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ARTICLE INFO ABSTRACT

The use of phase change materials (PCMs) in heat sinks (HSs) is an effective method that has garnered significant
attention from researchers. However, due to their low thermal conductivity, the application of these materials for
cooling digital components is limited. To address this limitation, thermal conductivity enhancers (TCEs) are employed.
Article Type The purpose of this study is to investigate various TCEs applied to PCM-based heat sinks. It includes recent
Original Research experimental and numerical research, with an emphasis on analyzing the effects of TCEs such as fins, foams, and
nanoparticles on improving the thermal performance of PCM-based heat sinks. According to previous studies, limited
research has been conducted on PCM-based heat sinks under alternating conditions. Additionally, no numerical studies
currently exist on hybrid heat sinks that demonstrate superior thermal cooling compared to conventional heat sinks.
Furthermore, the remarkable heat transfer capabilities of nanoparticles suggest they are promising as passive solutions

Article History f )
Received: December 30, 2024 or electronic thermal management.
Revised: June 02, 2025

Accepted: June 03, 2025

ePublished: September 12, 2025

Keywords: Phase Change Materials, Heat Sink, Thermal Conductivity Enhancers, Fin

How to cite this article
Shafagati M, Babapoor A, Rahimi-Ahar Z, New Methods of Controlling the Temperature of Exothermic Equipment using Phase Change
Nanocomposites. Modares Mechanical Engineering; 2025;25(07):403-415.

*Corresponding author’s email: babapoor@uma.ac.ir
*Corresponding ORCID ID: 0000-0003-4907-2462

Copyright© 2025, TMU Press. This open-access article is published under the terms of the Creative Commons Attribution-NonCommercial 4.0
International License which permits Share (copy and redistribute the material in any medium or format) and Adapt (remix, transform, and build

upon the material) under the Attribution-NonCommercial terms.



https://doi.org/10.48311/MME.25.7.403
file:///H:/DOWNLOADS/www.mme.modares.ac.ir
mailto:babapoor@uma.ac.ir
https://orcid.org/0000-0003-4907-2462
https://orcid.org/0000-0003-4907-2462

JE£: KO V)£ = £10 . yto SuilSo (suokigo HEVI-T449 UL

Lt Sl uodiqe

DOI: 10.48311/MME.25.7.403 :
- - L]
www.mme.modares.ac.ir :dxo Slol dxio u—/u g,ﬁ
: T et 0873

.

o ;oxelS o3l 51 oalistul b liLoyS wilisgzad (sles 308y o9 slogibsy » (390
o33 18yt

\’)‘b| (SROA)y Oy « \)SJ'J‘.J)J).C. AT,

ol cdwosyl e losyl Gi=eo oKl (wdige § (58 0ISUSIS ekl (wdige os)f‘
olrl peeidlpl ceaYq o&iils (g g (8 6ISUSIS ((peudd swdige os)fv

oS Wlio wleyb!

K

b9y (HSs) > lacSisw 53 (PCM) oxians 18 s slgo 1 esliinl b (Sudg sl wlehd (Jyly> Jyus
s Sl calas Jds e ool b icwl 03)S Cds 395 @ Iy liise I (g buws dogi oSl .).aLLf
lrosiiSeugdl 5l cand ol adé gly cwl dgame (g Sl cilsdad (43,5 Si5 51y 3lgo (ol 51 ealisiul Jlio &s

(_;LQM 69 M oS cwl blizo & TCE (wyy g R O,gl)'l a3 (50 oslasiwl (TCEs) Uj)l)’ colis e B)J e

5 435 5 1T b e3ae 5 (25 Syl 390 5 ol liiod Jol 5 390 Jloe! POM (e (s>
SR e sleSiuw Sl 3,Ses 3gu90 (51 wily34il g Lmegé ooy wiile (& TCE j o.\l.é.‘(.wl)ﬁjt" Sl

Alio oyl

byl el POM 1 Gl il S (595 32 05 wledlhe (LS slagimgly 4 d2gi b sl PCM VN Ne redloss
- MRAMALEETES

o YL Gl SUSSES & (g3, () (TS 3590 53 (ol 52 0gde il oads plaxil gl VEE VY 1o S350
o slaea bl S w50 Ha3 @ .35l80 39z g (6330 wiledlhs iy o lid (Jeesme Sl laSiw @ YRR ipady

g 5o 0313 Zum i (g xSl Silye cuyte lp Jledyd sladzoly glgieds celydgil eyl Jlal VEOF/ oYY 2 cpadil |

o) (ol calin gvosiuSeugdl (Shlhs Siaw L8 sty s dlgo :laojlganls

dlio gl 4 gloyl ogas

slacajgrels gl 51 eslatul b BloS wihinad sles JuS)d crgd slaghs, » x5 »ol au) Guje y5bl (deme EAS
JELE:FO( V)£ F-E10 . [uysn SSlSe audigo 03535180

babapoor@uma.ac.ir 1l 15 exge etiumngh (SSuig xSl
seve—eesWoFRLY_YFSY uLuliA )b 0gc oyl ..\_.55)| dwlids s

Copyright© 2025, TMU Press. This open-access article is published under the terms of the Creative Commons Attribution-NonCommercial 4.0
International License which permits Share (copy and redistribute the material in any medium or format) and Adapt (remix, transform, and build

upon the material) under the Attribution-NonCommercial terms.



https://doi.org/10.48311/MME.25.7.403
mailto:babapoor@uma.ac.ir
https://orcid.org/0000-0003-4907-2462

¥0 ok {8y (glaerjgpals 5ili 51 oalitiol b ko) wilisgant (slos U555 0ags sloubss 2 5290

Ayls amdydion sloadlyd s 38 sl YL Jawsly g5l
Aiad (iuisel Gl capie 53 1z (slagsls 425
5 358 0 Suzn b agie wile Glagille Sz L
slgo (65lwaz LS (Jlin lgieds .3l 3925 slge (slacndgame
3Shae 1 ke il g 39290 (slylislio b oxims 18 s
[13] cwl (gyion dowgl g Gudsd Sojlo o SSodg sl
S8y 38> Glanoien sl Ghl> el de ssun puizeen
bl (55900 Cilide Sllee blyd 55 (Sedgyisdl wlingad
il wligxd > Gl capte cassl @ oz
slrsyls aswgi (sbwly 5 LS'“)L"S sla o) ELEJv
5 Jsloglh slge I osliul [15] cusl 4B whgo ous
slagille prals 4 Llgige ailsly SuSSis (o,
dnej 33 Yo slacdydin b ojo> ool eaial .45 SaS 35250
26k g LB Gl g ceslo glagsglis g slse
wlehd slaei (ol ogMe gy sdlgs (Sig yiSUI (_ngbeLi'f.wb
sl 42 lSa e (59 2 Mlsise &S (g3l (Seig Sl
olgieds .cwl Gl Jl> 53 Glizan [3] 550 (538 @b caigd
Y¥ 51 (o Core 17 53 sdidbual (glaygiwa 3ilyd slasd ¢ Jline
Olst & wal giyo yloslee YV b (g5 soteajild gsale
slawi ol [18Jamae alidl wlg Ve |y o Gl
3Sdas (RS g yoe aLgS «Sog slod GA2l8] ey yaiun 35l
GSuig Sl (sliz )1 lsabl culil ol el b a3S e by
sshilen 11y (o3 bl of Gildas sles 5 (giuctjilyd)
dwlzxe (V) dsles Gb cclw cansp (MTF) cwss UG

13940 (50
=L (L M
MTE =3 e (KBT)

B T (Glolepiny) Rlednin coyd A dbily ool )3 &S
Kp eV cawys gilodled g5l By A2em cuzys by
el (K) 29lS canz s glhe los T g pojidgy s

Silgi 0 58 les 53 iz a8l o5 sasse plid (1) dslse
lalie .aos Gialidl | ows b ol 54293 b6 Hebas
lod bl 53 &5 (g yiSl wlehd oS sas0 glid (s
sobile [21]8gd dshd ()5 4 e Wiilgie JUS e S YL
b duglio ;3 (oled 1o 53wl oad oals plid V JSb 4y oS
L saclai jobty cusls cups S0l 4253 YO les
1197 Bbiso Gialidl oEiws 3,555 slos Lial;dl

gyl wlehd (Y gles Sl (e egde
sl Gl wanse s> 55 1) wribolis! gyl
coplplio [19] w350 Ginli8l |y caiS oS sladioin g S50
Gl Sleiel L 5 5o oSS gy So LB 5 Sl

Modares Mechanical Engineering

doddo -
ey ol LT gayw Ay 4y 429 b sl sladle 5
sloals 55 (SaigySUl slooliuws (slagaiejld )3 wéyday
@loaialid jobay wlblil g Jai 5 Joo Ladlsa siile calize
3 isi o 4z lSs slaylae (slas sl dguwgs Ly el 035 YLy
5 0ls8 I8 palae Gral3dl (S (o0 (595 SuwdlS j50 (9l
el ylogili 4y yieg oo jl gyl wlehd (gjlwSzsS
oaijlu Sy aiaS dy .59 (50 YU 3)Slec g 5lae e (ial3él
Jlo 5> (stegil ¥ (Seig Sl slaadlys (el (galadens
il JI )3 (s yiegil ¥ ailsylS slodilys g s 1gi VoY)
4 aid i (Sudg Sl wlebs ) plsi e (il s
Capte 1] cwl osd bl glusige sly Gulel il
ol dizl oBimsgj Coyid a4 i Slgie @yl 1l L
035 L35 Y slos .39 (514655 (sloainse (aljl g 3,Slec
Wil il @il Sl wesge Rl | baygien il
[BIB] Ao LT 55 1y slse il g oSl i)l
09bd Gl capse dinel 3 bagiegh (Jud puends
ity (sloylSal 51 (S Ailai8 S 118 azg3 350 (glesyiud
(PCM) 8y dlge 3l eslaiwl (Thly> capie dgu gl
s aild b s eyl (5leslil g Lz b slge gl el
Iy digy Gildas sles Bim g (ales wlilugs LalS olSal ol
51 eslatnl wle (plaghgy PCM p ogde aS(0 palyé
il ladilols 5 S Sis sla Uil Sue woYluwgil
4 oximd U 5 slge [5] Siiwd dowgi > 5 j0 (g
2 b 65 Giwepsd llss o Vb b cadib Juds
B 4258 350 (gleniud jsbdy cle @ sal> 518 juuad oKl
g S Jee oln slod 53 Ygasmo slge ol ailaxd,S
ladlo ;3 [7] S Jae GSiho s S plsieds wlgie
6ol g Ghbe calaw 3au (6 POM L wl)393l oSy !
L 6348 @l3gils 5,5 4Ll L Lo (gl ol 0ns Slgiiny 3T
Gt Hsbas |y wylye JUl ey Silgie POM 4y ()S
slaailols 5,6l Jbo s lag,lé ol ams il
sledible iz 5 go-porid Lo sl aidyiug (Suig S]]
S oS SiS slaJUlSySae - Ligd e 43,5 )54 (54095
Sig Sl sleeliws 13 el copnte gly Sige Jool,
s GBS 51 aailobs cul [9] Lkt 0k (5 3LoSzoS
sabadyi ey 1 S se eslitul sakiSSis wilasle U 5,
laJUIS el dings Golb LS 285 § Wiz |y laadly bugs
655 Bpae (1alS 5 (il o33l Gl 4 e Klgice
oA SSS wilwsle (5l 4y Yluwgili 51 eslasiwl «puizon .39
ool (1] Az s9ie0 |y lnailols ol 3ySlac Wilgicse Jyasme
olidie 13 3150 ol 5yl sla S 5l s xSoxe b Lags 5l

Volume 25, Issue 07, July 2025



ol ol 3 ogMe agde dgame Jled culS S sla g,
14655 3 pasi g Bl (55 cilobis Sz Juds 4 g,
23 A5l adgame dinas edi5e Y dipie 4 yie &S phiie
oAISSIS I i)l el Jladpd oS Sis (i) s
2 ke il 6l S sl Jl Lz 53 [35] cuol Jled
ol Uhsy S plgiea (Jladpe cuiSSiS (gl PCM
calld 4 oliws ¢lp Ysaso oyl [36] 3950 0315 zusys
oads T (sloyS dmis 5y (Nigdse odliiwl YU )l BV
b wldes gloj iiSe iz 1) (Suigyisdl wishd bawgs
Geoi 4 glos S Tam @ sy sl |y loj 5 S0 GVsb
ool cuypie Slaal gly eslaiwl 3y90 GPCM 455150 S0
Lol 93 slos Il [37] wims Gl (s332e slalimo 4 3l
Lol 2l (g sl elebs jlxe (5,15 sled 039420 o 10
b (191308 L slxdil Jl8yue o Jleidl By conijo>pnd aily
S pobaie 4y 5yls Cinmd (B> calam slse ol (>
3929 PCM (52lily 35242 sl (s3320 slo sy c£9890 ol 42
(5388 (slops Llay (sl iile) Wgd(se oaxali TCE S 3yls

1391 (355 5 iS58

[19] Jled iyl S ¥ S
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Fig. 5 The most widely used PCMs [43]
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Fig. 9 Pinned fin heat sink configurations with linear and staggered
arrangement [59]
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