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Fig.2 Schematic diagram of the test devices
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Fig.3 External environment during the test
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Fig.4 Effects of the application of radiative cooling coating on the temperature of the outside surface of the incubator
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Table 1 Statistics of the outside surfaces temperature of the incubator T
£zt it T * & i} Ela
Index Top Bottom East South West North
A Fif S iEE Maximum temperature of the incubator A 66.8 39.7 60.7 48.5 59.5 47.1
B #ift =i % Maximum temperature of the incubator B 54.0 37.8 43.4 42.1 48.5 41.8
A. B HEREZ% Maximum temperature difference between A and B 12.8 1.9 17.3 6.4 11.0 5.3
A FTHIIEE  Average temperature of the incubator A 46.6 336 43.0 384 41.7 385
B #i°F- ¥R Average temperature of the incubator B 39.7 329 36.9 35.6 37.2 352
A. B FIEEXE Average temperature difference between A and B 6.9 0.7 6.1 2.9 45 34
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Fig.5 Temperature variation of the incubator outside surfaces
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Fig.6  Effects of the application of radiative cooling coating on the internal temperature of the incubator
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Table 2 Statistics of the inside temperature of the incubator C
Ei=ta S T xR ] i It
Index Top Bottom East South West North
A FH R B RE Maximum inside temperature of the incubator A 51.5 48.0 49.5 49.4 51.1 49.4
B F8 N # % mri - Maximum inside temperature of the incubator B 43.8 42.1 424 42.6 43.8 42.6
A. B Wi E % Maximum inside temperature difference between A and B 7.7 5.9 7.1 6.8 7.3 6.8
A FANEBTYJURE Average inside temperature of the incubator A 41.9 39.2 40.9 40.2 40.6 40.3
B F N7 1IR % Average inside temperature of the incubator B 36.4 35.6 359 35.7 36.2 35.8
A. B WET-HIME 2 Average inside temperature difference between A and B 5.5 3.6 5.0 45 4.4 45
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Fig.7 Temperature fluctuation range of the incubator inside
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Table 3 The range and variance of the inside temperature of the
incubator
= R =] =1 p=]

, SRR BRI g s
mHE A% Maximum  Minimum T . Vari .
Time Group temperature temperature emperd }He arance o

I /C range R/'C  temperature &
A 475 244 23.1 5.7
Day 1
B 40.1 24.1 16.0 42
A 51.5 27.0 24.5 7.7
Day 2
B 43.8 26.7 171 5.4
A 514 27.1 243 7.5
Day 3
B 43.8 26.9 16.9 5.4
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PRI AR AR B, W PRt
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77 7% T B 26.3%~29.9%, A BI T-iz il S RCA R 1 19 6
3 RERESHHBRS
BB NS
SRR TN R G R S A SRR T AR AE (R
1.5 m’) MIATRER TR, BT CAS ML X ], AR
P17 ST AR IR I AT RE AR AT b . R T
M, JOINAEERA KBRS FEE[IEENE 8 fin
(U RIET NASA AP MERRA-2 SR HESE) , H
o 7 A5 BT 38 K B S R YR B S8 O B KA, 4 )
K F 315 CH 57253 W/m?, FEEHR AR K A
0.55 W/(m®°C), 1B 1% 74 5% AR 35 F 1d FH i R BN 6:00 —
18:00, WEINIREE 7,55 0 CI, A, B fASFERIEH &

3.1
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Fig.9 Effects of coated radiant cooling coatings on the daily total
heat leakage of the incubator
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Fig.10 Effects of different thickness of box envelope on total
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Table 4 Coating parameters and total heat leakage of the

incubator
- NLED; ; gy HiR#iE
3] pie  SHCRMIE sy B
Grou Coating colour Total solar Reference Total heat
P g reflectance /% leakage/(kW-h)
A A 4 White 60 [14] 494.5
B 4 £t White 88 [31] 450.2
C ke Coffee 24 [33] 550.9
D A {5 White 96 [34] 437.5

C FH TR 7 IR AR, KSR RECR, R
SPE/N, BRARCERZE, BIRHMEZRR T 550.9 kW-h, 43
WEL A K. B TS T 56.4. 100.8 kW+h, ETHIEE N
11.4%FH 22.4%; 1 D 8 BT FH A R K BH S & 5 EGIk 96%,
B B B, IR RGN 435.9 kW h, 7308 A
¥, B APEIKT 57.00 12.7 kW-h, TFEEIREN 11.5%H
2.8%, {H D FM R} T AR AR R VLS & FA R 2 S R
W BE-REWAH R, Fr M EH& TEBNER, W
KE R HBEET L, AT REBEFEMI A R, TREIRE
B RR AR s AE R ARG OLR, R RS
HIEREL SR N R .

4 4 R

AL A BB A AR S, SINFEF A AR, 45
AT L VA 3 B s 4% B PV i 0 2 R A ek i el A v
BT REREREIS 77 A5 ITT

D NSRS, RS bR R
B AR INAR S VA TR b R 2 I AT PRAIG, e b P 3506 B [
£ 0.7~6.9 C, WEWEEHIK 1.9~17.3 C; LRGP
SRR R 3.6~5.5 C, IRJFIE(EAK 5.9~7.7 C.
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2) RS BOR AT A s OR IR A A IR B3 A
P B I6 A R, Ml R UR A P SRR AR 258 23.1~24.5 C,
I PR SR A VR R G PN 16.0~17.1 °C, FA&IEN 30.2%~
30.7%; Ui TT ZREMEA 26.3%~29.9%:;

3) FETRRIkHE T I, ARSI RS, KFEE
SRR R 70.0%, ARSI R TGN E, XF
FAICATA 1.5 m® BRE/NABEGHRAN, SFE R
B 443 kWh, FFIEA 9.0%, FHTTHE 29.6 ~
88.7kW-h, FEANHRHANKEL) 17.3~51.8 kg.

4) PRIEAEHE R BE w5 GROR A 1 Ra vk g, 4
PreERERE M 40~100 mm I, A. B e FERIRMNE
FR PR 233.17. 212.3 kW-h, SIRHVE [R08BE 5 B30 45
T4 V5 FEE D38 10 T S T B

5) WwEHE G B m oL R, ARG A
BH IR A L R B i R AR B AR A S, R IR IVE R
AT F B 8 E R S 1 2 TRk iR 22.4% 0 AT RE BTN A
FEHR, A TES e % A R U e K B = O
BRI FERES TR

AR B AN 0T i 559 1 A AR S T O iR A 1 B
Rl B AT o b . WA FRAAEL SR E . IREE . T
S AN RIS B S B Lo ], R 4R S 4
FeAR R F AR A ¥4 254 Bl A Ve W 4% 1) 71 RE K
RHATHE T, P AW E BRI P, 48
B VAR S 1 VA B B T B A5 T AT
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Thermal insulation performance test and energy consumption of the cold
chain incubator with radiative cooling

Liu Guanghai®, Li Qingting®, Xie Ruhe!, Chen Huan', Liao Jing?, Zhong Xiaoying**
(1. School of Management, Guangzhou University, Guangzhou 510006, China; 2. Department of Engineering and Management, University
of Padova, Padova 35131, Italy; 3. School of Business, Nanfang College Guangzhou, Guangzhou 510970, China)

Abstract: Refrigerated transport equipment is increasing rapidly with the development of the cold chain in China. High energy
consumption of refrigerated trucks can often occur correspondingly in recent years. In most cases, the envelope material of the
transport equipment can be improved to reduce energy consumption. Alternatively, the heat transfer mechanism can be widely
expected to significantly promote the energy efficiency of refrigerated equipment in a short term. Particularly, the heat load of
cold chain transportation can originate mainly from the air-convection heat exchange and the solar radiation heat. In this study,
the radiative cooling coating was developed and applied to the external surface of the cold chain incubator. The paint material
was also characterized by the white homogeneous liquid with a relatively high resistance to impact, adhesion, acid, alkali, and
artificial aging. A series of tests were then carried out to evaluate the performance of radiative cooling coatings on the thermal
insulation of the cold chain incubator. The test results show that the solar radiation heat gain of the incubator decreased
significantly using radiation cooling coating. Specifically, the average temperature of the outside surface of the insulation box
decreased by 0.7-6.9 °C with an average decrease rate of 10.0% than before. The maximum decrease rate of the peak
temperature was 17.3 °C, decreasing over 28.5%. The average temperature of the inner surface also decreased by 3.6-5.5 °C.
The peak temperature of the inside surface decreased by 15.0% and the average temperature of the inside surface decreased by
11.2%. The average temperature of the central air inside the box decreased by 10.0%. At the same time, the uniform distribution
of the temperature field inside the insulated box greatly contributed to the cooling performance of the final quality of the food.
The temperature range decreased by 30.2%-30.7% using the radiative cooling coating, where the variance of the temperature
field decreased by 26.3%-29.9%, indicating the uniform temperature field of the internal box. Energy consumption analysis
showed that the cold chain incubator with the radiation cooling coatings was reduced the annual heat leakage by 44.3 kW-h,
and the carbon emissions by 17.3-51.8 kg., compared with the original. Specifically, there was a total reduced heat leakage of
212.3 kW-h from the incubator coated with the radiation cooling paint, when the thickness of the box envelope increased from
40 to 100 mm. The total heat leakage rate decreased gradually with the increase of coating thickness. Additionally, the color of
the coating was an important indicator of the optical properties of the paint. An excellent insulation property was achieved in
the insulated boxes with the white radiant cooling paint, where the total annual heat leakage decreased by 22.4%, compared
with the dark coffee-colored paints with high solar absorption ratios. The finding can provide new ideas for the energy-saving
application of cold chain transportation equipment, particularly for agricultural facilities with the heat insulation requirements,
such as grain, cold storage, and oil tanks.
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