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Design of active and passive dual modes refrigerated container and

analysis of environmental characteristics in the container

REN Xiaofen' ZHANG Lei’ TONG Shanhu® SHE Xiaohui' LI Chenxu'
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Abstract: [ Objective] Improved cold chain transportation equipment and analyzed the impact of active and passive dual modes on the
environmental distribution characteristics inside cold chain containers. [Methods] An active and passive dual-mode refrigerated container
(temperature control range is —1~10 ‘C) was proposed, which integrated refrigeration unit, fiber air supply pipe and phase-change cold
storage plate. The system operated in passive cooling mode, and switched to active cooling mode when the air temperature inside the box
was greater than 10 ‘C. [Results] The results showed that the velocity distribution in the active and passive dual mode box was uniform, and
the air flow could reach all parts of the box. The temperature distribution in the active release mode was uniform, the temperature gradient in
the box was small, and the maximum temperature difference was only 0.3 “C. The temperature gradient in the passive release mode was
slightly larger and the temperature non-uniformity was higher than the active release mode. Compared with the passive refrigeration mode
alone, the active and passive dual mode could effectively ensure the long-term transportation of the temperature zone below 10 ‘C, which
was conducive to the refrigerated transportation of most fresh goods. [Conclusion] The design of active and passive dual-mode cold chain
container has great potential for energy optimization, uniform flow field, stable temperature and strong practical value.

Keywords: active and passive dual mode; design of refrigerated container ; velocity field; temperature field; cold retaining effect
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Figure 1  Structure active

diagram of and passive

dualmode refrigerated container
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Figure 2 Positions of components in an active/passive

dual-mode refrigerated container
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Table 1  Structure of refrigerated container m
7 & K Vi [
KN 13.716 2.550 2.492
13.420 2.350 2.486
R 5.900 0.201 0.115
FEARIE S 0.090 0.100 0.125
AR A 1.000 0.300 0.300

R2 REKERHERESY

Table 2 Equipment parameters of refrigerated container

R EizR HLf Kl
R KL PU R kg/m® 45
SRR W/(m-K) 0.024
Ltk J/(kg-K) 1380
AHAZ B L RT-4 A K 269
AHAZ & kl/kg 180
AR A, IF R A 1R B R GE T 1T v R — i

<10 °C, Y 46 N T BE =10 °CI 7 T 46 PR BT 35 19 151 2 HL2H
FEIR L U1k 32 3l R v 12, 4 1A i st o v ML 4L FH R i 2%
T i AT 2 XU AR R AV B (DLUR S8R o Eahigia) .
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Figure 3 Working and control principle of refrigerated

container
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Figure 5 Passive cooling mode velocity distribution nephogram
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Figure 6  Active cooling mode velocity distribution nephogram
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Figure 7 Temperature field distribution nephogram at each

time of passive cooling release
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time of active cooling release

33 BRAHER

PLZ i 10 d ], Xof B 1) bk 20 e 4 8 2 R 3= bk
B WU 2 ¥4 S 24 A PN TR AR AR R AT 2 AT L An & 1o i
R, B R FH A Bh R v B A YIRS B I B 283 KL 2
Jo D 2 303 K5 Y 3 b 2l U o bk Bl B i T R
S5, RN R B B T BN, 28107 WS, 46 N IR B 8 )
283 K, 45 il 2 G645 il v 4 =0 U Oy B 3h R B,
B P AR & 273 K5 5 8 A P gk 3 B v UM I
IZAR VR AT AR AIE 283 K LA A i 47 497 194 A A1 Uk ¥4 038 B
FIE 8% 7 5008 A AT P TR R Ao YA SR B 1T 5 | R A %
FE
SO0 e s mre st
3051 —e— FE BB AU
3001
295r

290+

[
]
wn

9283 K

BRI EARA

A Il
Temperature inside the box/K
o
(=]

NN

75

7ol
0 25 50 75100125150 175200225250

I (]
Time/h

B10 M BEARXE 43 X N EE Tk

Figure 10 Comparison of temperature variation between

passive cooling mode and active and passive

dual mode

4 R

WFFE BT 7 — R AL RV LA £ Zi ik KU I AR AR
Ve BT — A Y Ve AR R A o SR R B e s lis AT,
Besh v B (B ) deis 47, e 5 (L 4k K
) Is AT, FEIR DX B — 1~10 °C 5 ZE 4 3 XUBE 3 UA



F&M | Vol.40, No.9

WA TR 37 03 A1 149 20, ELAS A7 78 8 U0 X5 B 3l i) v A A
DAY L2 A 2 A (LS A7 7 Je o v i DX 3, R IR X 1) 47
(vrijtgéﬂl%éﬁﬁ LYV OB R R o BRI BT
SE AN RN R B 00 A R 1 OR 5 JE PR B
f“”'rftﬂfr’al}\lﬂb%ﬁj\?ﬁ% Pk 849 52 W, J 2] it — 2

i JEE 7

5% 30k
[1] Z% 0 oy [ 8 B ) i K S 4 45 2021 [R]. b 5t o I 7
At B2 D, 2021: 356-408.
QIN Y M. China cold chain logistics development report: 2021
[R].Beijing: China Fortune Publishing Company Limited, 2022:
356-408.
[2] TAHER M A B, KOUSKSOU T, ZERAOULI Y, et al. Thermal
performance investigation of door opening and closing
processes in a refrigerated truck equipped with different phase
change materials[J]. 2021, 42:
103097.
[3] {5 . 2R I i B Bl A R G V4 45 W U o 1 17 B 5
[J1. £ 5k 5 ALK, 2020, 36(9): 228-232.

HE W. Research progress of fruit and vegetable air conditioning

Journal of Energy Storage,

preservation technology and its application in cold chain
logistics[J]. Food & Machinery, 2020, 36(9): 228-232.

[4] Z= o0, 38 3 . Je e I ARRE T X H B HOR 1l v BE A T B
PIIR Z A 0], & AL S PR, 2021, 37(5): 134-138, 155.
LI H, DONG R. Construction of food cold chain logistics
traceability system based on blockchain technology in the post-
epidemic era[J]. Food & Machinery, 2021, 37(5): 134-138, 155.

[5] Mg fR, VPR IR, AR B0, 55 . v BE W il b i K A0 09 6 WAL 1 %
P H AR A 5% F R[], B A S5 AE W R 2E M, 2022, 41(7):
84-99.
MEI J, XU Z K, YU H J, et al. Research progress on spoilage
mechanism and preservation technology of Marine fish in cold
chain logistics[J]. Journal of Food Science and Biotechnology,
2022, 41(7): 84-99.

[6] i JEAR, X T . S 3R PV o 3 3 ¥ i UL 3 HP R R R BRI
Wi [J]. £ 5 A MR 2441, 2023, 42(5): 50-56.
SHANG K S, LIU S. Effect of delayed precooling on nutrition
and quality of spinach in cold chain circulation[J]. Journal of
Food Science and Biotechnology, 2023, 42(5): 50-56.

[7] WM, Mt e, BRBUA, &5 . 2E S 2R B W U S A0 2 H R I 5Y
SREI]. B S AR 4, 2020, 39(8): 1-9.
GAO HY, YANG H L, CHEN H J, et al. Progress and prospect
of logistics and preservation technology on fresh fruit and
vegetables[J]. Journal of Food Science and Biotechnology,
2020, 39(8): 1-9.

[8] ¥, BB AR, Ve T, 55 . MHVE 3 W A B R e v
JET]. ﬂ:T Ji&, 2023, 42(8): 4 322-4 339.
TANG L, ZENG D S, LING Z Y, et al. Research progress of

JHWFE Bt

EBESE  EWH AR FERE IR RENIF B LT

phase change storage materials and their system applications[J].

Chemical Industry Progress, 2023, 42(8): 4 322-4 339.
(91 A, IR, T IR A, 45 . 5 40k XU ¥ 80 47 R 1A Jik Ji2

LA [I]. V23], 2020, 41(5): 116-123.

ZHAO S, JIANG Z L, DING Z L, et al. Effect of cascade air

L]

supply on temperature field in refrigerated carriage[J]. Journal
of Refrigeration, 2020, 41(5): 116-123.

[10] P ELT, B 58, 0435l . 27 4 XU W0 15 128 He X 08 %8 N
TSR R IR (7] A0l T AR 2441, 2020, 36(9): 300-306.
NAN X H, WEI G L, ZHAO X M. Effect of jet penetration
ratio of fiber duct on flow field characteristics in cold storage
[J]. Transactions of the Chinese Society of Agricultural
Engineering, 2020, 36(9): 300-306.

(L] P30 3 . 2R B8 v 9380 2 5 A 2% XU 2 3
P22 P9 IR R, 2018: 1-77.

BAI T T. Study on flow field characteristics of vertical wall

34 PE I BF 52 [D].

attached air supply mode in fruit and vegetable cold storage
[D]. Xi'an: Xi'an University of Architecture and Technology,
2018: 1-77.

[12] Al 328507, A i, S5, 26 . B 280 B Ik 14 R AR 2 A XL
FES B [0). 3% T #E, 2020, 41(23): 230-235.
HE Y X, YANG R, XIE B, et al. Design and temperature field

5 R

analysis of new railway refrigerated container air duct[J].
Packaging Engineering, 2020, 41(23): 230-235.
[13] FEE L, £ R MG, K FERE, 45 v 5 4 /K ™ i ME AR O 20T Uit
YR (0], AW AHLEA A, 2019, 50(9): 347-355.
FU Z T, WANG D P, ZHANG G X, et al. Effect of refrigerated
truck aquatic product stacking method on temperature field[J].
Chinese
Machinery, 2019, 50(9): 347-355.
[14] BRFS R, 0024 e, o558, 45 . 0% W M 0 T 200k v4 2 6 46 7Y
i 2 23 A1 B 52 TR (], IR 58 5, 2017, 45(11): 63-68.
CHEN B Q, KAN A K, HUA Y J, et al.

Transactions of the Society for Agricultural

Effect of cargo
stacking method on temperature distribution in reefer container
[J]. Low Temperature and Superconductivity, 2017, 45(11):
63-68.

[15] BEERE, XIWEIE, B8 . SRR M A% (] B AT 2 DX <
Ui BB R (D). BE R R 5 TR, 2022, 22(6): 2 377-
2 381.
HONG D K, LIU Q J, LUD B. Effect of stacking spacing of
fruit boxes on air distribution in their palletizing area[J].
Science Technology and Engineering, 2022, 22(6): 2 377-
2 381.

[16] COPERTARO B, PRINCIPI P, FIORETTI R. Thermal
performance of pcmin container

analysis refrigerated

envelopes in the italian context-numerical modeling and
validation[J]. Applied Thermal 2016, 102:
873-881.

[I77MICHEL B, GLOUANNEC P, FUENTES A, et al

Engineering,

Experimental and numerical study of insulation walls

97



98

ARESS5E6E4H/E FOOD EQUIPMENT & INTELLIGENT MANUFACTURING

containing a composite layer of pu-pcm and dedicated to
refrigerated vehicle[J]. Applied Thermal Engineering, 2017,
116: 382-391.

[18] PRINCIPI P, FIORETTI R, COPERTARO B. Energy saving
opportunities in the refrigerated transport sector through phase
change materials (PCMS) application[J]. Journal of Physics:
Conference Series, 2017, 923(1): 012043.

[19] MICHELE C, CLAUDIO Z, GIULIA R, et al. Latent thermal
energy storage for refrigerated trucks[J]. International Journal
of Refrigeration, 2022, 136: 124-133.

[207 X179, 2% BRJGE, 5 s, 45 e R R Ve B AR 1 Ve i ORI
T B BAVE RE I U5 REFE 2 AT 0], Al TR AR 4L, 2022, 38
(11): 318-325.

LIU G H, LT Q T, XIE R H, et al. Thermal insulation
performance test and energy consumption analysis of cold
chain incubator based on radiation refrigeration technology[J].

Chinese
Engineering, 2022, 38(11): 318-325.

[21] TONG S, NIE B, LI Z, et al. A phase change material (PCM)

Transactions of the Society of Agricultural

based passively cooled container for integrated road-rail cold

chain transportation: an experimental study[J]. Applied

Thermal Engineering, 2021, 195: 1-11.

[22] W e, JE iR, B SO, S Ok T 28 L A RS 1 Y
Vo A A Y SRR 0], Al TR AR AR, 2017, 33(24):
290-298.

BE 2758 | 2024 F 9 A | BR&BS5HM

XIE R H, TANG H Y, TAO W B, et al. Optimization of cold
plate layout of refrigerated truck based on no-load temperature
field simulation and test[J]. Journal
Engineering, 2017, 33(24): 290-298.

[23] TAHER M, MAHDAOUI M, KOUSKSOU T, et al. Numerical

of Agricultural

study of the aero-thermal performance for different scenarios
of a refrigerated truck using urans[J]. Journal of Cleaner
Production, 2021, 320: 1-10.

[24] ¥ 15, A5 S, 0, A5 R ZE BPRLEE ¥ 20 XU X9 T 8 1
A I B X D], f 2 TR, 2018, 39(23): 43-49.
YANG G L, XU Y, XIN Y, et al. Development and test of
thermal insulation box for urban house with cold storage type
of phase change material[J]. Packaging Engineering, 2018, 39
(23): 43-49.

[25] Z= 4, W U e . v 60 A I SRR 2 H bR BETH IR AR [0]. &Rk HL
MR, 2015, 46(1): 224-230.
LI J, XIE R H. Multi-objective design optimization of
insulated car body of refrigerated truck[J]. Transactions of the
Chinese Society for Agricultural Machinery, 2015, 46(1):
224-230.

[26] FWRFR . £ 4k %5 S0 M R 50 A 4L 8VRE R &7 7 (D). 7
% PR IE SRR E, 20150 1-126.
WANG X L. Air distribution characteristics and design method
of fiber air distribution system[D]. Xi'an: Xi'an University of

Architecture and Technology, 2015: 1-126.

(E#F657)
[15] 1= 2 A AE A AT W A4 B 2 % 2ty 1 A Lo it v 4 S i Bk
G e I S W B SN/T 3132—2012[S]. dbat:
o b o RRAE, 20122 1-3.
China Accreditation  Service for

National Conformity

Assessment and  Supervision Management Committee

(CNCA). Detection of bovine immunoglobulin G in milk

products of export-enzyme-linked immunosorbent
method: SN/T 3132—2012[S]. Beijing: Standards Press of
China, 2012: 1-3.

[16] Hr L FL ] & Tl P& . 2F 9 7L B : RHB 602—2005([S]. b 5¢:
R BRAE AL, 2005: 4-5.
China Dairy Industry Association. Bovine colostrum powder:
RHB 602—2005[S]. Beijing: Standards Press of China, 2005:
4-5.

[17] AR N R IGA [ RN 2740 L 2 HA v B s Bk ) 1gG
M AE 4366 2 NY/T 2070—2011[S]. b 5t : A E 4Rl th
JiAt, 2011 1-2.

Ministry of Agriculture of the PRC. Determination of

assay

immunoglobulin G in bovine colostrum and its products-
spectrophotometry: NY/T 2070—2011[S].
Agriculture Press, 2011: 1-2.

[18] FHe AT [ [ 5 J kM A R, o P e o
P T 22 B 2x . DR B P S BR B TG R 2 - GB/T
5009.194—2003[S]. db 5% : v E AR AE H R 4E, 2003: 1-2.

Beijing: China

General Administration of Quality Supervision, Inspection and
Quarantine of the PRC, Standardization Administration of
China. Determination of immunoglobulin in health foods: GB/
T 5009.194—2003[S]. Beijing: Standards Press of China,
2003: 1-2.

[19] g wh 2 2 . 3L R FLA ol vh S e BRER 1 G I 72 (i 2

WA 5,35 %5 ) ) T/SSFS 0002—2021(S]. 17 - ¥ i £ & 2%
43,2021: 1-5.
Shanghai Society of Food Science. Determination of IgG in
milk and dairy products-liquid chromatography method:
T/SSFS 0002—2021[S]. Shanghai: Shanghai Society of Food
Science, 2021: 1-5.

[20] SLIESC, BRE0L, M55 B . 3l 2 He Ak BN 2R 3L A i
VIR R[], £ 5 S5 ALK, 2023, 39(7): 210-222.

AT Z W, XU Z Y, YE J J. Effects of dynamic highpressure
processing on bioactive components of milk[J]. Food &
Machinery, 2023, 39(7): 210-222.

[21] A Ge Tt J5 i AR AL B R 28 51 2 et r B R«
53 Aii : GB/T 4086.3—1983[S]. Jt 5t : h [& 45 #E AR 4t ,
1983: 3.

National Technical Committee on Standardization of Statistical
Method Application.  Statistical  distribution  values: ¢
distribution: GB/T 4086.3—1983[S]. Beijing: Standards Press

of China, 1983: 3.



