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1.Frequency conversion pump 2.Pressure relief valve 3.Digital display
flowmeter 4.Spray Nozzle 5.Perforated basket 6.Litchi 7.Evaporating coil
8.Ice cool storage box 9.Compressor 10.Condenser
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Fig.1 Litchi spray precooling test platform
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a. Layout of single layer litchi temperature sensor
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b. Layout of multi-layer litchi temperature sensor
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Note: Darker position was measured lychees, and the temperature sensor was
inserted into the litchi pulp.
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Fig.2 Temperature sensor layout
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b. Effect of spray temperature on excess temperature ratio
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Note: The spray flow rate is 5 L+(s™-m™), single layer litchi.
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Fig.3 Effect of spray temperature on ratio of fruit temperature and
excess temperature ratio
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Table 1 Evaluation parameters of Litchi at end of precooling at
different spray temperatures
WO ERERE ARS8 AR 1751 i e REL
Spray Lag Cooling 7/8 ~ P Coefficient of
. . . Evenness L
temperature coefficient coefficient precooling dearee determination
Ic J ols’! time/min 98¢ R
0.052+
9 0.853 0.239 11.78+0.41 a 0.008 a 0.981
5 0.859 0.249 7.50+0.91 b 0.069: 0.995
0.01a
0.228+
2 0.746 0.263 6.35+£0.65 b 0.028 b 0.987

e F—FE— P SHOR R 7 B 3 PIsEkiL R 7/8 T4 I 1], 355 B
SHE P<<0.05 /K EESF W, TH.

Note: Different letters within a column for the same evaluation parameter
indicates significant differences at P<<0.05 level among three different spray
temperatures, the same below.
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b. Effect of spray flow rate on cooling time of 7/8
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Note: In Fig. 4a, the spray flow rate from top to bottom at 15 min are 1, 2, 3, 4, 5,
6 L-(s"'m?), respectively. The spray temperature is (5+0.5)°C, single layer litchi.
B4 SR Ea R LR A 7/8 BUA N1 69 %R
Fig.4 Effect of spray flow rate on fruit temperature and
7/8 precooling time
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Table 2 Evaluation parameters of litchi at end of precooling with
different spray flow rates

WO LERE SRR 8EA o BERK
Spray flow  Lag Cooling i ] E\;e;n;s Coefficient of
rate/  coefficient coefficient 7/8 precooling deares) determination
(Ls"'m?) J cfs’! time/min greelo R
0.826 0.174 15.08+£0.9a 0.095+0.027 a 0.965

0.860 0.196
0.864 0.210
0.851 0.225
0.888 0.258
0.930 0.257

11.87+0.5b 0.088+0.015a  0.977
10.72£0.6 ¢ 0.086+0.016a  0.978
8.77£0.66 d 0.072+£0.01 a 0.983
7.77+0.54 d 0.069+0.007a  0.997
7.80+£0.27d 0.068+0.004a  0.994
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Fig.5 Cooling characteristics of multilayer litchi and temperature
distribution of middle longitudinal section at precooling end
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Table 3 Evaluation parameters of different litchi layers at
precooling end

TiA
GERER IR 7/8 A

g g ; BEs) ity WE 2%
el Lag Cooling E7J/|§ﬂ E\//je/r?n};s C(i{f%cifiz of
Litchi position coefficient coefficient . L 2
J /s precooling degree o determination R
time/min
H) 8.18+  0.085%
First layer 0886 0.236 0.28a 0.008 a 0.992
W) 848+  0.108+
Secondlayer 00 9237 049a  0007b 0.993
EiEy= 1110+ 0.113=
Third layer 0.933 0-190 0.73b 0.012b 0.995
IV 1195+ 0.150+
Fourthlayer  00°8 0168 g60b  0.017¢ 0.992
IR 1402+ 0213+
Fifthlayer 000> 01 o885 00464 0.999
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Effects of different spray precooling parameters on cooling
characteristics of litchi

Lu Enli*, Chen Minglin', Liu Yanhua®*, Guo Jiaming®, Huang Hao*, Yu Xinxin®, Li Pengfei*
(1. College of Engineering, South China Agricultural University, Guangzhou 510642, China;
2. Engineering Fundamental Teaching and Training Center, South China Agricultural University, Guangzhou 510642, China)

Abstract: To investigate the effects of spray precooling parameters on the cooling characteristics of litchi fruit, a spray
precooling test platform was established. “Huaizhi” litchi fruit was chosen as raw materials for this study. The effects of spray
temperature and spray flow rates on the cooling coefficient, 7/8 cooling time, and cooling uniformity, as well as the
characteristics of multilayer litchi spray cooling, were studied. For spray precooling of single layer litchi, the lower the spray
temperature was, the bigger the cooling coefficient was, the shorter the 7/8 cooling time was, and the worse the temperature
uniformity of the fruit was. When the spraying temperature was less than (5+0.5)°C, the 7/8 precooling time was shortened,
and the precooling unevenness increased significantly (P<0.05). The effects of spray temperature to achieve rapid precooling
was limited. Therefore, a spray temperature of (5+0.5)°C could be chosen in the actual precooling process, and it could
maintain the precooling uniformity and accelerate precooling rate of litchi. With the increase of pray flow rate, the cooling
coefficient initially increased and then stabilized, and the 7/8 precooling time initially shortened and then leveled gently, and
the fruit temperature uniformity increased. The 7/8 precooling time had a quadratic function relationship with the spray flow
rate. The 7/8 precooling time decreased slowly when the spray flow was higher than 5.9 L/(s'm?). This was because the contact
area between the litchi and cold water increased more slowly than the flow rate. Therefore, the flow rate of litchi spray
precooling could be selected to be 5.9 L/(ssm?), which could improve the precooling efficiency and reduce the energy
consumption of the pump. When multilayer litchi fruits were stacked, the closer the spray nozzle was, the bigger the cooling
coefficient was, the shorter the 7/8 precooling time was, and the better the temperature uniformity was. The relative precooling
time had a quadratic function relationship with the number of layers, and the number of critical precooling layers was 4.1.
When the number of litchi stacks was larger than or equal to 4, the relative precooling time varied little. To improve the
precooling efficiency, the number of litchi stacks should be bigger than or equal to 4. However, as the number of layers
increased, the precooling uniformity gradually deteriorated. When the multilayer litchees were stacked, the cooling rate of each
layer was inconsistent, the precooling time was longer, and the precooling final temperature was not coordinated. The whole
process of precooling took 14.02 minutes. After precooling, the o of the middle longitudinal section was 0.14, and the average
temperature was 7.15 “C. In single layer litchi spray precooling, the spray temperature could be selected as (5+0.5)°C, and the
spray flow could be selected as 5.9 L/(s'm”). The parameters of the single layer litchi spray precooling were used to precool the
multilayer litchi, and the number of layers of the best stack of litchi was found to be 4. The research results provided reference
for the design of litchi spray precooling equipment and single-layer and multilayer litchi precooling applications.

Keywords: fruits; temperature; flow rate; litchi; spray precooling; cooling characteristics



