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Abstract: In this paper, by establishing and validating a three-di-
mensional model of heat transfer in multi-layer heat preservation
boxes during non-refrigerated food transportation, the key role of
radiation heat transfer in packaging boxes is revealed besides con-
duction. By reducing radiation, the amount of aluminum foil
added on the inner surface of food during the first 30 hours of
storage was reduced by more than 10%. Putting the initially {ro-
zen gel pack in the center of the box can obviously delay its melt-
ing and double the storage time of the food. The sensitivity analy-
sis shows that the conductivity of box wall, the emissivity inside
the box surface and the emissivity of the gel bag are the key pa-
rameters affecting the performance, while the influence of the
convection heat transfer coefficient is not very significant.
Keywords: fresh food packaging; thermal performance; heat

transfer model; emissivity
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Figure 1 Food arrangement in the two experiments
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Table 1 Thermal performance parameters for simulations
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Figure 2 Calibration and verification measurement of experimental

water for comparison of simulated temperature
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Figure 3

A 3

Measured temperature and simulated tempera-
ture for the first and second experiments of

food and gel packs

X b 22 5 AT 8 U DR R R o fE T A B AD o0 = AL
AT F) 2 T L RE TR 4 s 80 TR 2 56 P 7 9 3t 7 9 B SR 4% T
JREE L R P Rk e TR AN B (5 £ 4 5[] B 3
ERUTRENTZERBRE FHRALAHE FEN
i, BB KM R KR EMZ R R Aam
AR RETE A (] A9 4R & 22 8] 7T RE 25 W A S [A) » 2 Bk o1
FEE AR T AL B 5 5. R SH 2 WD i T R A 1
Hh L TN P 2 3 TR R A I E AR B 0,98 I i A A L
g 220 1.1 °C o MR IR IR S5 R %8 B 50 7R
TR 3 b P TRGH T L BB S 3 C A PR AR E YL
BE T EE AL R AEAAE . 7EZS 20 h S L BERCAR A AE 58
AR BEFUOT E HEA B R RIR . B B4 AR
ARG Y RS BE R T IR T R & R Y AR B
A R
3.2 SRTERIRIM

R ARG W A B 8 S B 05 A T T R S Y e S
RE 1 2 LU b i 0 1A 14 2 S5 3 Bl B o o i S R
PR S S . I AR SR T R S A BRI E bR 3R T
AT 58 A AT E T3 5 S S A B B A, 15 ) L B A A0 A e
e i RE B . O T B E TR 6 B 1 2 )R &R N R T X

B 2228 | 2020 F 4 B | RS

S e BRI R L 2% TN R A A0 5 D 0.2 GHEF R D
O8CAIFFRID ML R S N R B AR Z . M
AT mPE Y (8 O, 4 30 h 5. 708 A
FER L WEHLEEMN 3.5 C EFFE 17.1 C L lifE %A
ST N 3.5~19.3 CL M2 13% . KA D
SRR BN 5.0 TCHR g F 20.7 °C L 7R S AR T A O
TREARE] 22.8 °C .42 10260, JEH AT REJE By 348 TH M R
s, Bl 5 A 30 hE . 2R G TR = P E R R
T 34 325 1) $AGE O 2.6 W /m? L T 1 3 50 ST 3k 1
N 2.9 W/m? , WL 53T & A B3 STk, X T AN
FERE I &1 847 30 h 5 i 15 S AR A S 2 I A
AR R 2.1 W/ m® G A T B e &
3.5 W/m? . i T8 il O R B R B A 4R
§8 A 7 2R B0 FRGE S T L DT S S A S A AR A A Y B
B )7 VA B 0 BT 0 e B R TR D B
J5 7y 1 V9 3 TR ) o T O 8 22 1) ) 220 AR
A LLE & T RE R R ROk AME . A 30 h S L B8
FREGEA 0 & 7 10 5 G 08 i 5 1 S Al i L
5096 » 32 W% & T B 4 5 B B8 B SR S K

35

30

T
Temperature/°C
- = W

=)

0 10 20 30 40 50

R} 1]

Time/h

Bi $E&NKBAXARERNNEDCEE
Figure 4 Meat center temperature with or without alu-

minum foil on the inner surface of the

multilayer box
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