©
2014 2017

Structural and fluidic_investigation and instability suppression mechanism in
the configuration of tip-driven electric fan for aircraft
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Tip-driven electric fans have been investigated as a propulsion fan
configuration for aircraft. The fan differs in the structural load configuration in the fan blade
compared with the conventional fans. A structural and fluidic investigation for two baseline cases
was investigated. Results show that the shroud with finite fillet radius gives lower performance,
both in terms of pressure ratio and efficiency. For structural standpoint, there is an optimum shell

thickness for each fan design baselines.

An instability suppression mechanism with tip-located electromagnetic device is proposed. The study
presents description of analytical and experimental investigations using a simplified single blade
model with a tip-located electromagnetic force mechanism. Force mechanisms of three types are
proposed and compared. Results show that the force input on the occasion of simulated-blade
insﬁability, phase shift, and suppression of the instability can be attained using the proposed
mechanism.
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Figure 1 Setup of T-shape simulated blade
on an exciting device.
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Figure 5 Geometry for numerical analysis.
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(b) adiabatic efficiency
Figure 6 Fan characteristics map.
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Figure 7 Fan efficiency along spanwise
position.

‘(c\) r=4mm
Figure 8 Inter-blade relative Mach number
distributions on the 99.6% span height for
different blade tip configurations.
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(a) Shapék*&g;"g;%ation (b) Stress distribution
Figure 9 Blade structural analysis result
(5 mm shell thickness, periodic boundary
condition).
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Figure 10 Effect of shell thickness on max.
deformation in radial direction.
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Figure 11 Effect of shell thickness on max.
principal stress.
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Figure 12 Normal mode (10%" mode; 6859Hz).
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Figure 13 History of the strain with and
without electromagnetic force
(experimental).
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Figure 14 Relation between the strain and
frequency with and without

electromagnetic force (experimental).

Figure 15 Numerical simulation output: the
vectors show the Lorenz-force density
vector distribution.
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Figure 16 History of displacement (x,) with
and without electromagnetic  force
(calculated).
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Figure 17 Relation between the amplitude
of the displacement and frequency both
with and without electromagnetic force
(calculated).
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Figure 18 Effect of relative velocity on

suppression (Calculated). 60376506
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