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Aerodynamic optimization design of high bypass ratio fan blades
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Abstract: The automatic optimization method was applied to 3-D aerodynamic design of
a high bypass ratio fan blade. A genetic algorithm was used as numerical optimization meth-
od, and multi-CPU parallel optimization was realized by using network communication proto-
col to greatly shorten the optimization time. The fan blade profiles, stack line, the flow pas-
sage in meridian plane, installation angle and chord length were set as design variables. The
parameterization method based on modifications to these design variables was combined with
the range limit of the design variables in the genetic algorithm, and it controlled and ration-
alized the individuals generated in optimization process. Denton’s viscous volume force
method was applied to flow field calculation of the fans, decreasing the calculation time and
further reducing the optimization time. The optimization goal was set to improve the fan effi-
ciency and keep total pressure ratio and mass flow rate unchanged at the design point, and
the optimized fan’s performance at off-design points was checked. The original fan was opti-
mized in two steps, in which the design parameters were adjusted according to aerodynamic
characteristics of the fan to be optimized. The final optimized fan’s efficiency increased from

0.9463 to 0. 9560, and stability margin increased from 11.2% to 21.9%. Mach number of
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shock wave at blade tip section of the final optimized fan decreased slightly, and the shock

wave leaned to the blade passages. Therefore, loss of the shock wave and its effect on

boundary layer decreasd, and the stability margin increased.
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Table 1 Major parameters of original fan

28 KfH
BT R EL 0. 284
B (AR /20 2.184/1.176
X T 1. 750
¥ 3%/ (r/min) 3570
i/ (kg/s) 213. 09
BB GED /B 0.302/0. 393
MR B AR (BED /D /m 1.950/1. 930
-2 B8] B/ m 0. 005
& 0. 9463
B 1.535

JECRY XU 7E 70 0 i i LA 350R A X H AR A
BEEE 1 A A 22 AR KU 70 06 i DA B
AT BB, B SRR BB AR 700 MR

190 Y6 i A A I R T AT WL g T AR 4R Ry AR
WL EAL FHRESASHSGEIELE 2.,
4 4648 20 DRI S 60 Y0 R 2 R 1 - A
BRI R i R S R T O AR L A5 R
HANSH (SN E LR 3 ME O 4 KL
16 NS5 H AR R 8 AT A8 4t
36 MEIF S
£2 MHEABETHEE

Table 2 Range variation of blade profiles

B T 18 e
(ALY z

R TR
0 0.5 —0.5
0. 25 0.5 —0.5
0% g T 0.50 0.5 —0.5
0.75 0.5 —0.5
1. 00 0.5 —0.5
0 0.5 —0.5
0.25 0.5 —0.5
JE 3 0.50 0.5 —0.5
0.75 0.5 —0.5
1. 00 0.5 —0.5
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Table 3 Range variation of chord length and installation

angle of blade

X BB it B R/ ()
R/ R TR B TR
60 0 0 0 0
70 0. 05 —0.05 5 —35
90 0. 05 —0.05 5 —5
100 0.05 —0.05 ) —5
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Table 4 Range variation of stack line

ibes 516 g A B
WE/ N R TR B TR
60 0 0 0 0
70 0.02 —0.02 0.05 —0.05
90 0.02 —0.02 0. 05 —0.05
100 0.02 —0.02 0. 05 —0.05
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Table 5 Design point performance of original and

optimized fans
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