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Research progress of phase change cold storage materials

and their application in cold storage
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Abstract: Using a combination of research literature review and
actual cases, the characteristics of phase change materials and the
refrigeration principle of cold storage with phase change materials
were analyzed, and their respective advantages were fully utilized
in practical applications to achieve a more ideal effect.

Keywords: cold storage technology; phase change material; cold

storage; cold storing cold store; cold storing plate

T EEY I N Ty 6 B R L A2 R A B 4R S Y
TR R S AT DAAR R b e ARG 7™ o R S i T B R W R
SR B YA VRN T YRR I 58 Y LA B, R B
A, H A Y B AU IR AR R R B A i fE K
SRR S B 1 T 7 XA R B R T AR XY B SR R
MR8 v ) 3 5 R W B A 2 2019 420 i il B0 v [ 8
MR IR F] 6 052.5 7 t(1.51 42 m®) {H & 1 2 B 7E P [
NI MR A AR W LR R A B R A
Wl AR UK EMEMA SRR BET G L

EE&WE: RN RZERHA 1T 3R (45 . 19DZ1207503) 5
TR EALERS TEEBRITH (HK5:
20DZ2292200)

EE B INERVE T3, IR TR KRR S L A

BEES B (1968—) , &, LRGP R¥EHE . HL.

E-mail ;jxie@shou.edu.cn

5 B #:2021-02-10

RS, v P KRR RN A Rk B K Rl B
4 JE 14 1R BB AR S AN T 220 J 1 [ A0, % R ) R FE F fIE e
fig UHL T e BB T 68 55 22 1> O 1 A R 1B 4 TR 3 1Y
AR S M MR ¥ M % R G AR (B 5 % R B AR
B 709>,
AmMKMEIHEESBR I REWERTERNE
J1,RAE 2013 AFE R R B R AT TR T o8 8 i KBy
o8 F A T BE S ) FE AR S O R AN A B AR O B AR
FROEMRRE T . 2 m T m R HES B, £
] H A AR FR P R 43 b X R R A — i
TRk B R R Tl L 6 R A AT R Tl
FH R 0w LA 0 2 R AR Kt 38 T A ATl il
BV BOR AT E) W 4% B A B 2 AT ) v HIL 2 K ¥ A A
2K 7E 1 IR i g 0 I PR I S R s D % A v 0 s g
Jo7 B3 I T o X TS AR N B L A O 1 4R
BEVR I3 H R B, N KV R JE 8 b T L R 4R T
1 800 HIT.i3 17 10 42 4E ¥ & ¥ (COP) # it 3.3,
2019 4EAL—DEZ /0 T 18 MW B I A5 H, g 10 7 I 7%
T 3.772X 107 kW « h 1Y W {8 B B B 0 A 5 0 A5 A
B b HARM T XA e b B B RAF R AT S, X
TS WARGE T IMFERR L ER G, M E R AW
SR G 3E Y 4 T AN 55 . 98 AR T ) H 45 R A 1) . PR
IOV T — Rl /R R O TR A W BB R R L
1T 7T G SR T 5 40 s e B R s 4
AT HEREHE S T 10.65 %, BEAFE AT 21 HL 2% 44.7 Ji oG,
T K 00 . BT UK B W R B A R I i A
RO [ ] 22 i T L IR) R, 3598 B R AE v o 25 9 3R 48 1
B &8 iz ABTEVS PR iy b T AE R 5 b, i S0

227



228

MR ¥R ADVANCES

PLALE G0 0] FT T ¥ B IR R DX IA) i) R AR EE Ve MR I R
S ROHAER PR R R A E B LU I R R B R RN K
RIS %,

1 HEBARHE

1 F #1725 #1 #} (Phase change material, PCM) f5 1R &5
B A BE 2% B L 2 XY I E Ve U F S AR L A AR A ORHAE
R HE R E AR KW Ty . 38 GV R I AR S B ORL 22
AEAHERE BRMBHRREE KAESR. A
T o T 0 A R T ) AR R B AR TG RE L 4 B R
JCJBE e X IR BE TE TS Yy 5 %A B/ Y TR B ik 2 R A
M ZRIE S, IF BB 5 131 . B R HOR & el 3k 15
PV 2 A7 Ok 7E R {0 T A B P R IO AE R A R
ST Ve R B PR S FRh 78 . F Ve BOR BB ST A N T 32
AR T 2 R A G 4RI A AR P O R Y B AT Y
WFoE AR D AR X TR R W AEZW., fEh
FIAb FARA (4 B 05 ] & ML AR ¥ R A% e A4 R HE X
BRIV RE A A7 A2 R, T8 HL g vy g 0 PR o ok L 2 A
e SRR R TEA HE. HCE T T ER AL
BERR AT A4 T H N TR R T
DV HLZEL 25 et AT V2 PR V% BE 2 0 BE 18 A K 1Y B R
BENLL K 2 PIRE KB 4 3 A . RIS BT
FHARBE R RIAT &, 5k FIAE AL OK BB« 457K 503 i it
LR IR 5 B A% D B ¥ MR A7 V2 BE L HEAT T BT A
B RIF ST e AT 4SS AL | Ay SEASE AR 0 4502 S R I R I — 3K
P U AT R WZR P O AL 1B AT AR I R . AR
S FE Ve ARAE VS P v 1 42 S B LA BIF 5T, S BRI TR
78 N A 5625 R TR, AT 5 ¥ R R FR 4 B A 2R X I
e B, YR I8 5] M A B AR BE -, )TV R PSR 3 4y
IS, IVEBIR T 4 ZEERHH TR ER
AT BT T IR R L R FIE I IR I 4 R E
W) & T Ve A0 SRR v AR T LA ) AR B O G AR i 1)
HARZR, BHEAINAT ZRAERHL REERE
Hh B S REA8 58 23 FI) TGS v 35 B W) I SEL A, O EL B
AR L AR RE I TG T RUSE I 0 °C Y g R Y8 AR AN
—18 CHYKIRAIE . boh . RATER S R THIAE EH %
AR T8 P AR B AR V2 28 9 1 v 1 FH i 5t
L1 BHEL

AR E VS A T B ) B AE W) B R A AR A U
BT DL T S B R T e e AT I i R T ke 1 B
i BRI AE Ve R B ARG H R T TR E e R
KRR = [ 2 R BRI 7 Ho i .

Guan SR T T ARG SRR B RE R R
R MBOK G F T B HGER R G . R T WAOKF A A
FRGER B i R B B, Bk BAE R IR
Wegh. FIAIT BRI 45 /R RT T ARG

BE237H [ 2021 £7 R | R@SH

W25 s o AR A B8 0 1 SRR A RE T LA I BT A Y
UK BE B3R, Vigneshwaran 451 fi i 25 S 4E 5 % g
BEBE IR T — 4t 3h A 45 Lk W 58 AS [A) 45 B ) 2 B A7 A
G I B A TR BF 5% 58 F T KRB R Y B I AF
R W T %85 8RR BE A RHE b 5 45 1
Z5STE P B Af AR AR B, 3R I8 0T A 48 B R AE Tk
FH 0 S AR LA ST P RE B T DL R & L 45 B AR
KE, EREBELRZREMHRPRILE BME LMW
N
1.2 BRERZL

VB IE VS IR R W 5 ke A A AR e i s R R SR 1Y
BT » 328 /55 T R FH A 09 S A IR A s R P B o T A
B EENHA KSR JEREEREASE.

VKEV H AR Al 2 0 ] ¥ BL AL 7E 7K [R] 06 & Y B iB
AT o 5 1) 5 ) K At A A R S R P KA S8 A RS PO 2 A
FERL R 1 1 R v e o R 326 FH VKPR Dy 35 BB AT BL 2 X K
HAAE WK 335 kI / ke, 830 5 T A KB B RE B
i RE R BE R LA TR G 5 2 A B UK e B B K
/NMRZ . (HRE H — e fG . ok IR N R,
S EREERLLET COP & F M, [7 i i T 5 B A%
B RGE T ERRE LS % RE R A E ., W
TR K Ve BR R R A AR IR AE R AT AR &
b T B R R KR A A T BRI B R R IATRD B
DR FERAB WD TREN G, KERH
AR AT LAVE Ky £ FA U AN AT DLZE A o ) Sk R B0, i
LI BE R AR ¥4 A1 41 A 286 ML 25 it o L 200 5 805 0 0 A
BYIE 1T PR RE R R B R, JT T IR TR sh S Uk
(KH L FO BB ARN A F R IEH % RZ%, FH LR
ARG T 109 4 T T LA v v L I O A
1.3 #HMUZEES

P 2 E Ve R R R L BT 0 B A o S b o R 2 R
HE R PR G — R R B R BER . HETZE AR
SRAE TR A A — FR B 0] BT 2 e e A T SE bR
TR, FE—& R W& T f Al A A K R &
A AR 2 SN R IR I AR R OK B W R R SO R
B L AL R AR K A P 2 R AR W R AR R Y
O3 SUNE 5 WA a2 A AR A B, A v R A AR N A
AL AT R A R A T M TR B TR
A T ¥4 0 B0 5% DK A TR AR 1A A0 L SRR W] 3R 3R T (20~
35 COFEM KA H] 0~5 CHIR AN 1] 0 °C LU B3
VRO E aS I 7E —1~6 C 82| —10 CLUTF
o LA4ERE 3 b
2 AHASE R ORHTE ¥ B b BT B Y

kg

AHAE G REA LR PR B R i B Ak 3, AN 3 H A



&M | Vol.37, No.7

AR IR A — S Pl X FE Rl TR E R SR
P22 R P 25 5 I 3K B . R TR B B ) Y 3 gk
BE o TR 0 BCAZ R0 DA RS I o v B . B A0 W) DA AE B R Y
AR AR 3o 7 v AR S R T R R R A S DT B IR
Ve REDT L MR R R 1 o8 S A L 51 4 T 4l K R
AE 4 Jm 94 K BURL F0 48 A A7 55 9 1 50 Hl 43 HICZE AR 7S A R
e, AR SR AT R A B MR S TS R I R A R R DL 4R
Fo AR L AR S AR TR SN A i RS N A AE B
PR BE 1 FRAIR T MR A 2ok v R B U R T 43S L T EL
MR A B AF 0 DL R 1 58 T A4 RE R SRR E DY

HEMAZEM B C @Bk T 5% 8 &5 %
25 2 o, Bk 0 # R IR 5 R B 0 A
3%, Melone ZE VB4 T 78 4~ 10 “CiE ¥ X 8] fl T % #
13 2 0 AR [) A A TS A B9 AR A8 B RE . Leducq 257N ff 55
TUKBR IS H i A AR Ve bR R I IR A T R
W B X vk b R 43 A i 5% w0, IF 545 G0 RN S i AL e
ARE LLAL R BRAH A8 35 V2 b ORL RO A% G2 19 2R TN 0 b1 R AH
Bl AT DA oA TH bk ) 1 BE DR 35 BE A E L 9T B PCM A RHY
AR Uk B 42 3 DA IO T A A R BE L R DA T UK TR R Y T
B, RFFEET R T — R A L BB B 00 RS ALK
WEGHZZFRME, FEH T KRR, DLW
WL A M AR R g P H iR, =
SR FEFIIF R T —F TSR IE R 5~15 CIAHZE i
REMBL. AR AR R TR L b M B BT Al
JARYE mopew P M 2o P omgog —27.1 % 28.5
29.6 = 14.8 WA . I 45 R R W] S FHr i AR AL Ak e Bk
PR AR 154 k] / ke AHASR BE H5.13 °C, 433600 Ik
PEAATY st RAF R e B R R AR M A B 8 T A
ST R R . MRAE RSV IR ORI T e/
I M A1 28 5 G AR AR Ve E AR 2ORE AR R R Y AR A TR
—10.62~ —9.82 C, M A5 8 #4 Hy 124.8~125.1 kJ/kg.
Zhao S JF & T — il T4 BEY) TR A0 2 S M AR R,
Tk TD-LA/EG, A0 728 i BE O 4.3 °C, A0 78 18 #4 y
247.1 kJ/kg, MR HH0.965 7 W/(m « K), Z 33400 &
o M RV R P S M I S A AR R T R e L ]
AHAE R BE AN T 5 70.6 C L AHAZ W s > T 1.9 k] /kg, 78
Vo PE RNV 32 i A AR T O B AT e . BEAR T ST B T
—Fhad ¥ BE RN i IR IR A AR A2 R ORE BT LUGE T AR R
PR FOAH AR R BN — 25 ~ — 23 C, MW T
200 kJ/kg VA b 21100 PG B0 A2 3 56 )5 S 25 B
AT
3 RV B BRHER Vb i 32T

FHAEE Ve M ORHTE VS R AR X T AL T A RE & 1Y €
FE o TR 006 I T 77 R R O ol A R A O BT
T [ S S R M AR W Ve PE AR AL T — b B AR M e %

RFEZ HEEAMBREEREREANRRER

B FE 50 A ] B R A (] B 0 A A0 A R AT PSS A, 1 26
BRCENEREREML . S B2 RH T AR ER
45, USRIV IR BE 3 43 A7 R 38 50 0 TR) A8, A B Ok oK
ARSI A AT AR A A, X AR R T —Fp
AHAE B R 2 F T LA B 40 ] & fe A R IR E o )2
[B] R0, 32 5 B Ve BOR FI B W ROR I I K F R A4 R 4 1
Fir o B & AT S WY — RS BE 1 WV TR AL IR o
BEE L ALTE AR AR Ve P A R L AT DAAE S [ Y i IR
Bl P9 [T V% R R R

XD 1 A B A N R L T IR IR A2 i I
W BEV S TE T OE b 0 B O A AR E Y MR, AR AR
TLBE g 4.29 °C WK 216.2 kI /kg, i R MK (3~6 C)
FVEH (2~8 C) Ryl B2 25K, IR 1 — b 45 5 90 0K 4
MORE AT TR OL Ak I T R LRl L AR T
R, RIEFRERREMARE ML,
IR R AR AUV L IR T ZE R S Y 8 h YR RN
IR S/NT 0.6 CLRIE2ZE/NT 1.1 °C, Al PLsE B 4%
WRTE M ESR . Wang S5V BF9T T 428 5508 #1681
PERERY R W, ZE W LR ~F 2 000 mm X 1 200 mm X
1 400 mm, {7 5% JE B2 2 100 mm fif /)N B 55 3 v 5802
HEAT T IR, W i T 98 P R [ DX 38 0 I B a6 1 1RV R
PRIRBEAR B 5 CL A7 A & IR RIR BEEZE R, Mo,
VEAE T H A TR AR L A AR E Ve Ve R I A B i 2
A4,

FE VR AL T A B R AR A, F R RE
PRV AR TEV TR )5 » 380 3k T8 T A A7 7 P9 A1 S d 66 7 W
rP R A Ok S B EN L AR . VMR I A Sl R e
RO RALN eI E A W AR I8 F A A At A4 A
WL . 7ESE BRI, ¥ AR 5 Ah S = TR] A A AE 1 i
B RGIHEMERERL WAL K. Zhu Z5 00 T & B
JE AT oV AR I A R R ), LA B B A R I R
BAKE TR A B 4 B X B VA i ] B B L R R T IR
BEAWMNEL AR WO E RIS B k. Li %09
TER T — B B0 il 3T 25 48 0 5 ¥ A, TRV AR
REMERE S 3 A AR R 37 B AR AT T L3, i Y
Hh T 45 b BV MY Ve A R TR Y A I R A 46 T
39.1% . Zhang "7 BT T IR IELEE R 30 CHY NaCl #
BB E B —25,—35, —40 °C 1y ¥ A5 [ o A2 . DL
EREPHRNA ELR, FEAHNEELE D, H5ER
JEE T e b YR T 0 45 A 1 B I 5 e AR K 22 3 R A
TG 45 Fh T 50 2 VR 45 0, PR B8 IR B8 0 s mm AR /N, 7E R
TV T8 A R 20 B R BE S T 3 o AR Y I R R
B, 71N TR 8 6 ¥4 B 1) ¥4 R i B ) DA R A SR ml Ak
)3 ARG AR R R

E VAR R R CE R LB TR IR S R,
Yo MR TE HEAT I SE B ioF o R B B v AR R E L S i

229



230

MR ¥R ADVANCES

(4 24 TR ) 4% 790 )k DA B AR ) T DR 2 % 1 AR ) 40 A
R AR AR AN R S, HRBH SRS PR T TR R AR
19 v FAE A IR 28 1A L E 38 Bl EU TG 8 Ve B 98 R /N T
2.49 °C . JC i Wl BE P 2 bE T R v AR RN T
2.92 °C A R TR IO TR A KRR B T % 2
ROV P W50 T TOUE 35 v ARUXT v JE I R L 3 3 A 2 e
of L JC IO 5 v AR 1 ¥ i R B TR s N T D B s T
2.94 °C o T BRAE ) AR I AR AR D4 R L BF ST T T AR
Vo AL CHBCTE TURR ] L ) of v 3G AL A+ 1) 3 85 32 A I
B0 G R DL R S AR v 0 SR R AR S
Y BT AE R U AR DU BE S R B L ik R OO B BE K
DU A6 P B9 BE b TR R A S 2 ¥ B T OO B A
VAR BEE T B R 0 SR Y R 5 L S R AR L T DL I
TESE bR ¥ JiE C B R AT B8 A v M 7E A Bl . Zhao
AU [ IR R T — T B VR TR K T R AR
FHAZ B RES V8 17 L4 45 Al R AT I 38 L v P = A 92
BV RN R IRFFAE 2~8 “C I IR I [H] Jy 47.73 h, % I
TR PR AFTE 2~8 “C I [l fe 46 40.78 b ik i
PEW VR PEPAERE 2~8 "C A B IS ) 2 52.36 h A LLAH {7
BEWIR LA T s AR R 5T
4 PREE R BRI

AR R EWE R PEH R TR T UKE ¥ 1% K
B ARSI SRS R B s 2 BT k. B
RE AR Y KoK B W10 I RS AR gk W AR T LA S A
wMERE. KeWafikEkay. mfEkayw.Cco,
KEY IRIEVER YLK &Y AR &K &Y. &0 L
T IR0 R T R L K BURL L 22 AL B R R R
S R 5D 4 07 3k A A P RE L DY K & 9% IR Y
b P s R s

TEKE W - CO, K & W X R 558 19 5% W B /> - K5 W)
FRWEM COP 7l Lk #) 8.0 s s it . i Tl LR
PR [R] BR ¥ RV 50 07 3% » DL K & W98 R R A R
S SE S I AIE R . RS AERT TR R B E R A
JB o 38 G 7K G A T B A R RE LB R O L K A R R
W5 L SR b e 5 T 1 B — P R R .

Yan -5 A7 — BB LI % PE R GE % R G
T A B R IRUKAE B T R G T S B4 Xs 47 5
Ve HLLE I DA 58 AR IR SO0 M . 7R JE AU — AN RS
VERR ST P HEAT T RGBT 5 B 50 % BLAS A 4 e oK
Ve FE R LA MR R TG B F R AR R B A A
Y JiE 1 B A R BN ZE T 1 1 49,500 B IR E) 19.5%,
H 56 REON 7220 B AIRE 55.700. 4545 T AR H
FIALBL R G R s AR 08 1T LR 5
VR A8 W) ¥ VAR K Al 6 A R R R O R B R SR
YT TR A R S B A O RO . R R

BE237H [ 2021 £7 R | R@SH

BT T o A XRE R R 45 3 RE SR S5 & 1 B B
RFIREREBOR A AR RE IR A U R MG AR R
4 B S 1]
5 RS RE

WEFE R - FTAR S 1 T W AR 25 I B 3598 . 76 T
L e 0 I B At A 1 ¥ L T AR HL TOD Y AA  R
R GERE AT o [ AR ZE 5 0% AR 6 A 1 % BT DL
DV JBE DN IR RE D Bl O AT TR B RV OR . R B
5V PSS AT LA v I K 5 S A A 8 RUBOR - R 2
TR IKA Ly R A IR Y PR PR R 2 AT AR T
ke {5 ) #9 [] Bt 447 ke 1 A R A R O B ) R T L RE
AT P AR B0 I AN SR W H 0 2 A 1 T e L RE B R Y
HEJT LA H £ 2 BIRTE. W ERFERER T, B HOR W
TF 5 B2 30 7 JE A Of i v B DR R % i e R g i
WENG . HAE R RAES 5 W BF 50 % 2 S
e WFIE A E AR A BC Oy 9 53 T 1 4 o A1 %0 S ] ) 32 =5
SR — 2P A AR 250 9 i HLAE v I Hp 4 1o T[] I
TR RS AR 0 M T R . TV R O L O i B
EEVR B BOE JBAR R DA 2 5 0 X ¥ IS AT Y
LR AR B S0 2 A0 #9380 B9 R RE B 8D
ST A B 1 v FR R C LA K I A S AT AR .

5% 3k

(U] AR MELH, 05 I3 SR AR 7 i R B v 42 Jo BUR 5 SR A 3 (7],
ML i 5 W, 2020(8): 35-37.
ZHU Yan-mei, YANG Wei-nan. Analysis on the development status
and policy recommendations of agricultural products fresh-keeping
cold storage[J]. Agricultural Machinery Quality and Supervision,
2020(8): 35-37.

[2] AN, ReAT L. Vo R BAR B v JAE 1Y
53-54, 3.
SUN Zhong-yu, CHENG You-kai. The status quo of cold storage

RE A2 [J]. 15 Bk, 2007(7):

and ways to save energy in cold storage[J]. Energy Saving, 2007
(7): 53-54, 3.

[3] AR TNK, JA SCAH. Bk v M 504 O 2R [T]. f A% IS S SE
2017(8): 10-14.

LIN Wei-bin, ZHOU Wen-nan. Discussion on commercial electricity
price reform policy[J]. Price Theory and Practice, 2017(8): 10-14.

[4] X4 -, JEAR, PRl BH. XU 53R SR RS [I]. B
REVR E 3, 2020, 7(3): 1-5.

LIU Jin-ping, TENG Lin, CHEN Xiang-yang. Development trends
of district cooling supply and storage technology [J]. Southern
Energy Construction, 2020, 7(3): 1-5.

[5] BRI % BB H AR ALK 7= i ¥ Y% 2 g8 vh B 5 43 B [C)/
SR XU LRSS IR ORI 3. B M A
HLHL T2 AL, 2009: 427-433.

CHEN Fang. Application and analysis of energy storage technology



&M | Vol.37, No.7

in aquatic product cold storage refrigeration system [ C ]/
Proceedings of the Fifth Science and Technology Forum of Me-
chanical Engineering Society of Thirteen Provinces, Autonomous
Regions and Municipalities. Kunming: Hainan Mechanical and E-
lectrical Engineering School, 2009: 427-433.

[6] ZHAO Yi, ZHANG Xue-lai, XU Xiao-feng. Application and
research progress of cold storage technology in cold chain transpor-
tation and distribution[J]. Journal of Thermal Analysis and Calorim-
etry, 2019, 139: 1 419-1 434.
1IR30, BRIGZR. & ¥ R TE ¥ P L [J]. 9% £ R, 2002
(4): 31-35.

SU Wen, CHEN Ru-dong. Application of cold storage technology in
cold storage[J]. Refrigeration Technology, 2002(4): 31-35.

8] 1 KAl . =T AH AL A R B0 V% 2 A R 2R G T B AL fR (D). TF e
IR K%, 2018: 15-25.

YANG Tian-run. Design and optimization of cold storage energy
storage system based on phase change materials [D]. Jinan:
Shandong University, 2018: 15-25.

9] FhiFh, M4, A e, %, L ZREE VR PRI BTH AP R
T, 2020, 200D 66-71.

SUN Jing, CHEN Quan, WANG Xi-zhuo, et al. Design and perform-

(). fREES

ance of ethylene glycol cold storage storage[J]. Preservation and
Processing, 2020, 20(1): 66-71.

[10] SRR, 223k 2% 25 R 1] ¥ 2R GLAEv8 e op i B F 52 [D]. K%
% T K 2%, 2008: 17-30.

GUO Wei-jie. Application research of multi-temperature energy
storage refrigeration system in cold storage[D]. Dalian: Dalian U-
niversity of Technology, 2008: 17-30.

U] SRR, RICH, B A, & M7ZZE &R BRGNS RS
NE AT S [CY/ S5 - A2 T A v s BE R 2 SCgk . 8
] 1 ¥ 2% 2%, 2010: 130-136.
WU Li-yuan, SONG Wen-ji, XIAO Rui, et al. Application
prospects of phase-change cold storage technology in low-temper-
ature cold storage systems[C]/ Proceedings of the 7th National
Conference on Food Cold Storage Chain. Qingdao: China Institute
of Refrigeration, 2010: 130-136.

[12] GUAN Cheng-yao, LU Hai, ZHANG Liang, et al. Regulation of
the output temperature in a novel water heating system using solid
graphite as sensible heat thermal energy storage medium: Effects
of water tank[J]. Energy Reports, 2020, 6(S7): 160-171.

[13] VIGNESHWARAN K, SODHI G S, GUHA A, et al. Coupling
strategy of multi-module high temperature solid sensible heat stor-
age system for large scale application[J]. Applied Energy, 2020,
278: 115665.

[14] B 30 UK &% HOR TR B AR A7 P B0 B K R SR BT 5 (0], o I
FLTH 24k, 2006(3): 345-349.

CAO Qiong. Research onthe application and development of ice
storage technology in grain storage[J]. Journal of the Chinese Ce-
reals and Oils Association, 2006(3): 345-349.

[15] VLHEVS . Bl 25 vK IR 25 v W8 R AE L 5 v 8o 69 B2 A1 3%

RFEZ HEERAMBREEREREANRRER

Hriil. % 5
JIANG Yan-tao. Application prospect analysis of dynamic ice

Z5 9, 2015, 15(10): 5-9, 36.

slurry cold storage and wet cooling technology in fruit and vegeta-
ble cold storage[J]. Refrigeration & Air Conditioning, 2015, 15
(10): 5-9, 36.

[16] A2 A AR i (57 PR 05 K 5y g A Al 2 705 B o 98 BF 5 (D). B ¥
b EEIE KR, 2011: 98-101.
BAO Hua-shan. Research on thermochemical resorption refrigera-
tion driven by low-grade heat sources [D]. Shanghai: Shanghai
Jiaotong University, 2011: 98-101.

[(17] ). B ST ALER MR IR AR AL AR il & S MEREDF5E[D]. ) M:

AT BT R 2, 2020: 2-7.

WU Tong. Preparation and properties of magnesium-based
inorganic salt low-temperature phase change materials[D]. Guang-
zhou: South China University of Technology, 2020: 2-7.

[18] ZHAO Yi, ZHANG Xue-lai, XU Xiao-feng, et al. Research
progress of phase change cold storage materials used in cold chain
transportation and their different cold storage packaging structures[J].
Journal of Molecular Liquids, 2020, 319: 114360.

[19] SR EE1. 2 £ 4 KI5 52 & A 2L & v 50 i BT il K 1k e F

FE[D]. A1 K FE: WALRH K2, 2017: 46-52.
ZHANG Zi-heng. Development and performance study of hemicel-
lulose resin composite phase change cold storage agent[D]. Shiji-
azhuang: Hebei University of Science and Technology, 2017:
46-52.

[20] MELONE L, ALTOMARE L, CIGADA A, et al. Phase change ma-
terial cellulosic composites for the cold storage of perishable prod-
ucts: From material preparation to computational evaluation [J].
Applied Energy, 2012, 89: 339-346.

[21] LEDUCQ D, NDOYE F T, ALVAREZ G. Phase change material

for the thermal protection of ice cream during storage and trans-

portation [J]. International Journal of Refrigeration, 2015, 52:
133-139.

[22] KT, Ju P pH. — AR fef ] A2 6 ME AR B8 B R 11222820.0[P).
2017-05-17.

LIU Sheng, FAN Zhong-yang. A composite phase change cold
storage material for cold storage: 11222820.0[P]. 2017-05-17.
[23] B2k, PRAF 2, XU H H, % -2/ Wi+ 24
FHAS St REAE R ) 48 55 4 B BT 22 D] 1% 2 4R, 2016, 37C -
60-64.
ZHANG Xue-lai, XU Wei-wen, LIU Tian-tian, et al. Preparation
and properties of lauric acid-decanoic acid/tetradecanol-dodecane
composite phase change energy storage materials[J]. Journal of Re-
frigeration, 2016, 37(1): 60-64.
[24] BREEN, TR, ITBEWL, 5 KA R+ Tk E G AR
BB PEBERT ST )] TR B 24 4R, 2015, 36(6): 1 307-1 310.
CHEN lJia-jie, XU Tao, FANG Xiao-ming, et al. Study on
properties of expanded graphite-based dodecane composite phase
change cold storage material[J]. Journal of Engineering Thermo-

physics, 2015, 36(6): 1 307-1 310.

231



232

R BR ADVANCES

[25] ZHAO Yi, ZHANG Xue-lai, XU Xiao-feng, et al. Development of
composite phase change cold storage material and its application in
vaccine cold storage equipment [J]. Journal of Energy Storage,
2020, 30: 101455.

[26] JERET7, j9 LB, WM. Y VR B AL A AH I BV MR I A S

AR 6 (7). 16 07 B0 K, 2019, 47(5): 218-221, 226.
BAN Chao-fang, LU Li-xin, PAN Liao. Preparation and perform-
ance evaluation of refrigerated composite phase change cold
storage materials[J]. New Chemical Materials, 2019, 47(5): 218-
221, 226.

271 BT, TLHEV, T AR AR & v R TE /N BY R 4 10 15 T A0

WFFTHE R[], H1¥ 52 98 (1D, 2020, 34(5): 558-564.

XUAN Zi-jie, JIANG Yan-tao, WANG Lu-lu. Application and re-

search progress of phase change cold storage technology in small

equipment[J]. Refrigeration and Air Conditioning (Sichuan), 2020,

34(5): 558-564.

O EE, 5K, XA —RhAH AR B ¥ % H: 20344412.7[P]. 2015

10-07.

FAN Guo-bin, ZHANG Wei, LIU Jun. A phase change cold storage

device: 20344412.7[P]. 2015-10-07.

Forgs, BAEA, TEE. —FMH A E % RY: 20250748.6[P].

2017-10-24.

WENG Li-kui, ZHAO Wei-jie, DING Yu-long. A phase change

cold storage system: 20250748.6[P]. 2017-10-24.

[30] IX F 3, ol EOME, W . AR A A R SR R v R 4
10974265.0[P]. 2017-01-25.

OU Zi-qiang, GU Yu-hui, LUO Ming-yan. Phase change cold stor-
age device and cooling system using it: 10974265.0[P]. 2017-01-25.

[31] &7, AHEAS, BRENME. — R 5E T AH 22 25 v HL ] 10 v 4 3 e
BT IR E R OJT % 10006008.2[P]. 2017-05-24.

GE Lei, YU Shi-jie, CHEN Jian-hui. A high-precision liquid-

[28

[29

cooled percolation temperature control device and method based
on phase change cold storage mechanism: 10006008.2[P]. 2017-
05-24.

[32] X W . 3 P T I 0% W AR 22 B R O A ) A B AR A8 B il AR

TE I BA Y2 78 4 2 A Dt v 19 T (D] AE e o N IR A R
FERER P BE, 20100 1423,
ZHAO Jian-hui. Development of phase change materials suitable
for blood vaccines and application of phase change energy storage
technology in the transformation of military cold storage
containers[D]. Beijing: Chinese Academy of Military Medical Sci-
ences, 2010: 14-23.

[33] SR 4R, ARICTH, i H OB, 4. T A vk 508 i v 0% 1 i
FEPEI LR TE[I]. 9% 2# 42, 2012, 33(5): 66-69.

WU Li-yuan, SONG Wen-ji, GAO Ri-xin, et al. Experimental

study on constant temperature characteristics of cold storage based

on plate ice storage[J]. Acta Refrigeration, 2012, 33(5): 66-69.
[34] WANG Chang-jiang, HE Zi-tao, LI Hai-long, et al. Evaluation on

performance of a phase change material based cold storage house[J].

Energy Procedia, 2017, 105: 3 947-3 952.

BE237H [ 2021 £7 R | R@SH

[35] ZHU Xian-feng, CHEN Huan-xin, LIU Guo-feng. Affecting factors
of cold storage capacity and charging time of hold-over plate[J].
Railway Locomotive and Car, 2002, 24(2): 37-39.

[36] LI Xiao-yan, WANG Xue-lei, MIAO Xin-yue, et al. Numerical
simulation study on performance optimization of cold chain cold
storage incubator [J]. Energy Saving Technology, 2019, 37 (1):
87-90.

[37] 3k 4, FIIR, 2557 [, 45, B % BA S 5 B % 1 S2 18 IF 55 [J].
G T2, 2015(1): 64-68.

ZHANG Zhe, WANG Sa-sa, LI Li, et al. Experimental research on
freezing and freezing of cold storage plates[J]. Low Temperature
Engineering, 2005(1): 64-68.

[38] HRFH, XL, AR Hi 5%, &5, TR 25 v AR 2 mill 7 Ot % e i

B2 5 1 U F 72 (0], WAL PR BLB, 2020, 48(3): 68-72, 78.
SHAO Yang, LIU Qing-jiang, SONG Rui-ting, et al. Experimental
study on the temperature field of cold storage by reducing the heat
of defrost by the top-mounted cold storage plate[J]. Fluid Machin-
ery, 2020, 48(3): 68-72, 78.

[39] R\, XU IL, R Fi ot S5, TCE 25 v AR & A2 A I 2 R i

S5 m []. £3 5 S UM, 2020, 36(12): 85-89.
YANG Feng, LIU Qing-jiang, SONG Rui-ting, et al. The influence
of the top-mounted cold storage plate on the temperature
fluctuation of the cold storage during defrosting[J]. Food & Ma-
chinery, 2020, 36(12): 85-89.

[40] Y8 H, XITE, IR AR, S5 2 WA O SO B A AR
HRE IR [1]. % £ AR, 2017, 37(6): 51-54.

FAN Zhong-yang, LIU Sheng, WU Wei-dong, et al. The effect of
cold storage board placement on the cold chain home delivery
process[J]. Refrigeration Technology, 2017, 37(6): 51-54.

[41] CHENG Chuan-xiao, WANG Fang, TIAN Yong-jia, et al. Review
and prospects of hydrate cold storage technology[J]. Renewable &
Sustainable Energy Reviews, 2020, 117: 23.

[42] YAN Cheng-chu, WANG Feng-ling, YAN Pan, et al. A multi-time-
scale cold storage system within energy flexible buildings for
power balance management of smart grids[J]. Renewable Energy,
2020, 161: 626-634.

[43] £R, BAZE, skF 5, . T o E ARG E R & M
TR BUIR[I]. B RERLE 5 HR, 2020, 9(6): 1 847-1 857.
WANG Jun, CAO Jian-jun, ZHANG Li-yong, et al. Application
status of cold and heat storage technology based on distributed en-
ergy system[J]. Energy Storage Science and Technology, 2020, 9
(6): 1 847-1 857.



