[ DOI: 10.18502/ssu.v29i1.5886 ]

Downloaded from jssu.ssu.ac.ir at 15:34 IRDT on Tuesday April 27th 2021

WAY/11/18:8l 50 fu b O3 (Sgvo vl (S iy pole olSiils (dgfy cole alzo

WWAALYIY i pdy 2,6 VFer (5295958 S 0 Loy ok 9 St 0599
S SR 5 blita 153996 b o oo 5 1 ol

”25%99 o “‘sol.gTA.SJ dobld

il sloosd 4 1 Lo oy onl 5 el ol @lont 0l comrliind wloit, 51 o eole,T cdons
Olaee 53 ol 03l 1 g sse5 Jome 4y Jslome S0 4y ugbline 03936 G355 o] 5l (o a5 0,5 bl plgi o
bl o pasbliis

3 el sloosls 5l g plonl (5laJoe o Slowlone slaghy, SeSay (g (nl )0 5 Cosl (Lot polo adlllas g4 1oy 32 99
o 5 59095 ¢jalome L gy alizes slaas I Sl glawain b allus ol colatnl (650 b yd licas oy Olaslsl
LGy S bawlie 5 a8 x> b 32,55 99 plnil ()55 Joee )0 i obml 186 0l Jo (sp92me )l (23 L g )5
S ey 2 BBl les @je8 50 0B By 5 Jokoe Sled 23U (ow 2 Zald 50 9 0k e

1) 305 3l e e 5 Al e sl Wlice Jxe iz o Ll Jole (508 p 315 o5 ol Gl gl sl
sloo b 3,5 @l ey Gl Gladshe 535 G 5l ln Lo iimle )3 Ja 3,50 los (g 0,5 (Glo 4z 10 ¥V (VL sles
gy ollae (slades (5708 oo 50 5052 5 fge Laume (glos ) B2y 5l pslome 8L L Lades iy 815 il az o YV

SIS Sldgl gl Jslre 55, (278 Sltalejl 5l Jols sloosls (y3gai j5liie 15 et (nl S)sls &z g b 15 puS azed
bilps 5385 Gt o adlas (nl (giledos o dlas 5550 llyd plyiear SIS GLIIL L ool ols (idgy oo
Bedon Cgmire (590 pad (Sloyo LS (SelS

Sy pole olSiils gl sale alxs (b pw BTl (cublito I3l b (Gloyolo 5 ST el . ot s0>5 caobild tsobluis gl
AR AETA R QDA S WAL SNSRI PRWIR W

Ol Ol s Ol g5 B82G1S (95 O9id 9 poke 2L (gt j pole (wiigo Y -
Ol Ol s (Ol g5 oS0 (95 O9d 9 pole 2SS (g j pole wdige s lukils -V
VEFARBY IV sy G950 DANMAN.VANIdI@UL.AC.IT = Sio9 Sl Cannng =+ PIAF + AV« ¥ ) 20005 (U giammo 0 3kuuwy 95)%


http://jssu.ssu.ac.ir/article-1-4819-en.html
http://dx.doi.org/10.18502/ssu.v29i1.5886

[ DOI: 10.18502/ssu.v29i1.5886 ]

Downloaded from jssu.ssu.ac.ir at 15:34 IRDT on Tuesday April 27th 2021

O Sed g obTuis anbls -

o] Gl ol byl wile eeblie gl
SO loads phaie Sy SO0 dan A wiiie owblis
w2 e sln ) e 655l Wlgiee e puablise lae
o2l Lele gl osle jo cwnbloe sbacpnl 05 o>
S5 Wl o g oyl By cwabline (6550 cpl S
2 oksd Suz e plnl Gl 1 wsd hos ale)S
o lugl Wigs oo sl ol e ompbline (glag sl
GiAl a5 Wz (Sepd Ojgpots eizer | ebliae
0900 5 LyS bl gl cum s pl 5l Jols ol S
odds ol SKlasl (puzpd (F) Sgd oo oolatwl Jokw
Lo Jbw 050 eebloe glo)lSlogl 22,2 5l Jol>
Sy se Sajed Jobd el & o, b YL el 5 ey
Tl Lasgi Loy sboml (3s, cim 055 LoyS olml sl
bl Jlo 32,5 Jols ol ooy (sl (gmbolii
090 s jsbay peblie glo)lsle g6 Ll
Oee o 50 Ll &5 (B el Glbsw slajysess
I3 ool JiSts o5 (Sl ilS 3 b yrite mrbliio
LS sbmyl omablie ©ldsll Sygo cnl jo a5 0,5
3 oz ipee om L Gl jees g aiiS e
3 LS sbml gl el L ga99,50ke b )3l Sl (plahs,
sl tsles b alex 51 (VAA) sedee ooliul il
ol 4355 )5 azgi 0y50 ] Jlo aiz 0 a5 bl
5 leed (Sopd el ol able SIS 2o
2l goe S Sy oo Ll 355 093 eenbliae
Sl USE e nS obliie O VL o pdudshs
IV bt ool 5 (SHe (s rized 5 Giblise
Slalllas () caul (COFE10,) LS b slo 55 alax
Oz g ol Gae llpd o Jobe CiS gy, 2 &S
Wl Cawdds s J31 0 ol Wl slo Joko 5l a5 ol
ools &yl Slejole,5 cdb 0 )5 (6l SloaS als a>gs
2,558 @ (ale)F 90 4l liee ey (nl bl
ey PH oI55 o 32, Ll sl 5 ol 03, oS
ool ooty b Sldlas j Tl a5 suls () el

VFer 20958 S5 0 loud (b g o 0,90

IS S w8 beyimle Ol 4 o8 Glples

Gl o il of o a8 cal by Sy slagis,
Gl F e az0 O sgu> b)) asle, oo YU slales
lo sl 0l o YU slales 45 el ools oLt ligios
] BBl Ygamo 535 G 3l 5 0,5 055 1) (Gl
S e e le e ol slocil 4
5 Lotsn @ oalsy ceml 5 Gl gladsle
ey @ Oleyd oy G il e o Joke Ol laliSle
ile)l Oypot S o dalllas Sl 50 Loyipole
plxil 00,8 Sogods jee g (131 (g9, asdllas) coul
5 53 JB )98 ole b Sl 9 oS (1Y) 09d e
Slyp e oy, S Gl wglaie slaojlal
Sb 5 eslital @ olge gl 5 & s olejole,s
1) 50,8 gole sla ol Wlgs oo a8 5,5 o, Lsl Wb slaalg)
il (7) 0y o 51 ) Gl pw sladgb 5 035 Joos Lo S
Oleys 0 gmmblioe 1350 5l colaiul aiw) yo llae
Wz e 08 e p BB J 00 4 Gl b sl
sl 0 waxte glaguy 5 talojl ye3 la Loy
alos,S anls |} _aboliiegls olga 51 oolizl b e jola )5
O3gl iy 5l ead ol lesay g, ol oo lee Lol
FRS Br 00 G6E L bl Gl o0
2 e mabline slagSE Ll sy b oo Ko
Senl o pasiine oS jobay s (Slejole S (b9, (2,6
Lol o e oo, aise) 4 03,18 Slalllas 0325 b (F)
S oDyl a0 Gl Jlai il Oldllae o o Sl
o9y ool g el Sl slass (po > a3Y e
S Cas S5zse ainej (nl )0 Ga2ly JSSsn 5 35l 252
dlie 5 byl 3y0 0 (e 59p el ol
o il b () sl o0t Sloyole )T cilizeo (sla by,
iy o 3 ooliul 0j0e Sloysle,S gl 45 psbline
i 3 45 925l erbliincs 8 b erbliias 5 5l e

Olyd 5 wes oo lid cwnbloe Cools 59> 5l we las

O3 (9ot Sloyod = (Sl lods g (S pele oGS alo


http://jssu.ssu.ac.ir/article-1-4819-en.html
http://dx.doi.org/10.18502/ssu.v29i1.5886

[ DOI: 10.18502/ssu.v29i1.5886 ]

Downloaded from jssu.ssu.ac.ir at 15:34 IRDT on Tuesday April 27th 2021

28l 4 ! Jlaio Sl n @l Sl o 4y Gl
3550 S5O aws Gl 6 Reie O jsea | Wl
S8 ol Sgepts Wlgi oo g3lu e & Lol slagts,
Jls ,e <l RFA Radiofrequency Ablation g, S
03,5 o5l |y ol 13 RFA Wig, il Kas g ) Y)Y
Selsmle Gy )l JUl dsles 51Tl 6l s
5 WS o0 b LS 4 |y (Sl e J15, 45 ab eolinl
Js! olas b s o 51 Lol gl b ool ooy gl
S G (nl 50l dgliie Gty pges e Sy Ol
b dwsin g Al Su5d 3855 508 sl oz Joe
5 Sdgymle aoles g0 o b Julod (gly ol asle, 38
JEl ol s .l oals oolawl vgasme sl hg, 5l e
|, olite Lulps b wloads Jlee! lite (slaslidy 5 o)) >
S sl g aniin les | Oliee S (g5lodncs
@b @byl lr el i 4 ppada asl
Ou o aS ol s Glllas ol a8 F a5 o g5leand
Doy 1Y Silgs e ey (B 0 el e (yleyo
el Shaeis BB e g a3y JB Ogll ol
g aiion b ;o gl 4 el s gwypm ol Oloslis
2P Ol Sl g 0,8 o)Ll LS ada (et ol 4ol
GRS S o koS ladse ol el VY e ol
Oley 9 Lo b yeaie oole Blasin 1o lid Soduamy slo Sy
£ (1) 595 plol Totme wyb aslie ol eglie (Sogul
Oygo Gilwdde ol glp a5 Sleyole,S slasg, 5l 6,500
5 @l dlgiee Sloys i el (Slojs ) el a8 S
N5 Sl H9es5 09,0 4 (Fh3gl b ledlglgil ol B L L
@rslodse A g0 o sl a5 058 a5 SU
OF) GllSes 5 o Toob Jlo 53 ol 435 &0
Obyz €5 ek 9,5 Bl L Gloys )5 (g5leae s,
Sas w0 S L (PO2) 5eS| (Fiz JLad mss 5 055
i w5 g 05 Obyz EP e ey dap] adll
9> Sy U by SLil loygess o 5eST (Six

GO 9o ‘57)|)-‘>' J..Lo S5 Sl LS;LAJQ ))..J 2 (Lods J..\.a

VFer 20958 S5 0 loud (b g o 0,90

S sedl Sloys boyS (g5lw dmls

Oty leyd 9 Lo i pala I g5ke 03150 Gavaz Ak o]
Comsbus dbs i pola a5 358 oo gl (V) Sl 00,5 ol
b ey Jelse Bk 5l K00 slagleys 4l jees
S el )l oAb Sy amse L b cow PH
Jrs 45 o 31 el PH (ials8l JLis & o oS
5995 15 polie (59095 (Pl gdion dloml Cenl oud 59005
RO INTS Y R COUOV UWC=SE G PR VXSSP Jt- I CR PN
5 S0 adlhe o (V) Col WSene 4 o ‘5>-|5.;
Coye 90 Sloyole I sl eolatnl a5 ol 5155 (V) oK
Solw a5, 0 aSil s o) gl Gleys o Lol
Ol Llass oo las Cuglie mianid 4 Cond S 31 Ygano
Oh9y ol )0 1y sl on s LS a4 s 5
Caye )l 55 s et Slopsle,S b (Slepsanil oS
Do G55 sl lapsleS symy 45 ol il s
ool 00l wS e Jlo gloye axdl g, L oS Gl
Ghls il S5 4 b bs, ol 60854 Lol el ol
slr ol g be e Sl aer il (Mt
G alte § 99 ot Wb (S5 by ol 65 50
aS sl jglme slocdl Sao cawl ( 2oge Sleyole S 5o
0397 50 Sl Slalllae 3,5 13 a3 g5 3550 Wb o)lyen
Jusl oBass 5l Sy slacdl Sbeyole S 5l o
2y aadS Sldlas cdes jo el a8 F plxl Ol >
g sthe il CSESy ey JBIs O3 ol @ wdies
&8 en b Bl s OV VY Jlo s e
Ol emebline Jlw b by cod Glbpw cdl sles
Jols ©ldgl 5l colesy pd mjel o o,8 Loas wisls
A orzee Sl gy JBS8L Gles Jdgn j9es
ooty S Sy &S Bl 5 mbiliia Sl gleS
Sy Syl JWES] dolae canlllas ] j0 0l ) 0 2,25
S Dhigl ofend mjei b oanans ol ey
IR AC pgblon plae So (pyre 0 &5 Glbjw 28l
) 28l jo o3l mjeh Cueal st gl ald o o)l

il 5l 3l qse e bl oS > ol s

O3 (9ot Sloyd = (Sl lods g (S pale oGS Ao


http://jssu.ssu.ac.ir/article-1-4819-en.html
http://dx.doi.org/10.18502/ssu.v29i1.5886

[ DOI: 10.18502/ssu.v29i1.5886 ]

Downloaded from jssu.ssu.ac.ir at 15:34 IRDT on Tuesday April 27th 2021

O Sed g obTuis anbls -

V) o)Kan 5 caile Y18 Jlo o sl ianlin 1255
s Logymls @ly |, LS S35 Sligl imgl o
blojgmels ipghy ool o Wop B4 MRIL (asis
ab osle lyie a4 wluST G315 wad i oleerd (B4
Sy »ogil V0 o3lal b LS ol 3l g ol a8 3 a5 o
5 LS S ,a3 45 0 esmlie 5 ewlis ilS Slxio
Coom eymizp? ol Qo0 A Sga> 0 CojelSeil
)y YNF o o ey SILST 35 el il
L] 5l g 5w 1) Zoyd LS 390 tmgsy j0 (VA)
Gl 0 0S epp ) Sleyole S o Sl slashe
Wb S Oyge ol 2B aRibl e (5 a5 Jtagh
g Ab 3,5 oad ool S Jolo lasre jo 3650 el
25a> s Sloyole,S Grizes (8,5 18 Slejole 5 i
Slaasls S Ly, g 5> A ol 55 sk
3)ly 5 05 9zse o 5l s Sliglesl 5l Jel> 28
o sl sssladie 355 e osls oS
bily) SeSa g 35do0 (i o) 9290 o S
p dgaze izl Glaylpl g ledl oS o)l sl
Slp wenled @35 laygilS w5l & (g bl
St 1) Oleys Olor 9 S9bon 4T el loyd 092
wuloior plote 1) Gaghy cnl (ol jobay az o)l iy
399 Olgeas 0,25 Slislej] 5l Jol> slaosls 51 eolaul
Slp |y C8s p9r ax b Wlge a5 Conl (g5le o
Sy gl 9 0m Vb wes po &) ol 10 ax T ot
Gy pliie Dyee w4 odd &l gilu o S &)
Sl 53,8 s o L aS 0ed oo ploul (AXisymmetric)
@l 5l e Slgce wgaman bull 4 pens BB (it
ol alls sl Shs Koo 5l asl san o iludas
oy hlzien o ol 558 55 4 e ek
g g b ool (SSse 5 cen gl e Gl
o)l (1 jglme o il 4y G Cangy oy ol
3,90 Alflaz 30,55 sloo g ol (oo 13l iz 0,5

S oo 58 oy

VFer 20958 S5 0 loud (b g o 0,90

b ags ol I3 Hge95 b lasl S a1 sgame (gli
b f Sy dolas S basgi as B 95 (59,5
JH POy my ad giledae o Jlw ol
ST o dasgi GLLE ol 5 505 slaS, dacSyse
D905 Sy bawgle (Slod Dl (Zolehyd b eal ) S5
J> by 5nd Lo o5 b o POz 5 055 GLm
JUSl g (5l sgaze lizl (93 (B985 oo plojen
YT Jlo 0 (10) SilSad 5 casgy b dmsbeo y5maST
SR ey SweSa gl x5 50 L Sl 5
M (sloaluols b Jloiish oloys 255,8 (s3o i Jomusls
e o2l 05 b slagleys 5l was b, (GNRS)
Lls 5 olobs b oly cwl gl slbedl
Sy GBI ssel 525k 05l y> i1 45 Caasl oo eenlis
o) addllas pl jo 008 pwyp (56 olul b Joe 40) 4l
sl b Jaw (o) gilbyw il 2l 5 Slaed sl ow)
b ol 31 Les 4y dialy oams 90 oo Sy b plonil (5,50
M slaallyls f abiie gl | 0 b (65 JUil 5
Mo dglyils (5,95 i ammlre lp Wb o A O3l oS
Slyp oy ol Jail doles caslsl jo ol colanul
a5 Jlacl bagome 5 3o (sladlylals s o i il cioss
5 ool sled o3l Ao (sl Wlgi e 3l 5l G S
2O S SIS jees pled oy sl Gleyd Jsb g Jetoe
D49y 99 (883 (gilwands L (VF) s g ol YN Lo
S ol il eladas ol lagisly b (5> ey
bl ) il 2l loal b <8k Bl riizpa g 5 b
Jusl dolas J> 5 (551> Jolod ciagh cnl jo oS
plsl dgacme lizl g, 5l eslinul b iy (st &)l
O g TV FY Sled ax aw ;0 00 ol il a0
les anig as ol lid mls Y CRYS ol ) sl ax o
oolatwl o Lo anion 5l aes j5d b sl eslanal jo céb
P> O35 S 92y (nl b Sl (oS 3500, gl
Oloyd b duglin )0 (il a0l gy 5o e el 2Ly

oIl b oo ygags slp by, (! &5 ses e lis 3d L

O3 (9ot Sloyod = (Sl lods g (S pele oGS alo


http://jssu.ssu.ac.ir/article-1-4819-en.html
http://dx.doi.org/10.18502/ssu.v29i1.5886

[ DOI: 10.18502/ssu.v29i1.5886 ]

Downloaded from jssu.ssu.ac.ir at 15:34 IRDT on Tuesday April 27th 2021

L oleen Iy olime ol cwl Wl 8L b5 Qi g o

Ao Jo Jolpo -Y-Y

A dD cpuri —)-Y-Y

a>gi b .0,8 OHgo dwdid sl 6l Sles s b Lol
GuF e g 4 owtes slaudgase 0p)5 &
‘&o.cpf ‘_gLﬂb)}ay OLo).b (5‘)-’ ).’u}‘) oolazwl 9 u‘)oyl)
S ol oo O 15 4 IS (53,5 (59050 S om0
o 0500 5 M B Cessy wha pj Seishee 8 01 355
[QJLA-H uBL» 9 ws.a J.al.w od.a.il.o.i GLQOTW‘ = QLQ-”
spbisad 3 aen T g ) b wile ol sl
Yoy ek Vol as cul yiads VY e ol el )|
s9lme S8b e lee 7 g py09ep fadeo ¥op sl o dee
4 :LCM Cawg 4;5! Calbns el oo J.._i..u.s Cowgy
Siledae ly aid) T4 awsin 5l gpgal ol o dee
2 aS JB g5 opls il sael VIS yo gt cpl o
S sbme G S pled oy omslis SO
50 a8 ool ad)S lais e e Vo] kol @l
L aleasain Gozee o i | o Olgie 5L )50
odalie ¥ JS5 )0 o095 S ye Sl B 0 GuyF B2
S5 Jolome oz b Jome wiz )0 85 iz 9 99h e
RO PRV i (Ot

ol 0,54 g bl (plgs xL-Y-Y-Y

S lo ol &5 piae g2l al> e cal o
S8b g jg09 Skl b jolme S8L p)350m 5 0 )0l 5 00
A8 PR Jear Gl ol ol (V) 05 o 1) 5508
@oas Jo gy ~F-Y-Y

A a8 )5 I 0 sgazme il (b, i (pl J> sl
L3S 5 IbT cpleys 5l abamd ja j0 Les @5 @ 5L 4 4355 Ly
€8 9 S Ll ol Jlile s Sl ol WS o0 Jo
Bioheat L5 cousy <Volas 4 %45 L .sylo Coueal 3G

VFer 20958 S5 0 loud (b g o 0,90

S sedl Sloys boyS (g5lw dmls

Sszse o S Ll s lailesl ae o5 Ll |
Sl s ollesl bl 5l G a5 Cesl Jpane sVl o
Ol e sl ety el sl gile Jow deai e alS
Su5 6l el o oolawl  Slewlre o ybg, 5l Gioeh
@l 5w e &y Cadly o azl 4 ilodue @l gus
b (ial3dl Jlogad g ondy Sezge 0 5l > Slaoles]
Gy Jolee iz slacdile gl Gloy s 3510
I ol 4yl oals oolaswl j138le 5 (604,9 ylaicdy conls
o S lald s pleys Wy, Sl @9t Gt Ol
L Slal Jsho ged 5l Badod Gl 55 SuBls 0y 92
30 Gilwdnd Ojsods MlS Jiegh g oaid eolaiuwl gl
sl 00 a6 TgeralS Laes

Ledl » oSl @)l Jlisl abyl, —1-Y

LS Ghe) o (omblise Oldgl S8 4 LS olxl
SloyS omblion Gl aewsas ] (b aS cwl Sl
Gl )0 (Se g MBS (s H9egi 4 AT y0 5 S35k 4 JB
@ Gl SIS (pwditer 3 090 G 5l B aileee Les
G L Gl 5 0jem cnl 5o Sl 035 pole pla
b Slowbre il &> JEl sngdy 1 swdige
yes S8l () Gl Az 5o g Led (Bl W, Sl (EBs
O &Bly Fhe 4 o3k S Wlgh oo Sliwlne (ul il
oSl ol Jl sy b lawl G cnl gl oS by
o alayly oaims Hlis (V) alaly oges zl el 1) lacdl
O ol bl ol

68ng+ V. (—KVT) = pyCop(Ty — T + Qo + Qm(\)

Cudb € il JSz P gle; b Ops ol s oS
S Pp 28 oles Colon jauib K oo T ozdl ) >
£ Wh o slos Ty s o) il G o9
eie Qaxt 5 Ssie 2l e Qe w055 >
ol Ddx b e Wil 75 e bS
ol Sglite oyl Gd oo wlel il slacdl

Alr T yses GlS Gl oo sas e Gl oo,

O3 (9ot Sloyd = (Sl lods g (S pale oGS Ao


http://jssu.ssu.ac.ir/article-1-4819-en.html
http://dx.doi.org/10.18502/ssu.v29i1.5886

[ DOI: 10.18502/ssu.v29i1.5886 ]

Downloaded from jssu.ssu.ac.ir at 15:34 IRDT on Tuesday April 27th 2021

O Sed g obTuis anbls -

Sheslaiwl LISl Glp ol s g bl e
LS Shdsl g9, » 2w Sl 5l Jol> slassls
S sy JsSSolall b s esls iy oy
S el ol ol Ken g aw)l ragh e a5 Saiws
OA) 0l 5)ly 3,5 Joe dwain 10 lo) caws g oo logad
Mged S clte ey Lawgs Olewlre (g3luosles (sl
5 a5 0l ol )35 920 slrosls 5 pgd ax 0 Glalezuis
chle an a4 by bjloged pl 0ed co cnalin VS
ho o 5 Aibign s 05 YD 5 ) 5 e
2 sojk o a5 aites el S YO 58 4 by ye
Al (F) ol oo 3,155 sloiole;] casbline o
Shbl o jsesi gloo b ol Jo adl £o0 by o lp

w2 ook (28, (5l sln Y Olimed Gy Jore

O olbsde

Jles de slr Sl8le s el @las ol 2 oS>
ol YL la oy el ol s s aslis JewlS
2 oS 0L sl (B85 Sl s sle il
RVE ,SiLis oz oboll 5 55 it (gl sl alios

09y &5 ead bl (Representative Volume Element)

o509 ol Cewgy 25 CL 5l (Shed g gy Sl alaaY o
5T sSie asain conlie aSed (40,8 oy sl ils 1,8
slaclz b ad s Ojge Glubuwe S0b i Jo lic]
DS sS aledys wph o aSed ojladl I Jiee cellane
Jo sl el 3 ol o a5l Dlicl o5 4 o5l
4230 (p 0wl b dlas (0,5 Jo el cnl o ol Sl
BSeh dw & 5 0 F UK Lol (Soe Slowloe
3 ol sles ajs Jlogei 5 cilises glaojluil b oo )
oS ol 53 4 ppY aeiS e sl |y a8 o L >

A (5 97 Ol Jlie ggd 5l ool colaiul slaglall

Epidermis imm
| Dermis imm
=
\\ Subcutaneous Tissue amm
b
Tumor
—
Gmm

g i ) Cals 4 py0 g eyl (sile e sl oas b 5 L s awaseErTor! No text of specified style in document. -\ s
ol aseice IS 30y oo O a8 a4y jgeg S8l g e Lo £ Culbrs 4y Cangs Holoe il e e B ocslies 4

-a007
o008 |

oo0e |

-o.017
-o.e11 |

00127

)

D.014 |

D013 | ot

0017 |

D018 |

-ooiw |

002 |
o

oozLt T
ooez o 0.002

0,006 0004

0.004

0.006 0OOB D01 2013 0014

o5 e 4ol 5,55 o b il o sia Y IS

VFer 20958 S5 0 loud (b g o 0,90

SR

P99t Giloyo — Lblogy Glous g (S i pole oKl dlxo


http://jssu.ssu.ac.ir/article-1-4819-en.html
http://dx.doi.org/10.18502/ssu.v29i1.5886

[ DOI: 10.18502/ssu.v29i1.5886 ]

Downloaded from jssu.ssu.ac.ir at 15:34 IRDT on Tuesday April 27th 2021

Sy Sl by LoyS (55lw aned

-0.007 ol
-0.008 | I
-0.009
0.01 I
-0.011° u
-0.0127] [
-0.0137] [
-0.014
-0.015"
-0.0167 I
-0.017 E
-0.018" -
-0.019" | [
-0.027 [
-0.021— ' 7 T T ; T T
0.006 -0.004 -0.002 O 0opz D004 0006 D.O0E  0.01 bo12  Db.014
o - . e “a s P -
.)yy;ﬂ)df&?:;dg‘)mejolguliMMM.\‘J&A
- L L L i i L L A L a3-
0,007 | o |
-0.008 420 |
0009 - ‘ | d
001 ‘ |
40
-0.0117
G o3 ]
0.012 T
003 g 38l -
g |
0.024 i o { EUL! ‘ 4
0015 |* ‘ ‘
§7 ral ‘
00167 e [
007 3si» | o
0.0187 34~ 1
0019 [
0.0z EElS 4
X P = ’ L . 2 e = 5 32‘-‘ L =
0006 0004 0002 O boo2 0008 0005 0008 DOL bo12 bew o 100 200 200 400 500 6ot
. N . o e .o . S
ULA” FAYA olows la s awsin L ML o> uLo) la Juél? ‘51.0») &y )|¢3N :f Jiw
-0.007 | o
0008 F %2
- . |
-0.01
a0k 4
081 T
0.02 g %
IE ‘
o] F |
0037 =i
0018 .
-0.018 2 » |
Rt T 38
-0.008 | 34
ERtH
002 | A
0021 . . -0 3 i SR . ; ot 12 s L
‘0605 0004 0002 0 0002 00 D006 0008 001 0012 0014 ° 100 200 300 400 500 600
O EEFF olass b allee awaie 10 4l cavs n loj b Jols sbos a9 jlages 0 S
0.007 o 2 i ¥ T M
0,007 42
i aid 41
0.0y
40
o013
0012 g 29
0.013 PSS a8 ’ ‘
a0 3 ‘
l i 37 !
0.015 .
0018 P lg 36
0017 I s} 4
a0
34
0.01%"
T 33
B S — . =0 i - . - . . 32l 0B A L L ' 1 "
‘0805 0004 0002 O oo02 ©D0os Docs 0008 001 D012 0.0 [ 100 200 300 400 500 500

LI OYYY slaws b s a3 4l caw s by b ol slas qujsi oges # JS5

VFer (223598 Sy 0 loh ok 9 S 0590

O3 (Bgdo st Jloyd = (hlugy lons g (S pole oliils aloxo


http://jssu.ssu.ac.ir/article-1-4819-en.html
http://dx.doi.org/10.18502/ssu.v29i1.5886

[ DOI: 10.18502/ssu.v29i1.5886 ]

O Sed g obTuis anbls -

PECG 350 iz

|
|
(

Tepersue

o
Tirvies (rvvin)

S YO+ il 5 4y bogipn (2125 ko 03l bl lojles alarly (sl e 381 3 Lo 0 035 i Jlages Y IS0

(V) il daa o oud ad 3 )L )3 (ples i) Jouo

Downloaded from jssu.ssu.ac.ir at 15:34 IRDT on Tuesday April 27th 2021

rho_blood Voo [kg/mn3] o9 S
C_blood £y - - [J/(kg*K)] RYC ) JESICIEN
T_blood 37[deg Cl o sl
k_dermis ¥ [W/(m*K)] PRSI K U R
rho_dermis V-0 [kg/mn3] oo JE>
C_dermis YAS£[I/(kg*K)] )0 Syl cadls
wb_dermis visve-v[1/s] 01558 e ol
Q_met_dermis #YVIAIW/MA3] py0 5 o adgs sl )5
k_epidermis - [WI(m*K) ] PVR B PAK N VSRV
rho_epidermis V-0 [kg/mn3] pyow! J&>
C_epidermis YAAY[I/(kg*K)] PRV I [N
wb_epidermis -[1/s] pml 55 93 b F
Q_met_epidermis - [Wim3] pydwl 5o ot adgs sbo S
k_sub -IVY [W/(m*K)] proged olo S Colas o b
rho_sub AMAlkg/m~3] p g JE>
C_sub YYAVLI/(kg*K)] st 5, Cud s
wb_sub ve-v[1/s] p 3t 13 355 by &
Q_met_sub VeV IW/MA3] g 3 odd adgi sl )5
k_tissue < 1oIWI(m*K)] il obe)S Culas y o
rho_tissue V-0 [kg/mn3] il JB
C_tissue v& . [J(kg*K)] il gl cud b
wh_tissue se-v[1/s] il o9 oby> £
Q_met_tissue £ [W/mn3] <3l o oad oy sle S
k_tumor -Iv[WI(m*K)] JYOYCI K TRV TS
rho_tumor V-0-[kg/m3] 9058 S
C_tumor v -« [3(kg*K)] 9095 Sl cud b
wh_tumor se-v[1/s] 1395 5 0> ok E
TO 37[deg Cl adgl slos
h_conv V- [W/(mA2*K)] Cewgy )l il o po
T_inf V- [deg Cl aols 50 gles

VFeo (000598 Sy 0 Lol ok 9 Comnany 0590 330 (Bgo dtels (Floys — (Sl Wlons g (Sl pale olSils alme


http://jssu.ssu.ac.ir/article-1-4819-en.html
http://dx.doi.org/10.18502/ssu.v29i1.5886

[ DOI: 10.18502/ssu.v29i1.5886 ]

Downloaded from jssu.ssu.ac.ir at 15:34 IRDT on Tuesday April 27th 2021

Fier ) Ceg g pglme SdL (SiSge Jlizl oS )l
La Job 0 by e g Los Hloges VE USE jo S 6
50 Cel 00,5 Laa> 1) Wg, leo a5 098 o cnnline Sy
plas’ o aS 515 90 lp ilwdae (Olawlrs (] aslol
Fagke 0 G (LB Gy kd el Jole (ks
oo 5l akol by joegs 1o 5oy 5 99 (nl o plonl cainils
odalice V' ISS 50 3,5 99 (ol (swiid Comdae il plxl
3 bd @iy amgs slaytls V0SS s ogd e
2 Lo lalasai VPSS o izee 5 Sslite slagle;
sanlice calizee slagylo; ,o oo ools ylas oy las Job
55 sl b 45 0t o ol Lo ,loged 5 baysmls ol 5 o
arye BV Gl a4 jgegs slad 5l i it G
Frse 5 Snst o8 538y om 5l sl YL g ol Sl
oS 0 U s b O JSE) adl awais sl s ol
aS cxe ol il Cab b Lo o o0l o, Joloe (sloo
<l ol 5 il az 0 YV glod 4 (o, B 8oy 51 Gt
ogds el glojole,S 5 oad plovl 5oy w5 258 )5
Al (5550 Ll b iS00 s (Silue 0zl (G
30 Lo a8 0gon sl ,eils sasms lid VY SS Lo
sl jo Lo YA S iz ol Galizee sl
e g les slajlogei VA S g A p LS Jobo o it
Oley 0gd oo amli o )loges Loy asl Lo e slas ly ol
Joloe a5 cnl Gloj 4y G Cl> (] )0 5LS 5590 e
p oY sl oed o B,y oS 8l ax 0 YY sles L
O S0y glaie 4 g adl Fee a5 LS cdl B>
Sz Al &0 S v (LS by aal w4 Y
B oleyd 5o G5 wuedle Sjge )3 Wlgiee 5 Sl

VFer 20958 S5 0 loud (b g o 0,90

S sedl Sloys boyS (g5lw dmls

Sgd oo oddlive Lo Ol Wy, 19 A USS o

az,0 VY G,y Joe leo laml ol asie a5 ol ylon
Sl 5l oy s GBI L Lo ma Loy m ol b
sokes 4 4355 b el 3L il az o YV glos b i slme
LS sl usbline lace S 5 Jolowe (0l 05 o9
Sl ol Leoes 5l g wbioe bz B3 e & 2L
(loyole S £9,5 5 B2y 5l wn abiBs B dgam o Jsloee
los @ b asS 0 (ol o5 4 £98 Slojole)S 5l 2L
Sl (x990 G 5l (Sl 8L 5 00 FY 51 YL
Dl a5 31 Sezy ygess pslme Sk 4 iz ol Jloio|
Jsb o Lo slaloges Vo UKo 0 le, PBlas a1y o
osnlie alite slogyloy (slp ouls ools lid By L
ooy 5l Les Olyess &gy sasmolis b loges cpl 09l o0
wdd o lid g cowl asl Fee boadds Ve LL L 5
Ol 50 Loy 0ad Sy Gy yolme 2l ozl 6iSz oS
oo Hloged VY JSCo j0 owl o0l 0,5 o g a8l 50l
Mgy s omalie p b3 Job pled o lej e
les ial3dl ogon (gl cas 5,8 alaly @ azgi b Ol s
A Jyiine 4z 025 Slinlesl Galel 2 oloj b Jsle
S El Gy Joee cdansin ;0 (oS 5ii b aslol )3 o) o
VOS5 a8 LSS Olaslxe g 0l ools 58 j5es8 55 50
VY U 50 jebpmed ol cdmlice JB a8l i dwsin
aS Sl ovnline LB ail £ev ley o Lo wlpnss [4ulS
S8l 4y ony glod g el (Ll 5058 a0 (T @98
oaimoslas VY USs el L8 a5l e Wl
VY gl o o asedee by ks Jsb o Lo (gl loges
oy loges 5o 45 jsbilan il oo ilizee slagle; 4o I

Iy seegs 50 Led mujei o, pas cdl> ol jo il aseie

O3 (9ot Sloyod = (Sl lods g (S pele oGS alo


http://jssu.ssu.ac.ir/article-1-4819-en.html
http://dx.doi.org/10.18502/ssu.v29i1.5886

[ DOI: 10.18502/ssu.v29i1.5886 ]

Downloaded from jssu.ssu.ac.ir at 15:34 IRDT on Tuesday April 27th 2021

O Sed g obTuis anbls

all fn -
Tova=544s_Cormme: Tovpavears i A Sasace Toubom s a ettt oo masmairs ] v i Y e b B ot o i 1 A Sk

s e
s e, ! : et

i H ] e

s . -

s

oot 1 ! me :
5 Y =t b e )
] jmiei | e

v o ] s =7

ass e o
P a0

asm o

- e

S e e e e oW e R T o E T BT TR R G emi 0 s wme omn swe oa eea s
= z
Toren 8. o Yot smene ) e i o P —————— - PR ——— el

wun

s

.

wsis

ann

an

v
o - Line Grashi Temperature (dewt) L -~
= { [ ; P
\
2o \ /
3 3- an 3 f
/
/ \ aas
/ \
J . 5
) L
o adea P ; s ovos sdex Lefesa sden sox
e = ine Greph: Termpersture (deat] >
ars { LY
¥ .2 / /
/ \
S / / \
& ma s N\
£ A
B 0.doz ados aopas., o.das oo i ; " . L
s G603 ey opos o608 X

A

o )l plad ;o oas ools (ylis by das Job 50 Led jlogai (o g5 5 3y5 oo Joli) T oo Camods (T (55, Led a5 (5 Lo (Ll :

7

t=600s ol (z ¢ t=350s ol (& «t=300s obey (¢ t=0s ol (&

VFoo 000098 Sy 0 ol ok 9 o 0590 330 (Bgo dtels (Floys — (Sl Wlons g (Sl pale olSils alme


http://jssu.ssu.ac.ir/article-1-4819-en.html
http://dx.doi.org/10.18502/ssu.v29i1.5886

Tavgarature (degCl

[ DOI: 10.18502/ssu.v29i1.5886 ]

Downloaded from jssu.ssu.ac.ir at 15:34 IRDT on Tuesday April 27th 2021

Sy sl Gy boyS (g5be and

Line Graph: Temparaturs (degC] Ling Graph: Tem perature [d45C) o walfl @
43 T
| -0.008
42
| 0008
|
“"i oo
il .11
35| | TS
FTES
) !
| 0014
37- | jird [
f | | | s
3 0016
s 0017
34 -0.018
n -0.019
-6z
32 -
o 100 200 300 a0 50 500 0006 0008 o0l 00l 0014 0018

i bt Jsb o lejles Josai (& €505 5 1,55 Jome Jeli) ] oo cewots T (55, Lod a5 iy o (il VY S

Time=600 s Contour: Temperature (K} Arrow Surface: Total heat flux

~-0.01 -

6,608 . \
\

-0.011 -
-0.012 -

~-0.013

-0.014 -

-0.015
-0.016 |- =

-0.017 - ——
-0.018 -

-C.019 -

-0.02 -

| & 316

 215.91

F 1 315.64
- 1 3215.27

1 215.1
e F 1 214.83
1 314.56

[ 41 214.29
- 1 214.02
1 212.75
213.48
3213.21
212.94
312.66
312.39
312.12
311.85
211.58
311.31
311.04
310.77

4
w
H
R

L 1 L L
-0.004 -0.002 (=] 0.002 0.004 0.006

L
0.014

—=

£ ¥ -
} 735 / g ini
373 s
a7am, / S
373 s S
3715, o~
0 oo co0e A5 acon aor
Line Graoh: Temperaturs (euc) -
I
azs
i
s
|
¢ P / \
a0 \
; | /
o .
|
|
° o.002 ©.00s o032, .08 eor
21250

= Call
pa—
o.6os 001
<
-
ocon st

o o plad ;o oa ools (ylis by dad Job 50 Led jlogai (o 505 5 3y5 oo Joli) T oo camods (T (g5, Led o5 &y b (I VY S

t=600s .\b; (¢ ¢ t=3508 ;Lo (& ¢ t=3008 L (o t=0S (o

VP oo 329958 (SO 0 5lold ok g St 09

O3 (9ot Sloyod = (Sl lods g (S pele oGS alo


http://jssu.ssu.ac.ir/article-1-4819-en.html
http://dx.doi.org/10.18502/ssu.v29i1.5886

10.18502/ssu.v29i1.5886 |

[ DOI

34 IRDT on Tuesday April 27th 2021

Downloaded from jssu.ssu.ac.ir at 15

O Sed g obTuis anbls

Line Graph: Temperature (degC) Line Graph: Temperature (dogCl

Temperature |degC|
=]

o 100

op b Job jo Gleles Jloges (@ (g0 9 Bay5 Joee Jul) b\.li‘s.aduom, QT Soy Lo as Loy las (INF S

-0.008

00 300 400

Time=300 s Contour: Temperature (K} Arrow Surfa

Total heat flux

-0.008 |

ceo1l

o011l
0.01af-
0.013
-0.014

-0.015
-0.016
0.017
o018

0019

-0.02

-0.008 -

0.004  -0.002 o ©.002 0004  0.006 0008 001 0012

Time=600 1 Contour: Tamparature (K} Arraw Surface: Tatal heat flux

-0.008 -

N 1\

o.01f

-0.012
-0.012
-0.013
0.014

-0.015
-0.016]
0017
-0.018 -

-0.018 -

0.0z

0004 .0.002 o 0002 0004

@006 oooa DOl 0012  0.014

| a.0ne

R 1
| w012

RIS

<l o

0008

0814+

-0.015)

{ -0.017

7 wo1s}

| D018}

0018

003

£.008

0.004

-0.008

-0.008
0.0

-0.011

0.012f

-0.013

-0.01a |

-0.018

0018

-0.017

-0.018

0.018

0.0

-0.008]

-0.009 -

-0.01
0.011
0.012
0,013
0.014

-0.015)

0.016

-0.017'
-0.018]
-0.019)

-0.02

E

0002 0004

Time=10 s Contour: Temperaturs (K) Arrow Surfaca; Total heat flux

3 )

o 0002 ©oO04

Time=350 3 Contour: Temperaturs (K) Arrow Surface: Total heat flux

0.016

oo1a

-0.004

o ©.002  0.004

a.014

ol pglS Les 0y 1=600S(e « t=3508(w ¢« t=3008 (o ¢ 1=108 (Wl oo &l pis (sam g0 g8l V0 S

Tempantie )

Tompurt gt)

a w.a82

Uine Graph: Tarmperstars (degch

EXCH

T T

Linm Graph: Tempsraturs (e

A=

(& ¢ 1=0s ol (o e oy pled jo Sy das Job jo led Jlogad (@ (9085 5 33,5 Joxe Jolis) %T@wa@ QT oy Lo aS ooy las (N S

126005 Lo (¢ ¢ 123508 lo; (& 123008 lo;

VP oo 329958 (SO 0 5lold ok g St 09

O3 (9ot Sloyod = (Sl lods g (S pele oGS alo

31036



http://jssu.ssu.ac.ir/article-1-4819-en.html
http://dx.doi.org/10.18502/ssu.v29i1.5886

[ DOI: 10.18502/ssu.v29i1.5886 ]

Downloaded from jssu.ssu.ac.ir at 15:34 IRDT on Tuesday April 27th 2021

Sy sl Gy boyS (g5be and

(=]
Tieetf0 s Comtios Tersperature (63 Arvow Sarfece: Toial best flax * a T BEO & Loriinss Torn paratvos (K] hevows festuin Botsd bast #1a ]

osce am wen . Ans
= e -raum
nses e v amy v Lo
™ cluse am ‘man
\ \ Cimm =N, ‘aa3
o oy, X \ Do e NN 1363
v \ s SRR a2
o \ | Hare ™ A Yok ey
Ert b] } IRET EIR ) | Fainis
ey | - ame bl L
Een r ey e i
gl o = sn o T
s _/ / Pl T / . 8 S
Ll — ; / —RLEL ek £ / EF rain
e / EprTe el | S
aear, - = 0E7 ki
- / =k = nair
b = ¢ | guam —new
o f = s —-ais
f = -
oz —m e |Ef

I B T

Bk -eE 0 DNor Dta GMe 66 anl  agi oM

TRM4 %oz 0 OO0z 0004 DO OmA e OO

i 5 % i P B : s
Mess LMD B BMG  BSM BS6 Sa M 00D Al

el 29lS Lo alg IZGOOS(% ¢ 123008 (o ¢ 1=108 (Wl oo O poss (gam g8 ,gmlS VY s

At e
L S
o "'f R . e S e g i oL

Soged (@ tla loj pled ;o oad ools lid by s Jeb j0 Lo Jloges (@ (5085 9 32,5 Jome Jold) 058 o0 <ol ) jo les a7 iy e (VA IS
op s b j0 Lo Jloges (& ¢ 123008 by j0 ead esls olis i p as Job 48 Les Jloges (& =08 oloj 10 oais solo oylis (o bt Job jo Leo
1=600s gl&) JERE™ oals QL""“'

Lina Graph: - o

as
as
a3
«
a©
ED)
2 | R
00 a00 300 0

° 100 200

Tevpecstare (da)
H

0.009

001

0011

o012
0013
0014

0015
0018
0037

o018

0019

0,02

o

\_/

©000n 0004 0002 @  ©00z 0004 ©008 0O 0Ol 00i2 00l 00is

oo o Job 13 (8) (lei(TC) oo Hloged (& t(yg0g5 g 2,5 Uome Jold) Wl (oo cewdts o (59, Lo a5 by oz (il VA S

2l S5y e 5l el jeess Bl b casly a5 Lo oyl o
Czrge a8 39, Vb gax 4 j5lne slacdl los il az oS
Loy gy » s S8L 50 G5 o Obz 5 S wades
Sggin (puiy Aolie jo (goga U 50 (pl conl S5 o34
Pt 0 Olr 4z oS Sl ol el ol s el
Gl g Sl i S8L Sl ) a4 5l Jlsl g5l
..\35) aS Cewl sals uLM.AJ (‘.:LG.:.Q.?U ..\..5‘5‘0 ng.a ‘) OLo)é

VP oo 329958 (SO 0 5lold ok g St 09

b Lo Gl eniy slocdl oS wes oo lid b gw)p

b (il b oS o Joos 1) ol 5 sl a0 Fe 50>
ST g pasa 23l Jlgy Vb a4 o5 il a0 FY 51 cdl
O 3l elp bsls ol )3 sile a0 B gles o 098 eo
sles Gl Shoy cnl 5o 3sder Lo 8L oS (23,

i Hley Duae g Wil ol 5 le a0 00 a4 |y jeeg8

O3 (9ot Sloyod = (Sl lods g (S pele oGS alo


http://jssu.ssu.ac.ir/article-1-4819-en.html
http://dx.doi.org/10.18502/ssu.v29i1.5886

[ DOI: 10.18502/ssu.v29i1.5886 ]

Downloaded from jssu.ssu.ac.ir at 15:34 IRDT on Tuesday April 27th 2021

O Sed g obTuis anbls -

2 Gleysle S goyd abaii o8 Lail Gl ad ) 250,
L ol wb csl o5 ol ax 0 YV ), Sen 5 o8 g
99,5 dslie © o VA S8 Gloy e Lo Jlasei b
Sl 6 5eS cads b Loo ilos S5 solaiwl il 346 5l ye
alai ;o Lod ki &gy 4l £ yloy U cdslie )0 il oo
oMo (nl @B b alie 093 oy b j9e8 S0 L O
@ by slrosls L1y silwJow cpl e oo uizpd Conl
S0 dulie 20 slaoslo b g 0,5 IS0 508 @l,d6L ple
Oldgl 5l ogi o b Sloysle S s oS Cunl S5 4y o3
slocbale o bl 3 L oz 5 S0 D3l a4 Cos
B a4 el e oy ol sl Doglie wilies
5 s 5 Coml oy e Lo ady Wig) LS el anylia

il Sglite Wil oo Ll pds 4 ey T Gal8l 5

Sfles Sgnp g (b 0SS sl Ghegn ol

AW ﬁl.?d‘ 0di) dg>ge Oy o o)l o lbw gl
Cowgy )‘99 90 9 )90y J.o‘.«.u &_ASL’ )‘ (SIJA ‘L.w‘) U"‘ » ]
L 043} sleasl Q)|).> JLD.».:‘ dJoleo UT 6‘)‘.‘ 9 b NEH
Ol ol Suop Sly sl 0nls Jo iy dolre len
Joged 5l 50 llpd (lyieds s e &y Coably 50 azl
o S oldsl sl Jele slp 3290 lejles
Sldoz wiz loges gilw oolw gl adl g 0l colal
Gy ol 2 slme Ygare (VA) )38 (T g0 a0
Syl o5 cile ax 0 YY s Ul sles vg0 o ples
Jedoas soegs S e 50 By 3l Gl iledae (nl @bl
5 a0 A |y 5 se plop Wlgipe Lo CIeSy s
e diz 3 g Bk easd pll xSy By5 &S (Syge
58 3l S o sled ol planl jgegs Sl e
ol peplem oy leyd g dwey o0 YL 4 FY @
i Jobe slod ST eShj wopdle &g )3 ebien

Pl b S b loyd oy o sl 4 )5

VFer 20958 S5 0 loud (add g Comn 0,90

4 o b @I LS e 50 93 Ol 5 Sl
shd ol s ) ol F ole a0 Fe slo U aS x4l
FY sles 5l Iy osdee i 055 Olz 9 S0 I
Eors LS oo ol jo il aile b o 4y ol 5 il a0
by s2al8 Wy 093 Dbz g WS e 0D LA &
O o (Y\) Cnl uLo)\) INVeLY 6)L bj} ]‘" O"‘ 9 ..LS‘SA
Sty S8l (9,8 ST, &5 wims oo (LA o) 2 (S
S, a5 e ol il Sl Jeere il s, L
(YY) e 335,50 5 pdudes wauss glbyw cdl
Wgos So Jsb g yad (Sl a5 conl ools lis Sliass
Sl slp &S b o rienl g Sea PV 9 V¢ i Sy 59095
ol e S e ool LI L Gleys sl 1y el 3 sl
Shdgh GF boolbye gl iledse iagh
Al pll panblse Hlae bwg LS obul 5 cwnblisne
sl plsl spdide g iluesle ol ol ol
GRS S 6y o)l 4 g Dled B (nl dles
alyly 0,5 B8 @l lusd o 5l 0,5 o lil awas
(VA e Slialesl 51 ogzge slogas 51 oy 5 Lo (s
4.]4).‘) sl 020l Y g)iw o 4\.«»3; S yg0 w).n.v )109.0.3 o
Sire byb plgiear Jlages cnl jo plej g bes G 92ge
a4 swblon las 006 asll jo ol sal 6,8 dluw
3 el il daly pes A5 i g0
S ,loges duslin b .ol ool Ll coonl o0 Slaobes]
oatine oy bghs Jsb o L soje slp edel cassa
lrosls b aslin g ylo) e 5 Lo jlogad iz p g 00l
sk pgbar a4zl 5 (YY-Y0) ety lalllas oy
Oyl JU Lilg; ol g (Slojole)S 5o Led @jes i,
] 5l 9% B ek ol @l gy e ! lacdl,
5 Sl ool &l s o Fy 28y SOy Wlpl e
gleel b GlopoleS 5o by e jg0g8 alide bl

O3 (9ot Sloyod = (Sl lods g (S pele oGS alo


http://jssu.ssu.ac.ir/article-1-4819-en.html
http://dx.doi.org/10.18502/ssu.v29i1.5886

[ DOI: 10.18502/ssu.v29i1.5886 ]

Downloaded from jssu.ssu.ac.ir at 15:34 IRDT on Tuesday April 27th 2021

5 oy ol Solisog0 5 _plys i (6 nSojll (gl
OBl pas @ Dlgioe 39290 slacusguze oo 5l 9es
=l awlie § ok S0 J=lo QL&..ALAJ'T RES
G azg boS olal Jol5 gloebl cux o1 b sledse
sloping walide bylys ) p UGl g Jow (og oale!
Sz s @it glaez> b GF sle wiledse 3580
e 5 BuF Slr dwe sladee 5 09d bl o
A b ol Grizes aliesa Jslre digy o
Slawain ()l ppgal jl (585 SwS g e Llpd (235
@arg by 88 Sl o Jlen e sl B jsba 558
Dged St ) Sl Lgy ges Cusdse 5 nle gy
Al g gwmblse sloglas @l glboos o)y
dias | G’;T Slllas jo o2 e Jow cpl 5l Jol> mls &5
239> 0 Ol (o0 3P R Shlidy e S &
ol Wlgn a5 cnls 05 dgzge G J3 es Slisles]

S S Gl Ssete 50 iz 9 Wi Se | 5l

oBitils g ad) (pulid)lS aslipbly 5z y5ae llis
oRzils slacaglom I Lol cilye el )0 5 wilee ol
23,5 oo el )l 48

S, Jb ol

2,105 0925 t@8li0 o (o4l

VFer 20958 S5 0 loud (b g o 0,90

Sl LSl (Gloys LoyS (55l amds
@l el 5l Gleple)S 6l 6558 ploj 5wl aalss
slos a1y Jolome (3255 5l Gy 515 0l plis o ol
Syl I dg; el p ol F il ax 0 YV
Sled & oy lp %S Blej g Wb it S
i e 4 axgi b1 Ll 5L ol 5 il as s FY
Joeo 0 (KFsw 5 il Glasys rizes 5 S35
Gy oley pley 0,5 Bl casal a0 5 LS ol
slos &)5 5l Gl 5 09dos drog Glowm (3 S,
1y Geis ol ol 5yls 09 eailiny (ay sled & Jolons
5 Sl ) ol sle esls 53,5 15,5 i
L osd osls ity cyd LS Sligli (ssl Jsbna 53,
Silodoe )0 dlas (5550 Lulpd plsrear JoSOb5 sl b
G mls Hud Soop o pliea 55U Wlg e a5 cudls
T Jolown (slad (55,5 3,5 omizro Al 4l oradl
Los Dlyeesd gy oy 5 Gy ple )0 o5 (Slo a0
SlasF5es 5o 5 ol s W6 4555 355 o s 3
Sl 8L Glpieds Cavgy 85 s (sl o
S Hges palme ol Z8L S ey Wlgee a5
(Gei (nl azg BB (Shy SN0 05d el 5 (S ge
boanlie 5 e Sl ez jo Sloysle S 186 (o) n
S 4 les oy il Grieee 3 el K0Sy
Ll e o iz )0 @5 Ll o Sleys 9 Slee
Slp elbiudgione Cusl S5 a5 a3 05 o)lil 56S woe>

A HL N PRI SRR VIPY D SR NI 0-E S

O3 (9ot Sloyod = (Sl lods g (S pele oGS alo


http://jssu.ssu.ac.ir/article-1-4819-en.html
http://dx.doi.org/10.18502/ssu.v29i1.5886

[ DOI: 10.18502/ssu.v29i1.5886 ]

Downloaded from jssu.ssu.ac.ir at 15:34 IRDT on Tuesday April 27th 2021

O Sed g obTuis anbls -

1-Wust P, Hildebrandt B, Sreenivasa G, Rau B,
Gellermann J, Riess H, et al. Hyperthermia in
Combined Treatment of Cancer. The Lancet
Oncology 2002: 3(8); 487-97.

2-Jordan A, Scholz R, Wust P, Fahling H, Felix R.
Magnetic Fluid Hyperthermia (MFH): Cancer
Treatment with AC Magnetic Field Induced
Excitation of Biocompatible Super paramagnetic
Nanoparticles. J Magnetism and Magnetic Materials
1999; 201(1-3): 413-9.

3-Kampinga HH, Dikomey E. Hyperthermic Radio
sensitization: Mode of Action and Clinical
Relevance. Int J Radiat Biol 2001; 77(4): 399-408.

4-Baldi G, Bonacchi D, Innocenti C, Lorenzi G,
Sangregorio C. Cobalt Ferrite Nanoparticles: The
Control of the Particle Size and Surface State and
their Effects on Magnetic Properties. J Magnetism
and Magnetic Materials 2007; 311(1): 10-6.

5-Cheung AY, Neyzari A. Deep Local Hyperthermia
for Cancer Therapy: External Electromagnetic and
Ultrasound Techniques. Cancer Research 1984;
44(10 Supplement): 4736s-44s.

6-Shields JA, Shields CL, Scartozzi R. Survey of 1264
Patients with Orbital Tumors and Simulating
Lesions: The 2002 Montgomery Lecture, Part 1.
Ophthalmology 2004; 111(5): 997-1008.

7-Kampinga HH. Cell Biological Effects of Hyperthermia
Alone or Combined with Radiation or Drugs: A Short
Introduction to Newcomers in the Field. International J
Hyperthermia 2006; 22(3): 191-6.

8-Gottlieb CF, Seibert GB, Block NL. Interaction of

Irradiation and Microwave-Induced Hyperthermia

VFer 20958 S5 0 loud (add g Comn 0,90

in the Dunning R3327G Prostatic Adenocarcinoma
Model. Radiology 1988; 169(1): 243-7.

9-Manova E, Kunev B, Paneva D, Mitov I, Petrov L,
Estournes C, et al Mechano-Synthesis,
Characterization, And Magnetic Properties of
Nanoparticles of Cobalt Ferrite, Cofe204. Chem
Mater 2004; 16(26): 5689-96.

10-Habash RW, Bansal R, Krewski D, Alhafid HT.
Thermal Therapy, Part 2: Hyperthermia
Techniques. Crit Rev Biomed Eng 2006; 34(6):
491-542.

11-Dewey WC, Hopwood LE, Sapareto SA, Gerweck
LE. Cellular Responses to Combinations of
Hyperthermia and Radiation. Radiology 1977
123(2): 463-74.

12-Attar MM, Haghpanahi M, Amanpour S, Mohageq
M. Analysis of Bioheat Transfer Equation for
Hyperthermia Cancer Treatment. J Mechanical
Science and Technology 2014; 28(2): 763-71.

13-Liu P, Liu J, Duan H. Thermal Modelling for
Endocardiac Radiofrequency Ablation: Comparison
of Hyperbolic Bioheat Equation and Pennes Bioheat
Equation with Finite Element Method. Arxiv
Preprint Arxiv: 1204.0098 2012.

14-He Y, Shirazaki M, Liu H, Himeno R, Sun Z. A
Numerical Coupling Model to Analyze the Blood
Flow, Temperature, and Oxygen Transport in
Human Breast Tumor under Laser Irradiation.
Comput Biol Med 2006; 36(12): 1336-50.

15-Rossi F, Ratto F, Pini R. Laser Activated Gold
Nanorods for the Photothermal Treatment of
Cancer. Inexcerpt from the Proceedings of the 2012

Comsol Conference in Milan.

O3 (9ot Sloyod = (Sl lods g (S pele oGS alo


http://jssu.ssu.ac.ir/article-1-4819-en.html
http://dx.doi.org/10.18502/ssu.v29i1.5886

[ DOI: 10.18502/ssu.v29i1.5886 ]

Downloaded from jssu.ssu.ac.ir at 15:34 IRDT on Tuesday April 27th 2021

16- Azadi Sh, Nabaei M. Numerical Simulation of Two
Methods of Breast Fibroadenoma Thermotherapy:
Laser Interstitial Thermotherapy and
Radiofrequency Ablation. J Mechanical Engineering
2017; 46(4): 1-7. [Persian]

17-Hatamie S, Ahadian MM, Ghiass MA, Saber R,
Parseh B, Oghabian MA, et al. Graphene/Cobalt
Nanocarrier For Hyperthermia Therapy and MRI
Diagnosis. Colloids and Surfaces B: Biointerfaces
2016; 146: 271-9.

18-Parseh B. Synthesis and Study of the Effect of
Cobalt Ferrite Nanostructure and their Effect on
Cancer Cells in  Thermotherapy (Thermal
Hyperthermia) [dissertation]. Tehran: Tehran Uni
Medical Sci; 2015. [Persian]

19-He Y, Shirazaki M, Liu H, Himeno R, Sun Z. A
Numerical Coupling Model to Analyze the Blood
Flow, Temperature, and Oxygen Transport in
Human Breast Tumor under Laser Irradiation.
Computers in Biology and Medicine 2006; 36(12):
1336-50.

20-Less JR, Skalak TC, Sevick EM, Jain RK.
Microvascular ~ Architecture in a Mammary
Carcinoma: Branching Patterns and Vessel

Dimensions. Cancer Res 1991; 51(1): 265-73.

VFer 20958 S5 0 loud (ks g o 0,90

S sedl Sloys boyS (g5lw dmls

21-Marga MF, Colin P, Nevoux P, Mordon SR, Betrouni
N. Focal Laser Ablation of Prostate Cancer:
Numerical Simulation of Temperature and Damage
Distribution. Biomed Eng Online 2011; 10: 40.
22-Molls M, Vaupel P. Blood Perfusion and
Microenvironment of Human Tumors:
Implications for Clinical Radiooncology (Medical
Radiology). Germany: Springer; 2000: 193-217.
23-Gas P. Temperature inside Tumor as Time
Function in RF  Hyperthermia.  Przeglad
Elektrotechniczny 2010: 86(12); 42-5.
24-Balivada S, Rachakatla RS, Wang H, Samarakoon
TN, Dani RK, Pyle M, et al. A/C Magnetic
Hyperthermia of Melanoma Mediated by Iron
(0)/Iron Oxide Core/Shell Magnetic Nanoparticles:
a Mouse Study. BMC Cancer 2010; 10(1): 1-9.
25-Sankar S, Zhang M. Optimization of Combined
Radiation and Gold Nanoparticle Hyperthermia
Therapy for Treating Cutaneous Squamous
Carcinoma. Computer  Aided Engineering:
Applications to Biomedical Processes 2015. Available
at:  https://  ecommons.cornell.edu/  bitstream/
handle/1813/40166/Group10-2015.pdf?  Sequence=

2&isAllowed=y. Accessed February 21, 2021.

O3 (9ot Sloyod = (Sl lods g (S pele oGS alo


http://jssu.ssu.ac.ir/article-1-4819-en.html
http://dx.doi.org/10.18502/ssu.v29i1.5886

[ DOI: 10.18502/ssu.v29i1.5886 ]

Downloaded from jssu.ssu.ac.ir at 15:34 IRDT on Tuesday April 27th 2021

Journal of Shahid Sadoughi University of Medical Sciences Received: 8 Feb 2019
Vol 29| NO 1 | Apr 2021 Accepted: 12 Oct 2019

Analysis of the Effects of Hyperthermia with Magnetic Nanoparticles on
Cancer Tissues

Fatemeh Naghd Abadi', Bahman Vahidi™

Introduction: Hyperthermia is one of the noninvasive methods of treating cancer. In this method, heat can
be generated in several methods. One of these methods is injecting magnetic nanoparticles as a solution into
the tumor site and place it in a magnetic field.

Methods: The study was analytical one, modeling was performed using computational methods, and in vitro
experimental data were used as the boundary conditions. The problem was solved with a geometry consisting
of different layers of skin, adjacent tissue, tumor and injection site and assuming axial symmetry. The
problem was solved with a geometry consisting of different layers of skin, the adjacent tissue, the tumor and
the injection site and assuming axial symmetry. The effect of different injection sites, effect of performing
two injections with a smaller volume comparing with an injection with a large volume, and finally the effect
of the injected solution on the temperature distribution of the tumor was investigated.

Results: Results showed that injections with a smaller volume of solution in different sites would have better
results, so that more parts of the tumor would reach to a temperature above 42°c, which is the temperature
needed for having cancer cells died. Injection with the temperature of 37°c would be more effective than
injection at room temperature and reached the desired temperature in less time.

Conclusion: According to the novelty of this investigation in assuming data from empirical experiments on
the solution containing cobalt ferrite nanoparticles coated with polyethylene glycol as the boundary condition
of the problem in modeling, the study is an important step in a more precise prediction of the clinical
conditions occurring through using these methods of hyperthermia.
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