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Abstract: Multi-blade centrifugal fans are often placed in air conditioners with complex
workspace. The optimization characteristics of a single fan can’t be effectively reflected in the
whole machine. To improve the performance of the air conditioner, reveal the collaborative
matching optimization effect between the dynamic and static components of the multi-blade
centrifugal fan and the flow characteristics of the whole machine, this paper takes the air volume
as the main parameter, uses the coefficient to characterize the responsiveness of the performance
change of the fan coil unit caused by the performance change of a single fan. The effects of
impeller, volute profile, volute tongue form and collector on the aerodynamic performance of a
single fan and the fan coil unit are studied by using the grouping optimization design approach.
The results show that the fish like blade with suction surface based on Bezier curve has the

highest responsiveness. The flow separation on the suction surface of the blade is effectively
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restrained. The impact of air flow on the leading edge of the blade is reduced. The profile of bias

flow volute and shallow tongue can significantly reduce the flow loss in the volute. However, the

lack of static pressure resistance leads to poor responsiveness of the whole machine performance.

The outer convex collector design effectively alleviates the reverse pressure gradient at the gap

between the front disc of the impeller and the collector. Although it can improve the performance

of a single fan, it destroys the air flow state at the inlet of the fan coil unit. The responsiveness of

aerodynamic performance is negative. With the grouping optimization design used, the air volume
and the efficiency are improved by 18% and 2. 8% for a single fan, and by 11. 2% and 0. 83% for

the fan coil unit respectively compared with the prototype.

Keywords: fan coil unit; multi-blade centrifugal fan; blade; volute; collector
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Fig. 1 Schematic diagram of fan coil unit
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Table 1 Basic structural parameters of prototype multi-blade

centrifugal fan
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Fig. 2 Structural diagram of double suction multi-blade

centrifugal fan
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Fig. 3 Numerical model of double suction

multi-blade centrifugal fan
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Fig. 5 Numerical calculation model of fan coil unit
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Fig. 6 Aerodynamic performance test of fan and fan coil unit
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Fig. 7 Experimental and simulated performance curve of

multi-blade centrifugal fan
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Fig. 8 Grouping optimization flow chart of multi-blade

centrifugal fan
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Fig. 9 Optimization flow chart of fishlike blade suction

surface
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Fig. 11 Pareto front of multi-objective optimization for

equal thickness blade
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Fig. 12 Structure of horizontal section of fish body
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tion design
2 Ri/ ME/ B BER/ S e i
(m’+«h™)  Pa (N.m) %
A, 529.2 83.2 0.21 59.23 J
A 568. 8 96. 5 0.24 62.72 M
A, 588. 2 99.4  0.26  64.89 fRiEMTE
As 598. 3 103.0  0.27  66.37 SMAERA
A, 624.6 97.5 0. 28 62.03 WEHERX

k3 EhpamptedatgEmg R
Table 3 Simulation results of whole machine grouping opti-

mization design
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Table 4 Performance changes of single fan and whole ma-
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ES pal %% w! % €
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