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Optimum Design of Axial-Flow Fans Including Noise Parameters
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Abstract

In order to seek various relationships among many design parameters employed in the design
of the axial-flow fans the program which generates acoustic spectrum has been developed and its
validity verified. Outputs of the program, with other outputs from a formerly developed performance
prediction program, have been used to form a multi-objective function, for which an optimal design
process was carried out.

The present analysis shows that overall noise level and efficiency has contrasting trends, and the
chord length turns out to be the most critical design variable. In the chosen design case of requirements
Q=2000m?*/min, 4P,=67mmAq, D=14m, the chord length of 0.2059m minimizes the overall noise
level, while chord length of 0.1254m maximizes the efficiency. The resulting chord length in the
balanced optimization is 0.1809m.
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Fig.7 Acoustic Spectrum of Chamption Axial Fan
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SPL(experiment) =101.309dB

SPL(result) =084415dB, error=283%
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Evaluate objective function

compute QASPL
¢ = Fw(l-n) + (1-w)OASPL

compute g

fixed

integer Y
variables to >—
integer

values?,

round off
integer variables

T
T

form pseudo—objective
ction

(X)) = o(X) + rP(X)

L

and constraints g " {‘

compute n L

minimize pseudo-objective function
(unconstrained minimization)

steepest descent
method
(3 times)
I
1
conjugate gradient
method

[
% converged?

|

update 1, €
!
1

new pseudo-objective function

() = #X) + r, PX)

Fig.8 Flow Chart of Optimization Program
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Table 1 Comparison of two start points
Min. of OASPL Max. of 7
Design (w=00) (w=10)
-3 — - —> — -
Variable Xon X Xou X Xot X
(S/COx. » 1.0 0.6 0.7592 0.7591 12471 1.2422
(S/0)x . 23 13 1.8263 1.8271 29981 29946
(S/C)s. 0.7 0.9 11578 11574 1.2584 1.2637
(8/C)s. 10 1.0 22325 2.2327 26377 26544
(Ng)r 120 110 12.0 120 12.0 12.0
(N)s 70 10.0 9.0 90 110 110
OASPL|dB] 101.756 101.759 105.083 105.074
7 %] 77.960 77.969 87.832 87.815
No. of
unconstrained 10 10 10 10
minimizations
Table 2 Results of multi-objective optimization
Min. of OASPL Equilibrium Max. of 7
(S/Chxn 0.7592 0.8636 1.2471
(S/C)e. . 1.8263 2.0799 29981
(S/Csin 1.1578 11723 1.2584
(8/C)s. 22325 23013 26377
(Nix 12.0 12.0 12.0
(Nws 9.0 10.0 110
OASPLdB| 101.756 102,558 105.083
7 [%) 77.960 81.146 87.832
(SPL) ri{dB] 110695 111.500 114.029
Cref ] 0.2059 0.1809 0.1254
Csm|m] 02128 0.1866 0.1505
(AR« 18219 20744 2.9913
(AR)s 1.7635 20102 24922
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