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ABSTRACT

Vacuum cooling is one of the most effective methods for vegetable pre-cooling
process. Although it is a very common practice in America and Japan, but in Taiwan,
the first domestic manufactured vacuum cooler just started to operate in Yun-Lin
County in 2001. Due to in short of experimental data, the vacuum cooler is not a well-
designed equipment yet. Computer Aided Engineering (CAE) is an efficient way for
solving engineering problems. The improvement of computer hardware nowadays,
finite element method (FEM) becomes the most popular tool used in the industrial
circles. This research endeavors to analysis a vacuum cooler by experiments and
computer simulations using FEM. A 450mm X 500mm X 700mm scale experimental
vacuum cooler was constructed for structure studies during vacuum operating. A
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commercial design software named "Cosmos / Design Star" was used for computer
simulations. The simulation data were compared with the experimental
measurements. Both data were very consistence in displacements and strains on the
structure surface during vacuum operation. The research offers the ability of vacuum
cooler being accepted by vacuum operating, and CAE might be a good foundation of

vacuum cooler design in the near future.

Keywords: Vacuum cooler , Computer Aided Engineering , Finite element method
solver, Structure analysis and design
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Fig.5 Displace diagram of the experiment vacuum
vessel by computer simulation
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Fig.6 Stress distribution diagram of the experiment
vacuum vessel by computer simulation
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Table 1 Displacement at measurement points

FUB [ @l B8 2] BNE |5 @] & B |E
%% Dir- Dis- ZRE| &% Dir- Dis- T A £

Location | ection |placement| % Location | ection [placement| %
NO. (m) | St dev. NO. (pm) | St dev.

1 X 260 66 12 z 440 16

2 X 660 8 13 z 80 83

3 X 590 19 14 z 140 72

4 X 130 55 15 z 160 62

5 X 220 40 16 z 150 55

6 X 610 11 17 y 125 73

7 X 370 26 18 y 325 22

8 X 90 81 19 y 98 80

9 z 120 72 20 y 125 62

10 z 260 66 21 y 125 67

11 z 350 21 22 y 500 11

12 z 440 10 23 y 650 13

13 z 80 77 24 y 100 64

BAREEE ARRE F314E X 100%
% St. Dev. = St. Dev. / Avg X 100%
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Table 2 Strain and stress at measurement points
AR | ER | ERE | ERA| FE TR |\ERE | EEN | T
&3k Volt- | Normal | Normal Dir- Volt- | Normal | Normal Dir-
Location | age strain | stress | ection age strain | stress | ection
NO. V) (n) | (MPa) V) (1) | (MPa)
1 -3.500 -210 | -42.00 y 1.000 60 | -2.449 z
2 -1.000 -60 | 2.186 y 4.250 255 | 51.50 zZ
3 -1.167 =70 | -30.10 y -4.200 -250 | -57.67 z
4 0.367 22 | 23.65 y 5.200 310 | 68.53 z
5 -0.420 -25 | -5.029 y 0.000 0] 0.054 zZ
6 -1.420 -85 | -28.73 y -2.833 -170 | -41.70 z
7 2.390 143 | 28.56 y -0.667 -40 | -0.050 z
8 2.400 144 | 27.67 y -1.000 -60 | -4.122 z
9 0.225 13.5 | 2.639 y 0.000 0| -0.300 z
10 -0.416 -25 | -5.030 y 0.000 0] 0.010 X
11 -0.170 -10 | -2.580 y 0.000 0] -1.920 X
12 1.630 98 15.44 y -1.550 -93 | -14.05 X
13 -0.400 24 | -4.730 y 0.000 0| 0.000 X
14 0.000 0| -2.887 y -0.750 -45 | -10.05 X
15 0.000 0| -0.671 y -0.340 -20 | -4.340 X
16 1.670 100 | 15.59 X -1.500 -90 | -13.86 z
17 0.650 40 | 15.40 X 1.850 111 | 26.61 z
18 4.670 280 | 51.75 X 2.583 -155 | -16.45 z
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Table 3 Comparison of maximum deformation and stress in commercial vac-
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# Ak R <+ Bl | 1@ | (ton) (mm) | &7 | #%

frame dimension of | (mm) no. total Max. |(MPa)| Min.

cross-section| cross-section | span |of frame| weight dis- Max. | Safety

of frame placement| stress | factor
X R | & B

Literature 60mmx120mm| 340 33 50 3.58 88 23
square
A s om

TR 60mmx120mm| 580 21 30 4.64 264 0.76
case 1 square
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R Y
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case 3 I beam
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