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Abstract: To systematically investigate the impact of metal fins on the melting kinetics and
heat-storage behavior of phase-change materials (PCMs), aluminum-alloy fins were
integrated with a heated baseplate via selective laser melting (SLM) three-dimensional (3D)
printing. Thereafter, these additively manufactured structures were embedded in n-
octadecane to construct composite PCM units. Melting experiments were conducted via
constant-temperature bottom heating to track the melting-front evolution. Concurrently, a
numerical model of the metal fin/n-octadecane melting and heat-storage processes was

Wi AHA: 2025-10-20; &R EHA: 2025-11-10.

EEWH: W ARHBOH (242102240026), A RN GRS S % 4 HE AL E0H (2024KF08).

E—1EE: BN (1987—), %, T, MIRSRIASSAGEAEHRTTA, E-mail: 434939924@qq.com: BIE(EE: WiLZE, W1, EZZ, AH
SRR AR IVEBER AR 7, E-mail: shcao@haut.edu.cn.

SIS BRAHL, M, B, & . SR e A BHE i g (BRI AU [J]. G RERH 2 540K, 2026, 15(4): 1185-1195.

Citation: QIAN Chunzhi, CHEN Yu, ZHAO Xijia, et al. Enhancement mechanism of three-dimensional-printed metal fins for the melting and heat-
storage performance of phase-change materials[J]. Energy Storage Science and Technology, 2026, 15(4): 1185-1195.



1186 itk & A ¥ 5 & K 2026 55 15 %

developed using COMSOL Multiphysics, and its accuracy was validated via a comparative
analysis with experimental results. Leveraging the validated model, the effects of the metal-fin
height, gradient, number, distribution pattern, and material on the overall melting kinetics were
analyzed through simulations. Resultsreveal that the 3D-printed metal fins significantly
enhanced the heat-storage rate by expanding the effective heat-transfer area, directing heat
flow, and altering the morphological evolution of the melting front. The heat-storage rate
increased with the increasing fin height before reaching a saturation point, with the optimal
height identified as 25 mm. Fin gradient exerted a negligible effect on the melting rate.
Distributed fins further enhanced heat transfer, with the melting rate increasing at first before
decreasing as the number of fins increased, reaching an optimum at five fins. Further
optimization of the uniform 5a baseline into a non-uniform 0.5a+4a+0.5a configuration
improved the heat-storage rate by an additional 8%, representing a 260% thermal
enhancement over pure PCM, making it the most effective fin distribution in this study. Among
conventionally employed SLM-compatible 3D-printed metallic materials, pure copper exerted
the most significant enhancement effect on the melting rate owing to its high thermal
conductivity, imparting a 40.57% enhancement compared with the aluminum-alloy variant.

Keywords: metal fins; phase change material; melting process; thermal storage rate;

structural optimization

B PR A R T DU IO R, R R, ZEARAS R A P i % R
OIS TRA R, AT RARE DA SR P AT FE AT, AT 4 T R
CEIIAVRIZ ) R ICRE R, 7ERR ATRASER 209, 5 K OB J% 4 0 0k 25 o A A A L
RIS U s ARG BE2, SR AURA RS, TR, A A
B, CUII AR S S PRL CAM T R, BB R e 76 4000 SRR AT B A%, 5290
AR AT R N RIR (N T 288.15 K). Hi(288.15~ A& S 5 X ) P IE] 54k .
35315 K).  i(353.15~473.15 K) % L (O ARTF T FEI 8 4 R 80 P S AR S B i i 22
47345 K)IU2E, Jdv, ke, MEMTRZETAGIEG  ROBRLHLE, 4545250 R SR BT T 5 .
WU DRI B S R PEF . UM R OB R A 1 06 4 b 2 P TE )\ S 2 A S bR AL
KR, WIS TR . BT AIE  EHGRT, TR S M A o st R B
FE. B AN H R SRS AT, ORI, . FOUK, Lo M A B A A R
SRR B SR AT E G B, X0 8, LRI RIE R E R, JE—5 A%
S ) 240 S B P 00 6 BB R 5 R0 e B AN EIRE . BRI MCH . APRRDUL SRR
Bhi BHRHE AR T . BUS, T M
A —BR, BRSO AR 2R SRR R MR AT AL, SR T AR AT R
TR DU T AR (L R R 2 . SCIR[3,7-8]EIT 3] BF LS T s ROHE AR B A R G0 2 B i S
ABRACKAE . A WK RS S RGO AR R
B, AERAIE R R SN, R IR e
DY My A I S
ASRPEL, 7E R S AR R I A RO TR 11 R
RO, SRT, £ AL HITE— R RRRE b R T T TR A B T )\ b i R R
Hahaslil, SECH SRR EARRRAE I 2 8] B, AHEST I T I 1 R 0 A
RS %R, R BIR R THUNY, W P & MR A AR . B0 B (D



% 4 BRI

<2 S P S RH AR AR A G R A SR A AL BF 7

1187

F AR IR KA. QU BRI KAE . @ s W5 /)
. OmSREaEel . @IE+ R M
B ©FR AR . OZ HIEEREM . @HLM
PLACECRS AR ML ok R IR A S . ks PRI
K A 7 5 A it - MDC-0510N, 4% % v+0.1 K,
RIS E S E N 333.15 K. U R 50 /K il 5
L i 7R ) A MG P4 S 1 R AR B0 KV I R 4t
EAERERE, U KFE ML K]
e 138 S A TR Z 10 mm, b i
NERAEBEGS, AT EIEH K F e B AR5
BT WMo DAL, AT 50kE G A AR BRI R 1T
B T SRR AP, 75 4% R AR 23 AT B 35
5o ' FRERE A RS 825 mmx10 mmx1 mm,
JEEJ# 5 200 mmx100 mmx2 mm R, K
5t FH 4% iISLM280 24 3D 4T FIHL — % B 44 Bl B i) 4%
LB 1(b). JEJRE T 2R TH 5 U RGP K A R H i i
E2 =R il p S e TN LI 1 2 g L WA A A i
Jis 5 4% BRI 2 A BGRB8 1k T AR A
TR BA Hp RR R I I 22 50O DT I T 5 35090 7 T o
ZM R R) R A, T A R R v AR 2
1 mm, 8GR TR0 AT GG s A S T AR 7 1
W, iR 7 BRSNS SR . e
J175 R <F 4 50 mmx42.9 mmx10 mm, &
FE910 mm, TRES P A7 — TR a5 1. T EN
VEVE IR+ )\ e Al A2 44 K, EVE VR B2 08 30.9 mm.
5 3 5 B A1 7 55— 2 R 10 mim R 2R U0 R A
B, CAOB DR A R b g AR R O . BRI R AR
IS N A48 UT3208, #& 5 N+0.1 K, FlF5E
R M A A JEC AR P B A e M . AR R A i
T A U P A AR . BRD AR AL T 4 B E SR A
BB IE LR . QU BEH KA. @&
FERT . OFmSF#EaE A LG IE
A )\ JGEAH S AR DY 36 23 44 T AT AR D ) A O i R
A, WK 1(b).
1.2 PR
RIGTFLAHET, B (b) P iz Ll BE AR 5 kG
FETE IR KA, FER KR IR 1 e R 293.15 K,
T IE+ ) \Ube 50 (301,15 K)o 383 £ 8RR
SRAA L 1 K B Fh H A3 S if M 0 KRB B2, AR
R EEE, H OB rmsE+ )\ EEA T
SLITTEN, BEE E E SR 30.9 mm. S, 7
i P IE )\ e 72 S SRR IR A 20 B R i B, %

(=

:

: =

LRI R

E1 HTMEHEHRIRRE: (a) mEE; (b) HinlBH
Fig.1 Experimental setup for the melting of PCM:
(a) Schematic diagram; (b) photograph of the
experimental setup

REFEA B0 R e R AR R 2 A
PR FLRE . R IE )\t e At s, %O
kRt B E R ERAN, BN REH
SHHB-D6000, #&/E A+l K, R E N293.15K,
A H A F 24 h, AT A CRAR S R Y S0 1
WAV R E M. 25, KEkEER KR
JE#E N 333.15 K, Frdlif e, O
i B8 0 1F AR LA HH B IR B KA, BE RIS 3h 4%
PARIE M . RIS FEF, R AEEGHHLLEL 1 min
S ) I 502 ) 4 BRI SR A P A R o IR 2
SRR B HEALF, (R .
1.3 REERRDI

P 2 S A 36 41 HE I 3% 1R e A i S s T A
2, B8 0N EHE L4, ZSHuE
Sxof R 36 ok R v s I R I R R AT R AL S
Eo B, KR S Imaged BAF, AR
BIRERE RIS AT, X R WA B
Jei s AT TR VT B 23 SR AR X sk FRL AR
WX SRR A B2, ARHE (1) THRUUR X Sk
B S ARAS AR IR AR B L], BRONAE AR 4> 56,



1188 itk & A ¥ 5 & K 2026 55 15 %

A () WOERIR, IR e A e A ) T i
o mer e B WAL, RS A
U ORI, OSVRRTERIE: A e e R R, S EUE IR A T
NERRBER; ASBAKAERA. M. A, AT BUUA B T

2 TR, 75 6=0.061 MIFICHIIAMIEL, I e, A2 o F i o Y T AR KR
ST MAEAGRIACT, HL I LB ) iy, %R ot 38 3 S VAL X 4 T /S 2
DRI BRI, R BARACEL, g5, 40=0.627 1, WM A H AN AR R O 5%
R FNET. AEWUAT R 0=0124 0, JREBIL  Gopgrth, 00 A% R X Sl 6 205 5 0 ) e L 002
AP RO TR BN, FINE R [, Rk i o — 0 3 S i 36 0 £
PR R TS RIODBR M, SRS ER . IS, RGN, T sk
ST RHURITFAE R . L, A S B TR, AR L e e %
P A E METPR AR, JEOES P IO M LIRS 440 24 min.

)

i
1
1
|

2 RN AR F TS
Fig. 2 Experimental melting front morphology

2 IEALfiE R AR 0.5 mm. 1 mm =Pl A% RSx4 4k 43 5 th 26 1 52
s i, 25 4(a). MR SE A 0.5 mm 4ifh &
21 HEERR 0.25 mm#f, SR N, F£HO0.5 mmi

X H COMSOL Multiphysics 5.3a A R o At KRR R~ B gt Bk R . [FIR, TR
OV PR FE BT, AR T RAIE T IVEEL i e epeas g, xtLesrbio.08's. 0.1s. 055

EPRIPLHIR IS ICRAT SO, JULERGT ~ i osmsiertinion, SREab). 7
SZ FuAH A > 2, ’ >+ HY 70N N o o . \ N
R i, MO 01 s 95 SR B T
5 R0 F A0, RS TR 55 4 50 mm, ;ﬁ”z " s JyJE BT S HIRT B
ERE S 30.9 mm,  BE L A A B . 22°ﬁ§§ﬂ
B8 R g 1 mm. 2Rk R o VTR
AFEEAA mm. FE5925 mm. REOFR & T 3 B b S 47 e P/ )\
RIRARAS 0 B W00 TR — B0, SO e
jﬂﬁ)‘j@jjuT=33315KE]’\]'lﬁf’E§,%jﬁ, ﬁ%éf%@ﬁi@ e NI ANE /)\Cl %Ju“ni 1] ~ /& H/ILZ“
=333 " - VA = K. e, R

WENAINT, BNRENVGREREN N : ‘
S I ] A PR AR R I B s e,
20315 K, M MAHAEME A A . AR~ R feir 3 Ay i) PA) A A 75 76 A2 e LI A 5

T _ )
0.5 mm {1 VU 321 T/ 0K X T 58 6 4T B B, S0 A PCoyp = ko= Ve (2)
T AN S T3 P~ AR AR R 5 S T AL Y T N 1Y Kb, p NP, CONBAHI; TN

AR R . WA B I KR N0 s, BUE: ORI kONEHES BB VAW
3 TE R K E S L, R EE S 47 0.25 mm. BT



¥4 AR )i o0 AR A% G R A SR AT LEE B 7 1189
LB _ b\ el B T 3 T, HAE A R
...... i i ORI, TFARREAE R, AR o e
,7’}"7’-} F ORISR X 3 MRS, HBAA 7 B A
SR —
= i PEEUL
%{j “Eﬂ‘/\iﬁ : T : H% 0, T<T,-05AT
& : Eﬁ (T-T,+0b5AT)/AT, T,-05AT<T<T,+05AT (4)
E . 1, T>T,+05AT
v i i A, PRI EL S f =0 NEAH, =15
HEIE BT T,=333.15 K AR
B3 feeas@k/E+T/\RESREMRHE T ERE

Fig. 3 Computational model of aluminum alloy
fin/n-octadecane composite PCM

=1 BYESH
Table 1 Thermophysical parameters
ZHL T E+/\kE AlISi10Mg
. s o 860 2722.5-0.206T
% 1 (kg/m?®)
) -0.7T7+987.205 —
N Kk 0.348 132.92+0.04T
SR EUIWI/(m-K)] .
K, -4.17x10"T7+0.3029 —
C, 1934 657.96+0.809T
LA/ (kg K)]
o] 2196 —
B 0.0004T7%-0.3063T+
FEI(Pas) —
59.6364
I8 UK T, 301.15 —
JEAGIX [R)/K AT 1 —
MAEERI/(kIKkg) L, 2435 —

m

B 5 1+ )\ e At oy BRAR I, S
ALSE PR To 5 IR+ )\ Bl B TR FF— 5L

Te=T (3)
: 5 10 15 20 25
IEALET (Bl min
(a)
& 4

B e

A G 1R TE )\ e A A8 R I BE A FE Bk B T
W= AT 77, WAHTEF 71 F % ] Boussinesq i
)1[11]-L—|-‘ﬁ
F=-p[1-a(T-T,)lg (5)
X, FNETH: p NEE: a AREZIK &R
g NE JIIIE S .
e 3 WAL eI M= Ve S & P QM) P (I B U
75 [R5 A B s [ER(6)]s B & 5 RE[0(7)] AN
A /7 FE[(8)]":
90

at

2

v-(pu)=0 (6)

p% +p(u-V)u=v-{-pl+p[vu+(vu) ]+ F (7)

p
ot

pC(%+u-VT) KkV?T + 1: Vu+aT( +u- Vp)(8)
XA, v BRI p kg ONRALR
Wy pABIIFE: CHERE: kKAMES REG
| SESUINAL S i
FE A BRI X, AHAR AT RL B #4032 Bk H
e AN, WX (9)~(11).

0 5 10 15 20 25
IEALHT (Bl min

(b)

TR (a) MIERT; (b) BEZEK

Fig. 4 Independence analysis: (a) Mesh size; (b) time step



5 # A 2026 F5 15 %

1190 fiti BE B
p(T)=(1-"f)p,+fo, 9)
k(T)=(1- f)k, + fk, (10)
C(T)=(1-f)C, + fC, (11)

Kok, FhRs R 1R
3 HR5#®

3.1 HEENSRENRERI
K 5 B ER A B R AR, Eid S

K20 Eemran,  alieid s pE A id S A i 12 5 4
EBRMEE REEY & . RAXA), kG T K580
WS BAE B B 7 - R SG R 2 6, 1k
BRI 15 (4 [ K 56 A AL 1T 299 24 min, T A 1
WML R N 22.7 min, PHE IR ZNNE.4%. 4
R— BRI AR 1AW T LIl A R
HERATE, RUIFE AT 52 R g0 i sl o Ik
T\ B REHE AL il AT RO RE T

E5 #HERMNELEFES
Fig. 5 Numerical melting front morphology

107 —— wypsn ®
s RN

0.8 |
©
06
K
a9
®ogl

0.2

oL
ol £
0 5 10 15 20 25 30
IEALET (Bl min

El6 IELNBLEERRILL
Fig. 6 Comparison of melting fraction results

3.2 &R XETM R ERERIEH

N T BRI WA A AT RS AL 2 (5
Wi, 7EY) AR T,=293.15 K. Ji 16 i # T,=
333.15 KA, XAl k. G el v 1 o
FHAZHRA P e 000 o A it TR R AT ML T 5
B 7 pidh 0T s B e ok A 2k, 1818
NIE R RR L = B St cEE, B9 ik
SE BR A AR EE AT

W 7 W], gl \Be AR AR AL 73 Bk
S o RITM R AN A, Hoe e pr i i [A]
92010 s AR 3 C(12) T 543 B F B s AL fi ok 5

N1.61 s MIRANE BTG, H R SR AR AR
MEHEPCM) 58 4 45 4k Fit 75 1 [H] 47 45 %2 1360 s, ~F
B A il Pl R R &2 2.34 JUs, A A AT RLR
7 45.3%.

HE 8(a). (c). (e)s (g)Fl A1, ZhiAHA M RHE
W FERT 7 N PUAS SR B B R RSB B
AR B AP B R B, S B
WD RIS BN L BEFI/NE . flA Ko
FTCR , X B B 22 S 32 BR T E AR I o
FERIARAL . TSR X A B B SR IR AR 2 T A
TR A T R E A8, R IIR L) N
318 K, B #IFAFIEL 15 KR PE, W 9.
DRI, 4 v AR ) A SR A S 0% S i A A AR
MEHE AL FE (1 G

B 8(b)s (d)s (F)e ()R, 4 J@ K F s
Hom A, BB HTR 7 HE B R A m) A AR
MBI . 727 s, WA Bk E RN IA 3]
FRASIA B i, T 5] R 32 AR AR 2SR R 4
o Z 5, BB o3 B 26 A AR A A4 R B —
JIG 1S ey A A2 20 7 g JE 8 5 A0 T [ B Jeis A%, AT
BUSHERE . thAh, & il X s A4 5 i
FHR B AT ak 325 K, 4l AR AR M R RME XI5 4 =
247 K, W9, B & BN I S SR T E SRR
BRI, BETT SR T RS SRR, i —



54 1 BN B WA XA AR RHE A FAGER [ SR L BRI 5T 1191
IRT T ISR 1.0F
g LATIR, & B A XA AR RHE AT FE 1 5
WML E AL R F T Q&R K T 1% l
AR, U T AHAEM RSB, T 2 0sf
R RN Z ME#Hs @& BE 5] SHREE & §
0, PeE TWARXGERE, MR T E SRR S T & 045 —PCM
A2 T AR oal ——EPCM
_ AbplL. '
- AbPLe (12)
0.—
A, g N PBIEAE IGE O RIS 0 500 1000 1500 2000 2500
JEAL I TR ts

(B s A A A i AR
3.3 BRASEMNEI

T RF G JE I R v B AR AR AR AL I R
o, KA h 5 mm iz b in % 30 mm,
THRAFAS [R]85 B0 L ) Js 4 40 - 8] 56 & i
2G WL 10, R B AL Il ST A B 2 e DL

bAEE;, p N, L, N

©)) ()
PCM EPCM
t=50s

t=50s

7 SRR IEEREAF
Fig. 7 Effect of metal fins on the melting rate

B, &% TN A R A 5 h=25 mm 1)

B A RFE—8, HU e &3 2K (13).
axh=(1x25)mm? (13)

X, a N RE; h A&

/K

330

325

320

' 11315

310

305

- §300

295

E8 MHEEMHRLERENEESHEESRIAXER

Fig. 8 Temperature distribution contours and velocity vector fields of the PCM during the melting process

340

e PCM 50 § «===PCM 150 § ===e PCM 700 § ===PCM 1350 s
¢ EPCM50s « EPCM150s = EPCM700s ¢ EPCM 1350s
330}
« 320}
N
jung
% 310}
300
290 1 1 1 1 1 1

0 5 10 15 20 25 30 35
A7 & y/mm

9 RERKECDHM
Fig. 9 Temperature distribution along path CD

BRI 10 AT 5, 3404 0 F o B vl oAk F i
i) RH AR AL P B IR A s, DT 407 L 52 A A AL T
RE-rFHmHRaE R, BAmE, 4B &S
A5 mm. 10 mm. 15 mm. 20 mm. 25 mm f1

1.01 -

=
Yy

& 0.6 ;
R —a— h=5 mm
g 0.4- —o—h=10 mm
=t h=15 mm
02l —p—h=20 mm
—)— h=25 mm
—t—h=30 mm
O-LI . . .
0 500 1000 1500 2000
YEAGI [T t's
E10 BREEITEL S E-TE X R

Fig. 10 Effect of fin height on the melting fraction-
time relationship

30 mmisf, S AL K X 9 1840 s, 1640 s,
1490 s. 1390 s. 1360 s#11360 s, &k (12)it
FAT BRI R KON 1.73 Uis. 1.94 Jfs.
214 Jis. 2.29 Jis. 2.34 J/s #12.34 JIs. {HIGVE



1192 1

2026 #5515 %

(a) =5 mm
t=760 s

/K

(c) h=15 mm 330

t=580 s
325

320
315

310

305

300

295

E11 L)—*H—JF“S(T BB F SRS (6=0.5)
Fig. 11 Effect of fin height on the melting front morphology(6=0.5)

B, A& EE A & H 25 mm g2 30 mm i,
SR [A] 5P i ol R R R AR R, R
WP LG 308 ] PN b 2 088 T vy R0 S Ao 52 £ s e 28R
cE TR, sesh, BB AT A, FEA EE AL
BN, ANIERE v BE B R A 0 SR AR 3
F. AR, 25 mm 5 30 mm B TR K44
WA = AL, X 5 E 10 a4 i 2 B
I RA—E 276 LR dr, e B AR
TREFFARIWI RN, S R & B v A R g
e, EE B 25 mm 5 SR RCR AN B2 .
I, ABRALAS L B 5 B2 T fifs #v itk B 5 5 T 5 8
A FCINA h=25 mm A LEEHE R (i A e
3.4 WREERNEN

T W FURBR0ST, H Th Re A 0 B3 4 4 B
T AR RE SR A B TE, P A 2T I A i 2 v A
li] — % ST A% 30 51 ) A PH B A AR A, T R A
e JE AR BT, R BTG AR B . J
?ﬁ“@ﬂ,ﬁTﬁnﬁfﬁﬁiﬁ% T H AR
(R SRA RN, AKIEFETHEL T 7 MAS [E]A 52 45 g 1) 4
X AHAR ARG A G FE IR . SRR R 1
ﬁMU%&H@%%%%L@Q,ﬁV%%%mﬁ

B WE13. AT 86 B e SO R
Ju}ﬁa 5T 5B b s, HAIEE N1
1~7 : 1,

B 12 a0, AR BR B AR R s A 43
H-mEXRMERmERES. BAMS, BERN1:
VT AP BN R ) S 4 A I R A T 1320~
1360 s 2 1], ARHEI(12) 11543 2 1 K45 4 fitg #4
N4 A T 2.34~2.41 JIs (XA TG N . 58
FEN 1 BB 2B HI B, PR AL 6 B X i
RIS THIR AN 1.5%, o3 R H . sk,

1.0 INTL SIS
0.8t
% 0.6 —a— BAE11
R —o— BE2:1
§0.4— —a— 31
- —r— BhJE4:1
0.2 —— BBJE5:
—— Bf[E6:1
ok —D— ﬁg)§721
400 800 1200 1600
JEAL I TR ts

E12 BB IR 8- B 2 a2
Fig. 12 Effect of fin gradient on the liquid fraction-

LD L

300 305 310 315 320
E13 BRHENE L FHEHE
Fig. 13 Effect of fin gradient on the meltmg front
morphology

WXL R D1, 4 DA KT A =R RS
FE R B AL SO AS AT LRI, G ] 3 5 T 9 A
I FERR AL, iE— 5 3R B B R 1 5 AR A A
MRMFE O A PR 256 LRy, TEAHE
TS EGE A, 38 6 A A A e A A 4ok
RIS TSR A R, R R 5
AT ZEEATT
3.5 SEEERARSN

IR HTIRET, 8 A AR AR A A
ARG T H A0 PR X k. K5 — 3 BCh
H TSR, AT RO KA A R



% 4 1 HARRISE: SR XA AT RH L Ak O SR AL DL B 5 1193
P IV R AT, i R A T A AR ) rof
Hots . RN, MO8 RS 2 B IR, ]
KRBERFIITE R, WX i AL, A 08l
DU BT S R 50, TS S — 5 R A A
ORGSR . ATURAF SRR mE 0 -
SPGB e, SULMRRIER(4). B 2 s
VG R 25 mm A, KD SEREA 1 mmi ‘ —r— =4
F I SR BISMCR 2~T AEIRBEEF (n), R 02l I
JoEFEaf0.50 mmPEE0.14 mm. AFREAEH T —— =7
IR M T R IR LRI ST M i A
HIR R ILE 14, L SRR K 15, KL /s
nxa=1mm (14) (a)

e, nNEPRE . a BB 5

P 14 T, SR 43 O 4 g LA K £ 4 .
WA, R ERIEM RO Rt R, e R —
— RV R A O 2~ AN IR I, Sk, 2 — [
i 1) A 1360 s & 24 4 %2 1100 s 980 s+ 890 s+ b I ]
820’5, 8305, 840 s, MNMTHMELiEIEE £ | pm
M H12.34 JIs ik ik$E T %2 2.89 Jis. 3.25 J/s. 3.58 g
Jis. 3.88 J/s. 3.83 J/s. 3.79 Jis. LEHLEH], K a
il A < P (380 0 5250 800 0/
L, HTEn=5 K BIR, FRITT MR A 4 ol B4 B4 B4 B4 B K
RN B L e H AIHHn

3.6 A TEIERN

IRYE B 15 Fron g R, g S8 oy iod 7 &
FRTL 7 AR R B TG R, (AR A
P 3 X 35 ATS A7 7 [ AR A B FF L B . Dy el ik il
AL, AT LA 5 AR AE T B 4% 1R 23 B0 (K8 Sa
B Q) A, K HAT R N ANSE 98 )X 0.5a+4a+
0.5a ARSI . IR TT SRAELERF a3 7 i
IR MR- T, & AR HE— 25 B KAT e A
B TSR THE A . PR OB R s AL 7
H-IF1R] 5% AR 2 an 16116 P, Hoeh s eia SO
(R DL 17

HI P16 FT 5, 73 ke sC M Sa it f6 7 0.5a+
4a+0.5a Jm, MM BHE SE 4 i AL 18] By 820 s 48
FLE 760 s, AL 445 4 il ik R 1 3.88 Jis
RITE4.19 /s, HIHRTT T218%. X T+ #
RAAEIEAG G 11(0.7<06<1),  H U B2 A0S (33
Fi A et 7O X R AT I 5, BEE AT
APPSR IE,  SCH RAEM ] 1 I8 i i e A
M BRAL T R R R [ AR X R A IR AR . 54l

(b)
14 PBRHEFM: (a) RIS HBERTEZL; (b) L
fi PR AR
Fig. 14 Effect of fin number: (a) Variation of liquid
fraction with time; (b) melting heat storage rate

/K
330

325

320

@ =)\ &) ] 315
(d) n=4, t=320 s (e) n=5, t=290 s (f) n=6, =280 s 310
[ 305
LLUL UM a8
[ 295

E15 PR BEIBF SRR
Fig. 15 Effect of fin numbers on the melting front
morphology

AEPPRHILL, DAL 050 BESH TE B e
HALTH£9 260%, FTHH DA IR 9 1
HAATIT R
37 SRBHIRGOPN

AR FLAED G B A AR




1194 g #e F

5 # A 2026 F5 15 %

—a— 5ad it
—o—0.5a+4a+0.5a} Bk

0 200 400 600 800 1000

YEALI Tl ts
E16  rEEI TR A o 8- B E] Bl 2k B0 22 M
Fig. 16 Effect of fin distribution pattern on the liquid
fraction-time curve

1200

/K

L R
o

E17 @R SRR IR R R SRS
Fig. 17 Effect of fin distribution pattern on the
melting front morphology

fHEREMTEREMI RS, 4% 3.6 W BRI B L I8 43 L
R, XM T 44 . AISITOMg 5R & 4. 316L
AHEHN . TiBAIAV 4K 44>+ Inconel718 £ & 42 5 F
WARL 45 8 3 55 AR A B Ak 20 B - ) 5 R it 28
SERIS PR 2 S R R, S5 R 18 B .
TR RIS A T SLM 428 3D ITENAEL, X6 M)
S B K4 W 385 W(m-K). 135.3 W/(m-K).
13.8 W/(m-K). 11.4 W/(m-K). 7.1 W/(m-K).
HEM8 T, ANFEMEEEBAERT, 738
AR AR 73 50— 1] i 26 35 2 BT ALl 2R P K
. MW H MBS, FASA R SE A T R
R, [N 540 s; RSN, 45 SRR
AR, TEAMEEE 25 % 1640 s, 1740 s
11850 s. HR#EX(12)THHEARIKA ., BEE. A
BN, BESMERESEH T AR BEE) - 56
13E R 55~ 5.89 Jis. 419 Jis. 1.94 Jis. 1.83 Jis
172 d/s. HETTHT, &RMA M SRAREEY
e AH AR A RHE A 2R (1) OGN 2K . 7 P &2 JE A4 KL
o, AR T ) R RREL AL R R T

RANEF, HBEHERBREG &R T 40.57%.
B, B E & FRAREEAR, SRR3R TT
ERmAAR, BEEERERGeEIT
58.95%.

0 500 1000 1500 2000

S ALIN A /s
(a)
7
6L 5.89
@5l
= 4.19
%t
=
£ 1.94 1.83 1.72
g2 '
B
1k
o | /| /| 1 /|
e 4 EW BEE  REe
S ARk

(b)
Z0: (a) B BBERTE L ; (b) &1L
fi PR AR
Fig. 18 Effect of fin material: (a) Variation of liquid
fraction with time; (b) melting heat storage rate

4 #Z i

AW 038 i B AR AU 5 06 T AR 4 T
Ko RGIIT T &)@l Fr 45 MR AR AR RHE AL i
PEREMISRALAE T, T EASRILI N 4.

(O &gl i AL 51 S IEE
I 3 ] SR I AR, B3 AL AR AR R 4
iR . R AR N 256 mm (R & il ,
A IE A\ -1 2 AL Al PG R 52 T 45.3%

(2) 233 Fr B AR ORIF AN 261 R, 4L
i FAE 2 R v P A G 0 B2 S 1 s A ) a2

E18 BRMRIEF



% 4 BB

<2 S P S RH AR AR A G R A SR A AL BF 7

1195

e S 0N 25 mm IR RCR SR DL, 44k 48 0 T v B X P g
PRTE S

(3) B XML R i L, e K il
O R PE TR AN 1.5%, HXF i e ETxL
UiRrs- 2l

(4) K73 Bodl Fr a5 fal 38— DI THERE,
PR R HH N 2 e R R S .
HONSI, il SRk 3 5 K AH

(5) K 5a 3l F 7y fs Ut — B LAy 0.5a+
4a+0.5a ti )5, RIAEIE 1L fif Ol R FHETH 20 8%
SRR LE, 20 A 2 HE AR i P R
TH21260%, A TAF P i) e o A i 2

(6) <) A 1SR BUR AR A R AL
AR R R R, X T H A SLM <22 )& 3D 9T EipA
B HA BT AR B A0 XA A AR 4R T
NEZE, Bmaeitn 1 40.57%.

& & Xk

(1] RASBREIRACHRTS 5t T HBDIR 4 i AL i e R G i Pk g 23

Wrld]. BRI SHOR, 2024, 13(12): 4406-4408.
ZHU J. Analysis of thermal storage performance of electric
vehicle thermal phase change energy storage system under the
background of new energy and low carbon[J]. Energy Storage
Science and Technology, 2024, 13(12): 4406-4408.

[21 g, A D, £EF, & - D e R AR bR 7E

HEJE Je 8 [J]. b T5 4, 2025, 76(7): 3185-3196. DOI:10.11949/
0438-1157.20241469.
LIU W J, DU R X, WANG S Q, et al. Research status and
application of functional phase change materials for electro-
thermal conversion in thermal energy storage[J]. CIESC Journal,
2025, 76(7): 3185-3196. DOI:10.11949/0438-1157.20241469.

[38] ThRE, PhEm . IEFRR -SRI A 82 2 G AR AR & S kA

[J]. ThEEA KL, 2025, 56(6): 6186-6194. DOI:10.3969/j.issn.1001-
9731.2025.06.023.
SHEN T F, SUN Z G. Preparation and properties of caprylic acid-
hexadecanol/expanded graphite composite phase change
materials[J]. Journal of Functional Materials, 2025, 56(6): 6186-
6194. DOI:10.3969/j.issn.1001-9731.2025.06.023.

[4] THACAT, BAS, SRIESE, 5 AH AR fil ORI E Ol TR 4 4503 (1 BT 5 3

JE[J]. i FE TR % e, 2025, 25(8): 792-803. DOI: 10.12034/).
issn.1009-606X.224344.
XI B H, HU H, ZHANG H H, et al. Research progress of phase
change thermal storage materials in the field of photothermal
conversion[J]. The Chinese Journal of Process Engineering,
2025, 25(8): 792-803. DOI:10.12034/j.issn.1009-606X.224344.

[6] TkEEC, B, WIEE, L. Sk IET )\ B RK I FE ) 4 R AE
T AE K BA RE SR HR 1 B [J]. K BH BB 2241, 2023, 44(4): 290-298.
DOI:10.19912/j.0254-0096.tynxb.2021-1561.

ZHANG X W, ZHAI X Y, DONG B B, et al. Preparation and
characterization of modified SiO,/n-octadecane phase change
nanocapusules and their application in solar building[J]. Acta
Energiae Solaris Sinica, 2023, 44(4): 290-298. DOI: 10.19912/

j.0254-0096.tynxb.2021-1561.

[6] 1A%, SRIESE, XIHEE, & . MIASPDRHE AR L g &b v

AE VN BF A [J]. & FBE 2, 2017, 41(9): 707-710. DOIL: 10.7644/j.
issn.1674-9960.2017.09.001.
YAN S D, ZHU Z H, LIU M X, et al. Effect of blood containers
containing phase-changed material on quality of stored RBCs on
the sea[J]. Military Medical Sciences, 2017, 41(9): 707-710. DOI:
10.7644/j.issn.1674-9960.2017.09.001.

[7] ONG P J, SHUKO LEE H Y, WANG S X, et al. Recent advances
in enhanced thermal property in phase change materials using
carbon nanotubes: A review[J]. Solar Energy Materials and Solar
Cells, 2025, 279: 113228. DOI:10.1016/j.solmat.2024.113228.

[8] KANT K, SHUKLA A, SHARMA A, et al. Heat transfer study of
phase change materials with graphene nano particle for thermal
energy storage[J]. Solar Energy, 2017, 146: 453-463. DOI:
10.1016/j.solener.2017.03.013.

[9] ARAMESH M, SHABANI B. Metal foam-phase change material
composites for thermal energy storage: A review of performance
parameters[J]. Renewable and Sustainable Energy Reviews, 2022,
155: 111919. DOI:10.1016/j.rser.2021.111919.

[10]LI R F, ZHOU Y, DUAN X L. A novel composite phase change
material with paraffin wax in tailings porous ceramics[J]. Applied
Thermal Engineering, 2019, 151: 115-123. DOI: 10.1016/].
applthermaleng.2019.01.104.

[11] SefRA, R 1, B 50, 5@ e B IR A AR RHE AL it #5410

TEAEIII]. fERERLF S8R, 2024, 13(12): 4357-4367.
CHAI W J, ZHAO X J, CAO S H. Experimental and numerical
studies on the melting heat storage of metal honeycomb-
enhanced phase-change materials[J]. Energy Storage Science
and Technology, 2024, 13(12): 4357-4367.

[12] TAHMASBI M, SIAVASHI M, KARIMI AR, et al. The effects of fins
number, metal foam, and helical coil on the thermal storage
enhancement of the phase change material: An experimental
study[J]. Applied Thermal Engineering, 2024, 253: 123780. DOI:
10.1016/j.applthermaleng.2024.123780.

[13] ZE R, #hEi 70, FEXUPK, 55 . BB IE P AER TR 38 Py ok A A it B B A% 4

PERERIFZIR[J]. 2 70 TAE2EHR, 2025, 45(9): 1463-1473.
YUAN W, HAN R Y, DU S Q, et al. Impact of spiral fins and
circular fins on heat transfer performance in phase change
energy storage tanks[J]. Journal of Chinese Society of Power
Engineering, 2025, 45(9): 1463-1473.

[14]CAO S H, ZHAO X J, WANG F Q, et al. Experimental
investigation on the thermophysical properties and solidification
characteristics of n-octadecane in a spherical capsule[J]. Case
Studies in Thermal Engineering, 2024, 64: 105475. DOI:10.1016/
j.csite.2024.105475.

[15]XU Y T, LI Y Z, WANG L J, et al. Molten pool macroscopic
thermodynamic analysis during selective laser melting of AISi, Mg:
Simulations and experiments[J]. Journal of Materials Research and
Technology, 2024, 33: 2506-2518. DOI:10.1016/j.jmrt.2024.09.216.

[16] SHEN Z H, HUAJ F, HE Y Q, et al. Experimental study of melting
on graded metal foam composite phase change materials under
nonuniform heat flux[J]. International Journal of Heat and Mass
Transfer, 2025, 239: 126613. DOI: 10.1016/. ijheatmasstransfer.
2024.126613.

[17]KANT K, BIWOLE P H, SHUKLA A, et al. Heat transfer and
energy storage performances of phase change materials
encapsulated in honeycomb cells[J]. Journal of Energy Storage,
2021, 38: 102507. DOI:10.1016/j.est.2021.102507.



