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Abstract: To enhance the aerodynamic performance of integrated cooking appliance and effectively
reduce its aerodynamic noise, a blade modification design method with higher flow channel design
freedom and fewer design variables is proposed for the multi-blade centrifugal fan used in the integrated
cooking appliance. In this paper, taking the double-circular-arc uniform-thickness blades with superior

performance of the prototype multi-blade centrifugal fan as the object, the suction surface of double-
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circular-arc blade is designed and optimized by using computational fluid dynamics (CFD) and
response surface methodology. The uniform-thickness blades are reconstructed into non-uniform-
thickness blades to achieve internal flow control in the multi-blade centrifugal fan. Under the working
condition, the Box-Behnken response surface method is adopted to parameterize the suction surface
inlet angle, outlet angle, arch point circle diameter and the number of blades, with the flow rate of the
integrated cooking appliance and the shaft power as optimization objectives. The design parameters and
sample results are subjected to quadratic regression fitting to obtain the optimal parameter combination.
Experimental results show that compared to the prototype, the integrated cooking appliance with
optimized solution has increased flow rate by 2.53% and reduced noise by 1.8 dB. Visualization
analysis of CFD flow field and aerodynamic noise calculations indicate that the optimized non-uniform-
thickness blade features a suction surface that better conforms to aerodynamic streamlined design,
effectively suppressing flow separation in the inter-blade passages and weakening the sound pressure
fluctuations on the blade surfaces. At the same time, the inlet and outlet angles of the non-uniform-
thickness blade match better with the flow angles of airflow at the inlet and outlet, effectively reducing
pressure fluctuations at the blade leading edge and the unsteady interaction between the blade wake
flows and the volute tongue, thereby enabling the multi-blade centrifugal fan to obtain greater flow rate
and lower aerodynamic noise.

Keywords: Integrated cooking appliance; Multi-blade centrifugal fan; Non-uniform thickness blade;
Aerodynamic performance and noise; Flow control
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4 | 25 | 178 | 305 | 60 |761.5|158.0
s | 25 | 173 | 305 | 56 | 7452 149.1
6 | 45 | 173 | 295 | 64 | 7512 150.0
7 5 | 173 | 295 | 64 | 7665 158.7
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Table 6 Main parameters of the

optimized and prototype impeller
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D 78.69 | <0.0001 | 97.44 | <0.0001
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Table 7 Comparisons of aecrodynamic performance and noise between integrated

cooking appliances with the optimized and prototype fan
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integrated cooking appliances with the optimized and prototype fan
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