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Abstract

To enhance the heat transfer performance of latent heat thermal energy storage systems and
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mitigate the low thermal conductivity of phase change materials (PCMs), this study investigates the
integration of copper metal foam into PCM slabs within a practical heat pump storage water tank to
improve charging/discharging processes. A thermal non-equilibrium model was adopted to simu-
late the effects of four distinct filling configurations on the heat transfer performance of the PCM
slabs. Numerical simulations were conducted to analyze the evolution of solid-liquid interfaces,
temperature field distributions, and energy storage variations during the charging phase. Results
indicate that, compared to pure PCM, the composite material with metal foam exhibits higher aver-
age temperatures, superior temperature uniformity, and a significantly increased liquid phase frac-
tion within the same melting duration. Under identical filling amounts, variations in filling configu-
rations led to differentiated heat transfer enhancements. The horizontal filling configuration at the
slab’s central region demonstrated optimal performance, achieving an 80.43% reduction in melting
time with only a 1.2% decrease in total energy storage capacity. Both horizontal and vertical filling
configurations promoted favorable convective heat transfer environments, resulting in pronounced
performance improvements. This research offers critical insights for optimizing the structural de-
sign of PCM-based thermal energy storage systems.
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Table 1. Research on porous metal-enhanced phase change heat transfer

F 1. DI ERBUATHRMIMR

e @f@ﬁ BT BRI % Foeskie
sy, T T RIS R R A E ik
Ve soi [0 TR URUSL GResER, (il CRRHA E JFEIGRBEEORT TR,
R U GRSSRIEIA POM H) ORI S R A,
LR Wit IR 0.5 H.
e 9T T PCM Z5857F 0°.
Abdulmuner R spfg 155 1 iﬁfiﬁg 30%, 60°. 190 RIIMGMHIAN  PCM ZES8BiAHfi HIw/b S5 PCM
o EH ST ARET A POM (ERERASH I EHA 0 BLE.
T L
BRI T 76 POM SAMEAS GG I E A R A
Zoubida Haddad PRI oo KGR, BRRRSGET  ATUEERIL AR,
[1] P RTE VARSI T BN T A8 7 A 25 5>
PCM gL r52m , 77. 7% 6.7%
— B TR OSSR SR BT FHA POM fil
Xovang[12] PN gy Btk e R RN, ST
. H R EE S B HE N 0.7,
AN H B H) >
Pouyan Talebi- o i~ MR T AREZETERT S ﬁ}L{ZEﬂ# 'EJAEC‘M ﬁwﬁ:\’%’
sadeh Sardari L IRH gy EAKEIN POM R RGE i D EREIL T R AL,
o T A AR s R, SBETLL

[13]

FE3E FLA S L L AR .

Fey A LA AL IS TR) 4 5 3.5%

2. BUEMEHRIRE

Zhang ping [ 14]55K FH AR A 34T 1T A 5iE SR E & AR ERIL, NS 7 &8
BHSAHAZAPRHA IR 22 o UERH 1 SEES 45 R S HUERA A W) &80, AR A8 S BB i i fik
FHAE PRI AL ARV o AR BB VE B BRI o P28 18 BB B R [9)

(1) RGBT 8 B Z R B A PLESF Boussinesq R
(2) JRERPPHETAAAE TR XSGR - [ X ) s

(3) EJRIEARMELA PCM 23511 S FEMER, 3 BB ER R R ER S
PCM VAR LENE . B TR LA @I AN PCM g &7 #2400 R Pk [ 15]:

AN TTIE

BRI
I: x 7:7@

ou ou
Prom | ——FU—+

ot Ox

a_“+a_v —0
Prcu 5, o, =

Va_u —_a_p+ 62_u+62_u — A ~ 7
o) e el o7 ) @

u—LC.p uNu® +V?
K i~ pcm

_Upcu

JK

(M

(1-r)

u

DOI: 10.12677/mo0s.2025.148578

407

Z

m

5


https://doi.org/10.12677/mos.2025.148578

Wit 5

v v ov op v o (1-7) u
pPCM(_+u_+V_]=_5+:uPCM(a 2 6y = Aysny g v—%v

_%Cl’pPCMV\/m-FpPCMgﬂ(Tf _Toc)
K, AR u Ay NIk PCM R E, m/s; p AWK PCM R /1, Pa; T, PCMIRJE, C; fAT
& PCM \iﬁl p NERE, Kgm®s t WAL 85 g0, NEVHERE, Kgms™; K REER, m?; AR
PHERE, ms A PCM IRFIIZIK 580, K'Y ToNEIGIREL, Ks Amusiy NBPIREEL Ay FIEIEH 7R
103 2 10° Z [A][16] [17].
AR PCM (KRR 23 % £ BEE R FE ARk . 24 PCM R Rb AL T [ 250 f=0; PCM 58 & A2 NIRAS
B =15 24 PCM AbTHIPR X FRAEZS £ALT 0 5 1 208 AR BORTR FE A DG H TR g ) 7 FE

3

LENE
0, T, <T,
Tf _Tml
f= , T,<T,<T, 4)
m2 ~ Aml
1, T, 2T,

R, T R T 4851 PCM S B AK (6 R BRI BE AN 1 PR IELRS
FeE R
I: PCM HIREE TR

oT oT oT, o*T. T, or
f J S
5(pc )PCM( 8t J (pC )PCM( 5;M +v 5;/‘4} (kejﬁmm +Kd)[ 6)(:2 + 6_)/2 _‘(“thPCME (5)
II: &S EM R RS E 2
oT . 0T, 82T
mf mf
(1-£)(pCy), ( " ] ey {—axz t o J+hA (Tocw =To ) (©)

b e NEE S B PIILERZ: kegpen~ kegine 7798 PCM AR &R IA S INAE, WmK; Ky N
PCM #4 S AARE, WmK'; L, 8 PCM [AHARIE A, kI/kgs hioh PCM 5K 4L & (R 1 8] B AL # R
B, Wm2K'; A RNilE & BRI SR A, m'.
2.1. RS RBHOBIESH

(1) FrmEmA 4,

LR ¢ RALEE o R ZFLIHEME ARG S, R EXH NS ERIKRE N ZSE08: PPI=
20; FLBR# 0.97; = H=50 mm HALGEHSENILRE d,, m; SRAHER dp m; ] H A REH
[18]-[20]:

p :22.4x10*3 )

d, =118 |—=d (8)

DOI: 10.12677/mos.2025.148578 408 e RSE TR


https://doi.org/10.12677/mos.2025.148578

Wt &

WK 4 0 ST T AR 4, 7 LA Calmidi 1 Mahajan 32 H (A e VEBEAT B 2 [21]

37d, (1 - e(fo_o]“ ]
= 7 (€))
. (0.594,)

(2) BEHK
AHAR 5 (A PCM TEIR A Z ALES MR & )8 )5 2 TE BUE JIB6 S . v Yang 58 AR AL JE 4
BWARIFH[22]: EAXMBHILIL 4,y SBALEESL dA K
d

K =0.00073(1-¢) " (d, ) (d—fJ (10)

P

) BHERE G
BERE C, m'
15 R BT DLUE I PL R A S M SR A 23]

-1.63
o[ d
0.00212(1-£) ™" (de

14

C - an

| T4
22, WA BNANS AR AT BEY

XF TSR ER AR TR, FEAL PR P R R PCM. 50K 6 1) (1 204 IR R B Kogpems W/ mek !
AW FCIE R B AT TS [24]:

1
K .. =
M J2 (R, + Ry + Re +R,)

L3 Ryv Rpv Rov Rp NIAEBHIMR RZE. SRS EMENEHSEE X ARERAREERE
AR ZEEN F: Ry=0.004; Rp=0.006; Rc=0.05; Rp=0.014,

0.36
K, = T, Prew Coepd NU” +V° (13)

(12)

2.3. [EIBRIEARE A

WA PCM 1EZ fLA R BN 32 o FAR AL, [A) BRAE F4 R B Ay v Zhukauskas S5[25 132 H Y
5 55 JE] AL A4 Seint 1 S B ek A T e -
0.76Re™Pr®*’ K;J, 0<Re<40
|

h, =10.52Re®*Pr® Ii;ﬂ, 40 < Re <1000 (14)
A

K
0.52Re™prY’ %, 1000 < Re < 20000
f

_Prny 7]

el pem

Re

(15)

DOI: 10.12677/mos.2025.148578 409 e RSE TR


https://doi.org/10.12677/mos.2025.148578

Wit 5

3. BER R

3.1. BRI AEHRE

N TR TR G R AR A B L SR AT B R R et b IR E T RO RISE A B
FHE, WEFR: (2) WASEAIETE PCM; (b) 7E25 MR HEBIE NIEIR &R (o) 78 1A B 4 Nk 4
J&; (d) TERMTENEEREIR: () RO EEAE . HEMEMERER GO — MK TR, H
PR 200 mm () x 100 mm (58) x 20 mm (&), 5S5LFrfigREARR /D —3. FAE A SR,
N it B AR A S R A AR, R HOE S A R 22 [26] . HARZEBRE /M E TS PCM,
K4 B4 B PCM Wit B304 2.

OV &< =L
PCM B
Tw=65°C PCM [ I

= 29 B

(a): 4l kA H1 ‘myﬁﬁﬁﬁﬁﬁ
O.SHI H

PCM  F|
PoM - |p
WOE BT | C
M

L=H=100mm
(b): JEE AR AT (e): B LAY ITE

Figure 1. Schematic diagrams of the configuration comparison
between five PCM and foam metals
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Table 2. Thermophysical parameters of foam metal copper and phase change materials
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Figure 2. Grid independence verification comparison
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Table 3. Comparison of the results of different settings for time step sizes and mesh quantities
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Figure 3. Variation in the temperature difference at a certain point between PCM and
foam metal during melting in current numerical research and experimental [14]
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Figure 5. Nephograms of the solid-liquid interface distribution of the internal PCM under four filling schemes at different
melting times
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Figure 6. Temperature distribution nephograms of the internal phase change materials (PCM)
under different schemes at 1000 seconds of melting
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Figure 7. The diagram of the variation in energy storage of phase change
materials with the increase of melting time
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