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ABSTRACT: This paper aims to alleviate the power imbalance problem of the current power grid by proposing a
combination of cold storage materials and cold storage. In order to relieve the load of power grid, the phase change
material can store cold in the low peak period and release cold in the peak period. The thermal properties of different
materials were measured to screen out the phase-change cold storage materials suitable for the temperature of the cold
storage, and the cold storage plates were made and tested in the actual cold storage. Temperature data was collected and
analyzed through temperature measurement points placed in the cold storage. The temperature fluctuation in the cold
storage where the cold storage plate was placed was reduced from 2 °C to 0.5 °C. The coefficient of temperature une-
venness in the cold storage with cold storage plates was 0.56 after 4 hours, while the coefficient of unevenness without

cold storage plates reached 1.2 at 2.5 hours. Compared with the others, the temperature rise of the cold storage with
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cold storage board was delayed by 126 minutes at the highest. After 3 hours, the temperature of the cold storage with

cold storage plates increased by 8 °C, while the temperature of the cold storage without cold storage plates increased by

13 °C. The cold storage plate can effectively alleviate the temperature rise of the cold storage and make the temper-

ature distribution in the cold storage more uniform. In the future, the heat exchange can be enhanced by enhancing the

thermal conductivity of the cold storage material and the cold plate material, and adding fins to the cold plate to

achieve a better cooling effect.

KEY WORDS: phase change cold storage material; cold plate; cold storage; cold chain
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1.1 SARAMHEZER. RENNE

KA ZRAREHL (Perkin Elmer DSC 8500 )
TR Z V8 MR AR AR TR R AR AR IR . R PR . DU
R 20 °C/min AR E I (10 °C ) B H1E]-50 °C,
FELA 20 °C/min BEEZMAAE] 10 °C, 7E 10 °C TR EE
2 min, VATHBREFRIAOHVT:, FLL 10 °C/min 13 0K
FHERA 1350 °C, fE-50 °C F#4% 3 min, 5L
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1.2 BERMHSHRRMHNE

K FHIE B M1 ( Hot Disk TPS 2500s ) il &
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Fig.1 Comparison of subcooling degrees of 9 kinds of
cold storage materials
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MR 1 . K 2 nTHEBRAAR R 5% R IE TR
JE (—18°C) =58 K I 6 FikTRE, HI4Ekd 3 F
AATRIE SR, W45 1. 5. 6 ERHER, Hi%
AT 21T J5 A AR I BE 43 00 S —18.26 °C/~17.32 °C,
~17.39 °C/-17.72 °C. —19.97 °C/-20.00 °C.

i 5 H R ARHENG TS A AR TR fh g
K, TERERIBEIACHTEARTY 68.08%. [RIET, 5C
5 o AT LU 2 B B A A B, R B T B 0T
W, RIARE, SR ERK (WE 1), FmEIK s
SEBRMEL,

1R EE/°C
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GAZERWERS 6 BERME, HMERE N
—19.97 °C, 1A BRI AHARIEI, TG ERETE T H R
AR AR K B , AMEAELR LG, etk
J—18 CCHREMIE R

1.5 ZEitHE

RS PR B = A, SR SR AL, 7
RN RE B, BN 150 mm, & AmiES
Z (R ERIR T ).

R N B T (O, ) 2T Bl S5 L 34
0. WY 0, IR AT 0. HEIPLBE
Wi Oy BRAERE Os, Bl 0=0+P0O,+05+04+0s. P
AT A, BRI FRGS A PO 1.3, HhvA 1A
B, fF BevR s e S R G v s el AN EA T K
Ljh, lﬁlﬁﬁ Q3:0 W,

1.5.1 BEPERHRATE
Rl gt a3 = (1),
O =K-4-0(t,-t)) (1)

®1 TEERFERNEHHETZEE. BANSHAY
Tab.1 Phase transition temperature, latent heat and thermal conductivity of different cold storage agents
before and after cycling

. S W) mmiee PR
PTERMHT RIS PRERET RIS UERRET O PEMS
1 5 (15%)5 NH,CIQ25%) R R 12 2 265.07 259 -1826 -17.32 057 0.58
2 R4 (17%)HitE SR 4N (4%) 266.06 240.3 -16.03 -16.18 0.62 0.61
3 NaCl(20%)+KC1(6%)+MgSO4(1%)+ % JF K (1.5%) 237.67 2295 2281 —22.82 06 0.55
4 L B Q25%) IR+ H AL (35%) TR 256.14 230.3 -23.06 —23.06 0.56 0.56
5 TMP(10%)+NH,C1(20%)+Ti0,(4%) +PASS(1%) 219.15 1492 -1739 -1772  0.76 0.72
6 NH,Br(6%)+NH4C1(24%)+SrCly(1%)+ & Ui (5%) 2452 242 -19.97  —20.00 0.52 0.51
7 NH,CI (15%) 290.86 263 -15.17 -15.78  0.61 0.62
8 TN =(50%) A5 LN 0%) AR M BT E L 1.5 : 8.5 245.94 2283  -24.64 2455 0.6 0.61
9 NaCl (20%) +K,CO5(5%) +NaS04(1.5%) +CMC (2%) 156.57 72.5 2292  -22.73 0.6l 0.63

T R AP BTN & B B - R R
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Fig.2 DSC test enthalpy diagram of 9 kinds of cold storage materials
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Fig.3 Comparison of subcooling degree before
and after cycle of No.1 coolant
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FAMU P ABEIREE , °C; 4, R AP S5 K P00 A JE P IR
JE, °C.

R SEAA R ISR 150 mm (3R &R, #95 JG/T
3142012, BWEPGHIRIIEIRZEL K=0.024 W/ (m*°C).
G @ A S IR B R, R RN (R 0.6 mm ),
HPBH AR T W2 7T DL Z WS AT, PARH B4 B L 3=
2. Bl S M AL SRR A=77.6 m*, A% (BRI
BETTFFME ), 245 V% 5 (R Zh % 0 R BB IE R BCH 1.30,
Flir 2 )2 85 A BHTFE WL (2),

R:R1+R2+-~~+Rn:ﬁ+§+m+% 2)

n

KA R LRy, o R AT BB, m* K/W
O1y Opy woey O NAFIMBHRERE , mm; Ay, Ay, -+,
In RS FIR B SR KL, W/(m-K),

BE T AL R B K=0.158 W/(m*K), #15 ik EH %
R EINTE BFEREN 30 °C, FENEER
FEH—-18°C, B f,=—18 °C. idit5, nlHIE 4
3G 0=7T70 W,

1.5.2 HYRE
A E L (3),
0,=0,,+0,,+ 0y + 0y =

L|:m’(h1 _hz) +m'B Cb(el _02):|+

3.6 t )
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2
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Oy AAEMEFLIZE THMG, Wi 0, HIYER
AU AP IR, W5 Ooq S T V8 SIS 1 IR i
Wi m e KB R H 525, ke by ASTHIEEAR
H )] UL I ) 5 AR 5 KD/kg s by N BTHITEVR R
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Tab.2 Thermal resistance calculation table of enclosure structure

B 2 MER/(W-m K"  JEESm EKEERRE o/(Wm K HBH R/ (m-°C-W )
RABRILIR 0.024 0.15 — 6.25
JE P R T — — 12 0.083
PESNRTH — — — 0
SRR — — — 6.333

I TAEWE] s B M SR m Rl oig 2 T 1 &
BAR; o MM B EGZE T B,
kJ/(kg-°C); 6, AAISEp R oz 3 T 5 3E AV HI T
FITEEE , °C; 0y WM Rl aiz 2k T AR AN &
IERER AR, — BRI HR A R, °C;
g1 R EPR R UR IR BB I A, Wike; g M
YA LR R PEI R, Wikg; m, R E]
v e E] Ve R, kg

FRAE ¥ PRV TR ) #2759 2R R 25 2 N
470 kg/m’®, JEACON RIS I, A% E A AR
RN 0.5, ZERE N EF AN 504 m®, R4
H k0 i m'=587.5 kg M4 (R ERIR BT ),
AAF LRGSR AL S S AR R I —15 °CHE kS
fH h=14.2 kJ/kg, 21k FEIR A J ] IR B A —-18 °C,
1E-18 °CAf A H hy=5 kI/kg. WG (BRI
WitFM) BN, Ak RERNERRE BN
0.3, GLEEMBHERA LI LA R 1 300 J/(kg'K),
FLAER R P 5 28 TR A R =15 °Co Yok Py ]
TP 0 208 T my=11.75 t, PRIV % S VA 45 ) 8 ik
B, YT, B On Fl Qra ¥ O W,

A (3) IHEA BRI 78.46 W,
1.5.3 HEIHIZHERE

R B HLIE 5 Pt O HYTHEE L (4),

0, =1000) P,&h (4)

K. Q) WHBIHLEF G, Wi Py HHIHLE
ETPR, kW3 & REAL R, B shBLrER E0E Y
B 1, HBhHLIER HIRI AN E 0.755 b Sy e shillis 5 i
[R5, XTSRS AN ESIE 1, T4
HI] P At 15 A T P 1 ER SR T e S A L LA

L S HL IS 78 2 BV KHIL AL, ¥ 22 ¥4 AL IR
U4 1170 W&, X B 1 d B34 s R
2 ho MK (4) HHEAE 0,=195 W,
1.5.4 REMRE

BRVEPGE Os T LS (5).

Qs = QSa +Q5b +Q5(: =

' _ 5

qﬁwg%+mm%m;fﬂMm+§yﬂr (5)

Arp: Os HHRAERGE, Wi Os, WIRBIIGE, W;
Osp NI TG, W, MEARHIENR R T ECE B
i 2 W, RiAE 2 AT Ose MIRIE AN DRy,

W5 qa R REF-J7 oK MU TR Y BRI A g, 4 J ) R i
PKIE AT EL 1.8 ~ 2.3 W/m?, il T [8] 5 ] 25 ] B 4.7 ~
5.8 Wim®; Ag AAHIEME R, m*; n\ NRET]
P s m AR P S REL, T (R R
L) B 19-2 BUE, 25 TR 17 H ) 40 R B
AL SEBRAE BUEUE s v, A HIE N B AR R, me; A,
e HIE b 23 S HeAE , KI/kg; by 8 HIE] N 25 S
Pk, klkg; MORAZSSRBCRIEIERE, WTHLO.5,
AR TR po AR EBI N ERE, kg/m®;
3/24 R HIRERNRI R 5L, B HEE3hIE; nh
BEE N BB, IR TCT i R S PR E ANB, nT A
250 m’ W HIEARRL 1 AT g MR ERE B R AR
i, W, BHIEHRE & T T -5 °CRTEL 279 W,
T -5 °CHTHL 395 W,

IR BEH A ¥ 18] gq B 2 W/m?, T AN 20 m?,
WREITECE R 1, JRT TR 1, BRaIm A2
KB AE N —17.1 ki/kg, ¥ HIE] 828 S0 L kS
82.5 kl/kg. WWRFETE S hr, BRMMFRBIERE
M1, RHIRIA B A SN 1.385 kg/m?, YR HIA] Y
WIHREEAL T -5 °C, #A/EAN G- B 395 W,
WG (5) 71 O0s H 169.2 W, $ EidiFR g5 R
SAHE 0=1212.66 W,

R T HERRSCR A, K E RN RN 1.1
o MRS 2R B HI | O~1333.9W,
B4 i 22 6 X BT e Ve ok 1 333.9 W
1.6 BERFINIHE

SIS BRIV R R A PR, PRI
—18 ~ =17 °C, FZLFHF /K= F AR A I 8K o SMER R
KB 5000 mm. FEFF 4 000 mm., = 3200 mm, FEp;
MEEFNZED 13 R R 2 B iR PR A R, JEEER 150 mm,
JEERFUN 50.4 m®, HAFIR A RA04A, ZEK 7%
RV RAL, TR SRR E Q,~1333.9W, "M
FEE BTNV o AHAR BV v M I3 ¥4 LA 35 2 1K
A5 B ) TAE TG SR E VAR | TR A 1 ]
DLVE & R R AF 0998 1, SRS Ve RGN is 1T
B, DAV ST A, MHAS &R A RA AT DL
JE T ML B B R TR

WS BRE SN 6 h, HHE ARG
1, B 6h WAYEEH O=1333.9 Wx6 h=28 812.2 kJ,
AN BV E R ( NH,Br+NH,Cl) ( JFi #7051
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30%) + SrCl, (it 4r8t 1% ) +B R (i 54
5% ) AR E R MEL, WA q=245.2 kl/kg, B p=
1417 kg/m®, FEXRFUABHE LA (6),

yotax (6)

qp
L vV RELAFER, m’; 0, WERHE
B, kI; g HERRIMEIN, Kikg: p HEBRFIN
R, kg/m’,
RIE (6) HABRERHIAAER 1=0.091 m’,
Bl 91 L, P iln il 129.3 kg

2 ERREME

21 BRWHHE

TS BVl 2, 5 =AW AT B A L
SR B A3 A B N34 A9 20220 A M ik JLAT IR SH LI S
TEVS WAL T ST [F]— = BECE 24 SeE Rt (4%6),
HNSERE T P B £ (HDPE ), BRHLE A 2
BUR S Lo i TAHAS AL BHE A A A 25 e A AR
45, MAEGIRERHTHEA 4 L ER ML, #ERN
AR S EOM T . H14% 24 BB, TELFEPE
WG Rk W, BRI S B R L,
ILIE 6,

N

)

358 mm

o) =3
|

HI @ 9 9
L

Q =

605 mm

()

35 mm

K5 &R BILMAIRGE

Fig.5 Dimensional drawing of cold storage plate

2.2 TIWHEABIERSH

W REVEE IR E N—18 °C, 1EHUE I & WU TS
MV AILAL , 15 &5 v A I L T8 I 1 IR S T &
% TEEIRE Wik B -18 )C HAAE )T , M HIAHL,
EE R RS LIRS E PRI . SCI0 I R A IR S IR
25°C,

L LA A R L s R L IR
KB L BRI RS S T A AR A, e
VA PN L BEE A 0 R P AL ( TestWord 3492A ),

R T G b IRAS R P BT E A A IR A
ERF3E, TESEERNO02m, FEEHEN1.2m,
FEREER 22 m, BEBA S ADUEL, 5 AW
OYAAE 4 AN FVERITRL, UL 7. BEANIIR SR 2
AR RS, R T EPIREE I, 7E 2
WER RN HCE TS (HEER KAUFE T4 ),
DLT i 35V BBV 1 2 (AR B AR AR B 0 o 7 A58
MAAEA 2 R (S50 TERRMIKH. T
BB ), LA R AR IR AL, B 60 s it 1 IR
R EEL AP 1) T S A

£ 6 h SLIRLE R, 81T Origin AR AL FLR ALY
B, 15 205 R BEE R AR AL O R o S N T B
P ] 118 25 £ 155 B UL ] 8.

MR 8 AT, HEEIR M -20 °ClalFHE]-12 °C, £
BV PRI HE I E AR A T B K HEZR T 37 min;
MR ETHE-6 °CR), S R AELE T 126 min.
X R E VA MU B — R B B T8) A BE B G s B A i
RIEBEVRRR . A, RBUE AR i 5 3 A
AR AR B, X A T SR TR E A
TR T AT o M R Ry L3 A A e A
T A B EAE S MU IE N 7, hia] AP e (i
LB EAEBE R RS E R E R, HA 4 NEREE
LU BB M T . B CE R B A B
2R PSR R A ] TR, T
BB T A A R Sk IE AR TR ER R HN S R
e, Em S A FENIRE R E . TERE TS
T 2

,_%‘EEH‘F%%J — PR it
e HRL = ﬁgﬁi
e [ g:
I ——
i e | s
_ I
a M b i
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Fig.6 Schematic diagram of cold storage cold storage board layout
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Fig.7 Distribution map of temperature measurement
points in cold storage

BEAR, TR I0E ¥4 B T LA ¥4 PR A T 40 A7 T i 3
Ao TERENHRERIRE IR F]-12 °CHf, JCE AR EN
FEATFRRES B A-11 °)CHI-13 °C, &2 2 °C;
WINT EAR WA N LZRT 20 25 R
—11.5 °CHI—12.5 °C A F AR B NN E A X B4 iR
FER g/ T 0.5 °C,

H T BB IR A S, 5l AR BE R )
RS, RIS AR S FoRIERE— B 2 AR
[R5 P S5 B w25 A, S BUE R KRR T
PR B 3 )bk 2%, HO R Lt (7)),

Szg(if) -

Kb 4 NS NREN SRR, °C; A
R E AR, °Cs n 9 PR RE I 5 A R i

Zeb T, AN TRl ] B AT TG & ARV FE B IR N
WIS RBOLER 3,

ARVE I, A BRI IENIREAR S RS
PPNT IR AR R So ARAEAS [A) o7 B 5 v A i i
FERAE AL (LA 9), A& v M & I TR 7o A B
sy, HIHG B TG & v v e B RE ARG, il
BT A R A B A VRO A A, BT TR
PRCROCR . A B XS BT R A,
T L SRR it DR i A P PR A2 B

TERT 3 h A, SEIT UL &5 v A il B2 b T i AR
/N, BERE SN ORI A BV R, FEALETTIE R
PR EE b TR, T L B i bk v m R ke, S
¢ T ENIEE BT

B2 53 Al RE A SR DR 2 P 1) S e PN BEAR SR8k
BN TR AR 1T A4 128 A DI B2
T, B AR P V8 A R A P 22, It
il AE I Ve B AR Sy R R, SESE TR NI A b
Tho s S A B, O VAR AT LA R PR it B
AT S BRI, JF HAEV PR SEAILR REAS S8 it 2 f)
BTt FERIRHLALOCH 2 h 5, ToE RS TR
JER-11°C, MW BMEN+] °C, A E R EF-H
IR R—14.5 °C, RIEZWSHER=0.5 °Co BT HA)
AV R U RERSAESF 6 h B PRIRAICR, A
VLR N s AL aR) e SRERL) NI
M LA IE R T, Zefi TR fader, JA T
WA TR IERBIT Y . SERETHR T 2B, 1
IRAERI L HLS B 6 h WA R EITE, 7385
KM EZAM TN BRI R AR BN,
SEOBVS IS, BV R REARTH P 25 1=
ARG, S EUER BTt
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Fig.8 Comparison of temperature fluctuations in the verification experiment library
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x3 AREMERENHBERESE
Tab.3 Temperature unevenness in cold storage at
different times
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Fig.9 Temperature distribution map of different planes
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