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Abstract: In view of the uneven distribution of axial inlet flow and the backflow of the blade pas-
sage caused by the large volute width and short blades of the multi-blade centrifugal fan, this pa-
per proposes a design method of variable chord length blades. With the multi-blade centrifugal
fan impeller as the research object, the parametric optimization of the impeller leading edge is car-
ried out. The leading edge is constructed using the Bezier curve with five control points, the sup-
port vector regression proxy model is established, the optimization objectives for efficiency and
static pressure are set, and the parameters of the selected control points are optimized by genetic
optimization algorithm. The variable chord long blade design improves the flow capacity of the
multi-blade centrifugal fan, resulting in a maximum volume flow increase to 35. 7 m®/h. The
analysis of the flow field reveals that the impeller designed with variable chord length blades has a

more uniform flow distribution along the blade height direction, especially in the area near the
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shroud side where the velocity is less than 0, and the flow ratio of the disk section increases by

29.8%. The channel backflow phenomenon is significantly improved, and the working ability of

the impeller with variable chord length blades is relatively stronger. Based on the variable chord

length blade design, the aerodynamic performance of the multi-blade centrifugal fan is greatly im-

proved, the operating range in the large flow direction is widened, the efficiency increases by

4.9% under the small flow condition, and the static pressure capacity of the fan increases by up

to 91. 1 Pa. This research provides the theoretical basis and engineering practice value for the in-

ternal flow control and the variable chord length blade design of multi-blade centrifugal fans.

Keywords: variable chord length blade; multi-blade centrifugal fan; support vector regression;

numerical analysis
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Fig. 1 Diagram of variable chord length blades
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Fig. 2 Diagram of multi-blade centrifugal fan structure
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Table 1 The structural parameters of the multi-blade

centrifugal fan
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Table 2 Distance variation of the control points of the blade

leading edge to rotation shaft
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Fig. 4 Computational domain model of the fan
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Table 3 Parameter values of blade leading edge control points

P, 3 P, | Py 3| P, %

Bt R FEm B TR Bl )
BB /mm BEES/mm BE/mm  HE/mm

1 52.29 51. 30 49.08 46.61

2 53.53 52.29 50. 56 50. 07

3 50. 81 49. 33 48. 83 45, 37

4 52.05 52.05 47. 60 45.12

5 53.28 50. 81 49. 82 49,33
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Fig. 5 Validation of numerical model results for the fan
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Fig. 6 One-dimensional support vector regression
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