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Deformed wing models with a NACAO0012 airfoil are analyzed experimentally in a wind tunnel at the
University of Malaga. Measurements show the influence of the level of the deformation on the lift
coefficient and, therefore, on the slope of the lift coefficient versus the angle of attack. In general, the
deformation increments the value of the lift coefficient. This gain is more noticeable for higher wind
models (or higher aspect ratios) and when the wing models are tested at higher Reynolds numbers.
We estimated the value of the lift slope with a correlation as a function of Reynolds number and

aspect ratio, showing an excellent agreement.

1 Introduction

Traditionally, aerodynamic studies have focused on
a few key aerodynamic parameters such as lift, drag
and lift slope (change in lift with varying angle of
attack). There are multiple studies on different wing
models depending on the application. Nowadays, air-
craft wings are made of lighter materials, resulting
in thinner wing models. These wings have a defor-
mation associated with flight conditions, see
for a review of recent developments in
aerospace related to high aspect ratio wings with de-
formations.

The influence of wind deformation on the lift coef-
ficient and, therefore, on the lift slope has only been
recently studied by | (Zhong et al., 2018). Our experi-
ments further analyze this influence using rigid mod-
els with imposed deformation to isolate the effect of
the deformation. Specifically, this study focuses on
including the effect of deformation on a correlation
to compute the lift slope.

2 Results

As mentioned above, the lift slope is a key criterion
for any initial wing design. Therefore, we aim to find
a correlation to obtain Cp, (the slope of the lift co-
efficient versus the angle of attack) as a function of
the aspect ratio and the Reynolds number. We have
experimentally measured different wing models using
rigid wings with and without an imposed deforma-
tion. The deformation is chosen from real measure-
ments of wing deformations from Farnsworth et al.|
(2015). The effect of the deformation on the lift co-
efficient is clear for big aspect ratios and Reynolds

numbers (see figure [1). Note also that the defor-
mation level and the lift coefficient change are not
linearly related.

At this point, it is interesting to discuss if a first
approximation for the Cp, value for the NACA0012
profile can be computed by using the correlation pro-
vided by |Gutierrez-Castillo et al| (2021)) for the flat
plate with non-infinite wing aspect ratio adjusting the
parameters «; and as. The equation of that reference
is repeated here for clarification purposes.

1/5
cr = 27 a2 (1)
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with a7 = 5.21 and ay = 14.61 (for flat plate).

Adjusting the same formula to our results for the
NACAOQ012 profile. We obtain a R? = 0.98 using
the parameters a; = 4.89 and agy = 4.72 for models
without deformation. Therefore, the correlation is
still useful in our ranges of aspect ratio and Reynolds
number.

It is interesting how this correlation can approxi-
mate cases even with the deformation. In order to
try to isolate the effect of the deformation, the same
correlation was used for the deformed cases but fix-
ing ap = 4.72. Therefore, including the changes con
CLo produced by the deformation in the parameter
a1 that is equivalent to changing the wing size.

For the intermediate deformation cases, we ob-
tained o;; = 4.59 and R? = 0.98, and for the big defor-
mation cases, we obtained: o = 4.63 and R? = 0.99.
To provide a better understanding, we depict in fig-
ure [2] the representation of the measured lift slope
CrL« and the estimated one C7 . Observing the good
results, we can conclude that the effect of the de-
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Figure 1: Lift coeflicient versus angle of attack for

models of AR = 4 at Re = 160000. Three wing mod-
els: non-deformed (black), intermediate deformation
(pink), big deformation (blue)

formation can be absorbed in the a; parameter and,
therefore, including a deformation in the spanwise di-
rection is equivalent in terms of the C, to change
the wingspan length in the wing model.
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Figure 2: Lift slope Cp, versus the estimated lift
slope C7,. Circles represent cases of Re=80000,

starts Re=120000 and triangles Re=160000. Blue
color corresponds to cases with AR = 1, red color
AR = 2 and yellow color AR = 4.

3 Conclusions

We have shown that it is possible to properly in-
clude the level of the deformation of a wing model
on a correlation to approximate the value of the lift

slope for different cases with NACA0012 wing mod-
els. Remarkably, the effect of the deformation can be
absorbed only by one geometric parameter. There-
fore, the effect of deformation on the computation is
equivalent to varying the wingspan length in the wing
model.
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