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Abstract: To improve the aerodynamic performance of an integrated cooking appliance and
effectively reduce its aerodynamic noise, a blade modification method with greater freedom in
flow-passage design and fewer design variables is proposed for its multi-blade centrifugal fan. The
double-arc uniform-thickness blades with superior performance in the prototype fan are selected,
and the double-arc profile of the blade suction surface is optimized using computational fluid
dynamics (CFD) and response surface methodology. The uniform-thickness blades are
reconstructed as non-uniform-thickness blades to achieve internal flow control of the multi-blade
centrifugal fan. At the operating condition, the inlet angle, outlet angle, arch-point circle

diameter of the blade suction-surface profile, and the number of blades are optimized using the
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Box-Behnken response surface method, with the airflow rate and shaft power of the integrated
cooking appliance taken as the optimization objectives. The optimal parameter combination is
obtained through quadratic regression fitting based on the design parameters and sample results.
It is shown by the experimental results that, compared with the prototype, an increase of 2. 53%
in airflow rate and a reduction of 1. 8 dB in noise are achieved by the integrated cooking appliance
employing the optimized design. It is shown by visual analyses of the CFD flow field and
aerodynamic noise calculations that the suction surface of the optimized non-uniform-thickness
blades better conforms to the airflow streamlines, flow separation in the inter-blade passages is
effectively suppressed, and sound pressure fluctuations on the blade surfaces are reduced.
Meanwhile, the inlet and outlet angles of the non-uniform-thickness blades are better matched

with the inlet and outlet flow angles. Pressure fluctuations at the blade leading edges and the

unsteady interaction between the blade trailing-edge wakes and the volute tongue are effectively
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reduced, thereby increasing airflow and reducing noise.
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Fig. 1 Structures of the integrated cooking appliance
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Fig. 2 Volute of the multi-blade centrifugal fan
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Fig. 3 Impeller of the multi-blade centrifugal fan
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Table 1 Main parameters of the prototype impeller
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Fig. 4 Numerical model of the integrated air-duct system
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Fig. 5 Mesh independence validation
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Fig. 6 Distribution of noise measurement points for the

integrated stove
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of integrated stove
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Fig. 8 Testing platform of aerodynamic noise of integrated

stove at the working condition
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Table 2 Validation of numerical results
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Fig. 9 Schematic diagram of blade suction surface profile
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Table 3 Range of values for each influencing factor
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Table 4 Experimental design schemes and results

Sy A/ B/ C/ b | Q/ N/W
) ) mm (m* «h™ ")
1 45 173 305 60 748.3 149.1
2 5 173 305 60 778.5 160. 2
3 45 168 295 60 746.7 146. 5
4 25 178 305 60 761.5 158.0
S 25 173 305 56 745. 2 149.1
6 45 173 295 64 751.2 150.0
7 5 173 295 64 766.5 158.7
8 5 178 295 60 775.2 157.8
9 25 178 285 60 747.3 151.3
10 45 173 285 60 748. 3 148. 5
11 25 168 295 56 734.7 144.1
12 5 168 295 60 748 150. 4
13 25 178 295 64 757.9 157.0
14 25 178 295 56 743.3 145.8
15 25 168 305 60 745. 4 149. 8
16 25 173 285 56 739.1 145.8
17 25 173 285 64 750.2 150. 8
18 5 173 295 56 747.6 152.5
19 5 173 285 60 745.1 149. 8
20 25 173 295 60 742.1 149. 3
21 25 173 295 60 742.1 149. 3
22 45 178 295 60 752.2 151.5
23 25 173 295 60 742.1 149. 3
24 25 173 295 60 742.1 149. 3
25 25 168 295 64 748. 4 149. 6
26 25 173 305 64 760. 2 157.3
27 45 173 295 56 744.1 147.2
28 25 173 295 60 742.1 149. 3
29 25 168 285 60 735.3 144. 3
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Table 5 Responsiveness of design parameters to flow rate

and power of multi-blade centrifugal fan
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Table 6 Main parameters of the optimized and prototype impeller
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Fig. 10 Prototype impeller and optimized impeller
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Table 7 Comparisons of aerodynamic performance and noise
between integrated cooking appliances with the

optimized and prototype fan
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Fig. 11 Streamline distributions in the fan
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Fig. 12 Turbulent kinetic energy distribution at 50% blade

height cross-section
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Fig. 13 Velocity distributions of vortex core regions in the

multi-blade centrifugal impeller
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