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Abstract: To improve the aerodynamic performance of a controlled diffusion airfoil (CDA)
MANGHH in high altitude and low Reynolds number conditions, an optimally designed system
combining the class-shape-transformation method, the S, surface flow solver and the whale
optimization algorithm was established, which has the advantages of fewer parameters, easy
implementation and quick solution. The tests of a unimodal function and a multimodal function
show that the whale optimization algorithm has better optimum solution-searching ability than the
particle swarm optimization algorithm and the gravity search algorithm. The study shows that the
total pressure losses of the optimal cascade at angles of attack of —4°, 0° and 6° were decreased
by 55.9%, 16.1% and 16.3%, respectively, compared with that of the original CDA. At
different attack angles, the optimal cascade moves the peak value of the blade load forward,
reducing the growth rate of boundary layer thickness, and eliminating the flow separation near
the trailing edge. Compared with the original CDA, as inlet Mach number increases, the
reduction of total pressure loss of the optimal cascade increases. Under different incoming
turbulence intensities, the total pressure loss of the optimal cascade is always lower than that of
the original CDA. As incoming turbulence intensity increases, the total pressure loss of the

original CDA decreases first and then increases. However, the total pressure loss of the optimal
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cascade increases with the incoming turbulence intensity due to the improvement of turbulence

dissipation capacity, and hence the aerodynamic performance of the optimal cascade improves sig-

nificantly.

Keywords: low Reynolds number; controlled diffusion airfoil; whale optimization algorithmj

turbulence intensity; total pressure loss
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