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ABSTRACT

Three-dimensional flow analysis and numerical optimization methods are presented for the design of an
axial-flow fan. Steady, incompressible, three-dimensional Reynolds-averaged Navier-Stokes equations are
used as governing equations, and standard k-e turbulence model is chosen as a turbulence model.
Governing equations are discretized using finite volume method. Steepest descent method, conjugate
gradient method and BFGS method are compared to determine the searching directions. Golden section
method and quadratic fit-sectioning method are tested for one dimensional search. Objective function is
defined as a ratio of generation rate of the turbulent kinetic energy to pressure head. Sweep angle

distributions are used as design variables.
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Fig. 1 Initial shape of the fan
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Table 1 Test of optimization methods

optimization

method SDM CGM BFGS
linri etsfgfh golden section method

design (1) sweep angle at middle blade height

variables | (2) sweep angle at blade tip

objective | ratio of turbulent kinetic energy

function | generation rate to pressure head

machine | Samsung Alpha station A10/466

compiler l;’éisﬁggis;;(a)lAmRTRAN professional
CPU time | 180 13m Is | 16n 36m 7s |, 160 8m

Table 2 Effects of differentiation size(h)

h d d2
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0.0006 -0.987 0.161
o L L T
q
010} 1
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0.00 - ]
o 1 2z & 4 5 @
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Fig. 3 Comparison of step sizes by SDM, CGM, and

BFGS
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F
0242 b — o BFGS -
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0.238 | '
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Fig. 4 Comparison Qf objective functions by SDM,
CGM, and BFGS
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Table 3 Test of line search methods

F T T T T L T T ]
100 | 3
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Fig. 5 Comparison of numbers of flow analysis by
SDM, CGM, and BFGS
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Fig. 6 Comparison of step sizes by QSM and GSM
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line search
method QSM GSM
op};rénﬁzgtéon conjugate gradient method
design (1) sweep angle at middle blade height
variables | (2) sweep angle at blade tip
objective | ratio of turbulent kinetic energy
function | generation rate to pressure head
machine | Samsung Alpha station Al0/466
compiler Ié/ldjSﬁSngéAFORTRAN professional
CPU time 13h 13m 2s 16h 36m 7s
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Fig. 8 Comparison of number of flow analysis by
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