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6, convective effect
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1, laser-induced thermal therapy

2, radiofrequency and microwave ablation
3, focused ultrasound

4, gold nanoparticles

5. chromophores
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1, Pennes
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2, Thermally insulated
3. Convective transfer coefficient
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1, Outflow condition

2, navier-stokes equations
3. deviatoric stress tensor
4, conduction


http://icml.ir/article-1-496-en.html

[ Downloaded from icml.ir on 2026-05-28 ]

95 SS) 31 Jlosl 9 Clyd93b y9do 53500 3 00ltul b ue sl b9y 4 Sl pw Oleyd USI9 53 83 Luvdnds

5 b BB e (it s T erabait (1) IS 0
L5 IV s ekpll 5o 3 gl (o150 0 peas AKELST
das e olis |y [V e odliplonil (Siluand mlS e 3 Aigy
TS On s Gl s e (AR Gla s il
2 aamg bl e edalin [V] s cadal) @L’& 5 Golwand
Solosnds 4 Cod Lo (il s o = () 5 AI=(T) S
AS e s 1) ARl e it Sa L[V o edlplol
@l YresbYors by Aol s 5 G—(Y’) LS
s b [V] e s eddpll (ilwand 4 S Lo (gl
b AT s e Ly 3381 L ol &k 5o 5 2y
S e dlis

S UETLYTST R b
oo leyses,S 5l ol S dde jidu 3 a5 sblen
23058 35 D30 Goo 3 3l ey sl A0 05 SL3SL G5 L
Sl D36 w0 (i) et obo) Do « K 32 b
psd Ao 5o Tifr Olo)y e SIS )y 355 e e3ls LA
S S gl e plos] (theat) Lesmine Sde 4 55 b
XY dmio 53 Sh3sb CBlE Jlsn s 4 () b -(F)
m e Oy Cslu & 5T Y ) /0 5l Ly yga s She 3l ey IS
Ol b ogd e sdalin (8) K6 55 oS sbples aas
Al e SRl el glialy 53 D13 6 jLisl GLAST Hle ysde

e 5 psn g pled 53 D30 xS s o llas Jayl il s
(3ot 53 4T 51 Al o Il Sl 4 4y D3 5L 22
b 8 s (plad x i) s s 0x0 slal 4y lailgmad 505
RUWIR R slal ol 9 55 Gl C;\J olay Sl connl 0l

all Shdgl Hlasl gly s glagley e OV s
sl & daml il Jolse a4 Taifr 15 [YY V] ol ol
3 eslind b 43 S el Sl bl 5 Al o atusls 0350 &
S bl ) el okl el Ssline L3l 5 calises glads o
Sl bl 5 LSl al i s 025 Galed e et S5 SN
ededalie ol ol Lo e 02 (S5 SVie el 53 (6,50
ol (S35 kb pla o LLaml o 53 4 |y Sl ¥ plojte
Olyge ‘w\ﬁ)\@kguappqu,wuu

leals plosl bl ol 1y a3l (3L 5 as S Lo s tgife

¥ oylod / @auan 0)9d / K3 38 y5 dolilad (4

Couglaadl ¢

Ly Golwand )5 osliwul 3y50 e Comenn ol 25w () 5o
3ok gy o5 3 ealimad b Le5imla s 4 0lb s 0l
&5 sl 0l &Syl (g lwands 31 fuol> (gles &oF & o
e g odb gy At LD glagley Dl ys 36U
LSy e 5 3k g B8 s CHlpS e St
sl 4,8 13 ey 3590 (S3lsdbe 3 Sl e Ls
Feylasl - V=Y

b gl duglie 3l eddeslinad S 5 55 e s () 2 S
oL 5 Paul Lowg odiplosil (gl jluands e aale 3l &b
B D;}Lé Sl olwand gl [V s ol skl aslanad [V] o
S8 5 35 4 S e 5 05 Gleand gln
Gk 3 oxd b AL Les EOF e el oS oslaul
S ol JSSA.”:)Y ol ol S @ 50 3 (y95le (G515 3 3 gasdd
Sy e bglwand 5 olld eslil S35 31 HsShe Alas s
mw 56 Sl ba jaaledl s .Conl ol el 035 g5 Sl
S 63509 S Sl s V0 s Sde g 0 mm G a3 L 00A
Jsdo) Lzl 5l otz jshate 4 .ol ol plosil +/V mfs
ol S [V 3 0l 83 (55,0 Ll 5 adsl olis ((0)
ol awlio [V] 55 edlasyl s | odal s 4 Tl 5 eslizul
(Y JK2) el

[\]).3 oS ed\ius) &\.@556)}; 6@;‘&\)\.&".0&3&

Ll QBN | (Nog | (s S

Sl Solda

(K)W/mK AN A +/Yo

S

Voo Yoaa YYeu
(p) kg/m’

sy slbeS

(©1/kgK £Y14 £ VYoo

o o

i & Yoo ¢o
m " (a)

S e
asl fals oY Vo Ve
PB)m™



http://icml.ir/article-1-496-en.html

[ Downloaded from icml.ir on 2026-05-28 ]

Voo oot/ gobigas calis sl

©)

29593 3550 31 Sagee XY dexio 33 $y9093 Aol 30 O3l =ijss 1€ USE
Y (O olawnl Gelw ¥ (g Hlis) Celw ) (@ olas) Selu /0 (I 31 g
Ql)oyb Hlaas) Celw € (o g Hleas) Celw

Sles s «0) & Sl Covnw 50 53 #Bls la JSi
et [y o585 a5 She Slod o Caan s S0 5 IS
S Ll 5l s ol Lo giule Ciles sl 55 ol
Wil Sl ol Do Ges SR L 5 5 A6 gl S
o (TC) sge5 3550 53 Lo 4 S (TS) gy e 3 Lo
s 35 Al Sl ) 3 B e b Tc s Ts .usl e
Yoo s,n};(,.ﬁjsu)\ww.uswu@p\@@J:A“\PC
Ky g0

5 oA bl o s S s A =(0) S8 sl
S 0 Sl 53 Loy iy s oo pLaS OL3 gL C eSS
oop b sleyses S 55 il e VYIY °C 5 ol il o
Ch3b w4 Jes 55 &S SL3b mig o CHIES 8
odalin 5 4 C_(°) S S s a8 jibplen il o 5 SSs5
W C s S g Sl 4y o oo didy 258 0
S 03,8 Bl b idy e 010 Ty 5 55l rals

LGA@J'}?—“—\‘

JL....W.! JL‘)D Jgjjj.; JL.‘))‘ PH cJ.:_TL;A Cowd 4 Jua}wj ‘.JL.N
j\ J—ﬁb— u:au U‘i‘ 93 ol o313 uul.: @L:.: J“':"L’LSA e
ol DAl b pd B akds 0 51 e 55 s @ L S le
Al O MM 26 s 5\ W/em?



file:///E:/اطلاعات%20جدید/paper/ژورنال%20فارسی/پایان%20نامه%20.%20غفلتی.docx%23شک42ه
http://icml.ir/article-1-496-en.html

[ Downloaded from icml.ir on 2026-05-28 ]

Temoerature (°C)

95 SS) 31 Jlosl 9 Clyd93b y9do 53500 3 00ltul b ue sl b9y 4 Sl pw Oleyd USI9 53 83 Luvdnds

52

50

48

46

44

42

40

38

A 565

50 [ ¥

48 [ *

*

46 [ +
-+
et

Temoerature (°C)

a4

Lo

42

40

38

PR
A i

o FFI

50 100 150 200 250
Time (s)

-

Y X

52
50
48
46
44
42
40
38
36

V¥ 354

¥ oylod / @auan 0)9d / K3 38 y5 dolilad L

Casde &) oo Sl a0 S bes Je 3 ol e
530-(0) Gl So b Sl o i 53 5 Ll R8s E0
SLSS 3168y gt yo s falS ol idsy 0 0Y) Ty
Ebdbcjj—(a)éudiid#w.dba;&;)udbuf)
S o oy alS s 55 S5 5 Sl S 53 055
Vo Coopu b5 il i ¥ C s 8 S pla
ey 041 Ty les dntiy o) oy S 4 S SalS
el il et ls Gl Saus S 1 oly el b
PBS J 535355 0 Sope s el GBL 5 5 L S
3 0bs Gbl oo et S G3ledde s agl Sl

Sl o5 2 3

(

2)

¥ **'****'****'****L
-+
et * Ts

#* + Tc [

+

50 100 150 200 250 300

Time (s)

A 732
70
65
60
55
50
45
40
( 2 ‘) v 354
T T T **l****'“***\
70 ***** - T5 |
*
¥ -+ TC
65 ™
*
#
O sof *
. #
@
E|
T 551
g # e A=
g 4
© so F T
= f ot
* +F
+ 7
45 .
sIQe +
40 [
£+
. L . . . .
] 50 100 150 200 250 300
Time (s)
(<)


http://icml.ir/article-1-496-en.html

[ Downloaded from icml.ir on 2026-05-28 ]

R0 o Lo/ ol Latas Sy

A 3906
39.5
39
38.5
38 L
37.5
37
36.5
(_.ll) V¥ 364
A 107
40
39
38
37
(<) V¥ 36

3 oolatul b 3 S&S @ Leyiole ys Xy dedo yo Lo mied 1SS
¥oLsh OleiOue 5 ysegd 53 Ohdglb CsleiSo e @i b Ohdgil
9 ¥/omm Ges 3 (0 Sy G jgas )3 9 ¢/Y mm Ges 1o (W Csle

Sy 90yl 3

SpSdomis ¥

4 waaly D350 LS 3ladie DL ool Gl Aass ol oo
O3 Slp ramen (288 ool j5e 5 5 30y 5 O e SLESI OLey
LSy ppax 5> SIS E w88 s b L
A3 S Al edalls il ) Led w5 Gy Il el
Sy 03,5 Bld 5 DL3sl sl CHES i s RS
CoS st B Ol 4 Ly L w8 (e 53 Gl el
ot skt 4 Lol (B8 s ey 5 das e JlE 5L
Ll o Good ol mls Al e Gs o Led b5 a8 42
50l e 5l bt ol e polde Sl )
B 5 G plad

Y

A 502

50
48
46
A4
42
40
38
z
“Lox 36

(J) ¥ 354

so F T P T e e e o S S E e
o + Ts
48 F # + Tc |4
#*
a6 F g
© *
s 4
2 4ar b
]
g |l
¥+
5 az} 1
o
% T L e e Ly
40 H ~F 4
f +
&
38 fF 4 4
I . \ | . . \
] 50 100 150 200 250 300
Time (s)

5 (WL Oydgl 3l eslitwl b 53 SwS @ boyspole 53 Lo =393 005
Olo) Gde 9 y5e88 10 CleiSond misd (0 9 (7 CsleiSy mis8 (@
9 Ceelw ¥ sleco! glﬁ)()v\n 9 @\9&& &)y (99 (» sl ¥ Hlecs!
5 Celo ¥ Ll OloiOde 9 ColeiSa i 22595 (2 9 (6 «S) Sq Dgam 5o
S) 93 ygam 3

jgf)&);.b})bxyw):u:&u‘)x ‘J\—(W)Jgﬁu
(o= (V) S8 5 (5l J13 S) 55,0 oS es) €Y MM Ges s
Yo MM Ges 53 5 Sy 93 yoia> 55 XY ddos 5 Les Sl
Sysbolen das o glis 1y (yls I3 Sy 93 Spe oS des)
Sy b aS s 2alS LSy 55 0 0l e 35 0 saline
Sles alS 5 asl e obles DlS 55 0 jasie by
a3 o0 QLIS g 4 L) (S oga 5 4L s Al


http://icml.ir/article-1-496-en.html

[ Downloaded from icml.ir on 2026-05-28 ]

95 SS) 31 Jlosl 9 Clyd93b y9do 53500 3 00ltul b ue sl b9y 4 Sl pw Oleyd USI9 53 83 Luvdnds

¥ Oyleds / pouas 0)93 / S5 50 3 delilad LM

Lo simls (hgy a0 Ol e 5le s L5y (§5lwd e 550 dxey o
P38 mim 5 Ml Jde 4 il a0 5S35 g
RS s Rend ol Shasy ol Wbl s des w55
oslinal (ygog aBls Jdo 4 5K SS 50 ke S eslinad (il
oz (B9 ,8 4 Sl sl 5 Les b pane oo S (gla 2l )
5,8 alol ealgily Jhe 4 1) RBly B, K5 4 K3y
2be e 5 Loge g 5 LI ple b dde Ol o0 oo
ls (o Slyd el


http://icml.ir/article-1-496-en.html

[ Downloaded from icml.ir on 2026-05-28 ]

N 0 o Lol 7 ol ad Lalas by

References:

1. Paul A, Narasimhan A, Kahlen FJ, Das SK.
Temperature evolution in tissues embedded with
large blood vessels during photo-thermal heating.
Journal of thermal biology. 2014; 41: 77-87.

2.Nolsge C, Torp-PedersenS, Burcharth F,Horn T,
PedersenS,ChristensenN. Interstitialhyperthermia
of colorectal liver metastases witha US-guided Nd-
YAG laser with a diffuser tip: a pilot clinical study.
Radiology.1993;187(2):333-7.

3. Stafford RJ, Fuentes D, Elliott AA, Weinberg
JS, Ahrar K. Laser-induced thermal therapy for

tumor _ablation.  Critical Reviews™ in
Biomedical Engineering. 2010; 38(1).

4. Pua BB, Thornton RH, Solomon SB, editors.
Radiofrequency ablation: treatment of primary
lung cancer. Seminars in roentgenology. 2011;
3(46): 224-9.

5.SalasN,CastleSM, LeveilleeRJ.Radiofrequency
ablationfortreatmentofrenaltumors:technological
principlesandoutcomes. ExpertReviewof Medical
Devices.2011;8(6):695-707.

6. Jolesz FA, Hynynen K. Magnetic resonance
image-guided  focused ultrasound surgery.
Cancer Journal (Sudbury, Mass). 2002; 8: S100.

7. Welch A. The thermal response of laser
irradiated tissue. IEEE journal of quantum
electronics. 1984; 20(12): 1471-81.

8. Weissleder R. A clearer vision for in vivo
grrfgg;ng. Nature biotechnology. 2001; 19(4):

9. Li JL, Gu M. Gold-nanoparticle-enhanced
cancer photothermal therapy. IEEE Journal of
selected topics in quantum electronics. 2009;
16(4): 989-96.

10. Ren Y, Qi H, Chen Q, Ruan L. Thermal
dosage investigation for optimal temperature
distribution in  gold nanoparticle enhanced
ﬁhotothermal therapy. International journal of
eat and mass transter. 2017; 106: 212-21.

11. Mooney R, Schena E, Saccomandi P,
Zhumkhawala A, Aboody K, Berlin JM. Gold
nanorod-mediated near-infrared laser ablation: in
vivo experiments on mice and theoretical
analysis at different settings. International
Journal of Hyperthermia. 2017; 33(2): 150-9.

12. Soni S, Tyagi H, Taylor RA, Kumar A.
Investigation on nanoparticle distribution for
thermal ablation of a tumour subjected to
nanoparticle assisted thermal therapy. Journal of
thermalbiology.2014;43:70-80.

13. Naghavi N, _I\/Iiranbaygi MH, Sazgarnia A.
Simulationoffractionatedandcontinuousirradiation
in photod)énamlc therapy: study the differences
between photobleaching and singlet oxygen dose
deposition. Australasian fh sical & engineering
sciences in medicine. 2011; 34(2): 203-11.

14. Hosseini F, Naghavi N. Modelling tumor-
induced angiogenesis: combination of stochastic
sprout spacing and sprout progression. Journal of

iomedical Physics & Engineering. 2017;7(3):233.

15. Hosseini F, Naghavi N. Two dimensional
mathematical model oftumorangiogenesis: coupling
of avascular growth and vascularization. Iranian
Journal of Medical Physics. 2015; 12(3): 145-66.

16. Naghavi N, Hosseini FS, Sardarabadi M,
Kalani = H. Simulation of tumor induced
angiogenesis using an analytical adaptive
modeling including dynamic sprouting and blood
flow modeling. Microvascular research. 2016;
107: 51-64.

17. Naghavi N, Baygi MHM, Sazgarnia A.
Determination of time-dependent protoporphyrin
IX concentration for photodynamic therapy
dosimetry in a mice colon tumor model using
fluorescence spectroscopy. Applied spectroscopy.
2010;64(12): 1350-4.

18.RoghaniYazdiM,NaghaviN,HosseiniF.Numerical
simulation of solid tumor invasion and metastasiswitha
continuum-discrete model. International Congress on
Technolo%, Communication and Knowledge
(ICTCK),IEEE.2015:382-7.

19. Roghani Yazdi M, Naghavi N, Hosseini F.
Modeling and simulation of vascular tumor growth.
Ilrgglgg Journal of Biomedical Engineering. 2015; 9:

20. Naghavi N, Sazgarnia A, Miranbaygi M.
Modeling and Simulation of PpIX photobleaching
mechanism to determine lts concentration within the
target tissue in photodynamic therapy. Iranian
Journal of Biomedical Engineering. 2010;4:209-18.

21. Enderlein C, Guarecuco R, Lizarralde R,
Rasmussen E. Optimizing diffusion time prior to
probe-mediated microwave heating of injected
nanoparticles for hyperthermia treatment of
tumors. 2013.


http://icml.ir/article-1-496-en.html

[ Downloaded from icml.ir on 2026-05-28 ]

95 SS) 31 Jlosl 9 Clyd93b y9do 53500 3 00ltul b ue sl b9y 4 Sl pw Oleyd USI9 53 83 Luvdnds

22. Gheflati B, Naghavi N. Computational study
of nanoparticle assisted hyperthermia in tumors
embedded with large blood vessels. International
ﬁ%TfSI of Heat and Mass Transfer. 2020; 151:

23. Sankar S, Zhang M. Optimization of
combined radiation and gold nanoparticle
hyperthermia therapy for treating cutaneous
squamous carcinoma. 2015.

24. Pennes HH. Analysis of tissue and arterial
blood temperatures in the resting human
forearm. Journal of applied physiology. 1948;
1(2): 93-122.

25. Salimpour MR, Shirani E. Heat transfer
analysis of skin during thermal therapy usingi
thermal wave equation. Journal of Therma
Biology. 2017;64: 7-18.

26. Shih TC, Huang HW, Wei WC, Horng TL.
Parametric analysis of effective tissue thermal
conductivity, thermal wave characteristic, and
pulsatile blood flow on temperature distribution
during thermal therapy. International
Communications in Heat and Mass Transfer.
2014;52: 113-20.

27. Xue X, He ZZ, Liu J. Computational study of
thermal effects of large blood vessels in human
knee joint. Computers in biology and medicine.
2013;43(1): 63-72.

28. Ley O, Kim T. Calculation of arterial wall

temperature in atherosclerotic arteries: effect of

pulsatile flow, arterial geometry, and plaque

%t(ru)ctéjre. Biomedical engineering online. 2007;
1):8.

29. Gheflati B, Naghavi N, editors. Optimization
of laser power for laser-induced hyperthermia in
the presence of nanoparticles using MATLAB
and COMSOL Multiphysics. 27th Iranian
Conference on Electrical Engineering (ICEE),
IEEE. 20109.

30. Bosschaart N, Edelman GJ, Aalders MC, van
Leeuwen TG, Faber DJ. A literature review and
novel theoretical approach on the optical
properties of whole blood. Lasers in medical
science. 2014; 29(2): 453-79.

31. Van Gemert MJ, Verdaasdonk R, Stassen
EG, Schets GA, Gijshers GH, Bonnier JJ.
Optical properties of human blood vessel wall
and plaque. Lasers in surgery and medicine.
1985; 5(3): 235-7.

¥ oylod / @auan 0)9d / K3 38 y5 dolilad LA

32. Feng Y, Fuentes D, Hawkins A, Bass J,
Rylander MN, Elliott A. Nanoshell-mediated laser
surgery simulation for prostate cancer treatment.
Engineering with computers. 2009; 25(1): 3-13.

33. Hirsch LR, Stafford RJ, Bankson JA, Sershen
SR, Rivera B, Price R. Nanoshell-mediated near-
infrared thermal therapy of tumors under magnetic
resonance %md_ance. Proceedings of the National
Academy of Sciences. 2003; 100(23): 13549-54.

34. Sazgarnia A, Naghavi N, Mehdizadeh H,
Shahamat Z. Investigation of thermal distribution
for pulsed laser radiation in cancer treatment with
nanoparticle-mediated hyperthermia. Journal of
thermal biology. 2015; 47: -41.


http://icml.ir/article-1-496-en.html
http://www.tcpdf.org

