F4a3E M7 o T
2022 49 A PACKAGING ENGINEERING - 184 -

B IME X R R T T R EIE A RIR LRI RSN

BERER"Y, EXC, Er-E Y, MiFE?, B4, BEMRD
(1) AL &&*%&,fM5mﬂ52w$ﬁ&ﬁ%1$%%,ﬁM5mmh
3R ERR B2 S E AR T RE LR E R L0, T4 K4 525000)

WE: B8 ATHRS &Rﬁzlflkﬁikﬁaﬁx/rukkfiq’ﬁﬁf%/m PERE, PRIEFLIA S T, ik B RER
RABIRFEIIRIET S, FFR ARSI E | PR BE R RENE ARESL NS LR TR E
IumeHen, R fa% LR A, HIPRREE I K AT, HANIFIRIGIRR E LA K; SRR

)‘f‘iﬂif&fuz”tbé%ﬁﬁﬁf&/mﬁﬁi&k%vh AR R ER T A RAKR NI R Ak K, B A

WH B IR P EFRIGBE, HIKRNBEDH IR ARG E KK, RDTHEAFARITG IRk

Bk, mMMAERDIAERKR, HARNFNBREZHAIRTE, &€ ZARTAHEABEMBELIEER

&0kt S mAL A A

KB BA; BEM; REMRE; RERE; RA; KA

hESES: S229 XEERIREE: A XEHS: 1001-3563(2022)17-0184-06

DOI: 10.19554/j.cnki.1001-3563.2022.17.023

Effect of Circulation Environment on Thermal Insulation Performance of Cold Storage
Distribution Box Based on Liquid Nitrogen Injection

XIA Jing-jing'?, WANG Fei-ren'?, WANG Guang-hai'*, LIN Shi-tao®, REN Jun-jie*, GUO Jia-ming*>

(1. Guangdong Mechanical & Electrical Polytechnic, Guangzhou 510515, China; 2. College of Engineering, South China
Agricultural University, Guangzhou 510642, China; 3. Maoming Branch, Guangdong Laboratory for Lingnan Modern
Agriculture, Guangdong Maoming 525000, China)

ABSTRACT: The work aims to improve the thermal insulation performance of cold storage distribution box based on
liquid nitrogen injection during circulation and ensure the distribution quality. A simulation test platform of
tion box circulation environment was established to investigate the effect of different external air velocity, external tem-
perature and vibration frequency on the air temperature variation and temperature field distribution in the cold storage
distribution box. According to the test results, when the external air velocity increased, the temperature rising speed of the
internal environment in the box also increased. The external temperature had a great effect on the minimum air tempera-
ture inside the box after injection of liquid nitrogen, and the minimum air temperature decreased as the external tempera-
ture lowered. At the same time, a lower temperature was always kept during transportation. The homogeneity of tempera-

ture field rose firstly and then decreased. The vibration frequency had a great effect on the air temperature rising speed
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inside the box, and the homogeneity of temperature field decreased with the increase of vibration frequency. The results

can provide a reference for the design and optimization of cold storage distribution equipment.

KEY WORDS: cold storage; distribution box; thermal insulation performance; circulation environment; liquid nitrogen;
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Fig.1 Circulation environment simulation test platform of
distribution box
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Tab.1 Physical properties of phase change material
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Fig.3 Distribution of temperature field measuring points
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Tab.2 Test factors and levels
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1 10 25 0
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Fig.4 Change of box temperature with time at
different air velocity
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Tab.3 Effect of different velocity on medium longitudinal
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Tab.4 Effect of different external temperature on medium

section temperature field of box °C longitudinal section temperature field box °C
ARERE, (m-s) . INFIRE /PC
P I e s -
0 10 20 30 15 20 25 30
Al -85.08  —-82.39  —75.67 —-67.81
Al ~76.92 —75.67 -71.51 —-63.83
A2 -85.50  —78.86  —74.55 —-64.73
A2 T76.57 7745 7009 —64.32 A3 ~84.50  -80.67  -73.64  —67.65
A3 ~74.93 —73.64 —68.24 —63.76 A4 -81.90  -75.70  -71.84 —62.89
Ad _115) _71.84 6763 5457 A5 -79.39  -76.17  —70.46 —57.46
A6 -81.87  —76.62  -72.27 —62.48
AS ~69.55 77046 =65.13 —56.22 A7 ~69.07  —69.78 5691  —48.26
A6 -72.21 —-72.27 —67.14 -57.70 A8 -73.46  -71.02  —66.25 -51.73
A7 66,60 _56.91 59,76 _43.29 A9 -75.44  —71.44  —68.20 -53.65
S -79.58  -75.85  —69.98 -59.63
A8 -65.99 —-66.25 -61.24 -53.90 e
bR 22 5.43 4.16 5.41 6.73
A9 —66.80 -68.20 —65.33 -57.60
S —71.45 -69.98 —66.24 —-57.24 = 4= = = 3
T 3.3 A EREN I Xt F8 AR IR 1 BE Y 3 M
bR 22 4.11 5.41 3.64 6.24

3.2 AREISMRIEEXFEEFRIERERER RN

S E AN RIREE N 15, 20, 25, 30 °C. tnA
5PN, AU X R R R IS A P B AR R M A
K, RS R AR B Bl S P R B R e . AR A
W2 SO AR AL X — D7 o A, A R T
15~30 °CE I, FfiE AN AR EE B THir, iR Ee s o)
FAARNZ SO HR R R, AN AR R 30 °CHi,
FER PN BB YR B T 1539 °C, WNFE 4 fias, MAR K
EE AR X — Iy M, FEANFUREE 15~30 °CEfH
N, MANFLRIE N 20 °Ci, HAR AT b i 2255
/N o UEBIFEIX AR PR AT, AR YRR 20 °CHYT
AR R B S 3 S A i) X mT g e T AN AR
FEMTHE, $2m TRIER S 2 W ascR, (HRE A S
BB — B, FEIR AP IR e AR 1S B &2
&, MBI E 20 CHF AR IR BE 3715 2)
PR

—-15°C —4—20°C

—-25°C

—-30°C

R PIIREE°C
8 &3

Lo
(=]
oS O

-120
~140 I I I I I I I

A E)/h
Bl S5 RIS AR X A A R B 1 52 )

Fig.5 Effect of different external temperature on thermal
insulation duration of box
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Fig.6 Effect of different vibration frequency on thermal
insulation duration of box
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Tab.5 Effect of different vibration frequency on medium
longitudinal section temperature field of box  °C
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