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Design and Verification of BWBZX-1 Insulated Packaging Container

HU Yu—peng, LUO Qun—sheng, YIN Xia, MA Hong, HU Wen—xia
(Institute of Systems Engineering China Academy of Engineering Physics, Mianyang 621999, China)

ABSTRACT: The aim of this work was to design the BWBZX-1 insulated packaging container according to the
performance characteristics of a product, and perform the validation. Firstly the design scheme of BWBZX-1 was proposed,
then the effect of structural material thermal properties on the temperature field and heat transfer ability in the packaging
container were investigated through numerical simulation to optimize the initial design, and finally the design was validated
through environmental test. Since the materials of base plate, flange, base and the packaging container walls were not easy to
change, only the thermal properties of the top and bottom insulating layer and adapting piece could be optimized to make the
temperature field meet the needs of using service. The temperature field numerical simulation results of the BWBZX-1
insulated packaging container matched well with the experimental measurement, and the thermal insulation properties of
BWBZX-1 meet the design requirements through the numerical simulation and experimental validation.
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Fig.1 The two—dimensional axisymmetric geometry model of finite

element analysis of the product
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Tab.1 Relation of natural convective heat transfer coefficient o and temperature difference A t for various walls in packaging

box product A
X REL o /(Wem?-C™)
77 i b TR 7 ity O T i f R A AR PN T
A SR/
40 -30 40/-30 40 -30 40/-30 40 =30

0.0001 0.092 0.207 0.282 0.132 0.296 0.188 0.095 0.076

1 0.925 2.069 2.823 1.325 2.964 1.884 1.451 0.760

5 1.383 3.094 4.222 1.981 4.432 2.817 2.420 1.136
10 1.645 3.680 5.020 2.356 5.271 3.350 4.123 1.351
30 2.165 4.843 6.607 3.101 6.937 4.408 5.675 1.778
50 2.459 5.502 7.507 3.523 7.882 5.009 6.982 2.020

*2 FmBEEMANSEEERNRRAM « 5EEAHXER
Tab.2 Relation of natural convective heat transfer coefficient a and temperature difference A t for various walls in packaging

box product B

X AR o/ (Wem™- CT)

MG o RBETE  RMBWE  PEBRH | OERRR EmWE @A
0.0001 0.208 0.225 0.093 0.220 0.188 0.076
1 2.081 2.245 0.930 2.198 1.884 0.760
5 3.111 3.357 1.391 3.287 2.817 1.136
10 3.700 3.993 1.654 3.909 3.350 1.351
30 4.869 5.255 2.176 5.145 4.408 1.778
50 5.533 5.970 2.473 5.846 5.009 2.020

TR AR N 23 S5 R AR SR T 2 ] B 45 AR ®3 GEBIRETBENARY o SERLHXR
23S 00 T T SE U A0 R IR AL T I i M ik S Tab.3 Relation of forced convective heat transfer coefficient

*ﬁ %%Elﬁ’ E/‘J:}ﬁ% m lﬁ%\fi‘fﬁ 5 JE ji] 2 m/s, HR ﬁé‘?jﬁﬁk[Z] iFiEé a and film temperature for various walls outside pack-
IR SIS SR LA 7 B R R SR 5 B aging box

2RI PAL AR o 5 X 1, (R BRI 250
i B 5 A TR T JELE )P R HD RO AR IR 3.

X R o /(W em™-C)

1/ C. (kT % IR FIBAE

TEALBERR S AL AR N 7™ i JUAT AR 20 o i 1 O S il - -
LR KO AR N R E RS 11562 1175 0420 10.834
BIEHHIIESEL (IR I )  LUSNR ) 11.062 10.692 9.369 10775
PSR ARG FRBEIREESE) o 77 i LA P AMEE | -10 10.838 10.476 9.355 10.759
R = REEM RIS AR A EOR)ZE T 0 10.624 10.269 9.335 10.186
TRIRZFERA R YIE SR R AR 20 10.192 9.851 9.288 10.682
TR ERR . T IR A E BWBZX-11% 40 9.923 9.540 9.309 10.706

AL TR RIS RO 4. 50 0824 9345 9273 10.665
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Tab.4 The thermal properties of insulating material of insulat-

ed packaging container

R GE) S EY OV Ltk e/ HEpl
s (Wem™-C™") (J-ke™) (kg+m™)
FRRZE 0.028 1046 50
TIRRZE 0.028 1046 50
AT 0.157 1460 1300
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Fig.2 Temperature graph of product A in high— and low—tempera—

ture tests
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Fig.3 The temperature—time curves in high— and low—temperature

tests for product A
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Fig.4 Temperature graph for product B in thermal equilibrium envi-

ronment at 20 °C
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