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Effect of pumping rate on water capture efficiency of

vacuum cooling machine

FAN Changhao, LU Ying, YU Xiaoming, XIA Yuantong

(School of Energy and Power Engineering, University of Shanghai for Science and Technology , Shanghai 200093 , China)

Abstract ; The pumping speed of the vacuum pump and the water capturing capacity of the water catcher are the key

factors to determine the effect of vacuum cooling. In order to find the best combination of the two, a self designed

frequency conversion vacuum refrigerator (with a water path adjustable water collector) was adopted, and 3 pumping

speed schemes were adopted to carry out the experiment. The results showed that the pumping speed and water loss rate

were significantly affected by the change of pumping speed (P <0.05) , especially the slow pumping rate, and the water

harvesting efficiency was increased by 3 times, and the water loss rate was reduced by 78. 75% . The influence of

vacuum pumping speed on water capture effect is studied, which provides a basis reference for vacuum cooling to further

reduce energy consumption and improve product cooling effect.
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Figure 1 Schematic diagram of variable

frequency vacuum pre-cooler
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Figure 2 Material drawing of water

catcher with adjustable air flow path
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Table 1 Rate scheme of three pressure drops
il /(L= s7h)
7% 101 325 ~20 000 Pa 20 000 ~2 000 Pa 2 000 ~ 800 Pa
1 2.0 1.2 2.0
2 2.0 1.6 2.0
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Figure 3 Curves of sample temperature in

different pumping speed schemes
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Figure 4 Pressure variation curves of

three pumping speed schemes

GUIE IR NG, SE RV R[] , ™ 5 I 2 S0 L2 2
14 1E B % 5 R R T BE S AR, BEAS 1K 7 2 e
MGG UK, SRR BRAE ™ A BURFIF K
FROTHRG 3B 2R RGO RERERS I o PR, A
IR AR T R P E KRR I 2 K

M S FTRAE A2 2.0 L/s filide 5 S, ke
WREETE 7S s WP B TF, 3 15 s J5 ik 3 em 20.2 C,
Wt iR B 1 i £ 1.6 L/s il I b, K it
JEAE 115 s Gd T}, i B2 4. 4 °C, £E ] 2]
1K 205 s I il B2 K B B g, BRI O 12.2 °C, J5 22
R BEHEAPRFF AL AE 385 s IR B IT AR P A1 7 1. 2
L/s (il 7 2 o, AL E — E AR AN R, — E 4R FF
FE£5.0 CLAA, a2 3% 900 s IR A 2 8 BTt fF
FISCERAE AL IR 7.7 C o FEfhE 2.0 L/s 1 1.6
L/s J7 58 rf, il A 2 P O RE b S 7 A K 281, R
Ja U IE AR v B, B R R R AR R
HI R K SR BERYS BN TR R B AR Y
R RS TR WA R 1.2 /s Jy
Frp RERL AL TR AR S KR U AR
R AR RESE ARSIV 6™ A 9 v SR A, DA T i il /K



.30 - B THI# Light Industry Machinery

2017 56 HA

i A K
Hi el DL, SR aa K a e A v B — g i, i R
At 2 ol Al K 2l B 2 e T R R K BE ) o T
AR S A 7 v B2 A K A 0 R LS R A il A
DETC , sl S A7 /K A5 25 T80 T2 1) O Wt B2 T e o
25 ——121L/s

- 1.6L/s
—=2.0L/s

0 260 “‘00 6(I)0 860 1 000
Fif 1) /s
BS REMERERETHKESEN L
Figure 5 Temperature curve of water catcher

under different pressure drop rate

2.3 ARMHMEARMNHERREZNZ M

FH &L 6 AT, 2K 7K R A il 1% 38 in 22 30 4 2 4
ik, RA 1.2 L/s (s K KN 5.6% , 5
K REGI B RS HII KK RHA Y (4.8% ) 1, TR
2.0 L/s B9 iy 2 K 535 26.35% , )&k A 1.2
L/s s A 2R K 2800 4.7 Ao AT UL, SR KA il e
S S KR 2 N, 7R S PR A PR R A IS
S BUIP R | AT S

< = m kR
ﬁfﬂ), Wyiﬂ(%
601
ﬁésof
40
% 30 I

0,

10 =

1.6 2.0

?m’%iz)é/(bs-l)
H6 RREhik T RKFFdf KA F 0 T

Figure 6 Variation of water loss rate and water

holding efficiency under different pumping speeds
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Table 2 Water capture and water loss of each part of water catcher under different pumping speed schemes

ik it/ g
ﬁ% = = = = = =
1 54% 2 5% 35k 4 5% 5 5% 6 5%
b33 7.62 +0.38 5.45 +0.28 4.14 £0.16 3.09 +£0.13 1.77 £0.09 0.98 +£0.07
3 7.50 +£0.50 3.15+0.09 1.26 £0.04 1.18 £0.05 1.03 £0.04 0.85 +0.10
ik 5t 8.41 £0.19 5.28 £0.05 2.23 £0.13 1.17 £0.15 0.01 £0.01 0.00 £0.00
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