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Wake Characteristics of High Angle of Attack and
Ground Effect for Low Aspect Ratio Wings using NLVLM
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Abstract : For the analysis of lifting surface at high angle of attack, a Nonlinear Vortex Lattice Method(NLVLM) was
used. The NLVLM is intented to compute the interactions between lifting surfaces and separated vertical flow. The
lifting surfaces are represented by a lattice of discrete vortex rings. And wakes are represented by families of
non-lintersecting, semi-infinite vortex line segments. The image method also used to analyze the ground effect. It is
found that vortex lines separated from lifting surfaces represent the separated flows successfully. Although the present
method is applied for the rectangular wing and delta wing, extensions can be possible for the arbitrary lifting surfaces.
The Present results show good agreement with experimental data.
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Fig. 1 Flow chart of the present method
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Fig. 2 Normal force coefficient according to the variation
of angle of attack (Rectangular wing, AR=1.0).

(b) AOA= 20 degree (x-z plane)
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(c) AOA=20 degree (x-y plane)
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Fig. 3 Seperated wake shaped of a rectangular wing for
various angle of attacks (AR=1.0).
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(c) y-z plane
Fig. 4 Seperated wake shaped of a delta wing (AR=1.0).
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(c) h/c =0.4 (x-z plane)

(d) h/c=0.4 (x-y plane)

S T T !
TS
SN — {os
\\ ]
. 0.4
Ho2
0‘ l ‘0.2‘ I I0.4I l ‘0.6‘ I lO.BI = 1 = l‘I.ZI 1.4l 1.6I ‘;.50
X
(a) h/c=1.0 (x-z plane)
.
Hos
Jos
Qﬁéé ?‘5 ; g
B i i
0‘ ‘ ‘0.2 0.4‘ ‘ ‘0.6 0.8 1 1.2‘ 1.4‘ 1.6‘ 1.80
X
(b) h/c =0.5 (x-z plane)
;
{os
{os
- g i
— = :02
b TTTT————
0 0.2 0.4 06 0.8 1 1.2 1.4 16 18
X



Wake Characteristics of High Angle of Attack and Ground Effect for Low Aspect Ratio Wings using NLVLM

(e) h/c=0.4 (y-z plane)

Fig. 5 Seperated wake shaped of a rectangular wing for
various heights (AR=1.0, AOA=20 degree).
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