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Structure Optimization of Isobaric Filling Valve Port Flow Channel Based on
Bee Colony Algorithm

LI Quan-lai
(Beijing Technology and Business University, Beijing 100048, China)

ABSTRACT: The work aims to analyze the effect of valve port flow channel structure parameter on the liquid flow field
to solve the constrained multi-objective optimization problem of minimizing the maximum pressure loss, maximum liquid
flow rate and maximum turbulent kinetic energy, for the purpose of improving the filling performance of isobaric filling
valve. Based on the orthogonal experimental design and flow field simulation software Fluent, the flow field of filling
valve port flow channel conducted the numerical simulation. Through the regression analysis, the empirical equation of
maximum pressure loss, maximum liquid flow rate and maximum turbulent kinetic energy was developed with the valve
port flow channel structure parameters as the independent variables. Then, the constrained multi-objective optimization
model of valve port flow channel structure parameters was established. The multi-objective artificial bee colony algorithm
was used to solve the optimization model. There was a conflict among the minimizing of the maximum pressure loss,
maximum liquid flow rate and maximum turbulent kinetic energy and such minimizing could not be optimized at the same
time. The optimal Pareto solution set of valve port flow channel structure parameters was obtained based on the mul-
ti-objective artificial bee colony algorithm. In conclusion, the multi-objective artificial bee colony algorithm can be effec-
tively used for the optimization of the isobaric filling valve port flow channel structure parameters.

KEY WORDS: isobaric filling valve; valve port flow channel; flow field; artificial bee colony algorithm; optimization
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Fig.1 Beer filling valve port flow channel structure
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Tab.1 Structure parameters of isobaric filling valve port

flow channel mm
7K L L, Ly R
1 8 0 1 1.5
2 8.5 3 1.4 2
3 9 6 1.8 2.5
4 9.5 9 2.2 3

WL /E i N T Bl o = 4E T s, — 4 LR
) = HE SRR L 2, Hi L,=9 mm, L,=3 mm,
L;=2.2 mm, R=1.5 mm,

Bl 2 I = SR A
Fig.2 Three-dimensional solid model of flow channel
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Fig.3 The mesh generation
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Tab.2 The effect of flow channel structure parameters on

the maximum pressure 108s Ap,a, Pa
K sS4t
L L, L, R
1 314.484 304.127 309.020 316.047
2 312.640 315.075 312.098 310.148
3 312.400 314.861 314.290 311.397
4 311.474 316.936 315.592 313.406
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Tab.3 The effect of flow channel structure parameters on

the maximum flow velocity v, m/s
K- P
L, L, Ly R
1 0.6205 0.6089 0.6175 0.6204
2 0.6190 0.6211 0.6228 0.6219
3 0.6226 0.6254 0.6204 0.6201
4 0.6214 0.6282 0.6228 0.6212
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Tab.4 The effect of flow channel structure parameters on
the maximum turbulent kinetic energy F

mm?/s?
K =
L L, L, R
1 0.0259 0.0247 0.0235 0.0252
2 0.0258 0.0260 0.0248 0.0236
3 0.0255 0.0244 0.0272 0.0264
4 0.0244 0.0266 0.0260 0.0265
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Tab.5 Optimized Pareto optimal solution set
Fe L,/mm Ly/mm Ly/mm R/mm APmax/Pa Vimax/(mes 1) E/(mm*s?)
1 8.8285 3.4040 1.4404 1.9707 313.2052 0.6208 0.0246
2 8.0921 8.1439 1.4814 2.7018 312.5348 0.6261 0.0258
3 8.8286 8.9016 1.7010 2.7853 312.5025 0.6283 0.0266
4 8.1422 5.4120 1.3049 1.5050 315.7578 0.6234 0.0237
5 8.3055 7.5550 1.0728 1.6319 317.1384 0.6251 0.0235
6 8.6063 5.2426 1.2556 1.5964 315.4615 0.6238 0.0238
7 8.3712 4.5699 1.1293 2.3618 313.4137 0.6218 0.0245
8 9.0502 3.6029 1.4670 1.8393 313.6853 0.6217 0.0245
9 8.3977 5.1473 1.1035 2.2167 313.9192 0.6228 0.0242
10 8.8436 6.1909 1.1025 2.9512 312.8725 0.6251 0.0251
11 9.0021 3.2645 1.4857 2.0677 313.5089 0.6208 0.0249
12 8.4484 4.9797 1.2502 1.8417 314.7733 0.6231 0.0241
13 8.1231 8.8225 1.1035 1.9267 315.0450 0.6250 0.0239
14 8.3260 4.3730 1.1251 2.6450 313.1462 0.6213 0.0248
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