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Design and Experiment of Small Cooling Storage Vacuum
Precooling Device for Fresh Wolfberry with Stem

DENG Gaige'> KANG Ningbo' WANG Songlei'” LIU Guishan’ HE Jianguo'”’
(1. School of Civil Engineering and Hydraulic Engineering, Ningxia University, Yinchuan 750021, China
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Abstract; At present, the vacuum pre-cooling device has a large volume, high energy consumption, and
the water catching capacity of the water trap can not be well adapted to the problem of evaporation of
water vapor. In order to solve the above problems, a small-scale wolfberry vacuum precooling device
based on brine storage was designed. According to the technical requirements, the mathematical model of
vacuum precooling was established. The theoretical analysis of the surface mass transfer resistance layer
was carried out. The key parameters of the vacuum pump, vacuum precooling and cooling load, brine
storage system and computer detection system were designed and calculated. Finally, a small cooling
storage vacuum precooling device for fresh wolfberry with stem was produced. The experimental results
showed that the vacuum precooling device can reduce the center temperature of 8. 714 kg fresh wolfberry
to the preservation temperature of 4.0°C in 879 s, and the water loss rate was 5.29% when the water
replenishment rate was 4. 50% . The water trap of the device was designed to have a water catch rate of
75.00% , and the actual water catch rate was 79.32% . The brine temperature in the brine tank was
increased from —20.1°C to —9.8°C during the test. The cold storage capacity of the brine in the tank
can ensure the smooth completion of the vacuum pre-cooling process. By adjusting the brine pump to
change the brine circulation speed, the balance between the catchment of the water trap and the
evaporation of water vapor was achieved, which met the design requirements.

Key words: fresh wolfberry with stem; vacuum precooling; cool storage of brine

W H . 2019 -08 —13 &[0 H. 2019 -10—-10

BE&mH . THEREEAGXIE ST E TR ERXEHL S E (2018BCFO1001 )

{EE B/ BRCE (1987—) B 1A R R KRR 22 Be P, 3532 /KR K B TRRFST , E-mail ; mood. happy@ 163. com
BIEEE. (EE( 1960—) , 5B #¥#%z, TN FAR TR A sk 3 & iFoT ,E-mail; hejg@ nxu. edu. cn



368 P 1 R A= 4 2020 4F
0 2= RS TS5 iz o F R AR HS s %t
A

FFCEER N IR IR, B R, 5K bl
R SRS AN e I eIV A T L T 5 2
LB 103 0 A 0 1 36 W) B 2 AR T SRS I
I v S A0E R A AT B 2R DR B 1A R AR 1
TG PETIVE J7 SRR RE 1S | AR5 Jve S [A]
VAL (14 W IR 1 FH 25 2 (o L8 R I T AR PR
A BTN B LS TR BRI i K o 1R LS 25
T AR BRI B A B R S
T T AR L, F A Il b o 0t 249 2 ) 2
P, IR, 52 2ok il 2 A A0

[l AP AS 2D 2 35 0 L8 e EAT T FSE . XX
B [ 12 R P 07 T V5 245 - 3 A SR 0 o 22 B R
HA T BEATIAL, B2 T 04 22 A8 Ry A 25 TR
T ESH SCHR [ 13 ] X L2 v AR LV AT A LY
PRAEPPIRGLBEAT T 204 s SCRR [ 14 ] 0P8 T B UR
FASREN(MAVC) X 3 FfAS [a] i 1 3%l Jo A9 52 ) 5
SCHR[ 15 ] 7EAT T 2 AL BLAS Ve oAb B D 325 O 126 119
WP 5 SCHRL 16 ] HEAT 17 3560 HL 28 TV JCR By 36
G, TR T HR LA TR 00 3 W e 5 SCHK [ 17 ) 45 98
BRI EAR 5 A T BRSS9V i R 1
AR T3 L W58 0 B 1 v £ i 28R 5 3
WAL 18 BET T H A B R B AT R AL I R 4, 5
BT B P S A R s A T g 7 R R
PP R A S I A SRR [ 19 ] AT T AT R Sy
HAS T 1, R T B T A Rt

AW EEAE TR S T T 2SN
PR Je At it A A 55 T T, P 9 B B Y LS v
PEEAFAEATUR REFE S, ELI/K AR /K S BB 1)
IKZEAGE R AR, FR, XS U
IR B L 25 04 2 I L s Ve 28R T T A 9
AHRIE . AR SO /N EE Ve AU AR A 28 TV 1
FHATORTE W SRR S A T RO O
Uk APERE , DUPI A ORI/ Ve A TR
FEBOHEIS %,

1 BREHAR

1.1 FHEAREX
IERESURCOUE Sl LR S (Kl 1. 2 I (W e
BORGE BT 2 LS T4 B AR S 1 10 kg fEHIAL Y
RJETE 25 min N M 25°C [ R AREEREE 4. 0°C ;[
A R R K 35 v 19 5 O K 5 1 1 e A T4
WAL i
1.2 REHEMEITIERE
HRPEHE AR BERASR T T /N ¥ A AR i A

B ARk s R AL DRk
FE Ak AR Ak As B2 R R
Fian A MK e A R AL A AR
FIER KA AN, /N EE Ve SMAC LA v e
LA R 1 PR,

6
7 8 9

5 l\l 11
? 13

3 4 5

15 14
BT /N AUMIAC B2 TV 2 i B LA A s R A
Fig. 1 Schematic of whole machine structure of small cold
storage type wolfberry vacuum precooling device
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Fig.3 Wolfberry surface water vapor diffusion
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Fig.4 Water vapor diffusion in mass transfer resistance layer
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Tab.1 Wolfberry components mass fraction %

2% TR fief S
K5y 14. 10 80. 00
RSy 4.55 1. 06
s 4.45 1.04
HE R 11.82 2.75
b 48.35 11.26
Hofd 16.73 3.89
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Tab.2 Specific heat capacity of main ingredients

in wolfberry

% T

S C=1.5488 +1.9625x1037T-5.9399 x10 7%
BB €=2.0082+1.2089 x10 3T -1.3129 x10°72
5l C=1.9842+1.4733 x10 T -4.800 8 x 10 ~°7?
Koy €=1.0926+1.8896 x10>T-3.6817 x10-°7?
Ko C=1.5488+1.9625x10737T-5.9399 x10~°72
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Tab.3 Thermophysical properties of aqueous

calcium chloride solution

R/ A/ SR T &Y
T (kg K)™H) (W (mK)™) (m*-s7")
20 2.973 0. 565 1.56 x 107
10 2.952 0. 551 1.53 x 107
0 2.931 0.538 1.51 x 107
-5 2.910 0.530 1.49 x 107
-10 2.910 0.523 1.48 x 107
-15 2.910 0.518 1.46 x 107
-20 2.889 0.510 1. 44 x 107
-25 2.889 0. 504 1.43 x 107

HOK TAEIRE N -20 ~ —=5%C %K RGfET
YERT 0] BLZ5 TR RGP LAY 50 774.9 k], 3k
IR =20°C EFFZE - 10°C BFF e K B W i 2

Q, =C,m,AT, (8)
K ¢, ——EK A HL2.91 kI/ (kg+K)
AT, ——h /KT R 25, B 10 K
m,——3Eh KT ke
SR K TN 26.6 kg, HAAF A 21.8 L, %
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Fig.5 Temperature and humidity sensor and pressure

transmitter
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vacuum precooling device of fresh wolfberry with stem
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Fig.7 Changing curves of wolfberry center temperature

and vacuum tank pressure during vacuum pre-cooling
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