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Numerical simulation of phase change cold storage plates with

different packaging structures used in cold storage
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Abstract: Objective: To study the application of phase change
energy storage in peak-shifting of cold storage electricity, and
propose a more effective encapsulation structure for the cold
storage plate. Methods: Multiple phase change cold storage plate
encapsulation structures were designed for the frozen goods cold
storage, and corresponding numerical models were established.
Through numerical simulations, the solidification and melting
cooling processes of different encapsulated cold storage plates
were tested at standard temperatures (—18 “C). The similarities
and differences between flat and concave-convex cold storage

plates were compared, and the impact of different cold storage
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plates on temperature fluctuations within the storage was
analyzed. Results: Among the three special types of cold storage
plates, the 30~75 mm size had the best cold storage capacity. It
stored 36.23% more cold during an eight-hour energy storage
process than the flat type energy storage plate. In addition, the
cooling capacity of the concave-convex encapsulated cold storage
plate was also better than that of the flat encapsulated cold
storage plate, making the temperature inside the cold storage

more uniform. Conclusion: The concave-convex encapsulated
phase change cold storage board designed in this study can play a
more effective role in the peak-shifting of cold storage electricity,
stabilize the temperature within the storage. and reduce energy
consumption.

Keywords: energy storage technology; cold storage; coldstorage

plate; numerical simulation

V& JRAE Dy v B v Y R IR R R R AT v TR VR
PPl ) R AP B B4R, 2021 AR A RS R A
IR F] 1,96 A2 m® LB E AR 0.19 {2 m® . [ H K
10.99 %6 o fELIE A 3508 T B F5 AT S A7) SR AR 08 R L 5 173 4%
AN AR AR BE VS PETE R SR Y SRR G, (HOR L IR AT
W AR R, B4 G B P E AR RN 5%  AEEY
WL I R AR G AR R R T BRI TR 1L 9 I Y Y RE
WO RAE T A LEN . HETX 2 F BEAR A E R M ik 12
HBT 5T 32 AL 45 SR T 4 A B R B R AT PR L £
Ve TRAFAILAY T AR | B o B 52 450 2 09 4 228 RE R T A
AR AT BV S DT Y

AL B8V F R T LARS W LAY N (H A R v R B9 R
SE S PR AT AR AR W 48 vt A ) BT A Ok i K 28 U A
HATC &8 2 TR A h e s ] R e

135



136

iz 5 R # STORAGE TRANSPORTATION & PRESERVATION

32 i 0 V2 AT b AHAE VS P AR D 1 L 3y T Y
MRBAZ . S5 F B W% 4 /808 . AR TE b
R LA B A A AR F Y M, R T U A M BB SR AE A T
B AR I AT B V% 78 11 R H B A e e 1 1R 78, DA
DU G2 fi 0, ) 2R G AR JH vR g U IR ) AR () It T DL R
Ik H, B AR A B 5 Y 22 T AU A

Oro 5™ [ T 32 F) T fiff BE 1 AH 25 #1 &}, Regin %51
MEHE T AE AR A4 R 2 75 B0 2 M 2SR, A AR AR
S5F EEAREE VR R AR DL R RO DT, Ko
Ve MR 114 ¥ A VR TR 38 Ao 75 8 VR IS B T At A7 TE P AR L R
VAU TP IRV 1R SE N AR Dy 8 B 3 i 0 32 2008 I )
7] 32 ) R BUAR IR ¥ 4 1 4 S ¥ #A4 BB (cold thermal
energy storage, CTES) &4t # &% #F 5245 1 i
AF ST 1) FAIAL B R I I B 0 8 R T R /0N R O 2 AR
VA JBE 3 B T i A A PR 38 L V8 R I ] 8 Mk A A T
Tl B [ B, Zarajabad %5020 43 51 %6 A 6] & BE A & ¥4 ARG
BV RO PERE HE AT T AUE A LA 5T, 2 R UR A
1 em B2 2 em J&5 & 5047 5 & #H 28 A4 B} (phase change
material , PCM) (4 0¥ B AT A 3.3 %6 , 4 J5 52 4k 252 DA
2 cm ¥INFE] 3 em J5 BT Y PCM i v i) 7] 3 i 1
45% . Marques ZIHF5E T R [l i BT & 8 H iy BE
TOUH K T T30 B F Ve MR L R T AR VKA T R Y B AR
REZ W BT AR MIRE . Azzouz %0 78 58 B VKA M9 A
CTES R, AU 7 HEAE, B2 RE A VKA R gL 4R 35 7
T BE O BN e K AT 38 9 b X 0 R) O OR 7 AT T IR 4
Blo FAAZE AR AE 5 Ah e i 2 2 B SR BT IR L E R
MREHBELEH OB R R R R MR R 2
B R M2, ETBEIE R 32 0 AR A A R Y B 3
J AT A BB T (H R X AR AR e A A A5 A I 5T
WAR /D, B ST 4000 2k 5 {E B 400 0% O vk RO [R) 3 2B 4
& AR BEAT BF 5T, LU SR A BT LUTE W T T A 8 B
PR R 722 8 v Al 2 5 ) 20 B 08 V8 P A N ) R O B
1 BB it 3 555 IE
L1 #EERNE

ERIRPNE 2 & R RPN TR TR RV
BV BN B A BE T E Oy Ve R G 9 28 R AR . T TE BUE
AP I o4 25 98 A 1) S0 BE T U B Ol s R AR A R E R I 4
)L AR R A T . DR SEAE V8 BT E A S A R T
AHF A1 00 F 53t T 4 Rt ke gt —F o N H 1Y
W TR R E AR (B 1), S5 4 3 Rl 3 40 AR R i
9 I R Ve Al (TR 2) L Hep MR e 9 IR D 2L il il 2k
L OBTRBE Al R NS PCM T & A9 I 1 2 Bt
AFBER, L H M 1:6,1:4,1:3, Hp H
PEFE N 60 mm, BT LA 3 Fl M B v Al i 1M1 B R BE 5 e 1
JELBE B RSE R AR 43 31 2 20~70,30~75,40~80 mm, W

BE267H | 2024 £1 B | RARSHM

Yo 20 mm ., FEV JE Y TS K - A B R Y B 10 R
W BAE  V PR T A o 7 v AR AT Y IR L VR R N B Ve XL
HLELRGE 0.5 m/s DL b By 28 e 8 v ve R i . 38 1% Al
HIMEE THT A 45 7 3O i e R O T A T BRI
BTE & I N ) 25 ¥ 3 AR R AT 17 4k L R LA D 2 8L XU
R AR L AN A 3 PR .

| ’

B1 FrEZARA
Figure 1 Diagram of flat-type cold storage plate
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Figure 2 Diagram of concave-convex type cold

storage plate
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Figure 3 Schematic diagram of cold air swept cold

storage plate
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Table 1 Physical parameters of phase change material
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Schematic diagram of the arrangement of the

Figure 4

cold storage plate during discharging
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Figure 5 Validation of model
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Figure 6 Temperature variation curve of liquid-phase

rate for each cold storage plate during charging
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rate  for  each storage  plate

during discharging
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