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Optimization and simulation analysis of temperature field

of wolfberry drying box
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Abstract: Objective: To improve the quality of wolfberry drying.
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Methods: Standard Realizable £-¢ turbulence model was used for
theoretical analysis, and fluent software was used for simulation
and experimental verification to study the distribution law of heat
exchange temperature field in the drying chamber, and to
optimize the parameters of the heat exchange plate. The effects of
heat exchanger plate inlet flow rate, heat exchanger plate runner
width, heat exchanger plate runner height and heat exchanger
plate spacing on the temperature field uniformity of the drying
chamber were analyzed by taking the temperature uniformity
coefficient and the temperature distribution cloud diagram as the
evaluation criteria. Results: After the optimization of the
structural parameters of the drying chamber, the temperature

cloud diagram showed a large and concentrated high temperature
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zone, with small temperature gradients at the two ends and in the

middle. The standard deviation of the temperature after
optimization was reduced by 0.64% compared with that before
optimization, and the overall trend of the simulated and
experimental values was more or less the same, and the overall
error value of the experimental and simulated values was 2.56 %
according to the calculation formula. Conclusion: The uniformity
of temperature distribution is best when the hot water inlet flow
rate is 0.18 m/s, the runner height is 22 mm, the runner width is
35 mm, and the heat exchanger plate spacing is 85 mm.
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Simplified geometric model of drying chamber
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Figure 2 X =0, Z=0 cross-section view
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Figure 3 Temperature distribution cloud along

the Z-axis section
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Figure 4 Temperature distribution cloud for each cross-

section at different flow rates
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Figure 5 Temperature distribution cloud for each cross

section at different runner heights
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Figure 6 Temperature distribution cloud for each cross

section at different runner widths
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Figure 7 Temperature distribution cloud for each section

at different heat exchanger plate spacing
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Figure 10 Runner width-standard deviation plot
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Table 1 Table of factor levels
L AATE/ BHASGE  CHBURE DRk
Y e MRE/mm EEE/mm B nm
—1 0.10 35 15.0 80.0
0 0.25 50 22.5 87.5
1 0.40 65 30.0 95.0
*& 2 DBox-Behnken i®Ig R
Table 2 Box-Behnken test table
s A B C D T A O AR 2
1 —1 —1 0 0 2.1
2 1 —1 0 0 2.9
3 1 1 0 0 2.7
4 0 1 0 0 3.0
5 0 0 0 0 2.5
6 0 0 1 —1 2.6
7 0 0 —1 1 2.5
8 0 0 1 1 2.7
9 —1 0 0 —1 2.2
10 1 0 0 —1 2.9
11 —1 0 0 1 3.0
12 0 0 0 —1 2.5
13 0 —1 —1 0 2.1
14 0 1 —1 0 2.6
15 0 0 —1 —1 2.5
16 0 1 1 0 2.6
17 —1 0 —1 0 2.5
18 1 0 —1 0 2.9
19 —1 0 1 0 2.8
20 1 0 1 0 3.0
21 0 —1 0 —1 2.2
22 0 1 0 —1 2.7
23 0 —1 0 1 2.4
24 0 1 0 1 3.1
25 0 0 0 0 2.5
26 0 —1 1 0 2.5
27 1 0 0 1 2.8
28 —1 0 0 0 2.5
29 1 0 0 —1 2.5
3.3.2 &5 8 Design-Expert 3844 JF 47 8045 4b

B, A5 ) [A] ) AR 5 A
Y=2.52+0.118A +0.243B +0.092C +0.117D —
0.321AB—0.05AC — 0.225AD — 0.10BC + 0. 05BD +
0.025CD+0.211A*+0.003B*+0.001C* +0.039D*
QD)
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Table 3 Model analysis of variance
K CFIrR AmE B F 1A P {H . & 1
e 1.8300 14 0.1306 8.1100  0.000 2 * % x
A 0.140 7 1 01407 87300  0.0104 x x
B 0.658 3 1 0.658 3 40.860 0 <C0.000 1 % x =
C 0.100 8 1 01008 6.2600  0.205 4
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AB 0.262 0 1 0.2620 16.2600  0.001 2 % x =
AC 0.010 0 1 00100 0.6206  0.443 9
AD 0.202 5 1 0.2025 12,570 0 0.003 2 % x x
BC 0.040 0 100400 24800  0.137 4
BD 0.010 0 1 00100 0.6206  0.443 9
CD 0.002 5 1 00025 0.1552  0.699 6
A? 0.263 1 1 0.2631 16.3300  0.001 2 % * =
B? 0.000 1 1 0.0001 0.0028  0.958 4
C? 0.006 7 1 0.0067 0.0004  0.984 0
D? 0.009 7 100970 0.6037  0.450 1
#®% 02256 14 00161
AT 0.2256 10 0.022 6
BRETT 0.000 0 4 0.000 0
S 2.05 28
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Figure 12 Cloud view of temperature distribution along

Z-axis section after optimization
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Figure 13 Schematic diagram of temperature collection

point location
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Table 4 Temperature values of collection points °C
Z P P, P; P, P;
A 1 47.2 45.3 14.8 43.5 15.2
i 2 46.8 43.9 44.5 45.1 45.6
# 3 46.7 43.1 45.3 44.4 45.5
W 4 46.5 45.8 43.7 43.6 46.1
#m 5 45.9 44.7 42.9 44.8 46.3
o 6 46.6 44.2 43.2 45.7 44.9
x5 AEABEERESW
Table 5 Temperature analysis of different cross sections
C
T FemiE  BAREE 2 -3 B
I 1 47.2 43.5 3.7 45.20
T 2 46.8 43.9 2.9 45.18
i 3 46.7 43.1 3.6 45.00
A 4 46.5 43.6 2.9 45.14
T 5 46.3 42.9 3.4 44,95
i 6 16.6 43.2 3.4 44.72
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