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Design Optimization of Phase Change Material Based High-performance Heat Storage Device

Kikuko MIYATA™ and Akihiro TAKEZAWA™

The heat storage device is the key technology for solutions to thermal and energy problems. Phase
change materials (PCMs) are popular to achieve heat storage devices. It utilizes the phase change energy
characteristics as the thermal storage function. However, it has some problems in characteristics, such as
difficulties in the optimal material implementation and limitations in the mass efficiency caused by low
thermal conductivity characteristics. To optimize the heat storage device design, this research clarifies two
main aspects. One is the thermal interface and requirement control technique for the PCM device. Generally,
the heat storage device works passibly and it is important to sort out the requirements of the controlled
target, application environments, and interface control methods. The other is the optimal design methods
for the thermal path in the PCM. We apply the lattice structure to improve the thermal conductivity in the
PCM and optimize the structure utilizing Topology optimization methods. Some useful results are shown
for each aspect, and it will help future detailed discussions to design a more realistic application.
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Table 1. Material properties

HCM (Aluminum) PCM (RT44)
Thermal Conductivity [W/mK] 200 0.2
Density [kg/m?] 800 2700
Specific heat capacity [k]/kg/m?] 2000 920
Latent heat storage [k] /kg] N/A 165

B LTI, UTFOBMBEEES 2 5. BNHAT AEITORE L /M5 L5 2 BMBEEEE 5. RET N
A AP R TH DREBRICIY AT 5N s &, R La#iE2E LT PCM 1M ab D, b— kv 7 OMEREEM
@%&kbf,&éﬁ%ﬁﬁhtﬁ@ﬁﬁ@ﬁﬁ%%%zéﬁﬁ#kw9%@@%@,%ﬁﬁﬁkbf@%ﬁ@m&#

, BORFEAT BEATOREZILARD, BURPIZ/ NS TAZENEELIN TS, Lo TARIOHMBEE LTEL
mﬂ%@mf@ﬁﬁﬁ TERE X, FNEEAMET DB EAT O . IEE R OMITIC T D BN I\ T H BB A ET
flid 5. Z Z CHRREHRFITREERD 30%& Lz, ARESRELS LU A e U —E#Ekic iz COMSOL Multiphysics % {3
L72. COMSOL IZBWTHHF LIZEEEZ S L2 LT, MMA % AW CRFHER O Bt 21T - 7.

iE L OFER & U 6 [T TR & 157, sRFHREAE T 7 bk sl e {Z!S OB TREET HCM 304 LT\ 5
JERBELNTWND Z bbb, ETFOERNSGRNICRAT HEGGIR 2| IO T 2T 2 E TILD D7D DIEIR
DN TND Z END25.

[z

Qpey

Symmetry

'Q'HCM

Iy Iz
5 fRrET V. 6 hARuv U—iEihE R,



AZEALHA L 2 00 L 7 R R 2ASE 18 oD ol e 171

PR RIS T OB OIREE AR, — AR IR & Bl S 7o iis 2 PLie U CHERB DRI 247 9 . R EME D
Z£ T HCM THERL S 402 IERR G MEI A R E L, £ OIEREHEI A @ L TR 2 B 415 BB FIC W Tl 247 -
C SR O— I L < HW B LA TR & LT, Advanced Cooling Technologies £1:00 PCM & — h 3 > 7 @& HF |2 L
- BEALTZIR & T — 7 RIS U Tl b & RIER DB e & 5 2 TR 21T 272 & 24, M TIORTRERZ 15
L TV OREMES A SN TND Z E0EH PCM ~OEFREN LY REL 2o TNDH I L AR T 2.

s

375 1 [1 [ 9] -
370

365 370
360 360
355

350 350
345 340
340 330
335 |/ N

330 320

R7 f{bik () exvrFv—o|R ) ok

8 IR EEE A MW TERMAELTT o 7. FBLBRE X F~— ET NV EMEMNTHIC IV T A I T ay 7
SEIVH L. 77 U ATTE3 DONR=YInb R S ERICEREZ AN, BRI »O— Y v Ve —2 —T#%
L, BT O CIREZFH Lz, B L7oMBIC R LEL L, B Ro7cRITIBZ MG Lz, X9 ITRE
RS R Z Y. RCAEZIMA THDIZHED LT, REMZIROTTA 3 CRREK 2> TEY, PCM (2= L <
BEZOLNTND ZENbhoTz.

U 68

© 43 /
38

28 —— Benchmark Heat Sink -|
23 i —— Optimized Heat Sink
I
18 0 10 20 30 40 50
Time [min]
8 L. X9 L FHAINE R

4. FLHLESBRODRE

AWFTEZB LT, T—ARAZT 2@ LTe &S AT LAOBRGHEREHFIEOMBP L, ZRIZAEDETZ PCM 731 X
DEEHHE Y — /L OFESE, PCM (RN R OMEEAC AR R DRl 78 7 7 4 ARG & FFOEBT A ARS8
T 5 MR R O — R A W ROERREHEORERICI Y ATE. 4%, T DO ETE) L/ TEMERR e &8RS 4
BT T 52 L& BiET.

REFERENCES

1) ISR, W HRRI%, BHEAT, BWEE, S544 o H AR S > 2w A, B131(2023).

2) M. R. Yamagata, Y. Wakita, Y. Tsuruda and K. Miyata, Thermal Science and Engineering Progress, 37 (2023) 101601.

3) Advanced Cooling Technologies inc. ‘PCM heat sinks’, https://www.1-act.com/products/pcm-heat-sinks/, Retrieved: 2023/08/03.



	168
	169
	170
	171

