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CFD Simulation of Inlet of Aircraft Engine Nacelle
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For demands of lower specific fuel consumption and environmental impact of aircraft transports, turbofan engine

development continues towards ever increasing bypass ratio engines. In designing higher bypass ratio engines, the

larger fan diameter and nacelle size result in increasing of nacelle drag and weight. Short inlet and Slim-line nacelle

are needed technologies to minimize the impact of larger fan diameter on nacelle acrodynamic performances and

weight in the future civil aircrafts. However, Short inlet may reduce internal diffusion capability and increase risk of

fan inlet distortion due to occurrence of boundary layer separation on inlet surfaces. The flow phenomena that occur

in nacelle inlet are investigated using a small rotating fan test rig in JAXA (Japan Aerospace Exploration Agency) and

the pressure data on the inlet surface were acquired on different conditions. Computational Fluid Dynamics (CFD)

simulation validated by the data predicted the effects of short inlet on boundary layer development on internal surfaces.
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Fig. 1 JAXA small rotating fan rig
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Fig. 2 Comparison of inlet geometry
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Table 3 Numerical Scheme

Inlet Non-slip adiabatic wall CFD code ANSYS Fluent
Nose cone Non-slip adiabatic wall Fluid Compressible air flow
Fan duct Non-slip adiabatic wall Scheme Steady, Density-base, implicit
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Adjusted static pressure to fit to
experiment Cp level.
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Fig. 3 Computational model
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Fig. 5 Cp distribution on Bellmouth internal surface
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Fig. 8 Curvature and Cp around nacelle inlet lip
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Fig. 9 Cp distributions of nominal inlet
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Fig. 10 Cp distributions of short inlet
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Fig. 12 Turbulence kinetic energy contours at top
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