FI-YO azmio /1 o )lous VY 0,90 [VF+Y Jlw /Lao )L g o jlw Silso

s, A, .
fub}fub_/b&/
d':‘f'; = ;"I.'fq DOI: 10.22044/JSFM.2023.12608.3687 ey Ly
o T 3970, i a&b
O ySloc Sguge 30 oylus W Ju S dgd WIH0 ¢l gglo o HBB s Slge ).ub GOUE (w2

S Ol G5l ol
¥ 1o dozod” w9,y 8 wumw™ Slulg) allaus po 55T < oode goue ol

Ol <0l 535 0 ol 921y« godlasl 13T oL (SilSlo usitigen 09,5 (55352 semdiils !
Ol Ol (535 70 3l 45 9>y sodluol 13T oSS ¢ Sl (cusckien 09,5 «yladils ™
Ol Ol (535 0 3l A5 4>y godus! 3T BSLLIIS (SilSo quvidigpo 09, 5l SLiwsl ¥
VECYIYIVE iy ) VNN Y 5,855k gayb 1 F V) /Y8 dly o b

oS
@ bl 5l e 95805, Su o GReshy (rlye 98 o0 Ll pee A (S S Sl 5l SiE 0 0 lsee (Sl sl
ol S y0 Red Ijgody ooz wix )T dod Ol3sil b calie 5B s les 0ogusme 4 az g5 b oaies B 15 oole lgae
932 p‘;.:_.”ill 5 dgdme px> g, b CaSeld ] J}.é‘ra)i 3 S Yol Jo 5 55l o Gyl onls oolazul ‘5}')1?
R Slg Yeere g Ve Aeeen Sils s aw Jlesl b g00e & jgoas saims 51 b eole gd anT ) il sudoolil
Gl ews anT B e 50 sael Cewsdy gl Lulul  slodd sy (mdn glad o J3dsu- JLST by, SeS 4 poyeyie
plasl 51y clanils 5B oss glos ialS Cyz ;0 g oS o0 A 98 ez slaas ;o L @35l (oges adlal
S L0350 solaiing sloanF oyl 5l g Al sde 15U ddaed 13§ ez duoy ol Gl s 5l s anl s
Jdasoaias 518 osseole jo blas & le Jlasl aoldl 5l Lo el il cpl sloel cwl anils 1) o Slee o igp o )0 ¥ oz
Ol Al oaias 51 s cole s Cond de 3 VO 1) lS ad ylo eo,39i6 dm 0 A 10938] IS jobo 4y il g i el

Ll ools

oplazaiz 0,5 Ayl il toasasil a5 olge fgoue (5 3ludd wogd anl b el el i gaudS Gleds

Numerical Investigation of the Effect of Multi-Walled Carbon Nanotubes Phase
Change Materials on Enhancing Thermal Performance of Electrical Equipment

Heat Sink
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Abstract

Heat sinks have always played a crucial role in cooling electrical equipment. In this research, in a new
approach, paraffin is used as a phase change material according to the suitable phase change temperature
range with multi-wall carbon tube nanoparticles homogeneously in a heat sink. AnasysFluent software with
finite volume method and PISO algorithm was used to model and solve the governing equations. The
melting process of the PCM is numerically investigated in a three-dimensional space by applying three heat
fluxes of 10,000, 20,000, and 30,000 watts per square meter, using the enthalpy-porosity method. According
to the obtained results during the phase-change process, the addition of nanoparticles with volumetric
percentages of 4, 6, and 8% leads to better performance in reducing the phase-change temperature. After
the completion of the phase change process, increasing the volume percentage of nanoparticles does not
always have a positive effect, and among the proposed options, nanoparticles with a volume fraction of 4%
showed the best performance.This improvement is due to the increased conductive heat transfer in the PCM,
resulting from reduced viscosity. Overall, adding 8% nanoparticles increases the total melting time by 15%
compared to the pure PCM.

Keywords: Heat transfer; Melting process; Numerical simulation; Phase change materials; Multi-walled
carbon nanotube.
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! Phase Change Material (PCM)
2 Cascaded PCM
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2 Multi-wall carbon nanotube (MWCNT)
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