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ABSTRACT: The work aims to develop a multi-temperature insulation box and study its temperature control effects. The
influences of the placement of coolant, the external environment and the mass ratio of coolant to cold fresh products on
the temperature control effect of insulation box were studied by the single-factor experiment. The research results showed
that, the combination of side placement and top placement was the best way to place the coolant with the best heat pre-
servation effect. When the mass ratios of coolant to cold fresh product were 5 : 6 (cold storage area) and 8 : 5 (frozen
area) in EPP multi-temperature insulation box with a thickness of 30 mm in the external environment (temperature: 23 C,
relative humidity: 50%), the holding time reached 24 h or more. The holding time of each test point of the insulation box
prolonged with the increase of the coolant mass, and the holding time of the cold storage area and the frozen area could
reach as long as 44 h and 28 h, respectively. The mathematical model of external environment temperature-mass ratio of
coolant to cold fresh product-holding time was established. The multi-temperature insulation box can meet the tempera-
ture control requirements of short-distance express transportation of cold fresh products.
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Fig.2 Distribution of test points in insulation box

1.3.3

K4 GB/T 4857.2—2005" 1% 5 A ] 14 L 5 Yl Vi
FEFREE, IREEA 23 C. HIXHRE R 50%, IREH

1
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Fig.4 Holding time of each test point under different mass ratios



H40% A1) RalsisE: EPP 2R X PRRAR IR IEZOR R HERT T - 97 -
8 0
7L
6L
25
o Jig
w4 —o— Y o
—— FLD —— DR
2 L  Ffha
1 1 1 1 1 1 -12 1 L 1 1 1
0 4 8 12 16 20 24 0 4 8 12 16 20 24
R[] (< 102)/min AR ] (< 102)/min
a RIEIX b R ARIX
K5 2RO AR PN A U BE 23 A
Fig.5 Temperature distribution in the multi-temperature insulation box
2
g
. . . . . g 3000
Tab.2 Holding time of the insulation box at different =
external temperatures and different mass ratios 7 2500
P —— =
EpegilEs] PRI (] /min & 200
K R 0 c c g B
- 23°C 30 C 40 C {1000
wHIb LE]
2:3 1460 1035 670 #
5:6 1650 1245 835
e 1:1 1970 1450 985
i 7.6 2210 1685 1130
X
4.3 2475 1860 1240
3:2 2660 2230 1395
=1
53 2920 2575 1585 g 2000
= 1800
4.5 1095 1015 790 -E 1600
101 1215 1135 945 Z 140
6:5 1295 1215 1105 g 1200
R UR & 1000
7:5 1370 1305 1215 X go0
X =
8:5 1445 1390 1305 + 40 T
. 1.6
9:5 1650 1545 1425 ) 1.4
1.2 =\
201 1965 1855 1635 4 : %@ﬁ\\‘/ﬁﬂ%‘

b R TRIX

Bl 6 = AER A REE e, Dl x, p, oz
HRFRIMREE . ER A SN BRI oo skt
BRI ], DU 6a (4 i THT 7 FE A

SO 9)Zpoo+ prox + pory + pzoéx2 Py + poy” ¥
psox4+pzlxy3 T p1oxXy” t pagx” + paixy + paox Y+ psex” +
Paxy + pnxy

22 I 25 SAORUE R S

Poo=1603( 1557, 1649 ); p1i=407.7(297.8, 517.6 );
poi=—475.2 (=507.4, —443); p2p=33.62 (—49.93,
117.2); p=—107.9 (—153.7, =62.19); p¢»=70.67

(34.21, 107.1); p3=101.2 (—60.03, 262.5); pr =
44.13 (-36.92,125.2 ); p1,=—26.73 (-93.05, 39.58 );
P40=16.93 (-16.71, 50.57); p3;=18.91 (—6.612,

6 EPP Z il X il A 1) = 4E A5 7Y
Fig.6 Three-dimensional model of EPP multi-temperature
insulation box

44.43); pp=—55.07 (—84.01, —26.14); psy =—22.85
( —78.85, 33.16 ); pa=—12.71 ( —47.18, 21.76 );
pn="23.77 (-60.75,13.21); HHEFRECN 0.9996.

&l 6b Byl T RE R -

S, Y)=poo + prox + pory + pagx’ + prxy + pepy’ +
pyox, + p21x2y3+2p12xy + X’ + pyx’y + pox’y + psox’ +
Paxy + pxy

Z2 151 3 H A S BBV Rl S U

P00:1350( 1329, 1371 );P10:308.6( 259.9,357.2 );



- 98 - 1 %% T %

201941 A

Po1=—63.49 (=79.42, —47.56 ); p»=324.6(273,376.1 );
p1i=—30.45 ( =50.42, —10.48 ); pp=2.09 ( —13.07,
17.25); p30=341.8(239.3, 444.3 ); p,1=—122.6(—172.7,
—72.49 ); p,=—7.428 ( =34.11, 19.26 ); p4p=—90.19
(—118.6, —61.75 ); p3=3.094 ( —15.54, 21.73 );
p2=—18.36 ( =35.61, —1.118 ); ps;=—135.9 (—173.2,
—98.59 ); ps=41.24(20.14, 62.35 ); p3,=11.57(—3.243,
26.38); FHIRFRECH 0.9995,

BEMLIESE 3 RN RS20 551, #E T IR S50,
TEGAE R IR 3, LHGR R, LRE SIS E
RER/NH 5%, KN 9.7%, ¥I/NTF 10%, Hitiz
RERF T4E 7= S e B — 2 4 2 2 Lo

3 EPP

Tab.3 Verification experiment of EPP multi-
temperature insulation box

AR FRFEG R R
DXik o B R SR I RE%
WBEE/C itk min min
26 2:3 1240 1136 -9.2
BIIX 35 2:3 835 782 -6.8
35 4:3 1530 1645 +7.0
26 4:5 1055 975 -8.2
BIRIX 35 4:5 905 1003 +9.7
35 8:5 1355 1427 +5.0
3

1) BV R B 5 ) DR RS R IR AR 1Y
HERZ—, TLRRH, IR RAERNE R RS
220 T 4 S A T T 1

2) TEANA R BEIR BE N 23 °C . MR EE N 50%HY
ZUFT, JBEEA 30 mm ) EPP Ll XA N &R
FS NP R 506 (RHKIX ) F8:s
(BRI B, BEEA AR N EYTE 0~8 CTHIO0 C
IR, fRIREHEGAR] 24 h DL E, AT RAEASHE R %
i 1z i Hh ) TS K

3) AR AR FIAS [R5 V8 7] 5 N 25 40 I i Lb
X 22 DX IR AR () R IR R PR A A e, IR EE ST TAMA
FRBE IR BE - 35 V2 ) 5 N e ) o i L - JR B[] 1) — 4%
PRI IR 2ZETE 10% 2 N, $RHE T B 5L
PrE LS H M E.

4) SCRR R ER FREE R 0 C, %Khriz
R E SR TR, NI E bRz f2, AR
FEVA U DX DR ek s ] 55 52 56 b A () 30 BsF 1) 4 bE 25 0
— 2 FEE A XA AT O, BRI S %
W e FR IR, BRI TR v R RS 1 T I 2
PR, FF O B AP e T 4 i) R AR L B S AR

N

=}
|[S1N

R R E VR AR KA FETT 1] o

S5 30k

[1]

B F RSB FE A b AR S R AT A 9%
A 2018 4E[R]. Lifg: i EEG T A BR2A
Hl, 2018.

Ai Rui Consulting Series Research Report. China Fresh
Electronic Commerce Industry Consumer Insight Re-
port 2018[R]. Shanghai: Shanghai Ai Rui Market
Consulting Company Ltd, 2018.

WRBEP, B, 3 A= e o 5™ i L 7 55 1R BE U
BUR 5 & AT FE ], BHEE BLBESE, 2015, 35(6):
179—183.

CHEN lJing-yu, HUANG Hui. Study on Current Status
and Countermeasures of Cold Chain for Fresh Agri-
cultural Products Based on E-commerce[J]. Technolo-
gy Management Research, 2015, 35(6): 179—183.
PRz VR e T s A SRS )]. UL,
2017, 44(1): 79—280.

HE Lian-yun. Research of the Refrigeration Method
for Refrigerator Trucks[J]. Times Agricultural Machi-
nery, 2017, 44(1): 79—380.

BT AR Ve A 22 X a0 A A A B TR RE RS v A 4
[D]. ¥FF: K7, 2014,

ZHAO Xin-xin. Multi-temperature Distribution Opti-
mization and Precise Temperature Regulation of Re-
frigerated Truck[D]. Jinan: Shandong University, 2014.
BT, RN, VFSCK. RURNIRETSEE  J )i
FREE[T]. (% TAE, 2009, 30(5): 86—89.

HUANG Shao-yun, LI Dong-li, XU Wen-cai. Research
Progress and Application Prospects of EPP[J]. Pack-
aging Engineering, 2009, 30(5): 86—89.

RWGEE, WRAh, DHBUN, . A&k sk (iR
FLBEAELEFIEITI]. U3 TR, 2015, 36(15): 30—33.
ZHU Yi-xin, CHEN Chen-wei, LUO Min-cheng, et al.
Structure Design of Foldable Insulation Packaging
Container for Aquatic Products[J].
neering, 2015, 36(15): 30—33.
WIS, PR, P, % BWBZX-1 IR A
TSR], A% TR, 2016, 37(1): 33—38.

HU Yu-peng, LUO Qun-sheng, YIN Xia, et al. Design
and Verification of BWBZX-1 Insulated Packaging
Container[J].
33—38.
FRGEHH, B, FET Ansys PRIEELAR BRTRIAL A i A7
[J]. f2 TR, 2011, 32(5): 43—48.

GUO Xiao-juan, QIAN Jing. Spherical Shell Models
for Insulating Packages Based on Ansys[J]. Packaging
Engineering, 2011, 32(5): 43—48.

LI'YCM, CHEN Y H A. Assessing the Thermal Per-
formance of Three Cold Energy Storage Materials with

Packaging Engi-

Packaging Engineering, 2016, 37(1):

Low Eutectic Temperature for Food Cold Chain[J].
Energy, 2016, 115: 238—256.



Fa0k B

LA . EPP 2 I X PRI AR IR A5 HOR MO R PR 5T - 99 -

[10]

[11]

QIAN J, ZHAO Y. Insulating Packaging Solution
Based on Cylinder Model[J]. Mathematical Problems
in Engineering, 2013(8): 1—S5.

PRI 2R, TR, WA, 55, BT ORIRAR A2
R RUA BROT AT 0], WiILARH S Be 2= 4, 2013,
25(5): 335—339.

PAN Guo-rong, XU Guo-feng, HU Gui-lin, et al.
Packaging Structure Design and Finite Element Analy-
sis of Medical Insulating Box[J]. Journal of Zhejiang
University of Science and Technology, 2013, 25(5):
335—339.

MATSUNAGA K, BURGESS G, LOCKHART H. Two
Methods for Calculating the Amount of Refrigerant
Required for Cyclic Temperature Testing of Insulated
Packages[J]. Packaging Technology & Science, 2010,
20(2): 113—123.

Kigahe, HEH, (W, ERFEESHFEREL
T PR AT RSO M T T[], 3 TR, 2016,
37(7): 56—60.

[14]

[15]

[16]

SONG Hai-yan, TIAN Meng-meng, WU Ya-yun. In-
fluences of the Coolant Amount on Temperature Con-
trol Effect of Extruded Polystyrene Insulation Box[J].
Packaging Engineering, 2016, 37(7): 56—60.

SINGH S P, BURGESS G, SINGH J. Performance Com-
parison of Thermal Insulated Packaging Boxes, Bags and
Refrigerants for Single-parcel Shipments[J]. Packaging
Technology & Science, 2008, 21(1): 25—35.

X TELL, XU SR, — o B 22 i DX R A 2 IR P Y
BEAIU S SR IS [T]. #il e 243, 2015(2): 27—33.
ZHAO Xiu-hong, LIU Bao-lin. Numerical Simulation
and Experimental Verification of Temperature Unifor-
mity in a Novel Multi-temperature Thermostat[J].
Journal of Refrigeration, 2015(2): 27—33.

GB/T 4857.2—2005, f%¢iz ki e fFHEA K 4 2
F Y I A T AL FE[S].

GB/T 4857.2—2005, Packaging-basic Tests for Trans-
port Packages-Part 2: Temperature and Humidity Con-
ditioning[S].



