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Heat transfer improvement of macro encapsulation box of organic phase
change material under hot wall environment
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150090 Harbin, China; 2.School of Civil Engineering, Harbin Institute of Technology, 150090 Harbin, China)

Abstract .

endothermic process of organic phase change material macro encapsulation box was measured when different

A simulated hot wall condition was provided by a thermostat oven in lab and the exothermic and

quantity of conductive fins was installed or the box was filled with copper foam. The results show that the increasing
quantity of fins leads to the reduction of complete phase transformation time, while the installation of excessive fins
can decrease the effective heat release time for the package box with small thickness. The usage of copper foam
results in the more uniform temperature distribution, and further reduces the complete phase transformation time in
thick encapsulation box. The complete phase transformation time in a 45 mm thick encapsulation box is decreased
by 64.8% when both the installation of 15 conductive fins and the copper foam filling are applied. The application of
these two methods provides a good solution for the slow endothermic process of macro encapsulation box containing
huge volume of organic phase change material under hot wall environment.
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endothermic pattern

FHAE A RHRAR B 7R TR S R A A R )
A A WA S8 8 I At s A Py — e o A
ASBPRERE T @50, AT LATK B 4l R 28 4 I BE A S
T B v Ja A O A R S e T B A 1) 2K

FEE: 2015-05-18.

EEWA . ERRHEHEITHIIRE (2013BAT12B03) .
YEE R H/NE(1976—) 5 Sz, A S
BEEE . S/, gaoxj@ hit.edu.cn.

SRR I v R ™ T S DX R A A v SR
JH— il AU 7 ol T 8 A8 i ) 5
FOBME R AN R, DT i DR 18 I B P [ i P
BT SR ) B A JLE PR 7 E R IR
i R SR AL ETAE M R, B AR AR b k017 5 2
e T KR (0 A R I o B 22 A% 1) A i Il
W RH A7 LA | 7R 8] BN B SORE PR et ok, T
B M DR T M DA AR SR e T P 22 1Y )



5 6 1]

/N, A KR EREE T A HUR S A B2 G A i S PR - 139 -

LT, B N ANR 2400 35 AR AR b} 7 32 B
OOk B e ) S A B KU b R A
BCEA ) B 1 SRR RE SCHR[ 6-7 ] SR F L%
R AR T AR A ERRARIZ B 8 2L 1Y
ATB AU RE DT $E 1 e A 1 47 445 ) 11 i AR
B 7). SCHR[ 8 ] e ¥ M A AR A M RHE B B 2 B kb
PR B A R e K R E S MR T
KI5 B TR TR /N I LT e oRe B 118 i A ] 4
Jd, sk s F 2y =T AR S R R AR AR A
B B RS A A AR, R IR SR
R R A5 4t 119 2 0 3206 A AR A B kG A U i
- % FEARAE AR i SR R T BB B 1 s 2 Y
JE A AT IS R

AHARBARE 0] 43 A HLRTC AL RS, Hor
A HLEARAE AR A T e /N Tt v AR 43 25 91
% KPR RE AR S0 R o AR A
FHAE AR [RIBS, A HLZS AR AR A} 9 e 2 S 3R
ZBUR/N i R 0.15~0.35 W/ (m - K) MR
HNRTRZE R IR n4: 8 Rk ik A Aok
S5 TR R R = A UAH AR B R T A e

300 mm wmIE
______ #£125/45 mm A
£
g
g
""" () TR (b) 5L

R T AN A K355 PRI T 5 B 2R S AR Ik
PREPE 7R W0 RE AR AR 1 G 1R P 3 v SR A T R
JETT B 5IA B 3 A A D 2 A P ke AR A
B PR Z R Z FAD 2 0 IR AR b LA, WL IE]
2. DA LA B (A BRGS0 355 R AR5 8 A%
U R AR AR AR S 2 BB AE A B AR L R A
B B AN E R RS T IHE I PR R RO A MEAR T THR
A FFTFRARES , DA i 15 A ) 4 i 5 303 v 1 &
AR IR AR T 5 0 AR A e 7 A s A M, A3 1 )
BBRIEENZES P (17£0.5 C) AEMAH B B
TR LA IR BRI R 80 °C, I3l 3k TRM-WD120 i
SR AN AR AR A RS A Y 3 /NI I R B
PRI E) A Tt AR Y SRR o Ak 3 AR
BIikF) 54~55 CHE, 1 B B4 S A rp i AR AR A4 L 4
T A AR AR A R A, 1 IS ST RIS P 3 AL A e
U8, i S B R R N TR e Bt ] R B e
LA AN A IR BE AR 30 °C {45 1k

X SCHE 5 B AR AR BRHE 2B R (R rp g 2
YR BIEERE 1] RE 23 1 LUTVE SO AH 73 25 1y 4.
PRI , A SCR FHAE M A T i AN [ 50 A0
PR SECIE U TR 19 7 A AN )2 8 11 2 AL 2R A
ARAARL G A, I i S 6 A AL 3 R AR I
TR | S S BRI v 2 6 2 AR 728 o R £
PR SRR R

1 R 5B T %

AR it I 119 R o5, SR FHAH A8 3 B o 54 ~
55 °C 1% PR 258 R A AH A b ORE, G AE AR T R
201 kl/kg. B4 @R M BE N & R i, L IR Eh
401 W/ (m + K) , &ASPSEE YN 1 mm. & AR IH
Fr P ASGSRMRA AR HALBR A S I 97% L L.
B A T N RST 48 51 24 300 mm x 300 mm x
25 mmAl 300 mmx300 mmx45 mm 1 P FPAS[F] )8 BE
() 2 G AR P AE SRR AR 43 I3 S 0.5,
1015 NS A WE 1Ll TN KA
300 mmx30 mmx1 mm, %% 5 .10 15 N A HHYSF
H JFOR SR AT U I T 50% . 100% 1 150%.

(c) 1038
E1 ZEEZEFFHEIAFHWETHMMEEEERRE

(d) 153 7

HEAT IS0 °C = N
NI
[ HNE| 17+0.5 °C

|

}

1

B
St b

(=)

“

[}

}

1

I /
I e
[P

(a) B GV R A R R

(b) 1% A A AR A -
B2 HEEMAERESEIENLEE



. 140 - MoK OE L

5 48 %

2 GERENN

R T OB AT A S 3 ARSI MR
SEAAHAREFE] ¢ LT B g, FUVR RO ] ¢
A58 A A AR ] Ta] 2 AR B B kv i b1
(NJZ PlE] A2 ) #Rs B A AR 1 R B, B pl 2
W IS T A TR S T 5 L A s D S B T AR AR B
F 72 Rt 2 AR IR AT 11 3 %5 Hput - 15 U0 R 4 S
B A5 1R A, ke A v fa] 2 AR 4 FE AE 55 ~
54 °CFHAR L EE Y Bl A B8], I S 500 e T e A oy
RS A E £/ G S E Ry G N I P iR L LN
A 2R AT L AR F] 30 °C B AT 5 252 119 0 34
) 3 7E — R I S e T A e Ak g ] [ s
]S A fil
2.1 BREEX 25 mm EEEERAHMERN N

XFF 25 mm JEERE AR AR MR S A 43 ] &
%60.5.10 15 48 Fy i g A b A AR R R N 3R 2
Hh ] 2 A 2 2 1R it o 1 A8 A R DL ] 3. 5% 14
AEPRE G NZ L ANZ 3 AN A A I
LR YA BE BB (] B i pRe e T 5 243k 8 50 C LA L
i PR J2 000 5 U Ak 2 R 2 3 i v ) U2 AR 2
W RE FTHER 2218, X R 8UE i F & A i A
ASIA R UG R AR AR AR OSOR i R Y —

70

©
S Ll
30 i
20 — '&I\E
10 : : : - : '
0 100 200 300 400 500 600
t/min
(c) 10

T[] RS A4k v (] J2 A1 2 00 5 ) 3 3
ISR LT IG T TIOR AR AR IR EE 54 C LA I,
VB BT 3 A B R AR PR C 28 58 T AR AR W Bk
FEAEM S Z 5, BT 1R B AR b 3 /00 o 9 U
JE PR BB AAR R E 54~55 CIER, I HAE X —
5L S Bl R FRD 2 0 5 B — AR K R A, X
T AHAE AR e A AH A8 B A ) B AL T LS A
PRI SRR ZE AR B, P2 DU S e
AH S 5 T ) )2 AN 2 I A5 TR JS B AR B, rh
[i) J2 P 2 ) s P 1 3R T2 1 U

H1 Il 3 A A 2 A 25 SR I TS EOIL 3 1.
LA 5,10 15 N3 (A T W A AR 4038 m 1
50% 100% 150% ) , ] {45 2% G A v A0 A8 44 R ¢
SRR 7E B TA] B K A 284 min 4 U F)] 198178 FlI
138 min, 43465 T 30.3% .37.3% A1 51.4%. 95111 5
ANFN 10 A% T S A A oo 7 & 3R RO
BF M) AN 8 T 15 A48 i G AR o0 5 5T RN
A ORI ] 43 BRI T 18.2% F 22.1% , X % F
KRR AR} ) i PR P e AR O ). X 3 R
H Tt 22 0 SR B RS T A B AR [ B
N T RA TR B B 1 5 B T L T X AR AR X T A
AR RERE B A PR ) B D I B AR (BN ) ok
VA

70

60
50
& 40
5SS}
30
20
10 ;
600
70
60
50
£ 40
® Wz
30 i
20 —_ = HNE
10 : - - - - :
0 100 200 300 400 500 600
t/min
(d) 15 @

3 AEAHEBREMT 25 mm BEESEREE-BHE ML

F1 AR 25 mm EEHESERBAASEOZI
FEALNEES t,/min t,/min t3/min
Jo# A 284 132 272
5k 198 128 248
10 ¥ H 178 130 242
15 138 108 212

22 SFBER 45 mm BEAKREANEOE

SR VR 45 mm FEEPE 3P OB
AT ROHLH LI 4,45 ot 3 490 20103
B RL T R S AL 15 25 mm LB HEY
SR P T s R ISLEE O A1 25



5 6 1]

/N, A KEREREE T AT HURHAS B2 G A H) 5 AU i

- 141 -

PRSP ZE TR 45 mm JEEE 3528 A g I P
B KT 25 mm JEREEE G AR [RIASH, A5 AR il Bt
B L5 25 B A AR I ER o B, 42230 i P U A PN 2= 0
SRBE IR S T AR )2 AR 2 I 5 TR B,
(B JZ2 00 5 R B2 ARG B AR T P 3R 2 AR 21X
AN R 5 TR] AL 2 S % T 45 mm SRR Ef
e G AR UL T N 2 AR R BSOS R B
A G AR B8 Tk R A 4 TR o2 Yk A e 46 i 2 3
B AR TN 2 PR B ke .

F ] 4 3R ih 4 b o B s 20 0 &5 S AR =
70 ¢
60
50¢
40}

30

20

10
0

0/C

400 600 800 1 000

g

<

B 2,945 5 .10 15 N0 A CH 24 T A AL
SIHAN T 50% 100% 150% ) , W] ffi 26 £ A frokf AR
AR 58 A AR AR B[] FH R Y 512 min 49803 394
284 1 274 min, 435465 T 23.0% 44.5%F1 46.5%.
IS5 .10 15 N80 R ff SR i ot 7 5 B Tl s A
REARR , ARG FEE T 6.9% ~9.5% 71 Bl ; [R] IS, 1 & Ak iy
B RO TR] R 8.6% ~ 12.9%. 7] WL | i T Bl & Ak
JEREHE R, v d5t 6 O AH AR A S LA RE LRGN
TR I 7 0 G R R AR N AR
I3 R AFFAH PRI DI RE.

70
60

1 000

800

0 200

70 ¢
60 |
50 |

40
W2
7 ]

— - 5

30

20

10 400 600 800 1 000

t/min

(d) 15 # )5

0 200

4 FAEFEBREMET 45 mm EESEREE-BHE MLk

t/min
(a) JCH
.
5}
10 : - - - '
0 200 400 600 800 1 000
t/min
(c) 10 M
F2 WA 45 mm EEHESERBASHNZM
XSRS ty/min t,/min t3/min
Jo 512 232 466
SR 394 212 426
10 #8 5 284 216 410
15 H 274 210 406

2.3 EFTEKENHESERAFRAENZ N

B X R A 5L G AR A T FRSR T AT 10 AT 15 A
S AET E S A [ B I 7 0 VA AR 1 A )
F14) 45 320 G AR 1) W PRI L 1] 5. 4% kv 3 i
SRR RIS IS 2207 T A THEIA | e F & 1 AL
RT3 AN B, FEAR S A A 5 AR T TR A
() GRS AR [T, JC 7 0 VA ) A 8 b ) 2 G
3 AN A R 2 A A e R v A B A
AN BRI R X T 10 AR 1S A TG B Y
45 mm 5 FE B R R U, B IR A 5 &k 3 A
MR E LT S X 8 TR

] B S A R TR AR A R B B AR R I R i ke
SR IR A3 A T A

KBRS HOL R 3,k 5% 1.2
BT AT, 6T %% 10 A 1S AN A AY 25 mm
JEL R BB A ) SEUFE U TR 43 ) A AH A2 A R ) 52 4 A
AR ()46 %0 14 min FIEE 18 min, iX J& FH T TR 4R
FEE =5 RH AR WA Ak T B 200 e R A B ) A ) B 2
IR W ARG R b ) A0 3 T BRI DR Aok
VT 5 BE /NG AR A R B S 6 42 4% 10 Al
15 N 519 45 mm J5EBE BB S50 70 1 TR 43 3 ol
FHAE AR 52 42 A AR B[R] 4 %5 T 50 min 1 94 min,
A5 BE 3K 17.6% F1 34.3% , [A) it o i 25 4
o] S & J R A 0 B ) )y )RR T
28.7.2% ~34.3%1 18.0% ~ 19.2%. 5 Io 8 I & A& AH
XL, 2% 15 AP H B+ IR IR 1 45 mm J&
BB AS AR T A AR BT RT 512 min FRAKE]
180 min , [ IR 35 64.8% , R A 5% fifk ke K 5% PR 85 op
TR Sk T L 2B A AR A Ak IR A 17 [ A



- 142 - MoR O T Wk K% ¥R CRRE
70
60
50
I I
g < 40
= = Pz
30 ]
20 —_ = A
10 ; ; : : : ;
0 100 200 300 400 500 600 0 100 200 300 400 500 600
t/min t/min
(a) 25 mm JEEEE+103 &k (b) 25 mm JEJE+15 8 K &k
70, 70
60 [ 60 |
50 50
2 ol &
Z 40 &40
= = = —
30 i 30 e
20 — - 20 — - M2
10 10 :

0 100 200 300 400 500 600

t/min

(c) 45 mm JE+108H Fr &k

B 5 mMERKERATREREE

®3 ERQRARISRSENRERSH

NS £,/ min £,/ min {3/ min
10 8 F 164 142 230
25 mm
15 ¥/ 156 112 210
10 38 234 154 336
45 mm
15 180 138 328
3 % #

1) PR BRI BE 4500 T, B 25 W AR 3R 1T 5 4
S8 5 B B 7 R b 2 R R AR S B R ) 52 4 A
A EE T R Ea E o NS R N N 2 S
RN 2T RN =g NSV @ LI TN
F T FEAHAS PR it 2R R D BE.

2) TELAE IR BT, PRI F I A (i F
Bt NS N VA O i) (b I il G2
RAIRJEE FE B e AR P AR AR R 52 2 A AR st ).

3) 50 S ARRT L, 2% 15 ARG A+
FEHOIR A 45 mm JE B85 (R AR AR R} 0 58 44
S ] 1 512 min FEAEE] 180 min, F1E 55 15 64.8%
PTG AR TR K3 A5 R A2 2 L B AR A8 b
IR 11 7] R

5% ik

[1] CABEZA L F, CASTELL A, BARRENECHE C, et al.
Materials used as PCM in thermal energy storage in
buildings; a review [ J]. Renewable and Sustainable
Energy Reviews, 2011, 15(3) :1675-1695.

[2] SIMEN E K, BJURN P J. Phase change materials and
products for building applications: a state-of-the-art review

and future research opportunities [ J ]. Energy and

0 100 200 300 400 500 600
t/min
(d) 45 mm JE+15 ¥ 5 &k
)3 B — Bif 18] i 2%
Buildings, 2015, 94. 150-176.

[3] X, EBeZR. i TR B MR8 )7 =05 REAEIT AT
[J]. #ATHE, 2007, 35(7) : 56-59.

[4] 4BEOF, HERAK, £ DI, 55, ™ FEH XA (1 IR
BT (0] TR P SR 2240 ( H AR B =)
2013, 29(5) : 894-899.

[5] TYAGI V V,KAUSHIK S C, TYAGI S K, et al. Development
of phase change materials based microencapsulated technology
for buildings; a review [ J]. Renewable and Sustainable
Energy Reviews, 2011, 15 (2) . 1373-1391.

[6] FELDMAN D, BANU D, HAWES D, et al. Obtaining an
energy storing building material by direction corporation of an
organic phase change material in gypsum wallboard [ J]. Solar
Energy Materials, 1991, 22(2/3) . 231-242.

(7] Fles, TR, T MR TSR At b
MIBFFELT]. FRHTR, 2005, 19(8) : 102-105.

[8] SAKULICH A R, BENTZ D P. Incorporation of phase change
materials in cementitious systems via fine lightweight aggregate
[J]. Construction and Building Materials, 2012, 35(10) ; 483-490.

[9] ZUKOWSKI M. Experimental study of short term thermal
energy storage unit based on enclosed phase change
material in polyethylene film bag [ J]. Energy Conversion
and Management, 2007, 48(1) :166-173.

[10]FARID M M, KHUDHAIR A M, RAZACK S A K, et al.
A review on phase change energy storage: materials and
applications [ J]. Energy Conversion and Management,
2004, 45(9/10) :1597-1615.

[11] SHARMAA R K, GANESANA P, TYAGIB V V, et al.
Developments in organic solid-liquid phase change materials
and their applications in thermal energy storage [J]. Energy
Conversion and Management, 2015, 95(1) ; 193-228.

[12]EMAN-BELLAH SM, GHAZY M R A. Thermal
conductivity enhancement in a latent heat storage system
[J]. Solar Energy, 2007, 81(7) :839-845.

[13]5KFoR, KA, mitfh, 5. A8/ AlEE SR

IPERERITSEL) ). APEHUIFE 4R, 2010, 24(3) : 332-336.

(%FE RWE)



