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Design and Performance of Composite Cold Thermal Energy Storage
Plate in Medical Refrigerators

Chen Junwen Wang Yu Cheng Feng

(College of Urban Construction, Nanjing Tech University, Nanjing, 211816, China)

Abstract To optimize the thermal performance of a medical refrigerator, a composite cold thermal energy storage plate was considered. A
design scheme for a composite cold thermal energy storage plate in a medical refrigerator with a uniform and controllable temperature field
was proposed. An experimental platform was developed. A medical refrigerator and the composite cold thermal energy storage plate were
designed according to the principle of composite cold thermal energy storage. From the perspective of the equal mass scheme and the equal
phase-change latent heat scheme, the inner-wall temperature change and cold thermal energy storage time of the phase-change materials
(n-tetradecane, CaCl,-6H,0, and water) in the cold thermal energy storage plate were compared. It was found that an equal mass
combination of 1.5 kg n-tetradecane in the inner layer and 1.5 kg CaCl, -6H, 0 in the outer layer of the cold thermal energy storage plate
produced the best performance. Further, the cold thermal energy storage duration, average temperature, inhomogeneous coefficient, and
the cooling discharge rate of the cold thermal energy storage plate with the best performance at 2—8 °C were compared with different
positions in the medical refrigerator ( horizontally located on both sides, stacked on both sides, diagonally placed, and perimetrically
placed). The results indicated that the composite cold thermal energy storage plate placed diagonally had the longest storage duration; the
average temperature for the four placement positions was within 2—8 “C. When the two sides were stacked, the inhomogeneous coefficient
was the lowest, and the cold discharge rate of the cold thermal energy storage plate was the highest. Considering temperature uniformity as
the priority, the cold thermal energy storage effect of an equal-mass combination scheme stacked on both sides was preferred. The
experimental results provide a reference for promoting the application of composite cold thermal energy storage plates for medical
refrigerators in cold-chain transportation.

Keywords medical refrigerator; phase change; composite cold thermal energy storage plate; temperature distribution; placement
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Tab.1 Performance parameters of different thermal

insulation materials

; KEH/ SRR Wb SENHE/
bk , . o,
(kg/m’) [W/(m-K) ] Mg (J6/m")
N RAY R 130 0. 004 A% 180
EPS A 18 <0.042 B1 %% 30
XPS H ¥R 45 <0.029 B1 % 60
RABEILIR 50 <0.025 B2 %% 160

WIHRBEES  130~160 0.055~0.058 AL A% 135
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Tab.2 Instrument parameters
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Tab.3 Thermophysical properties of phase change materials

FERR HAAZ IR/ °C AHASE A (kI kg) 1/ (kg/m’) SREF/[W/ (m-K) ]
NaCl -11 153 2165 0.590 0
IE+ ke -6 285 1 041 0.5710
CaCl, -6H,0 5 227 767 0.543 0
Na,S0, - 10H,0 30 254 1 464 0.753 2
K 0 335 1 000 0.550 8
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Fig.3 Layout of temperature measuring points
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Tab.4 Cold storage duration under the combination scheme of equal mass
W2 HhE Epedi
MR MARIRE/C Fik/kg  HARERVE/ K] kL RIS /C Fikt/kg  A/BMEAE/L) K/min
7K 0 1.5 502.5 CaCl, -6H,0 5 1.5 340.5 198
7K 0 1.5 502. 5 IE+pude -6 1.5 427.5 151
TEA P -6 1.5 427.5 K 0 1.5 502. 5 250
1 PUbE -6 1.5 427.5 CaCl, -6H,0 5 1.5 340.5 277
CaCl,-6H,0 5 1.5 340.5 IE+PUbE -6 1.5 427.5 167
CaCl, -6H,0 5 1.5 340.5 7K 0 1.5 502. 5 230
RS EHETEREESHFRTELMK
Tab.5 Cold storage duration under the combination scheme of equal phase change latent heat value
W2 HhZE Epedi
PR AR/ C Fil/kg  AHAEWEAE/KT g MASIREE/C JFikt/kg  ARASHEE#AE/K)  K/min
7K 0 1.5 502.5 CaCl, -6H,0 5 2.21 502. 5 227
7K 0 1.5 502. 5 IE+ P -6 1.76 502. 5 134
IE+ g -6 1.5 427.5 7K 0 1.28 427.5 200
IEA Pk -6 1.5 427.5 CaCl, -6H,0 5 1.88 427.5 249
CaCl, -6H,0 5 1.5 340.5 IE+ Pk -6 1.19 340.5 234
CaCl, -6H,0 5 1.5 340.5 7K 0 1.02 340.5 200
o ERBHGHARTRETLE
Tab.6 Temperature change rate under the combination scheme of equal mass
Wz HhE Rl
R AR/ C Biid/kg  AHASTEIME/ K] g MBI /C JFikt/kg  ARASHEE#AE/K)  K/min
7K 0 1.5 502.5 CaCl, -6H,0 5 1.5 340.5 0.002 9
7K 0 1.5 502. 5 IE+ g -6 1.5 427.5 0.011 4
IE+- P -6 1.5 427.5 K 0 1.5 502. 5 0.007 6
1E Uk -6 1.5 427.5 CaCl, -6H,0 5 1.5 340.5 0.003 5
CaCl, -6H,0 5 1.5 340.5 7K 0 1.5 502.5 0. 006 9
CaCl, -6H,0 5 1.5 340.5 1E ke -6 1.5 427.5 0.009 1
MR 4 AL FRaA G T EHNERHNKERL K HZES 10%,

HM:5 °C CaCl,+6H,0 Fli-6 °C IF+ DUk (fiFR: 7%
—) A E R, BRI R 277 min; 3 5 WA,
SEARAR R BV A T R E R KRR R 5 C
CaCl, -6H,0 F1-6 C 1E WU (fAFR: 5 ) M4l
BEBR, BRI 249 min, BA b SRS
FRE BRI T AR REN S T ENER
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Tab.7 Temperature change rate under the combination scheme of equal phase change latent heat value

Mz HhE EEain)

L AR/ C Fiid/kg  AHASTEIE K] g MBI /C JFikt/kg  ARASHEE#AE/K)  K/min

7K 0 1.5 502.5 CaCl, -6H,0 5 2.21 502. 5 0.0119
7K 0 1.5 502.5 1E P -6 1.76 502.5 0.016 0
IE+-pag -6 1.5 427.5 7K 0 1.28 427.5 0.010 8
1E - PubE -6 1.5 427.5 CaCl, -6H,0 5 1.88 427.5 0. 005 8
CaCl, -6H,0 5 1.5 340. 5 K 0 1.02 340.5 0.004 6
CaCl,-6H,0 5 1.5 340.5 IE+PUbE -6 1.19 340.5 0.006 5
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o o £ o W
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7. 7. -1.
7% 50 100 150 200 250 "0 50 100 150 200 250 % 50 100 150 200 *% 50 100 150 200
i [/ /min i []/min i [] /min B[] /min
(@ TR~ (b) HR= () HR= (d) HHEN

B 5 M A REREEN

Fig.5 Temperature variations of four schemes
WAL AR A 0.003 5; T REMERIK N 198 249 min, FIEARLE N 0.005 8; 757 R E R HHK
min , i AR 0.002 9, FIEFIMERE LA H 200 min, REELFK 0.004 6, FIEFREL L]
{XARZE 0. 000 6, BAA T 38 RIS feth Zemg A, ool PRy SR s A

(HE VIS RARZE 79 min, BVE I 20 2.3 45 P R R AT 58 (T 58 —RJ5 58 100) W45 8%
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Tab.8 Comparison of effects of different cold storage schemes on combined cold storage plate

% EWHH VR A BE R A AR
SFRAG R BEASHE(LS kg) HATRM S C CaCly-6H,0 A 5 Fri 414 07 R 04L& 8 % HUE IE 25 1L %8
(LKA -6 C IE T IR A AE R RE R H 277 min 0.003 5,721 F12

SRS e RIS Y I (340.5 K)) TR A 0 °C KIS C S B (B 7 %6 19 414 25 v W T B 75 b %y
(S50 CaCl, -6H,0 FILLAE AR, BB K7 200 min 0. 004 6, b4 FFa

BMEB IR Jg A5 2~8 °C T LA [ M ( Yoko eva Cool JiF 4 263 K T4 {0 0 i, 3 B2 v8 07 R I 504
(X2 HE%E) OB SRR AEAEE B I S b K 10 b BRI AS (LR BT 7 1, IR SRR 5]

F R FNERE R SR ARG E R RN E e R A B AR DA, PR 2. 3
WIS, SSREAETT R GFEMEEPETT ZMEIL,  WRER RS REAH S TR 5 C CaCl, -6H,0
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Fig.6 Positions of nine temperature measuring

points in the refrigerator
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Fig.7 Laying modes of cold storage plates
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Tab.9 Length and comparison of cold storage at each point of refrigerator under different placement positions

VN o L C FeWeik®l 2 ¢ FikFl 8 ¢
) WA bJEssi hRssil TR dlaEdtikm MRS R
PN ik 9. 60 4.75 6.32 4.21 3.72 4.96 3 7
A0 255 ik 9.35 5.13 5.71 5.26 4.43 6.45 9 4
POPEEECEL) 21. 80 6.10 6. 88 6.00 5.41 4.74 6 7
P JE 43k 13.45 5.22 6.45 5. 14 4.07 5.30 3 4

SAPERE . TELLEE VBN SN, M A Ry
DRSS IR | A A A P 22, SN o A
T o BT LA A 8 T35 & PR i L, 0 A AR 7 v I

Rk
312 AWBEAEREEHERENEREEETY
R L

2~8 C LA & R I P ME M,
OV JRAR PR IELEE V- B {EL M, AN 10 B, X 43
(4 M A, PN S TR M d5 i s X AR M,
o, PN RI) M, A, B BRI — B
XA 23 AR I BUR v R R TR T R P 4
{EAHZER, T E 0T AL R A

R10 AEERMREREFHERSHERETFHE
Tab.10 Average surface temperature of combined cold

storage plate and inside refrigerator

B ALE M,/C M,/C
PIF- 3 4.96 4.75
P& i 6.45 5.13
X A 4.74 6.10
MUVSEEDE 5.30 5.22

3.1.3 A NREAR S REMITLE
2~8 C LI T VR J8AH NI BE AN 5] R0 S Xt
FLange 11 s, PRONE LT S Fe/h, R 19. 90 C ;%
BT S Fe ke, M 34.55 °C, WERIZIIG FEREN
PR TR B Ve M 5 AR IR A A e Al ) % 1
Fefih, W B2 5 3B Ve A 8] R B e A PN R B
R AFENRHIRY

Tab.11 Inhomogeneous coefficient in refrigerator

20/ AT S/C
PPk 33.06
P 19.90
X 3L 34.55
WVSEES e 33.45

¥ 5 PRt o TR BT X AR B R S
FEINTRIAR A, 78 %58 71 152 00 466 P9 S0 B8 30 sl e K L
G AN A5 5 W 8 5 s A6 P9 0 R 0 Bl /DN TR
Y45
3.1.4 ERWBELEEMITLE

215 B VR ARAEVR JEAE N BRI B3 m A XS HL 3R
12 flizs o PRINEBONFE I » R, IA3) 1. 205 PR
TRIAE N m B/, K 0. 78, 8 RGZ I 4 ) T 5
DR 5 VA 39 A AR A8 R AN ] Y AR AR T R e s i
¥4 TR SRR PR AR T B P J SRR Ak B A AT
B N IR, T Ak 2 WSO P9 Y8 9746 5[] s AR A2
U 2 AV 1) 25 12 AU WAL Y2 AR P Y2 A7 ey, AT
P T . WIS R ) Ve AR A R OR
T AR =X, T BOM A8 i 22 K, P e PR & il
FF R PN 75 Ve AR R IR BB A B T PR AT T B A P
RO TR 5512

K12 REAABRSESR
Tab.12 Cold release rate in refrigerator
A n
P 0.78
G2 1.20
XA 0. 94
IR 0.80

3.2 HEERMA R HAN KL E RS

AT VA I BV A FAPERE , R
REAEXT AR (5 ¥ P AT ) 0 A 00 e e (3 BE 3
A i) PR IEHOE & A 5256 19 240 5 7 Ve AR AL B, P
T8 07 SR ARPERERT HL AN 13 i,

7 JE B A 24 i B X R Y BOR B R,
B77 1 24 R A%, AR S 36 LA 3l R 2 S 8 S D D0 D
2 L ) 257 R AL 3 VAR CR B

4 #it

HEERHER R T B 258 BUH IR R Ik
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Tab.13 Comparison of thermal performance between two side stacking and diagonal placement
1EoT T M S M

. " . YA EBM6.45 °CAMA 5. 13 19.90 °C, A P IR E 1,20, 46 N &5 4 ke
WA 9.35 b, ERMKAEE M 20 T, ANBES 120, FNECHE

°C 5 T 2~8 CHYEER GBSk U B
‘ e MEERM:4.74 CRMAR:6.10  34.55 C, MR BT 0.94, FINE R HORE
A 208 b ERHRRK M ; A

C i T 2~ 8 CHYELR l-Z S i A bR

THIEE A e it T R E E 2N kR, AR
SCEFXT R 2GR AE N AL G B VR ARIE & T8 &, i
LA BRI ME e e B v WA 5 2574 B4R h 1 42
WO B R BARAE 2 ~8 °C 00T A PERE 52, 15
FNT 458

1) Bk b R A T 255 RE T
ZERH L, BV IR RIS ¥ A o B T 18 A0 A 17 15 BEAE
G AT RINE R BT LA A IVE A A7
TR BRI 10% , 1882 R /N T —F5 1
RTINS

2) 2 RS T B B S0 A S B A A T A
BV RE RO Tl . (IZFE ROy A7 7 B B
B, S0 5 CCRI-6 °C 4145 VA A T 0 285 ik i 1)
ERBIHKALHR 9.35 h, T A E R R K,
DAL, T 00 28 A 1%) 258 e 4 5 85 4 W) ) PR 2574
FCR AT A A v O o 24 B i TS R Y R S R
AL L2 R F A AR AR A AR, R A1
N RSN 1T f

3) AR SCI Y 4 FhFE bR AT A M RE DR HL
AEBEMER, AR T 258 A R kR, H
W NS R B (TR 23 o) A B R B = 2598 TR0 PN 1Y
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PR 2574 AR P ST 47 I B O B AR e K 1 S50
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Z 1] JREEEAE 2~8 C TN, IS5 S
PG N . Y5 T A1 7 58 1 & VR A ) S
PRI N AN 5] R AR/ AR 19.90 °C 46 N TR
A3 AT Fe B4 505 TR B Ve AR PRV R A K, ATk
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