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Analysis of Thermal Insulation Performance of Antifreeze Packaging Based on
Finite Element Simulation
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(University of Shanghai for Science and Technology, Shanghai 200093, China)

ABSTRACT: The work aims to select and analyze the engineering design parameters of the antifreeze insulation pack-
aging box and its internal refrigerant to improve the antifreeze packaging scheme in view of the different low temperature
climates in cold regions and the requirements for insulation time of different temperature-sensitive products at 0~8 °C.
Firstly, the finite element modeling of antifreeze insulation box was carried out to analyze the transient temperature
change and effective insulation time in low temperature environment. Then, combined with the actual test, the model cre-
dibility was validated. The finite element model was used to simulate the thermal insulation performance of box in low
temperature environment. The basic parameters of the insulation box were fixed and the effect of phase change tempera-
ture and latent heat of the refrigerant on thermal insulation performance was studied. Then, the basic parameters of the
refrigerant were fixed, and the effect of the thickness and thermal conductivity of the box on thermal insulation perfor-

mance was studied. The temperature control diagram for the insulation time of box was fitted respectively, and the para-
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meter selection of the refrigerant and the box for different insulation time was discussed. Through the comparison between

simulation and test, the average deviation of antifreeze insulation box model was 4.6%, meeting the engineering require-

ments. According to the simulation data, the engineering design parameters of refrigerant and insulation box were rea-

sonable and could meet the requirements of low temperature environment and insulation time. On the premise of meeting

external low temperature environment and insulation time requirements of cold chain logistics, scientific and reasonable

selection of engineering design parameters of refrigerant and insulation box can improve the temperature control effi-

ciency of the insulation box, which can lay a foundation for the optimal design of antifreeze packaging in cold chain lo-

gistics transportation.

KEY WORDS: cold chain logistics; antifreeze insulation box; thermal conductivity; refrigerant; phase change latent heat
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Fig.7 Effect of refrigerant parameter on
insulation time at —5 °C
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Tab.3 Parameter selection of refrigerant at —5 °C

FRIR K /R FHAS I B /°C AHAS Y/ (KT kg ™)
2 40 ~ 102
4 43 ~ 109
24 ~ 48
6 57~ 141
8 120 ~ 280
2 102 ~ 162
48~ 72
4 109 ~ 206

HPFIRE R=5 °C, TRIR A BERAE 24 ~ 48 h 1,
HBGEPER E VR RIA AR RN 2~ 6 °C, MR AN
40 ~ 141 kJ/kg. PRIRIHCESRTE 48 ~72 h i, Y
PEFE A RIAAAS IR E N 2 ~ 4 °C, MIZE WA 102 ~

206 kl/kg.
SNFHREE —15 °C, BEIRIEAHCILE 8, B
AL 4.

SRFURBE 15 °C, fRIRITHCZORAE 12~24 h
BF, A BGERRE R RIS 2~ 6 °C, AW
HH 54~ 154 kI/kg, PRIEFHSESRTE 24 ~ 48 h i},
AW BE PR B R FIAARRE N 2 °C, HAEBHAN
120 ~ 280 kJ/kg.

HNFURIE 25 °C, 13FMEE K LA 9,
AHTILEE S,

8 AhFLRIE—-15 °CiF & % 7 B 500
PRI K B9 52 )
Fig.8 Effect of refrigerant parameter on
insulation time at —15 °C
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Tab.4 Parameter selection of refrigerant at —15 °C

f W /h ARAE IR B /°C FHAS (KT -kg ™)
2 54~ 120
4 56~ 132
12~24
6 61 ~154
8 120 ~ 280
24 ~ 48 2 120 ~ 280
e BRI K/
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Fig.9 Effect of refrigerant parameter on
insulation time at —25 °C
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Tab.5 Parameter selection of refrigerant at —25 °C
PR /D AHAE R /°C AR PR/ (KT kg ™)
2 40~70
40 ~ 74
40 ~ 83
46 ~ 142
70 ~ 187
74~ 188
83 ~199
187 ~ 280
188 ~ 280
199 ~ 280

5~10

10~20

20~ 30

o A N|a B N[l & b~

HPFHREE 25 °C, PRI EORTE 5~ 10 h 1,
HBGEPER E VR RIA AR IR 2~ 6 °C, MR AN
40 ~ 83 kl/kg; PRIEAFZORTE 10 ~20 h B, gk
PRI BB FIAAS IS Jy 2 ~ 4 °C, M HEHA 70 ~ 188
kI/kg; ARIRAHKESRTE 20 ~30 hif, Bk FRNE
RHIAHARIRBE N 2 ~4 °C, HZEWHK 187 ~ 280
kl/kg,

ARNFLREE 35 °C, 15 EIGHRAT K UL 10, BEEE
SR ILER 6.

PR AT h
20 20
i 15 15
=
=
g 10 10

0240280
200 »y
o 4 17160 @.@
Lo 6 80 . gﬁ\
e 80 «F
K10 AhFHREE-35 °CIf & 18 I S 800
PRI 52 0
Fig.10 Effect of refrigerant parameter on
insulation time at —35 °C

HPFURE 35 °C, PRIR IS ZORTE 5~ 10 h i1,
HBCGEPER E VR RIA AR RN 2~ 6 °C, MR AN
40 ~ 120 kJ/kg; PRIRIFHCESRTE 10 ~20 h i, FY
PEPEAIE L FIAASIRE N 2 ~ 6 °C, HHASTEHACN 98 ~
280 kJ/kg.

3.2.2 ARESMFRBRIFEIRIBAEHEZEDH

VRN -5, —15. =25, -35°C, &4

ARRPE T 5 CCHIBTRE RN, WK 182 ki/kg, 1E
B P B A B RIEAEE L X SRR BGER .
ANFUREE -5 °CHY, S ERRA K ULA 11, 3

ik 7.

x6 SMNRIBE-35 CHERTSHIEE

Tab.6 Parameter selection of refrigerant at —35 °C

ARV K /h AH AR I /°C HHAS (KT kg ™)
2 40 ~ 98
4 40~ 107
310 6 40 ~ 120
8 77 ~ 200
2 98 ~ 240
10 ~ 20 4 107 ~ 280
6 120 ~ 280

<
K
=
=
&
P11 AN S SCHAS 2 Bt
PRI A R
Fig.11 Effect of insulation box parameter on
insulation time at —5 °C
KT HFRBE-S CHRBHESHIER
Tab.7 Parameter selection of insulation box at —5 °C
fREEE /A FREE/mm S ER/(W-m K
20 0.041 ~0.075
30 0.059 ~0.075
35 0.064 ~ 0.075
24 ~ 48
40 0.071 ~0.075
45 0.075
50 0.075
20 0.024 ~ 0.041
30 0.039 ~ 0.059
35 0.042 ~ 0.065
48 ~72
40 0.046 ~ 0.071
45 0.049 ~ 0.075
50 0.053 ~0.075
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YA TR IR -5 °CHY, iR K SR 7R
24 ~ 48 h, PRIBAEEE B BGER: 20 mm A£47, FHRR
BEPE 0.041 ~ 0.075 W/(m-K); {4 5B Bk A1
48 ~72 h B, CRUEAEE @ UGERE 30 mm 247, &
PARBEEFE 0.039 ~ 0.059 W/(m-K).

HMRURE R —15 °CHE, 3 8 SR AT ILE 12, 3%
BT HTILER 8.

0;(;15 . 350 045

oy, 0.060
i, 0.075

Bl 12 SRR 15 cCRFE RS HOon
ERUNRN A
Fig.12 Effect of insulation box parameter on
insulation time at —15 °C
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Tab.8 Parameter selection of insulation box at —15 °C

AR /A R/ mm SREB/W-m K

20 0.018 ~ 0.041
30 0.024 ~ 0.050
35 0.028 ~ 0.059

24 ~ 48
40 0.032 ~ 0.068
45 0.036 ~ 0.071
50 0.040 ~ 0.075
40 0.020 ~ 0.032

48 ~ 72 45 0.022 ~ 0.036
50 0.024 ~ 0.040

MANFREE 15 °C, PRRIHCEORTE 24~48 h
Af, (RIBAEEE#UGE R 40 mm A4, SIRAE%
$0.032 ~0.068 W/(m'K); PRIEAF ZRE 48 ~72 h
F, ARIRAR R e SR 45 mm A, SRRk
#£0.022 ~ 0.036 W/(m'K).,

ARG R -25 °C, A B REHS ILIE 13, PR

AT 9,
{R IR /D
90
90 w
| 80
80 c o
70 |
= 60 | 60
L P
ZE 40 ;‘ . 20
53 30 |
20 ‘ 20
10 \J‘ 10
ol
0.015 450
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B 13 SMAURE 25 °CHEAE (R S Hkt
PRI K 9 52 )
Fig.13 Effect of insulation box parameter on
insulation time at —25 °C
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Tab.9 Parameter selection of insulation box at —25 °C

TRRAK/h AR /mm SHMER/(W-m K
30 0.016 ~0.034
35 0.018 ~0.039
24 ~ 48 40 0.021 ~0.044
45 0.022 ~ 0.046
50 0.023 ~ 0.048
40 0.012 ~0.021
48 ~ 72 45 0.014 ~ 0.022
50 0.016 ~ 0.023

MANFREE 25 °C, PR ERAE 24 ~48 h
F, AR IRAR R R 40 mm A4, SREBGE
#£0.021 ~ 0.044 W/(m'K); PRIEITKZRTE 48 ~72h
f, PRIEAEE R E IR 50 mm A4, SRk
$£0.016 ~0.023 W/(m'K).

AP BE 35 °CR, A5 EI IR B ILIE 14, 3%
BT L2 10,

MANFUREEN-35 °C, PRIRAHKEOKRTE 24~48 h
Af, PRIBAEE R E IR 45 mm A4, SRRk
$£0.016 ~0.033 W/(m'K); PRIEAFC ZKTE 48 ~ 60 h
mF, RIRAS R IR 50 mm 247, SHREBGE
$£0.014~0.018 W/(m'K).
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Fig.14 Effect of insulation box parameter on
insulation time at —35 °C
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Tab.10 Parameter selection of insulation box at —35 °C

fRRAK/h FAREE /mm SHER/(W-om K
40 0.014 ~0.025
24 ~ 48 45 0.016 ~0.033
50 0.018 ~0.041
48 ~ 60 50 0.014~0.018
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