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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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Tab.6 Experimental results and numerical simulation results

iy il IREEIRLE/ C PR EEC 7 il C
" IR)/s > y PR y PR y
PR SN THAE SN THAE SN THAE
0 22 20 21.6 20 — —
[ 900 39.6 40 21.7 20 0.1 0
SLIG 7200 40.2 40 24.1 225 25 2.6
8100 40.1 40 24.8 23.8 3.2 3.3
FE A
0 20.4 20 21.5 20 — —
AP 1800 -29.0 -30 20.5 19.4 -1.0 -0.6
S 7200 -294 -30 15.8 14.6 -5.7 5.4
9000 -29.4 -30 11.9 11.1 -9.6 -9.0
L 20 C 0 19.7 20 19.7 20 — —
7B I
H R ST 86 400 19.7 20 453 454 25.6 25.4

5 LZRES

WA T B BWBZX -1 R IR AR 46 , 72 A
R SE I IS IR 2 h S, 7 i A T LB FR ) A T
JE21.6 CTFZE 24.8 °C, i & 2 h 5z a9 7= 5 A TR
JEARE T35 CHYZER ;™ i ARSI TT 4R 2 h
J&, 77 i AN SR R IR RE 21.5 CREZR 119 °C,
T K 2 h LAz I TR] Y P2 BIRE AR T 5 CCRYER ;&
PR 7 i B TEFRBE T EE 20 C&41F R ik 2R E R E
Jei S i A 2R I R 5 A R R AR R 2
25.6 C, i AL REAR ISR 20 C R SR 5 e
Al AR 5 A AR AR R Z 2548/ T 10 C 1Y

I\ 6 B K BOIE R A0 48 SR I B 2 PR Al kT
AT, BWBZX -1 P i A 2 50 i B 7 B Bl 45 R 5 5
U5 105 P S 48 SRR A R0, LI s A T 25 S AR K
F0.6 °C, AT 16H] BWBZX—1 {5 T 6 5 46 1 2 7 51
B U H AL T BWBZX -1 {4 e 3

S B AT) ey P A T A R S R (B
ZE5E B SE T T R R SR A - SRR R ] R G
FNRL I R GEAEAE R 2 5 S0 T R R A W Bk
IR A LB 2R o IR iR a4k
P AT H IR 22 R K T2 °C L SRR s
g =3 CHRIESR,

MRS A PERERRE , S 1 T BWBZX-1 fR {2
PAABOTTT 58 . RIS B X AREFE , 157 2%l

X FRAETRY , 30 3o 5B AR A0y 0 6 0 15 A B R AL IR P
AT T 40T, R i ALREAR N AMEE AR 2% IR
JEM B 5y A8 T R AL B ORI T ORIEZE R
P BB WA I T BWBZX -1 {£
TR HEAT T 72 0 A A 40 °C iR 50 F1-30 C ik
TR 6 K7 B AY 20 °C1H R PR B 3K 56 E e
BWBZX~1 R 540 PRI AR 2 T TR PREEK

S 3Lk

(1] HoK, R, KT, EAMR G p BUR 5 & R St
FE). AL T, 2005, 26(5) : 220—227.
XIAO Bing, HUANG Xiao—xia, PENG Tian—xiu. Research on
the Present and Development Trend of Foreign Ammunition
Package[J]. Packaging Engineering,2005,26(5) :220—227.

(2] ChGeaE, fk, BB 55, DU SO R R B T R T
SHAEREVEAT]. TAREALIHT, 2008,36(7) : 60—63.
MA Xiao—xiong, HE Bin, HU Xin—yuan, et al. Preparation
and Property Evaluation of Phenolic Foam for Accident—Re—
sistant Packaging[J]. Engineering Plastics Application, 2008,
36(7):60—63.

(3] F— . G f % 5 AR 2 A Y PR BEE W P ()], IR B AR
i545,2004(8) :51—55.
WANG Yi-lin. Military Packaging and Environmental Adapt—
ability of Weapons[J]. Equipment Environmental Engineering,
2004(8):51—55.

(4] JAREU, B RORME, 5. 6 4R R R R SR I A 5
HUSZR[]. 2 T/, 2010,31(7) :80—83.
ZHOU Ding-ru, CAI Jian, ZHAO Yao-hui, et al. Enlighten—
ment from the Experience in Development of U. S. Military
Packaging Technique[J]. Packaging Engineering, 2010, 31
(7):80—83.

(51 b, Pk, ShZEF G A B A HOR T )], A%



38

f % T

20164F 1 H

[6]

[7]

(8]

[10]

[11]

A A A A A A A A A A A A A A A A A A A A A A A A A L A A A S L S S S S e S e

T#,2006,27(3) : 74—76.

YANG Shi—jian, SHENG Yong—mei. Study of Seal and Stor—
age Packaging Technology of Foreign Military Equipment|J].
Packaging Engineering,2006,27(3) : 74—76.

OOIJEN I V,FRANSEN M L, VERLEGH P W J, et al. Atypi—
cal Food Packaging Affects the Persuasive Impact of Product
Claims[J]. Food Quality and Preference,2016,48 :33—40.
OZTURK I, SAGDIC O, YALCIN H, et al. The Effects of
Packaging Type on the Quality Characteristics of Fresh Raw
Pistachios (Pistacia vera 1) During the Storage[J]. LWT -
Food Science and Technology,2016,65:457—463.
HUSSEIN Z,CALEB O J, OPARA U L. Perforation—mediated
Modified Atmosphere Packaging of Fresh and Minimally
Processed Produce—A Review[]]. Food Packaging and Shelf
Life,2015,6:7—20.

K B, DG, T A R A TR Y [ R R O
[J]. fL4€ 172 ,2008,29(3) : 182—197.

GAO Fei, ]I Liang—chen, WANG Shao-guang. Study on Prob—
lem and Countermeasure of Military Packaging Development
[J]. Packaging Engineering,2008,29(3) : 182—197.

WRIGE ¥% . %85 B B A 1A Il 8 B 000 o R G W5 (D). i
Herp R, 2005.

CHEN Xiao-ling. Research on Soft Measurement of Internal
Temperature and Relative Humidity in Sealed Packages[D].
Wuhan: Huazhong University of Science and Technology,
2005.

2T AR, R AR AN - RS SRR R R A

(L% 28 W)

[10]

[11]

[12]

[13]

NUCLEAR U S. Regulatory Commission. Final Environmental
Statement on the Transportation of Radioactive Material by
Air and Other Modes, U.S. Nuclear Regulatory Commission
[R].-Washington, DC,NUREG-0170, 1977.

FISCHER L E. Shipping Container Response to Severe High—
way Accident Conditions[R]. NUREG/CR-4829, Rebruary,
1987.

BATA BRBH 55, 5k, 55, PUsh OB A 22 vh 2 F JR
RIS U5 , 2011(12) : 38—40.

GE Ren-wei, OUYANG Yong, ZHANG Huai-yu, et al.Re—
search of Computing Methods for Thickness of Buffering
Structure of Accident Resistant Packing Cases|J]. Machinery
Design & Manufacture, 2011(12) :38—40.

LhIEAE Al , BT , A%, P SO AR F B IV TR ]

[13]

[14]

[15]

[14]

[15]

[16]

i 1o AU, 3 SR R4 (A AR B2 R0 , 2001, 41
(2):68—71.

LI Ming—hai, REN Jian—xun, LUO Qun—sheng, et al. Numeri—
cal Simulation of the Thermal Response of Steel-wood Com—
posite Structure On Fire[J]. Journal of Tsinghua University (
Science & Technology),2001,41(2) : 68—71.

BOS R BEAE DY A BB TR A 2 ) B AR
AT BRITHEUA . AR )27 40, 2013, 33(S ) : 247—252.
HUANG Peng, HAO Zhi-ming, LI Wei—fen, et al. The Re—
sponse Simulations of the Packing Container in Fire Environ—
ment Using the Finite Element Method[J]. Chinese Journal of
Solid Mechanics,2013,33(S) : 247—252.

. i i B 6 B LR G BT[] BOR IREOR
2011(5) :38—40.

YANG Chun. Metal Packaging Box Structural Design of the
Weapons[J]. Tactical Missile Technology,2011(5) :38—40.
BES , 2N, ZE A AR AT TRBIEOR AR, A%
S mbLNI1,2009,27(6) :23—25.

CAI Peng, LI Fei—ru. Discussing on Military Product Packing
Adopting Radio Frequency Identification Technique[J]. Pack—
aging and Food Machinery,2009,27(6) :23—25.
BREAE, e, 2. A BROTIAIM T b 23 R 2 A it
5 B FCHUEL) ], A% TR, 2011,32(23) : 117—145.
LUO Qun-sheng, SHI Guang—Mei, LI Ming—hai. Air Interlay—
er Heating Exchange Treatment Method Using Finite Element
Analysis and Its Validaiton[J]. Packaging Engineering, 2011,
32(23):117—145.

B FCAERETTAG()]. TR}, 2008,36(7) :60—64.

MA Xiao—xiong, HE Bin, HU Xin-yuan, et al. Preparation
and Evaluation Performance of Phenolic Foam Using for Acci—
dent-resistant Packaging Container[]]. Engineering Plastics,
2008,36(7) : 60—64.

REID S R, PENG C. Dynamic Uniaxial Crushing of Wood[J].
International Journal of Impact Engineering, 1997, 19 (6) :
531—570.

AMMERMAN D J. A Method for Comparing Impacts with Re—
al Targets to Impacts onto the IAEA Unyielding Target[R].
Sandia National Laboratories, Albuquerque, New Mexico.
United States of America.

GONZALES A. Target Effects on Package Response: An Ex—
perimental and Analytical Evaluation[R]. SAND86-2275,
Sandia National Laboratories, Albuquerque,NM, 1987.



