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Abstract; In order to improve the performance of centrifugal fan for Wuyi rock tea shaking machine, the
centrifugal fan impeller was optimally designed and experimentally verified by multi-objective genetic
algorithm. Firstly, for the 38 groups of design samples, the Latin hypercube design method was used to
optimize the number of impeller blades, the inner and outer diameter ratio of the impeller, the inlet
mounting angle of the blades, the outlet mounting angle of the blades, the bending radius of the blades,
and the inlet diameter of the blades. Then, the constructed least squares regression (LSR) and moving
least square method ( MLSM) response surface models were solved using the NSGA — [I multi-objective
genetic algorithm, the Pareto solution set for the optimal relationship between fan airflow and fan
efficiency can be obtained, and Spearman variable correlation analysis can be conducted. Finally, the
effectiveness of the optimized design method in improving the shaking effectiveness of the actual
equipment was verified through CFD numerical simulation and experiments. The results showed that the
blade inlet mounting angle and outlet mounting angle had the greatest effects on the fan airflow, the

impeller inner and outer diameter ratios and the blade outlet mounting angle had the greatest effects on the
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efficiency of fan, reaching a high degree of correlation. The optimal parameter combinations were as

follows : the number of blades was 19, the ratio of the inner and outer diameters of the impeller was
0. 67, the installation angle of the blade inlet was 73. 86°, the installation angle of the blade outlet was
128.74°, the bending radius was 25. 28 mm and the blade inlet diameter was 24. 95 mm. Compared with

the prototype fan, the optimized fan air volume was increased by 381.22 m’/h, the efficiency of fan was

increased by 4. 33 percentage points, the average water loss of the stem and leaves increased by 2. 05 and

3. 15 percentage points, respetively, and the average score of the sensory review of the tea was

91. 4 points, which verified that the optimized design of the fan improved the quality of the whole

machine for tea shaking.

Key words: Wuyi rock tea shaking machine; centrifugal fan; impeller; optimized design; experiment
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Fig.2 Centrifugal fan structure diagrams

(b) i4

®1 HBREELNSHY

Tab.1 Main structure parameters of impeller
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Fig.5 Schematic of geometric parameterization of arc in blade
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Tab.2 Optimization design variables

AR Z Dy/Dy By/(°) B/(°) R/mm  L/mm
R 19 0. 68 89.66 128.76 43 35.03
TBR 13 0.62 65.66 104.76 25 23.03
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Tab.3 Simulation experiment design and results

D/ B/ B/ R % W
D, (°) (°) mm mm (m*:-h7') %
19 0.67 77.66 112.76 25 29.03 4272.02 32.70
16 0.62 69.66 120.76 40 27.03 4308.18 31.39
16 0.65 81.66 108.76 28 25.03 3964.24 30.35
14 0.68 77.66 128.76 37 23.03 4509.48 33.99
0.66 77.66 112.76 31 25.03 4022.03 30.69
18 0.62 73.66 116.76 37 29.03 4169.20 31.53
13 0.62 77.66 104.76 25 35.03 3642.56 27.62
15 0.66 65.66 128.76 34 35.03 4606.07 31.75
19 0.65 69.66 124.76 31 31.03 4602.73 33.84
10 19 0.67 65.66 112.76 34 23.03 4304.98 30.87
11 18 0.68 77.66 116.76 43 35.03 4317.92 33.19
12 19 0.63 69.66 120.76 40 23.03 4424.38 30.99
13 15 0.62 81.66 120.76 25 35.03 4111.94 29.79
14 13 0.64 89.66 112.76 43 29.03 3804.93 29.62
15 14 0.65 73.66 124.76 34 23.03 4437.86 32.64
16 15 0.64 89.66 104.76 43 27.03 3729.14 29.60
17 19 0.68 65.66 108.76 40 33.03 4169.05 33.22
18 18 0.65 89.66 120.76 43 33.03 4205.95 31.90
19 17 0.64 73.66 108.76 28 29.03 4032.12 30.68
20 14 0.67 81.66 120.76 31 31.03 4283.56 32.87
21 14 0.63 81.66 116.76 37 29.03 4114.29 30.71
22 16 0.66 89.66 124.76 34 31.03 4334.69 32.93
23 18 0.65 81.66 108.76 28 35.03 4026.12 31.60
24 17 0.67 89.66 112.76 31 35.03 4055.51 32.19
25 13 0.66 77.66 104.76 43 33.03 3870.37 30.54
26 15 0.68 69.66 128.76 25 27.03 4704.90 36.92
27 15 0.65 85.66 120.76 25 23.03 4366.14 32.46
28 15 0.68 73.66 112.76 37 35.03 4183.58 32.10
29 18 0.66 73.66 116.76 31 29.03 4411.97 32.98
30 14 0.64 89.66 104.76 25 33.03 3692.75 29.86
31 18 0.67 69.66 128.76 34 29.03 4911.87 36.30
32 13 0.62 65.66 116.76 40 33.03 4093.70 29.76
33 13 0.65 89.66 112.76 37 31.03 3822.67 30.13
34 17 0.66 77.66 128.76 37 31.03 4613.10 33.57
35 13 0.64 85.66 116.76 37 23.03 3993.54 29.68
36 16 0.63 85.66 116.76 40 33.03 4148.53 31.01
37 19 0.64 89.66 108.76 43 29.03 3988.30 31.61
38 14 0.68 81.66 124.76 25 31.03 4422.42 33.70
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Tab.4 Check of surrogate model

#a %)

HEYE RRYXF B

ES4 W fi e R R

LSR  0.9960 0.0484 50.008 1 m*/h 18.005 8 m*/h
WAL \rsM 0.9943 0.0525 76,630 6 m?/h 21,505 0 m?/h

ISR 0.9954 0.0476 0.3844% 0.1233%
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Tab.5 Performance comparison before and

after optimization
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