN Ol S i il e U e
Gy s e e 5 T 031000 ¢ blias Sla &

el 45 S 15 aadllas 350 JET B0 Oleil

g;‘b“.'.) dks =Y
(V) U 55 Jb bl s 2SI Gl s Slet
Colb e LYL 1T (sl Oolde .l ol ol OLES
Q‘J_:Agg_i)o.k.;wdbls J)\) Vin (l'l'l/S) L&;}‘}&i}
bl Sl JLS L el ot 5K bl
S SO Olejen 353 e Jlesl 0T 4 B, (Tesla)
JUE Jsb cogr 53 T (A/M?) e 0L > J&5 LDC
Sl sl aseie S 55 a5 G50k US55
(5))_.,;;\M‘glba\wpeuwbdl_&-h)s
Aﬁ&@_‘Mc)‘ﬁbwyjbﬂgyj\}mbbﬁujfg\
éJu_MS\J\J é)\ﬁ)&duls f}f&@)) ‘Cjb w\).}

Mj_sqjagg\l_ﬂdé\uﬁg‘whmw

\Y’/\/\ )ﬁj@"z 1.\ g)la..:r LYA JLN LdWJAﬂ‘

DVOJAC mblite Ol 5 S0 5 0L o Olejan Jles
SN OL o Olesen Jlasl Ledigy ol Ol 55 5 S 6L
Ao s el ol 5 0 eSS enblian Olue 5 DC
S s s 280 Gl L3 e S
L5 ol 5o s 8 sl (S bline s S
OSesl g 5 03,8 3 gdome |y JT G Wil e oS 355 0
sl L U Sl eslanal slsy pl 5 ade sl a2l a5l
25 Sl ol w5 ST D sl e 5 S5 58
L JlsT Gl gy ol 53 505 b 5l sd (6,8 5k
! 53 el ol plnil T 4 O 5 6l 23 4 O JUi
ol ot 4 I3dmee JUT ¢ bl s SU1 (65,5 Gl U Layl y
3 g e b el alaime 5 s
Sl Sl G 4w (Sl Jbe S llis o
s Sl Ol 51 JUST s s bliie 5 2SI
5 bk s 51 (g5 0 dmslons ol Jue cpl .l ail
S Somtl ebliin s 2SN (g5 50 55l 55 ol 0L >
5 DC SO0 Olejpen lesl sy eoblisns 2SI
Bl el add Ly il 5 e oS bl Ol
Gl b lins 5SI (5,00 5 lde o Ol Sliaslone
S eslial 5550 Olde 53 JT 3 S > s drslone

ﬁﬁ@);ﬁ‘é}ﬂﬂbeW}%ﬂ@@‘wﬁ

Y


http://jame.iut.ac.ir/article-1-502-fa.html

Downloaded from jame.iut.ac.ir at 6:11 IRDT on Thursday September 21st 2017

e b
Ve CC) olde los
Nas kg/m™)olie J&
VX x Vo (kg/(ms)) wlis 5543 5
YONS x Vo (Cslkgm®)) Slde S S colia
Ox0 (mm)JLLS o 3101
V0o (mm)JLs J b

Al o adslee Billae ool 0SB L eblae Olde s

PN
T:Gf(E+ﬁx]§) )
050 Sleslinal U B S0 S0l Ol Sl dsloes (1

33 ) Do 4 (V) dilas Gsei S S SO sle

ol Ll g

V=0 |V-E+V-(ixB)|=0 )
S glesS 4o ISl (S el (B b

E=-Vo x)

Al e 5 e a4 (SN OL sl dsles
V2p=V-(ixB) (f)
SOlF e e pbline (6 n 4358 1« Rey, = popVipa
0L 5 S SN0z 55 s ol Wl eblie Ol
)C,\_ﬁ-‘j& Q)j_.p4.3|) B )\m):;)a;quemw|
23 5 UK 4 (F) sl ames j5 .08 8 L s B, sl

el dal

Vz(p:V-(ﬁxBO) (o)
Ols Sl 5 ain ($5 0 kil 0 4 4 55 L (0) sles
CA_.anM)J(P C_)ﬁ)oﬁd}comwwwﬂ
5ok aral (F) dolee 51 S Sl Olds s el sl
() adsbae 3l eds LA 0L o Il aslone 51 e Lilgs

Db dnmle 5 Gillee Gebline s SN 6

Yy

A bl S 65 0 il 5o 33, JT ol 3 Sy e
g&)bdbﬂ)\@@@)i)tﬂﬁﬁﬁf&w&dﬂg
Die WSl g Bl dalg Al Ol 31 i
e DMl 5 ) el (S Ss i 53 0
dﬁsﬁjaucjug}sq&iymﬁ%y
wias JUI a0 Ol o 1y wand JT (g mi polis (g5l
Al amw g oLy Jde 228y 5 ose as aelsl js sl oS
)gﬁwglpégu;\)_;‘uulfwbﬁ

NGV P eJ))T (\)d).,\;-

reeblie g 2SN (55 65 Ol deslowa =1 Y

S b bl Ol 51 T e b e g8
Al el WOl s S OL By eblize L2
mblize Ol 5 S S 0L > ol 2SSl
5ot 5 oS ol dal gt 3 g gy eeblines Sl (655 e
o5 8l 55 ) 28 el Jas 0SS o g O
Aol 1,5 30 s 1 0T a8 o581 505 S Jes il
5 el arbliae Ol uSen 5 s Kos G b jlsls
S ael dalpt L ebliae s S (g5 5 Jles! DC 0L >
Jl oS o 3508 Ol g S5 035 Jos Jlw 55 0
S5 5 aad ot Il JL5 OLsl S 5,5 ol 55 dal g
Sl dal s 3 3t o 1y OS>

S o Jle s Olde s el W1 S SI1 Ol aeloes

\Y’/\/\ )j‘ij‘@":’ 1.\ g)lA..:r LY/\ JLM LdM‘


http://jame.iut.ac.ir/article-1-502-fa.html

Downloaded from jame.iut.ac.ir at 6:11 IRDT on Thursday September 21st 2017

bl s S (g 0 g o 030l S S Jle
o e Lalin Sl colia b S5 (gl o dalsst
LS)J‘:’G:_A°)>4_’4_<J}_’M‘}>J“J|MJ°MJM
Culdoa L 513 (gl ds ol 35l cw bl g xS
é}ﬁ%dbb})‘jé}ﬁd@)‘%é}g‘
O3 i gan JLET Old cdel gl el pbline s Sl
Db e bl 53 1 T S aS0l slis 05 e (s 0S|
doles i pl 4 Gl 4 Soa3) 235 K s S S
el dalst s s S 4 dpy kB L 6,8 603 sl (OF)
— TT —
F.p :—gdf,Fe )
el 4&:,5‘)>dl_>).>dlﬁ_~u).> ;_LMb):}ﬁc.ﬁj\)LSJJ_:.;
4_3°J_.id,_AA5“' Q)j.pﬂt.g)ob‘bﬁ:i;b dl._...u)i o).bC,S)}

58 dalgt Colda JUS o 2 5l i K G

Slde 0L > OY¥slas —Y-Y
f‘j 5Ok 0L 23 L pdleSts e Ok o (g5l
HEor 3318 Ao S e (58 ol 05 il e
)&ﬁd:wupuéuudb);éﬂ|qu¢)

.@‘ohIﬁj)b%’;QASLQM\JgM)JtﬂMQYJLxA

ou Ov Ow
— 4 —+—1=0 VO
pf(ax oy sz 0o
ou ou OP
prlu—+v—4+w— |=—
0 oy 0z Ox
(%)
o*u o%u o%u B
+T] a—2+y+ﬁ + e,x
prlu—+v— wﬁ =—6—P
0 oy oz oy
av)
o*v v v v
ow ow oP
Pl U—+V—F+W— |=——
oy 0z 0z
OA)
*w *w  *w
+n S +6y2 > +F,

X Ol s w il e W 5V oau OVslae ol s

\Y’/\/\ )j‘ij‘@":’ 1.\ g)la...:r LY/\ JLM LdM‘

F.=TxB=op[E+(ixB)xB] *)
a5 bl g SN (69 (glaad go calslas ol a5 L

el Al 3 L3S M Z 5 Y X S
L (E,B,-E,B, ) | "
ex ot +((uBZ—wBy)BZ—(uBy—VBX)By)

(EXBZ_EZBX)

+((vB, - wB, )B, - (uB, ~vB, B, w
E.B, -E.,B

F,,=or (ExBy =) @)
, I +((uBZ—WBX)BX —(VBZ—WBy)By)

G sl il 5 E (B psldeaa>y

Q_”(V)uy.)l_au)‘ Z 9y X gz 4w 2 m]al.\;u));'g|

el dal g Cews 4 s 4 (4)

F,x = G(EyBO +uB§) (1°)
Fe’y =ovB, YY)
F.,=0 Ov)

Sl psias QY:LMJJCQQJL?& Olge 4 lay 0 oyl
Wby dal g S a asl anw g Jde s e OL o acils
5> e I3 5l b liie s oSl (55, slie
bl Ol S o (o 2 3050 s 3 2l
sl o2 3508 DC (S SN 0L 2 5 ol 5 2S5
oS i S pliaal gledas 0sls Ll 3 L ebline Ol
ol mie S 51 SN0k 50180 sl s el sl
eSS embliae slgls [iSen el 0 3Lz
(rebloies S g5 A S e e e
033 S 35y Doyso o A dalgs Olde s (F, (N/m)
WJhw b osline o So 8l culda b gola dhw 53 Glas

Y EW M‘? JJU c).sj{ﬁj Jslxe L;;Lb QA.JJSJ «Of

- 3 Gf—Gp N
F.,=—| — |V,E, v
ep Z[ZGf_Gpj pre

.,\_:‘J.:Jol_.:u)fﬁ‘ LSJ)‘:’ ﬁe )o).zr.?o-vp I3l Q—l‘)b
03 S Sl s G a0 S 5,00 ol g s Jldds

v¥


http://jame.iut.ac.ir/article-1-502-fa.html

Downloaded from jame.iut.ac.ir at 6:11 IRDT on Thursday September 21st 2017

il A 0 sus Ha=Boajop/n ¥sles ool s
S5 A bl s U1 (65 s S SOy 4S5 (i
Olles 30 gy sde Re=ppVipa/n uomes ol 550

s

h:J‘-Lﬂ L dl}i OJS d?www —“—‘

o=l eSS = Jl s Cllle s JtT 63 €S o e s
Aile OF Gy il ol 36 635 0 ol 3 1 OISl
aJSﬁcJJU du)ﬁ f“ﬁw\ﬁ.@&‘&\ﬁjé &.ﬁ\j
opd e S s 5 s 056 Gillae
ma =Y F (Y0)
rﬁcd@@)uﬂaé))u%}_zéu}ﬁjww‘)b

Ju\c.u wjf J.]d.w L ﬁ.) 4.;.}[3.& L;Ua.a J»:.EL\M)J:Q‘ 9 ULJ\

du .
mpd—fzmpg—mg—FD—FA—Fe’p (Y%)
CS o s OYslae (05,5 L5 e 5 lay s slie 0oy 3L

MTM\f)JﬁJUJ}wMZ 5y X Juu.f\.w).)c).s

du,  3Cppr(u ( )|UR|

(pp+CApf) dt :_Z dp 4Fepx
(Yv)
d
(Pp +Capr) dV =(Pp—pr)g
3 Cppr (Vp _V)|UR| 3g o
A R LY
dW 3CDpf(W —W)|UR|
\ P _ p
(Pp+CAPf) i a2 a, )
_%Fe,p,z

feol> S¥oles opl )3

2 2
V —V) +(wp—w) ,

U, \/u—u

_dx dy dz

(Ye)
u =, W, =
P ae P T ae P T
Sl e o dle ) ddar e Ok la a5 e

(Ye) 5 (V)SYsles 53 0l 5 2e

Yo

P)g\bé}f\;n gw\.k.ﬁojlj.? P Lrwr Z 3y
LUMJGL;U}JIQ‘&)J:;

CM‘ ol uy.}l:.é .})\) ‘509

6)4,_.;&.))%4;&_)&3[3.6 )Jc

S Slagmie s Sl Goldde Sl eslinad ) e 4,

dor O SVolae Sl eslaul age Jol e 51 (SO sl B s
25 S O sldsl (oS- SVslee 03 S A O Ll
Sl st 4o LS5 e 4S as alr el SVsle
w\mmbwwsjfrwwmjéﬂuw

Ao B 5 A Do lapine sl

x=2y=¥z7-%
au a . a N (NQ)
U=—,V=— W=—0
in Vin Vin
B*:E,P*: PZ,J* J (Yo)
B, Pt Vin St VinBe

g_.,J‘JAJ(\/\)u(\O)QYJl_&GJJL_AﬁJGAOJ._‘O.}\))\J.;L.
ol dal s 3 3 e Oy s 4 SV5lee (O3S
6U 6V+6W
6X oY 0oZ
W, O U 0P
6X oY 0z 6X
1|0°U o*U é*U
Re PR IR
el oX* oY oz

(Yv)

(v)

H
(B (vyB7 - 17BY )
Re

SANPRYECA A VoA A

X oy oz oY
2 2 2

L{av+av+av} )

el ox* ovy? oz’
H

(B (vxBZ -97BX)
Re

GV W oW ap

oX oY oL oz

2
L1 {aw aw+aw} o)
Re

ox?  oy? oz?

H
X (JXBY JYBX)

\Y’/\/\ )j‘ij‘@":’ 1.\ g)lA..:r LY/\ JLM LdM‘


http://jame.iut.ac.ir/article-1-502-fa.html

Downloaded from jame.iut.ac.ir at 6:11 IRDT on Thursday September 21st 2017

4&;-»:‘@)&[4)&;]&)})”&_9%‘&}»)))“}:&545
)w)wﬁd@|@&ﬁﬁgé\ﬁ.@\e.A.ia:L&_:..J
g w3 SIS s 4 Sl Ol [V ]
g.,_grj.:g_,.:;‘;MVYXYYXVYB@ﬁJ‘M}cM&MW
V*:“}_QU‘ oslainl L )L, gy s okl z o 5y ox
ol ate S SVslas J> &l (TDMA) g ks av o Sl

w‘a@%ﬂﬁjdd)j\a
Ry =D |apdp — D anpdnp —b| <1x107) )
SVslas atas JUIS L3 JtT olyd &S o b s 1

JJ‘OMJ}?)[.@?‘A})JU)SigJ‘)JJJM&yJA

N Jde Y

S o bl SN (g5, Sl el ) sl 4
wrle b T e sl Je bl 55 5 old
Slad bk sl a0 gy 25 aalsl 53 S
o3ls las (V) IS5 s LeimlosT S5 oaliwl 540 Sl pgaes
o S G O ol el anle Jue Ll 0l
Oy (oIS Sl i Sl e wlaie b JUS (NdFeB
338 Jslows el DC S xS0 0 i st 5 0553
S5 Olsme 4 (S 655 D03 5 Jbw Olye 4
bl po .z 3513 eslanal 5 50 calises guails L JiT
Jsdoe U s cad JUIS Jt1s s (glodiSTae o5l 53 UK
A ko bz 55 ol S 53 4 (s 2
%Mﬂ—?l—uh\——ip.—]ﬁ'il—ejt]ﬁiﬂc}ﬁ—w@@ﬁlff@
Ol o) 5= 4 003 35,55 Spnd go ()1 mhd Sl o
A S bt

035 askie DoxFoxVe bl hls esbiznl 5,50 slga
5 ek Yoo Jsba bl Oldes 03,51 s 4 8l
il a4 a5 L eslind YU laseie L coSa A
S5 S et S e 1 E A (50 plaes b glglas

\Y’/\/\ )j‘ij‘@":’ 1.\ g)la...:r LY/\ JLM LdM‘

,r=ﬁ )

‘el
Cp )
du, _ 3 (VU oY)
dz 4(y+Cp) Ha (JYBZ JZBY)
(v-1) 3Cp
Wp_ 1 | Fr _K(VP_VNUR' 1)
dt vy+C H
( ») 2 (JXBZ JZBX)

C
dw, 3 D(W W)|UR|
. 4(r+Cy)| LW "o
T +
A ae (JXBY JYBX)

«ldos Ob > day O3 OVl wiles Ha OVslao ol 5o
Y=Pp/Pf @y p e Fr=V /ag (el A O sds
B i K=dy fa 5 olde S s sl SIS s
guﬂﬁduh)s@;ﬂ@ﬁ Ug e JUS 65100 4 o3
Sl /0 Jolas 4 Cul lal o om0 Cp Lol
sds an w48 ol Sl o s Cp Nl sl
o dmalos gl sl Rep =ppUpdy /M 053 50505
GL;»): o s 4_?|)\L5_3J>.JL~_3@&§)'| WJde opl 53 Slys
S Ol s e JLT 3 [Ye Joasd s eslinal
O NI ST NS KT
ool 53 Jawe g5 ol I s 0 OAE 5,05 5l e JET L3

JJ}.;L;G > co.,\..SL,\D-

SYoles = s 5 650 dagl 5~
Din Ol 2 oSl SVslae o oSl (53,0 Il 2
4l e S cI JUS o505 50 CHIESK e e Lld
At Loyl g3 55 jio o 5 JUB (g 2 55 S e
e e daul ol ey Dl Ol 2 (S SVl
[P W I W W P W = R A S D
=S5 o S Vsl s glrals Slile 058 S

s


http://jame.iut.ac.ir/article-1-502-fa.html

Downloaded from jame.iut.ac.ir at 6:11 IRDT on Thursday September 21st 2017

Juls

A

Jelms g5

eSS
sniiSlas

=

Jeloes 35 J i
Al o — —_— o = Wi e

c b e lgda b3l s ealinal 55 90 Sl g SKiled - K

()

T5) e pr)

JUE e e

(dh

(b litn L S 0 (5,805l bl (O) 5 (Kb dbe slginlosl 5o esliiul 350 Cifs 48 goces awkin () ¥ S
s el

FW. Bell ;e oS 5l bline 5L J&o 5, So3lil sl
Sl L el (6 ,Sell ldie A eslizal OeAe Je
s T T O R T
s ol Al el esls 0L (YY) S s K
e 65 (i e s bl b S
Al ol Y o/ o W WS JUS 5 S 1
o S plab Sl 025381 L i 5515 J s 12
35 Ay g 3 e Jslos S A g i

v

Cb (CIFY) IS 5s s eslinad T Slee (6l 53V 53
sl osls OLEs e losl ol (gl ol ags oS 4s gaes
e A LS Dol 13 5 ey 5 S el
o3litul b LeSls e b gl 0l 5 63V 3 40 (535
b edes o/ Culis @ ozl 05 K3 5Y 5 Gy
o lp s plieal ét_e,;a;y,_f)b_st{.,uquu
bl 5 sl 53 sule e SL oS > Ok 5 b e
sl 0 ans IS S JUS s (6l (lo i O

\Y’A/\ )ﬁj@":' 1.\ ;)L«..:v LYA de LdWJAﬂ‘


http://jame.iut.ac.ir/article-1-502-fa.html

Downloaded from jame.iut.ac.ir at 6:11 IRDT on Thursday September 21st 2017

Ll Gl S (S dde A e an S L s Jlt]
S8 eslial 555 Olie 31 I are g Bi> 5L, e

A dal s o,Lal OF 4 aslsl s a5 s 8

oy i -

5w CS = o3Il de Ol SVslae Sl aS S0k
):Mduw‘sﬁwu@ddbhﬂ@jf
Ole Fr 5K v (Ha (Re Jdx Ol sliel L &Vslee
S5 Sl Ha 5 Olis i bg oo 5l sy sde Lpd e
Gosbed G,y s Frosae cul ublss g S
Ly s dhw (55,5 Co s Jos 5 s e OLES (14y)/Fr
sde U Jlasl e blsns Olde g esls 0L 5 505 sde s
55 LT o3 o310l 3 s o jaseie Ha (pedsls day 05k
S delse s spd e 0bll v s dl e J&s 5 K
JUE s 4 o Il 5555 Canbse Lol JlT Gl s
s Ao dalsl s el O Jgb 4 JUIS 631l e 50
A el 4l el L3l ae el g 5

534S adas JUK 31Ol s i Ol oS & 550ka
ol as § 5 c x5S 5 ol anbliae Olbs 5 20
42 e JUB mhaie mhav 53 (S S OL o W o e
aphoss JUS oo a3 0k W1 O b slast &gl Ol
O3 e a5 Lcal sl sl QLA (Y) S5 s
0L > (SO 2 lh 055 5 JUK lae,l s
Ssd o Al ais dil> 5 O 6ol WS S

b lite Oloe b odd Wl (G S0l Dlie 0l 2iSCes
el 3 g gy Cor e Aited 18 3 g D) g 4 oS Jlos
o O (el S 358 g peebliney S (65 0 S
(©) IS5 s ool agieas JUIS 3 Ol &8 > g D
a0 ) adas JUIS 3 edld A5 (6a 0 Ol
Ol 5l (5 3 5d e abexDe 4 S 4 S0l ans
55 01 e o35 JUIKS s Clie oS > cogr UNLS

&‘H‘ JLSJSJAMQJ\_J: &bﬁb)éﬁ)‘yi Lﬁ'iibf’

\Y’/\/\ )j‘ij‘@":’ L\ g)la...:r LY/\ JLM LdM‘

e S s b s 3515 b b 512l e T
O Sl odd g Isboen (Ralasl oo £ 0 50 S i p S
.M&asj\)tw)\mﬁjoﬁaqwqwd}meﬁﬁ-b
Sl al e gl 225 O e 53 Jloes ma J 28 5l
L gLyl i 030 51 plone 1330 05 sl Jploms 305
OF S 55 I8 SL UK &S (6 s 055 0 JUKS
Q_.J):v_iJ_..u))Jldelwch.ﬂ.mda:)U:ﬁoM@
JAN‘M&Mb&Junw)\m&:oJ-»qmoﬁ
oS o5l 503 Aoy 4 OIS Sy JUS 5 5 b o
Gy el 5w 53 4 ek o/0 Culis 4 PVC i
Jids 5, Sn 4 di e 5ldd e oL Sl & s
Ol = 5 oty o/o=Fo/o 5Ly s = auls L PW40S3R
DC S B el 8l el 2/ 200 S 5
LIS 5 kT olge 4 palls ama T 51 las s S eslinal
.o S 5 eslatul 55 O 5 o7 sl s
ol 5l 5ds Do S 0L Sl sk
Lgﬂdz)_,_..a@6‘ﬁfrw&g§>l{v/\°\‘deioki
A eslial (28 S e 3 I s
S JUE s Jslee 0L (oL 51 Olabl 51 ey
S35 3 s e G b ) (S OL 2 S
o il SO G b N SO S Sse 4 el
DeSan s 51y A e 0358 e chis L JUE 62555
3 eSS 0L 5 L& 5 ol eblite Olke
S o JUIS o)l 55 G 4 JUE 5l 558 e 53 (6 00ly
oo 3l sdoee ol a4 ol A ) Sl e 5 0
Sl 003 Cmmdsn LA o bt JUS (s 5 S S
dsb 55 &S o s b o 5 ablae Ol 405555 o
SLeMbl ol A e o l3 L OT 5555 5 s 5 LIS
30 Sk D3 ES e Lo L5l Sl
S i Obedily bl skie 40 S e 13 eslizad
O 3505 5 Ol 5 el 3 s JUE Ciliies bLE I (6 arks

Sl e Ol e 4 JUE s 5 S 58 S w0 L

YA


http://jame.iut.ac.ir/article-1-502-fa.html

1862 AIm2

sU
9
|
— - .
P e M Al st s it AT iAA—— AAiALiA A ACzAtMAALAAA A A S S A A A AHLPai,
S H N~ - - - - - - - - - - - - -
NNNNNNNNNNNNNNN
H k MN — -— — — — — — — — — — — — —
— — —_ — — — e e e e
H o o © N - D DD DD DD D= =2 =2 ==
o ) N~ — T T z P - — — — =
9D 1 N3
o //fAIAJA’TA’A‘A’A’A’A’A’A’
5 /A/A/AIA[TTA’TA’A‘TTTA‘
mw Y e = = e e e e e e e e -
- c~~—— - - - -
-+ //fA/TTTTTTTTTA’TT
[7- nO.- Y = - - - - - - - - - - -
H - o o e et e e e e e =
(=] a /A/A[TTT
) » T s s <——<——
- e e = < =
1. T e e—e————<~—<—<~—
Y < —— e e = <——<—— <——
ol e e e = = =< < < <= —— <—<—<—<—<——
'] = \ T e e == s = < =< <—— < <—— <——
10. /|\u e e e e e = = = = = = = < <
i e \A\A\\A\\T\m < - - - _ _ _ m
[ 2 — = T T i - Z P - ~ _ _
D « < T T — — = —— —— —— —— —— = — —
> K “\A\A\T\IA\A\A\A\A\A\A\A\A\
o e e
| =) . - - S D D = D = = = ==
o~ S - — — — — — — — — — — — — — —
1= (o N | 7/ T
e W - - = = - - - - - - - - = = =
. PR o o DQM (=] . = 1 1
- ' . ! [S) o o o o o
- - - i ) ~ N 52] < Yol
- e BRI o el P NS Y
« ] < ™ e S
o o =] (=] o
A I
nHa

/T0Z 1STZ Jaquaidas Aepsinyl uo 1 adl TT:9 1e J-oen-awel woiy papeojumoq

ol blins SN 55,5 Olde —0 K&

L o (rbliin Ol JiSan 5

Ha=2.96 5 Re=400 wis Wi K 1 o

\Y’/\/\ )ﬁj‘@"; 1.\ g)la..:r LYA JLN Ld%‘

¥4


http://jame.iut.ac.ir/article-1-502-fa.html

Downloaded from jame.iut.ac.ir at 6:11 IRDT on Thursday September 21st 2017
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