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Fig.1 Geometry of the V103 cascade

Table 1 Key parameters of the V103 cascade

Parameter Value
Chord length ¢/mm 180
Axial relative chord length x/c 0.55
Maximum relative thickness t/c 0.055
Camber angle 6/(°) 48
Stagger angle y/( ") 22.5
Inlet Mach number Ma, 0.67

Inlet Reynolds number Re 4.5x10°
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Fig.2 Geometry definition of an MCA airfoil
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Table 2 Parameters in MCA construction method

Control parameter Definition Range
S./() Angle between the camber line and the chord line at the leading edge >0, Case dependent
$,/(%) Angle between the camber line and the chord line at the trailing edge <0, Case dependent
re Relative radius of the leading edge 0.003~0.01
rle Relative radius of the trailing edge 0.003~0.01
x, Jc Relative axial position of maximum thickness 0.25~0.75
Xyandd€ Relative axial position of transition point 0.25~0.6
t e Relative maximum thickness 0.025~0.2
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Fig.3 Comparison of experiment and simulation data of
the V103 cascade
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Fig. 4 Flow chart of the optimization process
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Table 3 Design parameters of low Reynolds number single

point optimization

Design parameter Value
Inlet Mach number Ma, 0.67
Reynolds number Re 1.5x10°
Inlet flow angle B8,/(°) 42
Outlet flow angle B,/(°) 6.2
Axial velocity density ratio AVDR 1
Stagger angle y/( ") 22.5
Relative pitch s/e 0.55
Maximum thickness ¢ /c 0.06
Xy <X <Xy (2)
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Fig.5 Comparison of airfoils before and after the single-

point optimization
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Table 4 Comparison of key parameters before and after the

single-point optimization

Key Origin Optimization Relative
parameter change/%
x, [ 0.550 0.573 4.18
6/(°) 48.00 43.69 -8.98
B,/(7) 6.545 6.500 -0.69
@, 0.049 5 0.034 0 -31.31

1.0

Ma,

0.0 0.2 0.4 0.6 0.8 1.0
x/c

Fig. 6 Comparison of isentropic Mach number distribution

before and after the single-point optimization
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Fig. 8 Shape factor and surface friction coefficient of

suction surface before and after the single-point optimization
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Fig. 9 Comparison of airfoils before and after the two-

point optimization
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Fig. 10 Comparison of isentropic Mach number
distribution under high Reynolds number before and

after the two-point optimization
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Fig. 11 Comparison of Ma number under high Reynolds

number before and after the two-point optimization
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Fig.12 Shape factor and surface friction coefficient of
suction surface under high Reynolds number before and

after the two-point optimization
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Fig. 13 Comparison of isentropic Mach number under low
Reynolds number before and after the two-point

optimization
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Fig.14 Comparison of Ma under low Reynolds number

before and after the two-point optimization
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Fig. 15 Shape factor and surface friction coefficient of

suction surface under low Reynolds number before and

after the two-point optimization
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Aerodynamic optimization of an axial flow compressor
airfoil under low Reynolds number

CHEN Xuan', ZHANG Mingliang®, LI Wansong®, YANG Chen®, YANG Jinguang’, GAO Limin'

(1. School of Power and Energy, Northwestern Polytechnical University, Xi ’an 710072, China;
2. CAS Aerostar Technology Co., Ltd, Qingdao 266400, China;
3. School of Energy and Power Engineering, Dalian University of Technology, Dalian 116024, China)

Abstract: To investigate the optimal design method of axial flow compressor airfoils under low Reynolds
number, the prediction accuracy of a quasi—3D solver MISES for low Reynolds number flow was first verified ,
and the predicted transition position for an airfoil (the V103 airfoil) is comparable to the experimental data with
an error lower than 5%. Then based on a multiple circular arc (MCA) airfoil parameterization, the Strengthened
Elitist Genetic Algorithm (SEGA) were used to build a quasi—3D aerodynamic optimization design platform for
axial flow compressor airfoil. Taking the total pressure loss coefficient as the optimization objective function, and
the outlet flow angle as constraint function, the V103 airfoil was comprehensively optimized for single—point un-
der low Reynolds number and two—point at both high and low Reynolds numbers. The results show that, the lami-
nar separation bubble is suppressed after single—point optimization under low Reynolds number, and the total
pressure loss coefficient is reduced by 31.31%, and the performance is significantly improved, while the total
pressure loss of the airfoil is reduced by 3.05% and 3.03%, respectively, under high and low Reynolds number
after two—point optimization . The results of this paper prove the effectiveness of the research method and the fea-
sibility of the airfoil optimization considering Reynolds number.

Key words: Axial flow compressor; Airfoil; Aerodynamic optimization; Quasi—three—dimensional;

Multiple circular arc
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