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Table 1 Comparison of core radius (r.), with r, defined in various ways

Measurement
Flow conditions and model configuration plane r.lc r./(bl2) Definition®
NACA 0015, Re, = 1.3 X 10°, a = 14 deg (present test) x/c = 10 0.09-0.13  0.02-0.03 1
(x/b =~ 1)
Moore and Saffman* equation x/c =10 0.03 e — [3]
ONERA Peaky airfoil, 35-deg sweptback, Re, =~ 5 X
10° (Ref. 5)

a =11 deg x/b = 0.35 e 0.02 [2]

a =128 deg x/b = 0.35 —_— 0.04 [2]
NACA 0015, Re, =~ 3 X 10’ (Ref. 6)

a =8 deg x/b =10 _— 0.02 [11?

a =12 deg x/b =10 — 0.02 [1]?
NACA 66-209, Re. = 6.83 X 10°, a = 7.1 deg (Ref. 7) x/c = 10 —— 0.03 [1]
NACA 0012, Re, = 5.3 X 10°, a = 5 deg (Ref. 8) x/c = 10 — 0.05 [2]

(1] Positions of the two tangential velocity maxima; [2] edge of viscous wake, e.g., 1% total pressure loss contour; and [3] size of

Rankine vortex.

of magnitude, though many of these earlier studies used point-
measurement techniques without taking into account the ef-
fects of wandering, and made limited mention of the fluctua-
tions (if any) in core sizes. In the present test, the extent of
core movement, or wandering, has been found to be about
0.1¢, which is comparable with the radius of the core itself.
Knowing the time interval between data points, the velocity of
wandering can also be estimated and found to be about 0.025—
0.030 m/s, or roughly 4% of the freestream velocity.'

The cause of the unsteadiness is not certain, although it has
often been attributed to the unsteadiness in the wind-tunnel
freestream.® It may also be a result of flow separation over the
airfoil, and may even be a genuine feature of any wing-tip
vortex. In any case, the wandering motion is slow and could,
in principle, be separated from other (turbulence) measure-
ments using methods such as spectral decomposition® when-
ever a point-measurement technique is used. According to one
particular study,’ the measurement error in the peak tangential
velocity can be as much as 35% if wandering effects are not
included. As a global measurement technique, PIV therefore
presents a definite advantage over point-measurement tech-
niques such as hot wires and pressure probes.

Conclusions

Velocity measurements of wing-tip vortices have been ob-
tained successfully in the JAR 9 m X 9 m Wind Tunnel using
the PIV technique. At 14-deg AOA, the wing-tip vortices have
been found to be highly unsteady, and the PIV technique has
been shown to be an effective tool in obtaining instantaneous
measurements of such unsteady flows. Further work is under-
way to refine its operation and extend its applicability under a
wider range of flow conditions.
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Introduction

N Ref. 1, Myose et al. present recent wind-tunnel results

on the effects of Gurney flaps on the aerodynamic charac-
teristics of several two- and three-dimensional lifting surfaces.
The Gurney flap is a small vertical tab mounted at the trailing
edge of a lifting surface normal to its pressure side. The idea
behind this trailing-edge modification is to shift the location
of the Kutta condition to enhance the lift generated by the
lifting surface at given angle of attack. In Ref. 1, Myose et al.
indicate that few results are available in the open literature on
the effects of Gurney flaps for three-dimensional configura-
tions. Their study includes lift and drag results for a wing with
a natural laminar flow section shape and Gurney flaps of var-
ying span. The purpose of this Note is to bring attention to a
wind-tunnel study on the effects of Gurney-flap-like modifi-
cations for a three-dimensional wing with a similar section
shape conducted ~10 years ago,” to compare the lift and aer-
odynamic efficiency (L/D) results obtained in this earlier test
with those obtained in Ref. 1, and to point out possible aero-
dynamic advantages of three-dimensional modifications in the
geometry of the Gurney flap.?
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Fig. 1 Geometry and installation of solid and serrated Gurney
flaps in experiment of Ref. 2.
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Fig. 2 Comparison of aerodynamic characteristics of baseline
configurations: a) lift curves and b) L/D curves.

Analysis of Experiments

The wind-tunnel experiment of Ref. 1 was conducted in the
Wichita State University Low-Speed Tunnel, which has a 7-ft
high and 10-ft wide test section. The reflection-plane model
consists of a constant chord (¢ = 1.25 ft) wing with a semispan
of 5 ft and NLF(1)-0414F section shape.® The test was con-
ducted at a Reynolds number of 1.2 X 10° with free transition.
The most inboard station of the Gurney flaps is at y = 0.5 ft
and flap spans of 1.5, 3.0, and 4.5 ft are analyzed. In Ref. 1,
results are presented for Gurney flaps with a height of 0.033c.
The wind-tunnel experiment of Ref. 2 was conducted in the
14- by 22-ft Subsonic Tunnel at NASA Langley Research Cen-
ter. The wing—body model has a high-mounted tapered wing
with NLF(1)-0414F section shape, a span of 12.81 ft, a ref-
erence chord c,; (mean aerodynamic chord) of 1.10 ft, and a
reference wing area of 13.06 ft°. The body has a maximum
width of 1.15 ft. The test was conducted at a Reynolds number
of 1.1 X 10° with transition fixed at 0.05¢ on the upper and
lower surface along the complete span. The Gurney flaps ex-
tend full span from y = *+0.57 ft to the tips for a total length
of 5.8 ft per semispan. The flaps have a height of 0.20 in. or
a nondimensional height based on ¢, of 0.015. In addition to
the traditional (solid) Gurney flap, a modified flap as depicted

in Fig. 1 was tested. This modified, or serrated, Gurney flap
has the identical maximum height and span as the solid flap,
but half the frontal area.

In Fig. 2, the lift and drag results of the two baseline con-
figurations (without trailing-edge modifications) are compared.
(The data presented in this Note are obtained by digitizing the
data points in Figs. 5a and 5b of Ref. 1; Figs. 7a, 7b, and 7c
of Ref. 2; and Fig. 4 of Ref. 5.) The NLF(1)-0414F airfoil in
its basic configuration has a design lift coefficient of 0.4 (Ref.
4) and the baseline configuration of Ref. 2 is shown to generate
this lift coefficient at zero angle of attack. The baseline con-
figuration of Ref. 1 is shown to generate a lower lift coefficient
at zero angle of attack, which may be the result of a slight
modification in the design shape of the airfoil or of a different
orientation of the angle-of-attack reference. The slopes of the
two lift curves are nearly identical. The L/D curves of the two
baseline configurations are very similar with both configura-
tions generating (L/D)y. = 21 near C,, = 0.5. The agreement
between the two sets of results is somewhat surprising given
the differences in the planform geometries and the fact that
transition is fixed in Ref. 2, whereas it is free in Ref. 1. The
model used in Ref. 2 has a sizable centerbody, which reduces
its effective aspect ratio. Also, transition is fixed near the lead-
ing edge in the experiment of Ref. 2, which negatively affects
the overall aerodynamic efficiency. The agreement between the
two sets of baseline results provides an excellent starting point
to compare the effects of the trailing-edge modifications.

In Fig. 3, the effects of the Gurney-flap trailing-edge mod-
ifications on the aerodynamic characteristics of the two models
are presented. In Fig. 3a, the lift results are plotted as a func-
tion of the angle of attack with respect to the zero-lift line

—o— Baseline, o =-1.78" (Ref. 1)
—o— 1.5 ft inboard, o= -2.75° (Ref. 1)
—o—4.51t, o = -4.10° (Ref. 1)

—e— Baseline, o =-4.17" (Ref. 2)
—u— Serrated, o= -5.19° (Ref. 2)
—e— Solid, e =-6.35" (Ref. 2)
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Fig. 3 Effect of Gurney-flap-type trailing-edge modifications on
aerodynamic characteristics: a) lift and b) L/D curves.
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facilitating comparison of the lift curves for the various con-
figurations. Up to lift coefficients of approximately unity, the
two sets of data in Fig. 3a are remarkably similar with the two
baseline configurations as well as the two configurations with
fully extended Gurney flaps (4.5 ft in Ref. 1 and solid in Ref.
2), depicting nearly identical lift-curve slopes. The values for
the maximum lift coefficient are shown to differ; however, the
maximum increment in C,__ caused by the addition of the
Gurney flap is, again, remarkably similar for both sets of data
(AC,,, =0.3). Note that the shift in the zero-lift angle of attack
o, from the baseline caused by the fully extended (4.5 ft) flap,
is —2.32 deg in Ref. 1 whereas the shift from the baseline
caused by the fully extended (solid) flap is slightly less at
—2.18 deg in Ref. 2. There is a very noticeable steepening of
the lift curve slope because of the trailing-edge modifications
for angles of attack up to ~10 deg. This steepening is the result
of an apparent nonlinear change in effectiveness of the flap as
a function of angle of attack, which is also observed in two-
dimensional wind-tunnel experiments for the NLF(1)-0414F
airfoil. In Fig. 4, the two-dimensional results by McGhee et
al.* measured at a Reynolds number of 3.0 X 10° for a 0.0125¢
Gurney flap (reported in Ref. 5), and the three-dimensional
results of Ref. 2 show a very similar change in ¢, and lift-
curve slope. Hence, the steepening in the lift-curve slope
caused by the trailing-edge modification appears to be two
dimensional in nature.

In Fig. 3b, the effects of the trailing-edge modifications on
the aerodynamic performance parameter, L/D, are presented.
For both sets of data, the trailing-edge modifications result in
a shift of C, for (L/D),,., to higher lift coefficients. However,
for the configurations of Ref. 1, (L/D),,,, is shown to drop with
increasing extent of the Gurney flap, whereas an increase in
(L/D)pax is shown for the configurations of Ref. 2. This dis-
crepancy is likely linked to 1) the effect of the trailing-edge
modification on boundary-layer transition, which was kept free
in Ref. 1 and fixed near the leading-edge in Ref. 2; and 2) the
size of the Gurney flap that is 0.033¢ in Ref. 1 and 0.015¢,
in Ref. 2. The Gurney flap changes the pressure distribution
in such a manner that transition on the upper surface of the
NLF(1)-0414F occurs naturally near the leading edge, even at
low lift coefficients (see Figs. 4 and 5 of Ref. 5), resulting in
a drag penalty for laminar-flow lifting surfaces. The larger flap
size does little to further enhance the lift as demonstrated in
Fig. 2a, but has a severely adverse effect on the drag. By
comparison, note the beneficial effect of the serrated shape of
the trailing-edge modification on the performance character-
istics; L/D is better than the baseline wing for C, > 0.4 and,
unlike the solid flap, there is little or no L/D penalty at lower
lift coefficients. The advantages of the serrated flap over the
solid flap are as follows:

--0--Baseline, 2D, 0, =-4.53" (Ref.5) —e— Baseline, 3D, o= 417" (Ref. 2)
--o--Gurney flap, 2D, o =-6.52" (Ref. 5) —e— Solid, 3D, & =-6.35" (Ret. 2)
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Fig. 4 Comparison of two-dimensional vs three-dimensional ef-
fect of Gurney-flap trailing-edge modification on lift of NLF(1)-
0414F.
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1) For a given lift increment, the spanwise load distribution,
and hence, induced drag, may be less severely affected by a
full-span serrated flap as compared with a part-span solid flap.

2) The streamwise vorticity created by the serrations may
reduce or eliminate flow separation in the trailing-edge region
as explained in more detail in Ref. 2.

Finally, Ref. 2 presents the effects of Gurney-flap additions
on nose-down pitching moment (not shown in Ref. 1), requir-
ing the consideration of trim-drag implications.

Concluding Remarks

The results of Refs. 1 and 2, both at a Reynolds number of
approximately 1 X 10°, are largely in agreement in terms of
the overall effect of Gurney flaps on the lift characteristics of
wings. However, the larger solid flaps tested in Ref. 1 provide
little additional lift benefit while negatively affecting the drag.
In comparison, the 0.015¢,; Gurneys in Ref. 2 allow an in-
crease in (L/D),,,x of ~6%. Maybe the most important obser-
vation is that continuous Gurney flaps are not required to be
effective on three-dimensional configurations. As shown, span-
wise variations in the flap geometry, such as serrations, allow
modulation of the lift increment without accruing (severe) drag
penalties.
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Flowfield Simulation
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Introduction

HE effects of roll and yaw rates on aerodynamic reactions
and vortex breakdown locations for a 65-deg delta wing
are described. Two distinct maneuvers are numerically simu-
lated to isolate the rate effects. The first is a constant-rate con-
ing motion, with computed body-axis moments compared with
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