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Study the effect of volume fraction, size and shape of suspended
nanoparticles in nanofluid on cylindrical heat pipe performance

Mohammad Hasan Shojaeefard?, Javad zare 1", mansoor alizadeh!

1- Mech. Eng. Department, Iran University of science and technology, Tehran.
* (javadzare@gmail.com)

Abstract

Copper oxide nanofluid that is obtained by dispersion of copper oxide nanoparticles in water base fluid is
used as heat pipe working fluid. Nanofluids because of having better thermophysical properties in
comparison with conventional heat transfer fluids, cause heat pipe performance improvement as an
effective heat transfer equipment. In this work, a computational fluid dynamic method (CFD) is used to
study the effect of using nanofluid and varying volume fraction, size and shape of suspended nanoparticles
in nanofluid on heat pipe thermal performance. The results show thermal resistance reduction and heat
pipe performance improvement by using nanofluid in comparison with pure water. Also volume fraction
enhancement, nanoparticle’s diameter reduction and using cylindrical nanoparticles cause the evaporator
and condenser temperature gradient reduction that in low volume fractions the effect of using
nanoparticles with small diameter on heat transfer is more than using non spherical nanoparticles.
Keywords: Heat pipe, Nanofluid, Thermal resistance, Volume fraction.


http://yujs.yu.ac.ir/jste/article-1-26-fa.html

[ Downloaded from yujs.yu.ac.ir on 2025-11-05 ]

IS anls Gl sl pleS 0o )i Ll
Ozen g Aol ojlgs oo Lrals sasms lis bl sl
Loawslae jo Jhwsib 3l eolatl plfn )l cwglin ials
L e Jhwsib 5l eslaul s )l alg) o Slos oy &
00iS ol hslie il Jslis -l 5 ol al b
pls lp 5 Bisee 518 by ,o 2l ool Sl
e Sud Gy b 8B e 5 05995 SOl sk
aé)'Lg 2 JLwab )‘ solaiul Cuie J.ul.) Cyirod J....;bse @‘)z;
3,5 nlgl slos B ulidl g o)) Ceglie oS (ol )T
O odlive c5')‘)> )L» uul)sl L )5“..\‘&.,5

2 P9l Jlmgll SIS ey VY ol Sen 5 (580
5 SrSlS sagly Sl g aSley Sl Ay aleS 005l
ORI Sk @ls &5l gy o @le)S 035k p ez S
osly e K g S 5 (55 B s Sl L ol
Orizmen b ol a8 e 5 P ez S
59959 Q)‘):> uwl)s\ L oa)'L, u,...;‘)sl (GodRd uLw; Slaslie
5 2lad wabise 5ilals) o Sl i 255 Gl O] o
S8kes oz lp el oo sl 4 V)Y ol Sen
5 ookl sn slalsinl Sl Aol 5 oS Syl
G soz S by aliie 0,350 g5 a5 92Ny YLyl
S pole e pu Jrals goasS Hly bl al cwd Sglate
Ll cob ple 0 5 Sl Ay Jb 5 S sles
Omzeed Aib oo DYLwsil ) solarnl sl LSS (60, Sles
aplyx o 0 |, Sl Cwglie rals OVl )l eslaxul
S STl e ool Gy (o) @l b gudate o5 il
bl parsSle yy Jiie 4l sl el 5 3l o
oS le lp e polie 2929 & (g 5 )l JUE
sy v,y 050 F svalin Ay Ol > Jlail el o S
2 0l g bl sbaasin Jl rzes 5 )lakyo )l
b o el 55 Sl 38 5 il Ayl 5 Shac
DYV 0]l 68,5 )15 o) 5 4255 950 slod S

97y pas mired g ol 53 £edge Coeal 4 azgi b
Sheslatwl ol gl lazy) Lol> gdow [ (goae ¢ oo lisss
Ay oS o Slac  Jole Jlom Slpie 4 o 3pnS] Sl
5,5 sl ke SVl Saales s, & 5
259 g eSS USG5 ple ez S Ol el o g ol
ohasal ;0 jLad g L p @i rized g ()l Cenglie g Lo

£

doddo -

# ey BB ol s a3l sl
3 e e S ol 05 5 e 3, laeilysSS
W85 )13 axgi 9,50 9 grhae Sl S ok 4 SoroS slalad
- S e «SsS sl 5y o Vb &)l JUE! 4y 5l e
SHlrSiS 5 S g (sla Sgals )0 poriy slaonijloy 9,5
s Byl atlen Yo ol b SupsS) Slig
Ay iile &) JU! g 51 ool & g0 LaosiS g
5llsl G a5l G5l gl [Y5) ]S e ol ) 51>
3 eolatsl o 4 g el onls JuSis SCSLLST 5 jgaalass
i 4 508 ) JUi g e o S 5 s
B OlF a5k Ge 5 SzsS e 0 Ol gl ke
s it 4w 3} lilsal > dyl plaisle il
il Al 5 g sl odd oS by abiime g alzs sl
Wb Gl Ayl oles A3l cwend 4 Jaie a5 alsd
Sz oy St el o3 Sntge 8 sl L o5 e
Plo o 4 008 oo elnlg) Ceend 4 jedlanS o enl
sl b dglin ;5 agad ole SVl Giprs &>
a Oyl sl Yl 5l gasas M 565, T (e oKl
il a3y Jhoms 5y 55 35 (g5loniSTy 51 a5 gl ol
Sl s wdg 1) wlioe Camsy JsSlS ol b ige o9, oo
ol s el sl Jlo o Syt 3 aslitad [Flussge
Bl GialS w5 JUith 53 Lo s s Jl oSoiudge s
ot Slaliies an g o3y s )l JU s
Ple 0,50y gonee Olados LB Gldls o 00 F o
o Gider 5 ol )bzl plrals o)l JEs) 5 Ylwsil
[V-¥] el 435,5 oloni

Olye 4 SVLewgil jlooliial ol 8 gblze 4 azgi L
O e 3,5hat Spnge el wlyise 3 Ay Jole Jlm
-yl Gl Ayl (oleyS o Shes [A ] o Sen D555 250
IR s 090 2Einlesl ©jpo 4 1) 9 Glae SIS L
Oyl Jesl coyps lidl g Gl caglae ralS g assls
ol b Ji 55 e gl 5l solizal b 5> g LIS
Ayl ob)T o 8e oo, Jlwgll Sl 00us 5 ssalin
DS 5 85 )15 )y 0)50 [V ] 07 by 255 )l >
odslive Jlewgil 5l oolsnl plln aS 5> Cuglie 5 Leo
PV (FaS Sl g ol Colas e g WS
Sl g 5o ol bl jhab Jhw 4 Cud Jlwgls
Ao smpp o D JolSen 5 S g 0b 00 ey


http://yujs.yu.ac.ir/jste/article-1-26-fa.html

[ Downloaded from yujs.yu.ac.ir on 2025-11-05 ]

—+—+—=0 M
,u482u15{6u}18{6v}26{16 }
Lo +——r—+——Jr—=-==—{—==—(rv)
8[3 x> ror| or) ror| or) 3oxl|ror )

2222
ox  Or or

ulo’v 40 owl 4v 10
|ttt — ")
glox~ 3ror| or) 3r 3o0xor

H C| =
ol

or 0T\ ky| o[ oT o’T

pPC AU—+V—p=——| —pr—+r——r0

71 ox or rlor| or ox? )

+v—+ua—p+S
r Ox

al o0 Gyl etz S 5[N] ¢ =0.143577 &
32 A g s pddehi oy SlpSs s SOl
(0 alal )ail o pl (2lad 5 (5 97 Slo
g =& =€
k, =k, =k

Solae @ ally b —ald cwnd o Led ganuloe

()]

LY ]l oo ey 7 alall,y gllas a5 wil oo g oole)S

k. = ko [(ky +k)=(1=2) (k. —k,)]
T [k, vk )+ (=2 (K, —K,) ]

k, 7
s ol e as

*

o Kot 5 s S b
5 ol sl oS c¥obee il o Jhgil )l culin
"o Sipl g sam 9o paitege IVolae (o dolae
» S=09k, =k k= g=1 .sls 1301 a5 wxab
ol walyz Cawsy T LY Lalg,

S ol Jll doles 5yl Aol o)lgs gaml jo
il oo Voadal) O jge 4 lalginl Dlasee [ ool solai!

2
ksolid |: 1 a {r aTs'o[id }"— a Tsolid :| = O (V)

ror or ox?
W 90 g Sl Wy Gl Sliend )3 (550 Llpd
030 Coomd [0 Cawl odd 00,9] asldl o cgoae > lp

OFlplel Gidy 4w slp e kil (= R)) Wy (2

1A

00335 dumlio FouSo b g aid)S )18 o) n 090 ()l Ay

©ous Giludow =Y

no iy 35 —1=Y
S oad ad)S 5 4 lailgal Sl dyd Gl ol
ol o Slae Lulul el ool oals guled V SSS o (gledos
2 o,ly glo S adl o Jole Jlw (il gy (Sl
3 ol alwl ) g ouls Jale Jlows ju3e sl Hg5l plgl Caas
ot 9 48L Gl HgedliS Ceons 4 0u 4 b 51 gl
Sl b sl s s Gl sle)S 3l 5 el
23,5 o0 2 sPnlgl Cand 4 (Sidge Cuals salanly 4 ald

& St 1, %
Ro W [ I
T ﬁfw
A 1 1
T sl | M/ 1
e ; \ |

D Flssldan gz ons a3 5,15 4 5l gl 5l alos ) PSSl

(L, )50 o (L, )SSLLT (L, )91 plyl rond Jolo
s uizmed Ailboe yiede Yoo e Fe
4 (R, o)l 2,5 5 (R I3 glads (R, adaize
a Sl gl [Aosb oo yodoo 4100 4 AT AED S
T 90 e ()55 5l 45 lige e iz o a3 S S
5 Gndudeh (JAlS S e oolial alzb LSl Gleis 4

Cy L

eI i a5 eolaiul 550 alid JLsle Fee daie glad
3lasS g 95l lgl Cond 3 g .ol o OF m VIO xV - m
el 00 solaiul C ey gl e 558 5l

G0 bl pls g o5 Yolre -Y-Y
728 bl sam 93 Gb 2 (Sl Ay soue siludae Cox
>y 50 oz Slagys o by gl ST LB
Gl oSl SVoles ol oad 43S i s mbe 5 bk
OYolas o Kwgm dolas) aod axl o ;b b > s3ldos

! Double-layered,150 mesh copper screen wick



http://yujs.yu.ac.ir/jste/article-1-26-fa.html

[ Downloaded from yujs.yu.ac.ir on 2025-11-05 ]

odds ooliiwl pgd az o Zwd YU 5k 5l G (6550 5 peiiege
sl (Fluent) cusgls 1531 65 5l oolaiwl b (g3ladon § ol

Jlwgil (ples =YY

A5 bl 0l DYl 1 Jlwsil (gluaned cq
s dnmlims (gl el oas oolizul (g pll oles 5,5
b abe cuypo p oS IS8y ple (e S
JseSle Ut el Joko o) 485 15 aolil 3,90 Jlowsil
S 51 dlal, ol bl VF byl plas &S wil
e sl ol g al Jhw ob)S (Sale, 5 ooz
RN ESSCop

B k,+2k, +2(k, —k, o
v k,+2k, =k, ko "
Joe S @ [Y¥] o 5 51 Lawg o ail)] Joe cpgs Joe

(QAD)

Sl Ol 5o g wibee JeuSle Joe soad oariSu S
wbe,S (Sosle, o ol Gid 90,8 Blyblsas LSis sa¥ gl
..\.wl.:L;o \O <L.la.3|) d,:Ua.c AW M)f).]a.s)b

kit 2k 42k =k )1+ B) 0

Q1)

af 3 bf
ko + 2k =(k, =k )1+ ) 0
(Cld gy QT yo S
[2(1-a)+(1+ B) (1+2) o
e 3 k,
" —(1—a)+(1+ B) (1+2a) 0%
a=k,, /k,
B=wlr,

Lo wudy w0 £ r, «Woesd &) Jow 0 a5

ayei 9
898 Je il oo VgL HL)8 colas 50,0 gl Vgl
A8 Jlwsl ol (Sosle, Gm LU sl Coje
P db pleys L) ks Ol g wiliee Lls 1, g
2S5 Ogkeen Lawgi ol il Joe cpgm Joo 909, o a3
15 car JseSle Joe ool a8 wisl oo VY abayl, llaa [YY]
e S5 S 285 15
_k,+(n=Dk,, —(n-1)(k,, —kp)(pk
Tk, =Dky, +ky —k e T OV
n=3/y
o Colue Comd Gjpe 4 a5 sl oo 0,0 Cug SY
Igey) o)é@wwqo)bwbﬁlﬁwhd‘o;
mallgad SIS g T 6,8 D3 Gl oS UK e po g 05k e

k

£y

T, .
kso,ld 6 solid _ _'_Qc
or A,
aT solid 0
or
k aT.rolld — _Q_c (A)
solid -
or A

Ll (= R) al - plolasl> S i mhaw 4l o

T / :T solid
oT oT ., Q)
k ) A k ) solid
eff 8r solid 61"

v=u=0
Lilph 5 (r =R )))Bu 5 mle S ie maw Cwed )
1Bl aleS 1)) abal) Bl (ples 9 S (550

u=0,v :ﬂ,q :mh;g
) A
Tint =
R
7—'\7 Jsat h/ g p v ,sat

w0 (X=0.L) 5l df sl 5 ol cand o
" A Gl Bl pbS by g A pas byb
O ) alas)).sl

v=u=0 )

oT /ox =0

O i by (r=0) Gyl dy 65,0 b3
OY alayl)).cawl oo a3 )3 15 o 5 sllae

v =0

ou

or

oT

="

OBy —le S i mhaw o 518 s 28,5 a5 0 s

S o gl 0 Gl ol S Ojge a4 s O sbe)S

Cand o Iz Gl sl g eilnlsl Cond o o -l

Ol JUSt salsles 4 ()l dnin S Ojg0 @ jgmilaS

=0
O

el 00 00938 VY alal) pollao 4l ol jo
o,
7((Re )’ = R2)L, o
o.
7((Ry ) = R,.) L,

Gl A Sgazme pa g, Lawgi ool Cewdy SYolre

e

9 Sy e bLI) sl a8 )5 e 02,051 (eizren alons
Yolee (gile dannS gl g allico Jrams ol )sSl Lid


http://yujs.yu.ac.ir/jste/article-1-26-fa.html

[ Downloaded from yujs.yu.ac.ir on 2025-11-05 ]

Al oo SBlasl g 58 s 5 Lab jlas cdl oS 5o las
) SEaol jLad cdl s Sabbol sl o0 a5 Jy90 )0
SIS b 4l jo ul lo a5 jshiles 5 .09 peoly> sall
30 el (i a4 Bu a4l Sy oyl ) 30 Las cdl
S Bo B el aales abase cpl o jlid Ol Wy,
4 b s Gy ol Dlaulre [0 & Wiz 2 g walys

Lol oads osls )8 la5 ae Dlawbore jo YL Cds b il

24500

24250

4 24000}

L (pa)

23750 f

S I g gy gous i

0o O ol sfishala Jao
y © yob> 5
235000 01 02 03 04 05 06 07 08 09
&)l Ay 6y Cuisa (m)
s ]sose mbs b mle 5 Lo jlad w8 anlio ¥ IS
[vV] Lo

odls HLas ¥ S j0 o)l sles a9 Sloged (oo Hliel
2 s ARl S 5 58 sanlin a5 el ond
Fo 4 jauilass slacel jo & Jg (olSs g5l 515l slacel
ez 45 .l walys Eals eanS Sib ol gles il
o 2P 5 eslial pas s 4 i goae 5 50 s,
Sy (500 gl Lol gl oo odalin jauilaS jo CS 1S
s glod 0920 (ol @l Guizen 5 pol> 5 0 ol
mso 2 O |y oeeslosS g yilnlel Gid po ey Loy
Cond 95 (p) o CSIESy Sl ,l (2R ) (U &S wS
Lo o st ol sl o sgrs ool b e
Sg dales 15 B o g Sl e jeuilasS o S eSS
LY ooz )0 werge mli b b sled il
29 5 e S b g 0gd so cdalive a5 jebjlen el ouls
72U s Gl Ay slael jo By sles I el e

123

duloro gly oolainl 5,50 alayl) 09l 0 a8 F L 0 F

:[T\c]..ubl.gsa YA abaly gllae Jlewgl JEo

Py =(1=9)py + 90, an

Y] el el oy 14 ], Lo e b s

(1-2)pyCry +o0,Crp

(-@)p, +op,

[Y#loStn e gl 5 Jlmssil cj) anmlne sl g

el 00l ool Yo alaly gillas

C =

P.nf

(QRY!

0, = Ay
nf 2.5

(1-¢)

351 035 o byl 5 Gl alin s SIS
3 YA W/mK #0V. kgm™ g a4 5 coll e 9nS]
e a4 5 L s OF - J/kgK

()

aid) ,5 4 goae Juo (b))l g gy Sl —F-Y

S s 5 ol L oS5 55 5] ool 5,90 455
2w, )1 a el bl el o g albioe abe ez
Sglae sloasl olawi gl WS OYolre (goue gildas
Gy o el ool Jols mls g ead o
08, el ile 5 5y Ceand s el (59,Shae slo ol
am dy Jokw VPV 5l le g )Ly (saliams jo &dly jo .ol
aolol o plply 5 ouis csmlice Jlid mje o Slss
el o osliiw] Slewle Jobu slass ol 51 Olwlore

(oo ildow ) oaal Ceway @l i liel Cgs
o 5 soae (Rl @S L sgzge I 5l Jol> b
e slel @ iy Yy TllSa o ol s anlis
A (2 o)lp gl slos @ig 5 wle g b s 9
63959 Sl by ol dale Jhw 5l ool plSin )~
ol Sgpuin gl 5l a8 jehailen g el ouls aizlo y Ol FOO
S0 onalive 39250 @l b pol> )5 @S b (97 Gl
3l as slesl o)l eolaiul 0 g0 (gous g, oo | lis A
3 g5l plgl Cad J0 g jlon Al )0 gl oo cvalin ¥ IS
2l Sbbol 4zl o oyl g SBlaol 5l 26 oS 5 s
S Elhaol cdl jauilass sl o g SElaol 1 20 Led s
Shedls aalys 992 owpul S s a0 jled Sk g
Hlad cél a8 conl mols cmle g ) jLlid Cdl sla jloges anlas
298 4 4z b &S wBboe L JLad S8l ) iy )l mle
S ppbilan 5 ol @85 6 Sl mo Kl ulo 6
551 lsl 5 HemilasS sl 0 5 b Ceond [0 0uiSe oo line


http://yujs.yu.ac.ir/jste/article-1-26-fa.html

[ Downloaded from yujs.yu.ac.ir on 2025-11-05 ]

YYAY bl (Jsl o )leds sl Jlo «55 51 ;0 00y 35 50 el 44 505

[Vl o ibate )5 lalos aslol gl e galaime
:[YV]Q....;‘ oy oolawl VY abaly 51 \lw sled (gdmlos 6‘)-.’ 9

T, =T, + 9 ln(R"/R"')+IH(RW/R')+L Y)
27l Ky k off hR,
. T, . _ .
oSk GgmdlasS olal> ol Jlsl cope hoas

k . :
Calae cops T g eudliS g0 (e 5 509y 2l oo
DA Jale Jlws 5 b fige olo)S

oy g s -Y
3,90 ol gl o, Slee 5 Jlawgil 5l oolatl Sl aslsl jo
D3 D)3 S8 ) p S e g Sl ABF )3 o
Kb (oyp Sz g Sl oo Ve e Jhad an b8
M=5 | ol 5 —gibean oo 51 oslil) glailgind &3«
3 ookl Sl gonms Hlas F O USS wilonds ans 3 Ll jo
S5 S oy emen g Jele Jlw Olpre @ Jlwgil
ilbor Jlwgls S pouSle p DS JSB g ylad (geze>
ey 2oy Vo g Vo sla o> 08 slp S Jloged
Wb Cqe godmolis e i Codle ol oy F
sdalio &5 jsbolen wiloe GBI X S b @le b~
gl Sy porSle DI3gL oz oS Gl L o0gh o
S Gl bl a eSSl A ol 4 oo
il als OT b oasglie 5 oldgl jeam o Jlw
LS (ol oz JuS G 0 4T 09d 0 odblin isred
Foogl Ve el L 0ldgl Ll wih e 2l Gy polie
e (i yegll e plad b OIS0 g sy e (g 2eS
Wil peS l)d Jlhd ax e adly o bl sl 1) ce
Ol w8l g 5ol go,8kes glod 5 ytn &)l > Jlail wals
"o S Sy e Gl (a6 0g melss i JS

b

L3 (K)

sldgl slp @S 05 plo uimnl Glgee &dly ol
@ a8 oo oslil ele Jlow Glaze @y palls OT e 5>
Sl b b aslio o alg) Jsb o B o5 lid il Ll
gl 5o led g jlad oy (Seluoge s Jolad frizen g )l
CEHESs Loyds dgd Job jo )y gles Bu —ple S i

]

350
345 |
o ol
340 ®
335 |
330
L]

325 |
320 | o i

° O\San 3 Silga o 5, Algd olgs o (5 e 03Il (sles

_—— SO g ey sOe

315 F wmcvamern  (glhy9 8} iglelnd Jos °
310 .

0 0.1 02 03 04 05 06 07 08 09
&> g 5 970 CoxBse (M)

B L ol 4 ol e slos i mlie ¥ S
[YV] oo 5 [V4]sone [IA] coliglei

(2inlejl b b oad dulone JBu slos @i amnlin Y Jgur

s
ol b ol s jlalob
DRE e (2] Pl skl
s Jemhy s Sl S
(V] DA [VAlyKen m
YY#I7AD YYvig-v YYAIY-0  YYV/F-Q AR
YY#IFVY YYViHYa YYV/AYY  YYvie-a ARAG
YYPIPOY  YYVIOYY YYV/A0®  YYV/F-A ARN
YY#IFEY  YYVIONY YYV/AFY  YYVE.V AR
YY#/PYa  YYV/FAA YYA- X YYVIF.? <IYAA
YYeieNy ARR AN YYANYY  YYV/E-O AR
YYeI#  YYVIOT YYASA  YYVIFY N4
YYZIOAY  YYVYIOYA YYANYQ  YYV/E.Y < IFEY
YYZIOVh  YYVIONS YYVIY-Y  YYVEeY ARy 4
YYeiorY  YYvigey YYVIO-Y  YYVIE-O +/va¥
YY#/PYY  YYV/FAY YYVIOFEY  YYVIF-V </AYA

m o Sl ey Bu gles Sl s sunlin a5 sbilen

05 0 el oo 5 gl e 28 ool 5 sl



http://yujs.yu.ac.ir/jste/article-1-26-fa.html

[ Downloaded from yujs.yu.ac.ir on 2025-11-05 ]

e 8l aldl cely g I ajeSny Gl asbl o s
Sl e 05 ol 4l plgiee (Sxd sk 4wl walys
r oS el a0 5 mbe S S sl S8
Gl el el sl s (JBs gade cle a5 0l walys
G5 GRIPl sl ajeSiny Gl Lol eedlpe jLid 2l
dolys Lad cdl ulil ames (o g ajeSens salé 5 Sy

-200

nwuw nunn
B4k

|
|
I
oo ooe

-800

0 0.1 0.2 03 04 05 0.6 0.7 0.8 09
&)1 Ayl (5397 Cuxdge (M)

0r
dp= - nm S5 38 Jae
- o dpEY.nm S8 99 Je
cmee dp=Fonm g2 ap Je
-200 2 -

&l yLas (pa)

-600

-800 F

1 1 J

L L L L
0 01 02 03 04 05 06 07 08 09
Sl 8 g5 Cutise (M)

-1000 ® L

glo JLad w595 p OIS USG5 Jlad 1P Sl

-0.001

2 -0.002

b &ty poy 350 (M/S)
<}
o
o
w

2-0.004

—
— dp=)enm 59 9 9 j.&n
0005F = = * dp=Yenm« 59> § 3 Joo

— ap-f.nm.,.;ﬁﬁ Joe ” /
—_ vy = /.*
= olS - pgilaan j«“
-0.006 L L L d

0 01 02 03 04 05 06 07 08 09
&)l dyd 590 Cuxise (M)

U g b« oz oS g gl 51 o0liial Sl o P U5
b e o Sle p Jlwsil )0 Blo 23

AU o )3 ¥V o> S )0 a5 Conl moly Gizren
el yiegll Ve Jlad b ald b laslginl &lyd ce s Jlaae
O S IIRVIRISRCIRTIR DRPAL PR B FRCH IS COR SO
oyl Yo had L old egl Ve s Lol odle
bl ales glalnl DS A Cad (g eS Ce e Hlade
Joe sl ooliiw) oy Yo g ¥ coxm juS 50 2 0 (pizred
Ll s a5 asS o Bl 1) sozme S 514 &5 JouSlo
e Ll ol JUil e DS B g S 51 (50,55
S e ol Ko Oy s 1y (6 s Sy
St deeS) Jlosglh sl lo Sl s Jloses
) Sl 45l 00 3 OS5 yegil Yo ka3 b )3
5 Ny, il (LS mg p OLS ez ST GRS
OO Ll )5 a8 ail oo )90 ao e )33 mjei loged
L gmals ol g cdl walys gals las cél Jlaae &ldgl
Mb‘uab-sijf&»muw)bsijsw\)s‘
ovSan oLl gezme S pl 5l jee 5l e g cllle wales
e Bl Gl e jo g e S Gl ) el
Plond ogSae (nl &5 Sl wly 5 Jlogas )3 09 el
ools Ty oy \E 9 \. 6“@"’;“5&&5‘*"’)*5&“‘29‘
olaie Oljl Lawgi Glg g0 1) (398 wig, (godalice JJo .ol
9 I oz S GRIFIL 0S5 i A jeSimy 9 JB
e sall ol jo Ll il ales ol Jluwgil 4 e g
o by Lid il gals o] Lol g J&> olil ol il

1


http://yujs.yu.ac.ir/jste/article-1-26-fa.html

[ Downloaded from yujs.yu.ac.ir on 2025-11-05 ]

YYAY bl (Jsl o )leds sl Jlo «55 51 ;0 00y 35 50 el 44 505

346
344
342
340
338
336
334
332
330
328
326
324
322
320
318
316

LU
PR R

L (K)

Cuo
dp=Y*nm

0 01 02 03 04 05 06 07 08 009
&l Ayl Sr9me Cundse (M)

346
344
=
340
338
336
334
332 F
330
328
326
324
322
320 Cuo

318F dp=F¥:nm
316

L2 (k)

N N s N N N N A ;
0 0.1 0.2 03 0.4 05 06 0.7 0.8 09
> Wyl (59 Canndge (M)

4.]5] o)lxo C.la...; 6L“) [<31. B C.J)é )1435 T )M.S)J.VJS.M:
Sl slaykd (sl (5l

Sl o o)lems sled @i (e Slanmlie 5 A JS 50
Lol 43,5 & g0 Dglae IS0 5,8 L OIS 5l eslaul plKn
oanlive g .ailowys )8 pawyi doy0 ¥ gez> S sl blogel
Cod glailginl S1)3 g S a8 L o3 5l eolawl a5 098 o0
WpSie ) ez S S i oS JouSle Joe 4
5 ,Sdas gy il a5 0,5 walem sloul 1) (6 S sles OS]
Al )l g et
Ceaglie o 5yl Ayl S See )0 e sl S Ko
3esleiu) sl gl Cuglie Cows iboe ol ()l
i 0 LAl of jleslaiul s 5> Caglio 4y Jlawgl
alal) 4 dzgi b aS 09l oo cudliv g el 0030,5 pw 5 4

" Ly R=AT/O . _ ..
Sl ez S il Q 5> culic

alayly Jds 4y a8l wales o) Sl cwgliae ialS o
bl oo oz S b ol )T olas o o i

1A%

3okl plln mle jLid il aslie goniasylis £ S
il 1Y ez puS o g Dglite IS g jla L S
Slad cdl e D3 a8 2ol b 0ed e oanlive a5 Lol
29 8des Lo 5S4 azgi b a5 il vl el (Swl
IR UG PR R | [ PP S N P ARG IR S
S ol Bl 5 3,Shac sles G2 5 )l JUis olsen
iz 332 el a0l 1, a8 L5 S35 sl Jw a8
EREC SR ERUUR JC N NI T
ol 5 el Sl mle JLid cdl Ll e 5 o3 ki
Solas oo il L 4 slaileiul OlS geme uS
bl e megli Yo LB L o3 by Lyi sleS
s a5 oSl Juo 5l oolaiul 5 cxly wcnlys SLuss Ly a5
5 IS8 5l 50,55 Bl Jds 4 aiS oo Ll 1) azm oS )
Iy 6 ymeS HLad el Jlade Wl &)l Jasl glpe p ol)d b
8,5 aalys sl

dgl slael o ojlge sles mje gosmslis VS
90,090 sled x3555 2 Jlwwgil jlooliiul S as il oo (3,1~
aS jeblen sl 0000 ,5 i Dglaie (slaylad b o)y (6l
ENCRURRC R SO I 21/C [JEVE TR
a3 o1 dlaie Sl oS Cylin o
Gl O frofiis amti o8l salss alzd -l oo ole )T
&S Sl by uizmen il oo Syl Wyl o)l mlaw sles
L sl slos LS a5 15 L o3 (g5l Jlosil sl
sl Sl JSl ey &5 s & 45 sl o S jpilacS
s Sl 3l eslial by 5 atbie S8 b L ol
8,5 swles slul 1) (5,568 sled B 5 YL o)l > el

346
344

s E = ST S e
Mo ———————————— :

OVBE Insninteivassinims i sk ey
336 |
334
332
330
328
326
324
322
320F  Cuo

318F dp=) nm
316

L (k)

1

N N s " L
0 0.1 0.2 0.3 04 0.5 06 0.7 0.8 0.9
1> Wy 5 rame Canadge (M)



http://yujs.yu.ac.ir/jste/article-1-26-fa.html

[ Downloaded from yujs.yu.ac.ir on 2025-11-05 ]

S Glyzl Sl g egSae digy ol 13 phad goli8l b Ll wil
P oyl JEsl Gl slalginl 4 549,85 <l 5l @l
Ceaglie slalgiwl @l)d 5l eolazwl g CJle YL Lhas Lo ol)d
5 JreSle Jae caian 5 aalys sl 58 )l
S )5 S ) 58,5 Sy s 4 ulS sileas
Lol cuals walgs olyd Hhad woldl b1, b 5l ceglie
owlidl «olyd Jlad w18l L 92 g g Jawg onls &Sl Jow
@ 4y boogel walis o i 1) Sl Seglie o
3 oolazwl S dgei (g S A gl oo YU j0 ool S8 Clas
QQM‘erJibsbu‘)é‘W@z}ﬁjbubé
bl s YU a8 L (69,5 IS sl laslgnl &S )
Sl A s Shee I 5 e Caglis i azm

B¢ Sl
4
) o= = - ;,ﬁ':‘ ———————— .
Zoof v
& P
s
7
—_— el e
—— = el - giheen Je
e $az ey
o="71Y
0.8 N s . N N L N N
B 10 15 20 25 30 35 40 45
dp(nm)

0.8

(=]
b
(3]

sy colas (W/mK)
°
7]

0.65

06

0 1 2 3 r 5
(%)
oo p 65; s )l .._;I)a J.i..: d‘)za‘ )a‘ 60&:&&“)[.2;3 N JS-N

£A

346
344
342 F
340 F
338
336
334 F
332
330 F
328 = dp=)iam s agJae
wel. Sa e

—_—— S = gibens Jao
424} e il

L (k)

322
320
318 F

3160 01 02 03 04 05 06 07 08 09

&> Uy 5y9e Cundse (M)
Sl gl ojlens Glos @ses S UKD g Slad S ) ASSS

15¢
14}
13}
12}

dp= ). nm

- —s— - dp="Y-nm
dp= ¥ nm

11F e
4
0.9
§ 08
S 07
06
05
04
03
02}
01}
0

012345678 91011121314151617181920
0(%)

alike 6L¢)E§L3Q|):> 6‘)‘.‘ é)|)> h:a.njLﬂA)?s.x;ﬂ ‘S.w

Sl Canglie 28l e &5 398 oo osline (izren

ol Judo 4 yiaS Ghd L Dld gl cemm S Gl L
Comd e b Slaslie ail g0 iy eS sles LS
odplino &5 col a3 T Diao Ve ISE o gl sleteglie
s aSol Judo a4 ol o)Ll &5 5Slen JguSle Juo 09 oo
Slnl i )l Coglite 925 o0 Sl 3 ) (e S S
Yo Ol)d e sgas U glaslgnl oy 5l eolaiwl 0,5 salg>
Cuglie eS olo)S Colun oy il Lo 4 egls
59 59,5 wlez obul (55,5 OI,d cpl 4 s (i Sl
o i Syl JE e S S 0l 1 oy



http://yujs.yu.ac.ir/jste/article-1-26-fa.html

[ Downloaded from yujs.yu.ac.ir on 2025-11-05 ]

YYAY bl (Jsl o )leds sl Jlo «55 51 ;0 00y 35 50 el 44 505

0
2
z
54
|
6
dp= - nm 5% 93 Jie
- ==« dprv.nm S 3p S
———ee dp=Fenm S35 3 e
c JoSla Juia
8 = 7S -lean i
¢=1x
10 N 1 1 1 1 L 1 1 )
0 01 02 03 04 05 06 07 08 09

&> 4y 5y9e Cusdse (M)
SBu lad e p Ol)d S5l g ylad 1Y Sl

S5 aomii-F

J oS aslign Sl JES s e Blog 51 > o)
Jele Jow glyie 4 Jlomgl 31 oolisiol T 5,Shas 35,00 sl
Sl Ayl lesS o Shas  Jhasgil ) oolial Sl 51 bl e
5 oyt 0 slemslome SVls Snliys g, 31 olinal |
15 e deaST glae S5 gsl o ool Jlasgil o S
5 b (o7 S i S G 23loe ST @y Sl
i) oyse Gl df o, Sdes 5 Jlwgl jo 3lae )3 S5
SalS B s )L dy) oo, 5 ,Shes Sgge 45 (25,5 )3
20,8 edwlin Jlwgl I eslaul s gl Cuglie
):YL e J....S )‘ solazwl b GL"; .)JS.LQ; u...;l)sl OTre
oaplive lailgwl o b @lyd 5 xSes Lhd L ol)d wl)d
b 5 Sl S Gl (ol oz g8 Sy 0 5 0,5
Syt 9 lo S Cole o s Gl o lailyinl 4 598
ol Glee @ ) OVl Jewily a5 w08 o Sles
B8, 50 i onl pepdle amsga QLS pgmpe Jole VL
G L gl e Sl Al 50 Sl (S5
5 Sz slate Sl s 4 o Gl e 5 P oo
aslign Jol b5 oo 5l atpjsns

&b
[11 Z. J. Zuo, M. T. North and K. L. Wert, “High
heat flux heat pipe mechanism for cooling of

€9

anlgs SKp335 (55 UK & Sl A ol Gl
oonlive il oo (55,5 L3 L bloe Y=Y as glaiss 4 s
oy Sl L Y Dglaie polie b Ol)d (gl a5 00l 0
oz S S 5o Ll g medler ol S colos ili8l sals
K a4 &8 > 5 (59,5 s 5l d S Gl sl pls
Wi sl ol S colan oo e (il o slaslgil
Ste Sy @leS ol cupe p Ol IS8 JI Sy o
Al ge )l Dl Gl 69,5 Al ol S Gyl
B L s ly Jlow @ D350 o938l ST Koo )
Ol i (G09o0 g8 oo 0dline VY IS jo aS L] Lol ge
o S IR L S S Sl S50 4 5 iy
OilBl Lo ,Ses slos rals o 4 &dly jo g a3l o0
i Sl g e al y S 8lS a0l e S
e 5lad s G Glalie 5 VY SIS o g eelys
o> S (Gl g Dglate IS g b L )3 5l eolaul sl
Olyd 5l eolaiwl a5 098 oo cnalic Cwsl 48,85 O 50 doyo ¥
15 45 JySle Jon a0 s slatlyind S5 5 555 b L
sl (a8 53,8kes slod 0y F 0 JE 0 ) (o> S
i L olml csly i ol 45 jghilen 45 0,8 walss
Sl 55 Sl B 3 sl 3 s T sl
Lol 08,5 oo jLid il pals 5 o Sloe sbos (ioldl o jlad
L slalgnl JSo b s sl ool plle by jLad cdl ol
Fogil Voo yhad b Sl 5l eolaul slXis [y jLid il )5
o oSkae las (S5 s 4 o 53y sl LS, L
il on (pom S Gl )3 90

Sl s (pa)

) 01 02 03 04 05 06 07 08 09
&> g §y97e Cusige (M)

B0 b g5 e S S1LNY S


http://yujs.yu.ac.ir/jste/article-1-26-fa.html

[ Downloaded from yujs.yu.ac.ir on 2025-11-05 ]

[15]1Y-H. Lin, S-W. Kang, H-L. Chen “Effect of
silver nano-fluid on pulsating heat pipe thermal
performance”, Applied thermal engineering, 28,
2008, pp. 1312-1317.

[16]C. Y. Tsai, H. T. Chien, P. P. Ding, B. Chan, T.
Y. Luh, P. H. Chen, “Effect of structural
character of gold nanoparticles in nanofluid on
heat pipe thermal performance”, Material letters,
58,2004, pp. 1461-1465.

[17]1P. Naphon, D. Thongkum, P. Assadamongkol,
“Heat pipe efficiency enhancement with
refrigerant-nanoparticles ~ mixtures”,  Energy
Conversion and Management, 50, 2009, pp. 772-
776.

[18]L. Huang, M. S. El-Genk and J. M. Tournier,
“Transient performance of an inclined water heat
pipe with a screen wick”, ASME national heat
transfer conference, Atlanta, GA, heat pipes and
capillary pumped loops, HTD, 236, 1993, pp. 87-
92.

[19]J. M. Tournier, M. S. El-Genk, “A heat pipe
transient analysis model”, Int. J. Heat Mass
Transfer, 37, 1994, pp. 753-762.

[20]S.W. Chi, Heat Pipe Theory and Practice,
Hemisphere, Washington, DC. 1976.

[211J.C. Maxwell, Electricity and Magnetism,
Clarendon Press, Oxford, UK. 1873.

[22]W. Yu, S.U.S. Choi, “The role of interfacial
layers in the enhanced thermal conductivity of
nanofluids: A renovated Maxwell model”,
Journal of Nanoparticle Research, 5, 2003, pp.
167-171.

[23]R. L. Hamilton, & O.K. Crosser, “Thermal
conductivity of heterogeneous two-component
systems”, I & EC Fundamentals, 1, 1962, pp.
187-191.

[24]1D. A. Drew, S. L. Passman, Theory of Multi
Component Fluids, Springer, Berlin, 1999.

[25]1M. Haghshenas Fard, M. Nasr Esfahany, M. R.
Talaie, “Numerical study of convective heat
transfer of nanofluids in a circular tube two-
phase model versus single- phase model”,
International Communications in Heat and Mass
Transfer, 37,2010, pp. 91- 97.

[26]1H.C. Brinkman, “The viscosity of concentrated
suspensions and solutions”, J. Chem. Phys., 20,
1952, pp. 571-581.

[27IN. Zhu, K. Vafai, “Analysis of cylindrical heat
pipes incorporating the effects of liquid-vapor
coupling and non-Darcian transport-a closed form
solution”, Int. J. Heat and Mass Transfer, 42,
1999, pp. 3405-3418.

electronics”, IEEE Transactions on components
and packaging technology, 24, 2001, pp. 220-
225

[2] K. Kim, M. Won, J. Kim, B. Back, “Heat pipe
cooling technology for desktop pc cpu”, Applied
Thermal Engineering, 23, 2003, pp. 1137-1144.

[3] S.U.S. Choi, J.A. Eastman, “Enhancing thermal
conductivity of fluids with nanoparticle”, ASME
FED, 231, 1995, pp. 99-105.

[4] C. Kleinstrever, Y. Feng, “Experimental and
theoretical ~ studies of nanofluid thermal
conductivity enhancement: a review”, Nanoscale
Research Letters, 6, 2011, pp. 1-13.

[5] S.K. Das, S.U.S. Choi, H.E. Patel, “Heat Transfer
in  Nanofluids—A Review”, Heat Transfer
Engineering, 27, 2006, pp. 3-19.

[6] JM. Li, Z.L. Li, B.X. Wang, “Experimental
Viscosity Measurments for Copper Oxide
Nanoparticle Suspensions”, Tsinghua Sci. Tech.,
7,2002, pp. 198- 201.

[7] S.K. Das, N. Putra, W. Roetzel, “Pool boiling
characteristics of nano-fluids”, International
journal of Heat and Mass Transfer, 46, 2003, pp.
851-862.

[8] K. N. Shukla, A. Brusly Solomon, B. C. Pillai, B.
Jacob Ruba Singh, S. Saravana Kumar “Thermal
performance of heat pipe with suspended nano-
particles”, Heat Mass Transfer, 2012, DOI
10.1007/s00231-012-1028-4.

[9] Y- T. Chen, “Experimental study of silver
nanofluid on flat heat pipe thermal performance”,
Journal of Marine Science and Technology, 18,
2010, pp. 731-734.

[10]S-W. Kang, W-C. Wei, S-H. Tsai, S-Y. Yang,
“Experimental investigation of silver nano-fluid
on heat pipe thermal performance”, Applied
thermal engineering, 26, 2006, pp. 2377-2382.

[11]S-W. Kang, W-C. Wei, S-H. Tsai, S-Y. Yang,
“Experimental investigation of silver nano-fluid
on heat pipe thermal performance”, Applied
thermal engineering, 26, 2006, pp. 2377-2382.

[12]P. Naphon, P. Assadamongkol, T. Borirak
“Experimental  investigation  of  titanium
nanofluids on the heat pipe thermal efficiency”,
International communications in Heat and Mass
Transfer, 35, 2008, pp. 1316-1319.

[13]M. Shafahi, V. Bianco, K. Vafai, O. Manca,
“Thermal performance of flat-shaped heat pipes
using nanofluids”, Int. J. Heat and Mass Transfer,
53,2010, pp. 1438-1445.

[14]M. Shafahi, V. Bianco, K. Vafai, O. Manca, “An
investigation of the thermal performance of
cylindrical heat pipes using nanofluids”, Int. J.
Heat and Mass Transfer, 53, 2010, pp. 376-383.



http://yujs.yu.ac.ir/jste/article-1-26-fa.html
http://www.tcpdf.org

