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Study on the Spatiotemporal Control Mechanism for PCM
Spatial Layout in the Heat Transfer Process of Porous Bricks

Zhao Rui, Li Leilei
(School of Civil and Environmental Engineering, Zhengzhou University of Aeronautics,
Zhengzhou 450046, P.R. China)

Abstract; Phase change material (PCM) filled porous bricks have garnered significant attention for enhancing
building energy efficiency and indoor thermal comfort. However, the intrinsic mechanism by which the spatial
layout of PCM within the porous brick regulates the thermal performance remains unclear, limiting the optimal
design. To address this, the coupled effects of PCM spatial positions and contents ( volume fraction) on thermal
performances were investigated through numerical simulations of 8 distinct layout configurations by means of
COMSOL Multiphysics. The results show that, the spatial layout, rather than mere the content, is the core vari-

able determining the thermal regulation efficacy. Repositioning a single PCM layer from the exterior to the inte-
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rior optimizes the spatiotemporal matching between the phase change process and the external temperature
fluctuations. Through effective thermal attenuation and damping effects, this layout significantly reduces the in-
ner surface temperature amplitude by 25.7% (from 12.69 C to 9.43 C). Furthermore, this study quantifies the
“law of diminishing marginal returns” associated with increasing PCM contents. Compared to the optimal single
inner-layer layout (with a latent heat utilization rate of 0.97) , double and triple-layer configurations exhibit re-
duced utilization rates of 0.82 and 0.83, respectively. This decline is attributed to insufficient thermal driving
force acting on the inner PCM layers, resulting in material redundancy. In view of the trade-off between thermal
performance and material efficiency, the “single inner-layer layout” (Case D) is identified as the optimal solu-
tion, achieving significant performance gains with only 1/3 of the maximum PCM capacity. These findings pro-
pose a new design paradigm for dynamic energy-storage envelopes, shifting from the conventional “thicker is

better” approach to a “precise layout” strategy based on spatiotemporal synergy.

Key words: PCM; porous brick; spatial layout optimization; heat flow regulation mechanism; marginal bene-

fit; numerical simulation
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[l PCM A3 Jey ey e A8 TG0 A% isf i A | DTG R AT AR 2o R ) IR AIL-S5 003 R AT SE i 4L 1T 2 )2 PCM i &)
B DRI 5 I P AR B RO, AR BRIt T i B Ay R P R e 4 Tl 4B s PCM B Y
PRA g 1 R B LN AR IR AR DFFE 4 1 T 3R TR RE AP RHCR 5 25 A I S L BT 75 56 (=
NN R ), SR TR R AR A T AR A B AR

1l 5 i 58

1.1 R ERIES K6 &
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BB BAL BT 5 B AR A FRIE S AL, R ] 22 7R 3 Y (B2'5 . NETZSCH DSC 214 Polyma) 72 & IR 5UE T
X PCM #4770, FHREIR AR BE S 5.00 C/min, WXL ANl 1 .

HRAE DSC #AGR T 53 b7 (& 1) AT %0
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2) AR X AR AL A AR X 8] K 17.56~26.30 °C (RARIRE T = 17.56 C K ILIRIE T, = 26.30
C) X — WX 0] 58 A 5 T B IAACYA ]l DX ) B 780 5 P AT 3 T 88915 1, A R e A+ A 0 ks R e 3 X
IR,

4
peak temperature:15.59 °C ramp 5.00 °C/min to 70.00 °C
ramp 5.00 °C/min to 0.00 °C
24
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0 endset x: 9.72°C endset x: 26.30 °C \
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heat flow (normalized) /(W /g)

peak temperature:22.13 °C

T T T T F T T T T T
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temperature / °C

1 f Y DSC T2 (Ft/ B iR : 5.00 °C/min)
Fig. 1 DSC analysis curves of the paraffin (at a heating/cooling rate of 5.00 “C/min)
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ARG (WA 3 iR ).
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HIEE (700 mm (F ) VBN /3R L S 5 TR A X T,

(a) BB SHEF (b) ERSERABAEIL PCM HIC  (c) BB PCM HITSE I RE S LG LA

(a) The encapsulation carriers and (b) The assembled cylindrical (¢) The final phase change energy storage porous

sealing components

PCM units brick with integrated PCM units
B 2 PCM 7 WL e filf RE A i s i At s T

Fig. 2 Schematic of the PCM macro-encapsulation and the energy storage brick preparation process
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thermocouple

B3 ZALE T EREMI AR GE S P Al BRI

Fig. 3 Schematic of the thermal performance test system and thermocouple layout

for the phase change energy storage porous brick
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Fig. 4 Geometric structures of the phase change energy storage porous brick and schematic of the 8 PCM layout cases

FHAS A REtt AR 7 S8 o B PCM T2 T RE 23 S04 P, T e 7. 1) 83 A D A A8 e 4 2. 5. B
S5, W 32 B AR e B B TT IR AR A8 B AR LI T T o0 5 FLRE (] Ay BRAR I fjk,

R RGBT PCM 25 1] 43 Ja) 5 s Xof 1 4R 72 AR T PR RE A2 i) AR AT 63T T 4nI&l 4 iR il 8 At s
5% (E XA Case A—Case H) X287 R FIEH AR PCM AR ML Gl ad #2 W2 K = ZIEFE ) K
AR R TEA (A P R 2 Al 5 8 (HMI  rh ] IO B RE G 2800, DA TS AR BT A5 1) 2R 51 T LART A A

BRI EE K b R 2 EALEE RT-27 5 PCM M I fide A K AW i 8 20 A HOG B ) S 40 FE A
A G SCHR s E e I, EABUE IR 1 Fios.

T2 AR R IR BT RCE 5 YRR B2 00 P AN I0Hs — 4k 22 ALk (0 1% PR AR 1 Ak ol — i Al f
AT 2R X — FRT AL TR W 6 T LU W BRI 5 SRR A 1

1) JUATZ5H8 (PSRRI « AR5 BT T 08 2L 7 i B 5 ] | BAT L[ 35—k (extruded geometry ) . 7E
T I TT A00 TF R TS TR 30 4 A Ay ety Bt A 2 W TR Ty [l 1) — 4 B AR A 3o DR U 3 B e
HT A ] (4 R — 4E AT (representative cross-section ) , /& PARHE 325 FARH 53473 FAH AR Ft 181 A9 1 AR AIE.

2) BEAURE BE IS UE « REAT ST 0 2 0L 22 LA AR [ 4 245 7 1) B0 I 90 IR S 1 28 17 Ak i A R0k Al
Chihab 2577 28500 1 T ZFL0E () = 44 RSP R 55— AE T A0SR | 235 TR 6 B 0 3 7 T 0 P 2 T 0 5 % A
WA F 7 T B4 S IR IR 2208 T 5% , H 45 B il 25 B AT 380 AR LA , Luo 451 55 Gao 251 FEALHI2K
RIFLIR SR S5 i X R T e RIRDIF RS T 50 = B A AR,

FET I ARBIFGE R P 4R A R PPAl AN [R] PCM. L 75 56 I Xof 358 4% 2 08 R TP B (00 S 8 s [i) R 08 i £



55 10 39 B8 Fi, A5 RHAS RIS 1A Jr X 20 £ L A% PRod B I 23 PR P LA 52 1271

B0 BSEIR X AEORUE T REAR BE AR B S8 1R IRt AT 7 k.
1 BB R TS R

Table 1  Thermophysical properties of the materials used in the model

PCM(( validation ) PCM ( simulation ) matrix porous encapsulation encapsulation
property (unit)
paraffin RT-27 brick (validation) PVC pipe ( simulation) steel pipe
870 (solid)
density/ (kg/m*) 850 1 976 1380 7 850
760 (liquid)
thermal 0.24 (solid)
0.20 0.77 0.14 44.50
conductivity/ (W/(m-K) ) 0.15 (liquid)
1 800 (solid)
specific heat/(J/(kg-K) ) 2 000 835 1 000 475
2 400 (liquid)
latent heat of fusion/(J/g) 114.35 179.0 - - -
melting temperature/°C 17.56 ~ 26.30 24.0 - - -
data source exp. (DSC) ref. [27,30] ref. [27] standard lib. standard lib.
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Baw (1
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2.43 HHEE

A FE BN SR8 T H ] 2 B RS Ml X LR ) B S A, 120 DX L L I 38 10 S 18 T 22 1T 5 .
HARSHOR BT .

1) V1065 3 IR L - T Y b 5 Z g (R e IO, e BRI R AR IR BE T, o 16.3 °C (289.45 K) . H 4k
FEEFIE BN IAEE , ENTEEIREE T, 2 R 18 °C (291.15 K).
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1(e) AR AR

/ 290
TaO]-E]iI’(t> = Toul(t) + ah<t> ’ (11)
B out 0 20 40 60 80
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H0.56. 5T 2440 7 Ay GBS EI 5 ST R H S S R R R A 2
Tsul-air Z—jj?&g,ﬂ: EIEH gj—‘é ﬂu lz] 5 F)fﬁ(-iz EEH gﬁ%f%}% Fig. 5 The diurnal variation of the sol-air temperature on

a typical summer day in Urumqi
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XF LG 2 H B DORE RS XIS 103 rb XIS P 2 1T 24030 B AR X 25 1.78% , 22 5 i 35 8K, 24
DA% MTE O 2% ZRG 0, MR BEAAR AL T 0.12 °C |, AR 22 TR 2 0.33%. It il i 22 S 38 B TF R 25 R B
WS, it — 25 Jin 2 DA X SR B TG S S B T, BT 2 R 14 I+ 530 AR, TR I, < 3 v I 7 58 (187 451
ASFRTT) BRI R TG 2 IRAR WS K, I T 5 S A AL 5 2 A% T 58 1) BRI A3 1 Bl n ] 6 .
2.5.2  BF1E) B KR S ME AT

FEEARE B 18 P PR LA L FRATTHE— 25 B8 T I AR X R A S e BT = AN B A B
20K 1 5,60 s F1600 s AT AN 2 FroR , YBFTE2E M 1 s BEINE] 60 s B, Py 2R 11T 34995 B2 B AH T fig
ZEUH 0.047% , 7T LITA A 25 5 C R T B [R5 I e 6. 255 BT30S 182 5 SR A 80% AR 9E d5e 2 R
60 s {ENEUEBAL R I E] 2K,
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Table 2 Results of the grid convergence and time-step independence study

grid density time step/s avg. inner surface temp./C relative deviation/%

347 531 (refined) 60 37.367 4 0.33 (vs. moderate)
187 451 ( moderate ) 60 37.489 6 baseline for grid

60 688 ( coarse) 60 38.157 0 1.78 (vs. moderate)

187 451 ( moderate) 1 37.507 4 baseline for time step
187 451 ( moderate ) 60 37.489 6 0.047 (vs. 1 s)
187 451 ( moderate ) 600 37.460 5 0.125 (vs. 1 s)

VAV

B 6 = 2Rk AR BRI Y 5 R J) 43
Fig. 6 The meshing of the numerical model for the 3-layer phase change energy storage brick
2.6 EREITMIEER
e A AR i RE 2 L% TE S A OAEE T RIS TRIRMERE | A SCER LR AN SCHER ARtk A T 40 #T.
1) FI 5% (decrement factor, 8, )
TRV BRI T A AR R4 25 1 XoF 3 /0 JRL S e R 30 s Y sl e g SO TE ARV E T R, & 4h 2
AL TR MR -5 PR 2 T i B M Y L (R (DB, SR W R A Hh B BAple ) S s/ P i THAR A =0

6 Te,max - Te,min 12
F T _r ) (12)

i, max i, min

KN, T s T PN E SIS EEGTRE N S BB (C) 5 T, s T 230 R ARZSAE BE R PN 2 10 URLEE
MIE(E S5 AE(C).

2) FERAFE] (time lag, ¢, )

FIEIR B (7] Sz ke T S 3R R 4 4 A BRI (thermal inertia ) | BIVBH i #4028 RO RE 1. Hoe ok N 38 1 1L
W W 1 I 20 i 5 T2 b A LR G il P R I ) 22 35 A =0k

Lo, = ey ~ Lemax s (13)

T, 1) s L T8I AR BT A 00T 5O 2 T 325 3895 08 2 P P )

3) AHAZTEIAF] R (latent heat utilization rate, 1)

ZARAR T E VAL PCM 7R AR R P S Bn R FEAE H RO R B B 2 SORTE— A 58 B R FAE ]
AR, S2BR2 5 A (JE AL BEBE ) 19 PCM PRER by H G A9 Lo i) 5 T B (A AUL A5 R RH 2 % (B) 13
A HAHRA A
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n=(B,, —B,.) X100%, (14)
Y, B s Bo, 735 ARSI RHBAR A AR 03 B0 R AE S e/ IMEL
4) FGEHRIE (heat flux amplitude, A, )
PR H 34 13 Aok Bl 47 250 1 A 2 P I PR 28 T T [ 114090 2l T, 4 S ke 17 38 A B A R
P SOR [R)— e sh R A, o9 3R T PR 35 B i oK 5 e/ MELZ 22 TR A U
Ay = i max ~ i min» (15)
Y, G s @i 23R AH AR it BB A% PN 3R T 1) 5 R A B/ N A B

3 HZiR5THe
3.1 IIEEE
SRR AR G B E AR A (1) ) BB SR 5 FIOORS B2, FR AT R AR AR 1158 445 S 5 3 I 54l R A T T AR Y

23 A o T e PP UIE (T,) SIREE (T,,) ZBEWWEE, 5IA TR IRE 8,y FI-F-
WY FIRT R 2 8 \oar TE RV HENS .
Oypp = max(

1
Oyrar = N 2

i=1

xsim - xexp

J x 100%, (16)

xexp

xsim - xcxp

x 100% . (17)

x exp

ARSI 7 FiR B 7 (a) &R TR R MR BN 2 S5 a5 B s xS LG 1 7 (b ) gk — 255
A TR FRAS W AH 355 ( liquid fraction) 5 $GR % E (heat flux ) 7848 M1 28, UL 7 16 AR 75 IS ) 4 BEATL
i AR 53 BB AR AE (B = 0~ 1) FRATHAEA 720 min (4R i B3 43S = A~ MR 00T 24 B B .

1) [#25 58 #THE R B (sensible heating phase,0~15 min)

TEMFAAIY, PCM b T5E 23 (B = 0) WM, # 2% BERGE BRI (] 7(b) 54 ) | SRSl it 1A B2
PRI R AU A VAR B 1 X — B SE SRR, S B = A

2) A HVE IR 5 X (phase change plateau, 15 ~294 min)

IR B A AR IR £, PCM T I B4k, WOAH 20 KON 0 B 8ETH 2 1 (18 7(b) LD (B 2k ) AR IX ]
PCM WSOR BV A S Bt 35 FE i 22, T R R i 4 S B W5 00 -2 65 B FRAE AU 45 R R
FAARFREETE] 278 279 min , 3551056 WL 3] (4 J5LE ~F- 13 0 76 ik 8] 25 8 50 28 b B O 17 s 1) — Btk JiE
SRR S B T PCM I TS A REHIL L

3) WA BITHE M B (post-melting heating phase ,294 ~720 min)

BEE AR EGRE) 1, PCM SER L, RGBTk A\ B GRS IR 5 P & Ak seia b E Tt

WEMGE T F, Bt e 2 R 2 B0 O 5 9405 BE 26 R840 B AU S s S 7 A I IR (6 £ 10%
IR 2 NI, R TR 8y H 3.53%, Oy N 8.82% , FoJH f AP RS ADL 00 1 5K (445 2 B (8
(<10% ) XA S HUE] T2 BUE B RE S TTSE S AH A2 i B8 22 ALk N R i R R S AL LA,

SRR & RIF (HANECH IR 7R T 7EAHAL 5 3 S THR B BE (29 300 min J5) | AEUE IS G = Tk
B FRAT TN R X Tl R G P G M 2 2 28R T DL 3 5 SRR AR AR AR =2 (A1 A I

1) FRARHAGH S SRR B AR AT T AR 4 Pk B, Tl R G 7R GA 12 h st
AN i A b 3 ARG IR S ) PR Ak R LI 7 () s B I TRIHERS (0 H2 A S IR B o =
BB ) | 3K Ah AR AR RMEE A RS 2k SRARAIN 0 0 R, S B0 0 YR T 25 WAL T JC i A 4 T 0 £

2) ST HE b RABE AN « 136 I 1 SRt 5 it (AR THT A E IWOUL 2 s P BHL , X FE AL 388 A2 5L A T4
A BELIE R I 7E R 85 BE AR AR S0, 2800 7T e B0 e 155 MRS T L S 3 T U B 7 AR A I )
{BLRE 5 Wi 17 i )

3) FHARAKE G FR I a7 Ak AL R T v (B T A A 3L T S Bk oBE (AR A DSC 3B ) stk g —A
A5 1 Ve AR LA LB 78 Al 1 i 1 o L 3 R 5 1 7T BB S OB AU i LR A AR S 45 R A B AT 4 (29 294 min
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120 o " sensible heating phase 300 B
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B 7 OSBRI R R R A 2
Fig. 7 Evolution curves of the lower surface temperature: simulation vs. experiment

3.2 PCM Z % B ETMERE S FLE AR IR T

R ARG PCM 7 Z LG N 19 23 (8] A7 Ja X LR 4 14 8 19 52 i BIL T, ARDF 52383 T AN R Z 0 PCM
JEUFE R Y (PR 5 RUZ AR R ) Sl Ak X SR B G0 SR A A e AR sl 2 A e o7 A S (A AL SR P s D 4 B SR
FIF TE] AR 5 5 AR FH 238 R R i M A5 DG B T MR RB R B , XA [R) 225 1) 47 Jmy SR W 4R TPk RB R A 7 1 AL PP A 55 060
Lt T,
3.2.1 #JZ PCM # 7 &% a5 7

AN BTERITAE 2 PCM A H A0S 2 F 2L AR TRIIREE (A0 8 = )2) IO Jey X Bl AR 38 T 1
REM IR IR P IE I & T —Fh T4 : Case B(PCM 2 & T4MNZ) (Case C(PCM JZE T H1J2) Fl Case D(PCM
FEETNE), AR EME 4(b) 4(c) 4(d) fins.

Kl 8(a) 53 3 EALEHE W , PCM 2 1925 [a) A B Xt (A PRy 2 1 ) 38 B8 08 ) HL AT e PR i,

32 (b) ——Case B
% ——Case C
——Case D
9 28 0.8
s 5
§ 24 g
2 =
E) g 04
20 -
16 0
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time / min time / min

B8 R PCM #4 B AN R AR A J2 A J5 T B P 2 I B2 A5 WA 435 1k
Fig. 8 The internal surface temperature and liquid fraction evolution of porous bricks with

different PCM layer layouts in a single-layer configuration

4 PCM JZH MUl ( Case B) #% 2 NI ( Case D) B, P2 TG R B2 DA 31.27 °C 1 P % 28.31 °C (iR
i59.5%) , TAME IR B 18.58 CIMIEHET; 2 18.88 9C . 3X—“ Wl WGIELAS &0 w7 {5 75: PN 22 TAT s B R 1 Hh 12.69
CRIBATIHZ 9.43 C, FEIE =138 25.7% A8 RIE R 52 WURF 7 T, INFE 0 PCM 2 [R1 AR 36 B0 1S 00 v .
Case D BYIERIF] (1,,) I5FN T 146 min, HHLL Case B(102 min) B0 T 43.1% ; Hos A4k (6,,) WM 2.06
PETFE 2.77 B8 K 34.5% NG FE 0BT (F 9) |, Case D Y PN 2 11 W {1 A7 35 JiF (89.47 W/m? ) AHEL T
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Case B(115.15 W/m?) F&AIR T 22.3%.%% TR 24802 PCM # 5 wp (9 AH AR 2 45 J5 T 0 ( Case D) B, AH7E
%6 2oL A% 2 IR M S5 D0 1 o ik B P 5 R 5 e

120

heat flux /(W /m?)
[ee]
(=]
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time / min

B RFHARIEA R T BN R R
Fig. 9 Internal surface heat flux densities of porous bricks with different PCM layer layouts in a single-layer configuration
£ 3 AIFEE PCM H T X AR it Al 2L % FA T REHE b1 1 52 0
Table 3 Effects of different single-layer PCM configurations on the thermal performance indicators

of the phase change energy storage porous brick

evaluation index Case B Case C Case D
maximum temperature of the inner surface/ C 31.27 30.71 28.31
minimum temperature of the inner surface/ C 18.58 18.75 18.88
internal surface temperature amplitude/ °C 12.69 11.96 9.43
attenuation multiple 2.06 2.19 2.77
delay time /min 102 135 146
latent heat utilization of the PCM 1.00 1.00 0.97

IRICTHERE ) 22 F IR T PCM JZAEAS[R) 23 (A1 B T Ak 1 J) S A58 B O AR AR 2o A () R4 AL L I 10
EULH IR T R A R v AR R 1 TR S ARG I AT, AR s N FE LR R AL T B UE

1) S B2l BLED) - an & 8 (b) Firas , PCM A4 AHAS J5 3 st 1] fiti H: 17 P9 B% 2 1 838 ( Case B 488
min; Case C: 566 min;Case D: 645 min). & 10 fIRE = BT LA, 7F Case B it I Gl 28 i A aE | fifi
13402 PCM 3 LR Bl A AR A Ok B B R AR A SE i IEZE I AR PCM B 5T 5 | A5 A AH 24— & 3 4k 25 ]
WAL A2 T, 7E Case D 1 FUEFERIIA N2 PCM I 5 35 5, SR B0 708055 . 306 (A5 LA Ak 7 (645
~1 117 min) B E K, HIEMLHBeoE e 55 7 AN B (AT B KT 10 (¢ ) WM b S 7R, 7E 1 000 min
% 1 080 min, 2 PCM HL7G & Bl A I BE 4R B P22 I O e 2 AR I A PCM DX 3R, 3R Vs R I S350 1 7 Ikt
SO TRT AT 3 de IR A RS 1 A ] DN SR ) A% 38 | DT SIS B 1 s o ) U 1 I 52 11 D

2) BEMRIAEFE I L) o XHEE [ R Y 4 A R BT, = T BB [ IS 43 59124 197 min( Case B)
250 min( Case C) 1355 min( Case D). [&l 11 (43 B2 3753040 S et 1 4 3L A e 768 1 ¥ B2, PCML BT 1k
PR R EAGIER 1) ] L8 5 i 7 P A A R it L J 7, ARGE DA PCML 22 [ B [ 55 ¥4 49 A0 R 62 122 P PN A0 4™ 15
SR, B TR A O BE A R4 7E 2 /MR EE IR B4 (1 555 min ) Z FiF 58 B, 3% MG B 77 00 v gl ol kg
TR, AR B MR ] SR AR B A A0 e IR, < S B8O AT B AL N SR A B EE$E 1 1729 0.3 °C.

25 LR R L2 PCM A9 B rb (AR AR J2 A0 Ry T8 30 P 3R TR A 3 O A AR AR o R 5 AN U B
IR OC 2R, BEAS fie A3 A0 & F4 HVE R A, 2300 [ < 06 5 08 ] < ELA8 " () 8GR L A, DAL T I 5 e 5
FEL4P 45 b 1 AR .
3.2.2  WE PCM M A 643 ve 5

FRAFRGE PCM 2[RI P [FIE B 2 a0 A Ja xof 44k BB AR & B2 i), A/ NI 80T T — A SUZ PCM A 7
Case E(1~2 J2#iJs)) .Case F(1~3 J27J5)) Fl Case G(2~3 J2MHJ5) , ARSI 4(e) 4(f) 4(g) Fim.
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Fig. 10 Temperature fields and heat flux vector distributions during the melting process

for single-layer PCM configurations

AHAS T B2 R 7 60 PCM 81 EXUZ T 4R T TG R THERE. B 12(a) FIZR 4 AT Bl PCM
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H N R IR AR 27.71 °C IR EEIRIE N 8.48 °C , I THEREmIINY Case E(1~2 2R , W F IR 5 %
KT 2.56 °C RGN T 24.5% FEPAE 71 , Case G HIFEIAGEL(3.09) FIZEIR BFE] (191 min) 4 .
P AHT (B 13) [FIFEEDIE T I # Case G MYIE{E AT (84.29 W/m?) FIFIRIRIF (73.66 W/m?) 31 R 5 AIK.

XUZ PCM K47 () 1 E 25 A% O AE TR [R) 25 () A3 J5 BT S B0« AR 5 AHAS U R) ™ 3k hiy ) 22 5, T 14
FEL 15 T LB AL B B A0 EE 31 9y B A Y 38 5 BI040+ A7 175 0 8 7 17 3 — i

1) Case E (1~2 J24ii)5)) :PCM JZHhFAHMIl, B BB GHR 01 i F s AN & 14 (a) FIE 15(a) JiF
N, R T LIRS S 5 2 PO, 4R 210 B3 |, T BOLXT NI 1 O VR R A FR.

2) Case F (1~3 28R AT 4MN2 PCM(EE 1 )2) i BAHAE N2 PCM (58 3 )2) R F bz
B BAL M AR ST A (RE R FHRAL 0.93) , AR BETEZ A B B RIVE FHL I 14 (b) FIIEL 15(b) BoR, 78 850
min [, 782 PCM B2 LT, 02 PCM T3 K B ARAETE , P A AR I e G e, 1 55 1 2 R A g 34
JHIERE ).

3) Case G (2~3 JZAiJ7) 44 PHJE PCM 48 T NN, AL T A A8 FABH X I &1 14 (¢) AT 15(c)
FFi7 , 7E 900 min % 1 050 min AT S UGEHH , IO 78 25858 — 20 v 20 B 59 , bl R0 E 7F & A2 A AR 15
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Fig. 11  Temperature fields and heat flux vector distributions during the solidification process for single-layer PCM configurations
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Fig. 12 The internal surface temperature and the liquid fraction of the PCM porous brick with different PCM filling positions
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Table 4 Effects of the phase change layer position on phase change energy storage porous bricks

evaluation index Case E Case F Case G
maximum temperature of the inner surface/ C 30.27 28.12 27.71
minimum temperature of the inner surface/ C 19.05 19.08 19.24
internal surface temperature amplitude / °C 11.23 9.04 8.48
attenuation multiple 2.33 2.89 3.09
delay time /min 158 156 191
latent heat utilization of the PCM 1.00 0.93 0.82
120
——Case E
——Case F

——Case G
80

40

heat flux /(W /m?)

0 1 000 2000 3000 4000
time / min

B 13 K[ PCM B BT AR RE S LI 1 R EHA
Fig. 13 The internal surface heat flux of the PCM porous brick with different PCM filling positions
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BRI — G SDRUESE T A2 PCM FEARAS R 1Y T Y 32 L fir.

LRAVH  BAR =R RIHE (Case H) fEAENS AT 2801 R B AL (IR IR I A 1K, B 3R A ) fj 4 ), (HH:
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Fig. 14 Temperature field distributions of the phase change energy storage porous brick

during melting under 3 working conditions
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Fig. 15 Temperature field distributions of the phase change energy storage porous brick

during solidification under 3 working conditions
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Table 5 Effects of different PCM volume fractions on the thermal performance indicators of the phase change energy storage porous brick

evaluation index Case A Case D Case G Case H
maximum temperature of the inner surface/ °C 31.39 28.31 27.71 27.51
minimum temperature of the inner surface/ °C 18.44 18.88 19.24 19.53
internal surface temperature amplitude / °C 12.95 9.43 8.48 7.99
attenuation multiple 2.02 2.77 3.09 3.27
delay time /min 92 146 191 216
latent heat utilization of the PCM - 0.97 0.82 0.83
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Fig. 17 Comparison of internal surface heat flux densities under different PCM volume fractions
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