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Aerodynamic analysis of helicopter rotors by a vortex method
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In this paper, in order to introduce recent development of a Lagrangian vortex method which is based on Biot Savart
law, mathematical background and numerical procedure of the method is explained. As an example of its contribution
to the progress of new CFD technology, a topic of application of the vortex method into the field of rotor aecrodynamics
is introduced by explaining results of calculation of unsteady flow around rotational blades, which is HART project
model. And it is finally concluded that the Lagrangian vortex method is expected to provide researchers and engineers
with a completely grid-free and easy-to-handle new CFD technology in the field of rotor aerodynamics.
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Table 1 Control settings for HART-II descent cases

Rotor radius; R (m) 2.0
Blade chord length; ¢ (m) 0.121
Twist angle; 6, (deg) -8.0
Pre-cone angle; 6, (deg) 25
Shaft tilt angle; o (deg) 53
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0=6 +0 COS('//) +0 sin(y/)+ 3¢ COS(3V/) + 03 sin(31//) ®)

Table 2 Control settings for HART-II descent cases

& B B b B
BL 3.80 1.92 -1.34 0.0 0.0
MN 391 2.00 -135 041 -0.70
MV 3.80 201 -1.51 -0.79 0.0
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Fig. 1 Coordinate system.
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(a) x-z plane

(c) y-z plane

Fig. 2 Instantaneous flow pattern represented by vortex elements for BL
case (t/Ty=3.0, y=0deg).

(2)BL (b) MN

Fig. 3 Iso-surface of vorticity |@[=10.
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Fig. 4 Time histories of thrust force coefficient for three pitch control
cases (BL, MN, MV).
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(a) x-z plane

(b) x-y plane

(c) y-z plane

Fig. 5 Instantaneous flow pattern represented by vortex elements for BL
case (t/Ty =3.0, y=0deg).
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Fig. 6 Iso-surface of vorticity |@[=10.

(a) Advancing side: zZR= - 0.7

o ) i wm o

@® a1 4 4 B W

(b) Retreating side: z/R=0.7

Fig. 7 Instantaneous tip vortex wake geometries on longitudinal slices
through the wake (#/7, =3.0, y=0deg).
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Fig. 8 Time histories of thrust force coefficient acting on the single blade.
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Fig. 9 Whole helicopter model
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(a) x-z plane

(b) x-y plane

(c) y-zplane

Fig. 10 Instantaneous flow pattern represented by vortex elements for BL
case (#/Ty=3.0, y=0deg).

(@) Front perspective view

(b) Rear perspective view

Fig. 11 Iso-surface of the second invariant |@[=10.
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Fig. 12 Instantaneous pressure distribution and surface streamlines on the
surface of fuselage (/7 =3.0, y=0deg).

(a) Advancing side: zZR= - 0.7

(b) Retreating side: z/D=0.7

Fig. 13 Instantaneous tip vortex wake geometries on longitudinal slices
through the wake (#/7, =3.0, y=0deg).

— : Four-bladed model

——: Whole model (Rotor)
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Fig. 14 Time histories of thrust force coefficients acting on the rotor,
fuselage and the whole helicopter model in comparison with that for the
four-bladed rotor model.
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Table 3 Calculated thrust coefficient

ST ik | asrr—F | 2
A
0 — 1.22x10° 451x10° 4.43x10°
R — — -0.16x10°
5 1.22x10° 451x10° 427x10°
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