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Introduction

The purpose of this project is to characterize the flow around the wing to be used
on a small Unmanned Aerial Vehicle being built as a Senior Design project by a
group of Mechanical and Computer Engineers. Originally, the objective was to
model the flow around the entire body of the UAV, but unfortunately the
complexity of this problem was overwhelming, and so instead the wing of the
aircraft is being studied by itself, in 3 dimensions. The qualitative and quantitative
characterization of this wing will provide useful information to the investigator and
the design group to verify the wing selection and design prior to the time-
consuming fabrication of the aircraft.

Background

The Vanderbilt Aerospace Club is building a rocket-launched reconnaissance
UAV. This aircraft is to be carried onboard a 15’-tall rocket to an altitude
appropriate for reconnaissance, at which point it will be deployed from the rocket
and piloted remotely by a pilot at a computer terminal to various areas of interest
to collect visual and thermal data. This airplane is to have a unique flight regime.
There is no substantial climbout phase of flight; only cruise, and approach to
landing. This is the justification for the two flow conditions studied here — the
cruise configuration and the approach configuration.

UAV packaged inside the rocket —




UAV deployment mechanism —

Apogee, 5,280 AGL
Drogue #1

Drogue #2

UAV deployed for flight —

The design constraint of fitting inside the rocket body tube pemits a maximum
wing span of 48", with a maximum chord length of 8”. The airfoil cross-section
selected for the wing is a NACA 4415.

This wing was drawn in Pro/Engineer, and imported into Gambit for meshing.



NACA 4415, b=48", c=8", imported into Gambit —

As per Prof. Luo’s recommendation, the domain will extend 5 chord lengths
ahead of the leading edge, 5 chord lengths above and below, and 10 chord
lengths behind the trailing edge. The computational domain is a rectangular

prism that is 10c X 10c X 16c. Here ¢ = 87, so this is a prism that is 80" x 80" x
128",

Computational Domain -



The surface of the airfoil is meshed with triangles with the interval size set to 1.
The mesh on the domain boundaries consists of triangles with the interval size
set to 3. This results in a grid which has 720,629 cells, 1,457,501 faces, and
128,311 nodes. As further described below, the mesh is unstructured, and less
than ideal in quality. A better mesh would produce better results, faster, but this
mesh proved to be sufficient for the qualitative nature of the results described in
this report.

Meshed Computational Domain -

Note that here only the meshing on the surfaces is shown. When the meshing on
the interior is displayed, the entire cube is opaque yellow, due to the high-
concentration of nodes through out the domain. The mesh is unstructured, and
while it produces sufficient nodes in close proximity to the wing, there are
excessive nodes further away from the wing. The project proceeded with this
mesh due to time constraints; sufficient time to plan a better mesh was not



available, and because the experiments were to run over-night, computational
time was not a concern.

At the center of the wing, in a cross-sectional view of a single plane, the mesh
appears as shown below.

Mesh Cross-Section in a Plane —

Dec 17, 2008
FLUENT 6.3 (3d, dp, pbns, lam)

This is a Cross-sectional view of a single plane at the center of the wing, showing
the grid. The mesh was hurriedly generated, and this is reflected in the uneven
distribution of points. There is a sufficient density of points in near proximity to
the airfoil, but a chord length away from the wing there are too few points in
some areas, and several chord lengths away from the wing the density of nodes
is excessively high. For future work, the mesh should be further refined, to lessen
the computational expense of the experiment. A better mesh would shorten the
computational time required to produce a solution, and also produce better
resolution in the critical area near to the wing.



The Cruise Configuration

The UAV is to have a cruising speed of 55 mph, or 24.6 m/s. The Reynolds
number for this cruise configuration, based on the 8” chord length, is 353,168.
Thus, the flow may be said to be laminar, and it is assumed that the flow will be
steady. Cruise flight will be conducted at a zero angle of attack, so the relative
wind is parallel to the chord of the wing. The discretization method used was
Presto!, and the momentum was solved as 2" Order Upwind, as these were the
parameters for the 2D airfoil project completed earlier in the semester.

While the simulation is converging, lift and drag coefficients were calculated and
output, but as discussed below, there was a mistake in configuring the
simulation. Regardless, the lift and drag may still be calculated. The convergence
plot for this simulation is shown below.

Convergence Plot for the Cruise Configuration —

lterations

FLUEM

Convergence occurs in about 550 iterations. This took several hours.



Lift Convergence Plot for Cruise Configuration —

lterations

FLUENT 6.3 (3
Note that this graph is incorrectly labeled. This plot shows the drag force, rather
than C., and drag force here converges to about 10 N.

Drag Convergence Plot for Cruise Configuration —

[terations

Cirag

Note that this graph is incorrectly labeled. This plot shows the lift force, rather
than Cp. Here, lift force converges to about 115N.



It is important to note that several mistakes were made during this simulation,
leading up to the somewhat misleading graphs above. First of all, the axes for
calculating lift and drag where accidentally reversed. Secondly, the forces were
calculated, rather than their coefficients. The drag coefficient plot is actually a
plot of Lift force. The lift coefficient force is actually a plot of Drag force.

Based on this correction,

L =115 N.
L =115N = C%rVA C, 2*1225k— (46— )0248112
C_=125

D =10 N.

L=10N=C % rV?A=C, 2*1225k— (46— )0248712

C, = 0.109

Pressure, Velocity, and Vorticity Contours
Countours of velocity and pressure are shown at several different points. There
are X different surfaces where these values are computed. These planes are as
follows:

- Parallel to the Span, located at the leading edge

- Parallel to the Span, located at 25% of the MAC (2" from LE)

- Parallel to the Span, located at the trailing edge

- Perpendicular to the Span, located at the tip

- Perpendicular to the Span, located 2” inboard from the tip

- Perpendicular to the Span, located at the center of the span

The only other surface where pressure or velocity contours are displayed is the
surface of the airfoil itself.



Velocity Countour at the Leading Edge of the Wing, Cruise Configuration -
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Here, the stagnant flow at the very tip of the leading edge is visible, with a zero
velocity. Below the wing, the flow trends to be slightly slower than the freestream
value of 24.6 m/s, and above the wing ,the flow has already begun to accelerate.
It is also worth noting that there already appears to be some leakage of flow
around the wing tips, where faster flow is leaking down towards the bottom,
which will ultimately result in reduced lift and the formation of vortices.
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Velocity Contour at 25% of the MAC (2” aft of LE),  Cruise Configuration —
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The center of lift for most airfoils is located at 25% of the Mean Aerodynamic
Chord. That is, 25% of the chord length from the leading edge towards the
trailing edge. This is where the bulk of the lift for the wing comes from. Here, in
the cross-section of the wing no flow is visible because the wing is treated as a
solid wall with respect to the flow. At the surface the flow is stagnant, and then
there is a boundary layer proceeding outwards. On the bottom there seems to be
a quicker transition to freestream velocity, but on the whole the flow is slower. On
top of the wing, moving away from the wing surface, the flow quickly accelerates,
and a boundary layer is visible.
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Velocity Contour at the Trailing Edge, Cruise Confi ~ guration —
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At the trailing edge of the wing, almost no lift is being produced in this flight
configuration. The thin profile of the trailing edge is visible, and there is some
stagnant flow. To a much less obvious extent than elsewhere on the wing, the

flow on the bottom of the wing can be seen to be slower than the flow on the top
of the wing.
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Velocity Contour, at the Center of the Span, Cruise Configuration —

At the center of the span, the velocity distribution is relatively unaffected by
leakage over the wing tips. A large area on the top of the wing shows high
velocities. At the leading edge and on the trailing edge are noticeable areas of
slower flow, and the wake of the wing is clearly visible aft of the trailing edge.
Peak velocity on the top of the wing is about 28 m/s. On the bottom of the wing,
velocity approaches 24 m/s.
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Velocity Contour at 2” from the wing tip, Cruise Co nfiguration —

At a distance of ¥ chord length (2”) from the wing tip, the flow is somewhat
disrupted by the effect of its proximity to the tip o the wing. While the trends are
all the same as in the contour from the center of the wing, there is much less
difference in velocity between the top and the bottom of the wing, and the wake
is larger and more noticeable. As will be evidenced later, there is the indication of
the formation of wing tip vortices here. At the top of the wing in this case max
velocity approaches 27 m/s. On the bottom of the wing, the velocity is somewhat
lower, with a max value of about 25 m/s.
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Velocity Contour at the wing tip, Cruise Configurat ion —

At the wing tip, the flow has been dramatically affected by exposure to outside air
and leakage of flow around the wing tip. Much less lift is being produced than at
the center of the wing, as evidenced by the lessened velocity differences
between the top and bottom of the wing. The wake is larger than previously, and
more evident. At the top of the wing, max velocity is about 27 m/s. On the bottom
of the wing, max velocity is about 25 m/s.

15



Velocity Contour at Tip, and Center, Cruise Configu  ation —

This is an interesting comparison of the velocity contours at the center of the
wing to those at the tip of the wing. The wing tip contour is on the left, and the
wing-center contour is on the right. At the center of the wing, the velocity profiles
are much more pronounced. The flow on the top of the wing is faster, and the
flow on the bottom of the wing is slower, compared to the wing tip contour. This
picture demonstrates the dramatic difference in velocity contours between these
two positions on the wing, an indication of the reduced lift available at the wing
tips.
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Pressure Contour on the Airfoil Surface, from Above , Cruise Configuration

Pressure contours are a more direct indication of lift and drag forces than velocity
contours. Here there is an area of relatively low pressure on the top of the wing,
especially intense near to the 25% MAC, where the distribution is bright green.
Some leakage is evident; there is a relative low pressure adjacent to the MAC,
on the tip surface of the wing. It is also worth noting that there is an area of very
high pressure at the leading edge of the wing, where the flow is stagnant. On the
top surface of the wing, the pressure is about -2.3 Pa (Gauge). At the leading
edge the pressure approaches 200 Pa.
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Pressure Contour on the Airfoil surface, from below , Cruise Configuration —

On the bottom of the wing, there are areas of relatively high pressure, compared
to the freestream guage pressure of zero. Especially at the 25% MAC, the
pressure is very low. Near the trailing edge the pressure is slightly higher,
approach the freestream pressure. At the leading edge there is an area of high
pressure due to the impact of the flwo on the leading edge. Again, some
pressure leakage is evident around the wing tip; there is an area of relatively low
pressure near the 25% MAC on the tip. Average pressure on the bottom of the
wing is about -28 Pa.
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Pressure Contour at the Leading Edge, Cruise Config  uration —

The pressure contour at the leading edge of the wing is an interesting one. As
noted before, there is a high pressure area at the leading edge of the wing, and
away from the leading edge the pressure falls of quickly on the bottom. On the
top of the wing the pressure is lower than the freestream value, and on the
bottom of the wing the pressure approaches the free stream pressure of 0 gauge.
There is some slightly-visible pressure leakage around the wing tips; off the tips
of the wing the pressure is slightly lowerthan the freestream value.
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Pressure Contour at 25% of the MAC, Cruise Configur  ation -

This is perhaps the most useful and readily-understandable graph presented in
this paper. The bulk of the lift produced by the wing occurs at or near 25% of the
mean aerodynamic chord of the wing, where this picture is taken. Directly on top
of the wing is an area of low pressure, displayed as negative, indicating that it is
lower than the ambient guage pressure of zero. On top of the wing is a large area
of low relative pressure. On the bottom, moving away from the wing the pressure
quickly reaches the ambient pressure. On either wing tip, pressure leakage is
visible. It would be interesting to see the same study conducted on a wing
equipped with winglets. Across the top of the wing, immediately above the wing
surface, the pressure is about -230 Pa (Gauge). On the bottom of the wing the
pressure is about -28 Pa.
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Pressure Contour at the Trailing Edge, Cruise Confi  guration

This picture is taken at the trailing edge of the wing. Due to meshing issues the
image is slightly coarse right near the trailing edge, but overall it is a good
representation of the expected pressure distribution in proximity to the trailing
edge of the wing. The flow directly on top of the trailing edge is slightly lower
pressure than ambient, but below the trailing edge the flow is noticeably lower
than ambient. Around the tips of the trailing edge a slight pressure leakage is
evident by the seepage of ambient pressure over the wing.
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Pressure Contour at the Center of the Span, Cruise Configuration —

The wing operates the best at the center of the span, far away from the wing tips.
Here areas of relatively high pressure are observed at the leading edge and at
the trailing edge of the wing. The higher pressure is located at the leading edge
of the wing. At the top of the wing is a large area of relatively low pressure. On
the bottom of the wing there is a small area of relatively low pressure, but
overwhelmingly the pressure is higher than on top. This results in the production
of lift. Here the pressure on the top of the wing is about -1.9e2 Pa. On the bottom
of the wing the pressure is as high as 1.3el Pa. At the leading edge the pressure
approaches 9.3el Pa.
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Pressure Contour at 2” from the wingtip, Cruise Con figuration -

At positions approaching the wing itps, there is substantially less lift produced.
The idea wing is finite in span, and in areas closer to the tip the wing is
increasingly affected by aerodynamic affects resulting from proximity to the tip,
namely pressure leakage and vortex formation. Here the peak pressure on top of
the wing is about -2.5e2 Pa (gauge). On the bottom of the wing, the high

pressure is about 1.3el Pa. At the leading edge the peak pressure is about 1.7e2
Pa.
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Pressure Contour at the Wingtip, Cruise Configurati on —

The wing outline is displayed here to help identify to the viewer the location of the
wing tip. It is readily evident how much less pronounced the pressure difference
is between the top of the wing and the bottom of the wing. The pressure on the
top of the wing is about -150 Pa (gauge). On the bottom of the wing, the pressure
is about 1.25 Pa (gauge). At the leading edge the peak pressure is about 93 Pa.
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Pressure Contour at the Wing Tip and at the Center, Cruise Configuration —

This plot makes readily evident the difference in pressure distribution across the
center of the wing versus the wing tip. At the center of the wing the disparity in
pressure is much larger. There is less pressure on top of the wing, and more on
top. At the wing tip, in this configuration, the same trend exists, but the difference
in pressures between the top and the bottom of the wing is much less
pronounced; less lift is being produced. This is due to tip vortices pulling away
pressure, and also due to the leakage of pressure around the wing tip.
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Vorticity at the Tip, Center, and Airfoil surface, Cruise Configuration —

This plot shows the prevalence of vorticity at the trailing edge of the wing tips.
Elsewhere on the surface of the wing the vorticity is on the order of 35 s™. At the
trailing edge of the wing near the tip, the vorticity approaches 940 s™.
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Approach Configuration

In the approach configuration ,the airplane is to fly at 25mph, with an angle of
attack of approximately 8 degrees. For this case, based on the velocity of 11.2
m/s and the chord length fo 8 inches (0.203m) , the Reynolds number is 160,531.
Again, the discretization method is Presto!, and the momentum is solved as a 2"
order upwind. The flow is laminar based on Reynolds number, and it is assumed
that the flow will be steady.

The convergence plot, along with the plots of lift coefficient and drag coefficient
are provided below. It is important to note that, as for the Cruise condition, the
Lift and Drag coefficient convergence plots are misleading. The axes are
incorrect, and the Lift Force, and Drag Force are displayed, rather than the
coefficients for those forces.

Convergence Plot fo the Approach Configuration -

Convergence occurs in under 200 iterations, which is considerably faster than
the convergence for the Cruise configuration. This process took about an hour.
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Lift Coefficient Convergence Plot, Approach Configu ration —

Note that this graph is incorrectly labeled. This graph actually shows the drag
force in the upwind direction. Drag force converges to 20 N.

Drag Coefficient Convergence Plot, Approach Configu ration —

Note that this graph is incorrectly labeled. This graph actually shows the lift force
for this wing. Lift force converges to about 320 N.
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Based on this correction,

L =320 N.
L =320N =C, = rv2A=c, 1+1225%9 « 24620240
2 2 m S
C, =348
D =20 N.

L=10N=C, % rV2A=C, %* 122559 + (246 ™20 2487
m S

C, = 0.109

It is worth noting that the Lift coefficient has increased substantially from the
Cruise configuration, and Drag has not increased significantly. Thus, for the wing
by itself, the Approach configuration yields a better L/D.

Pressure, Velocity, and Vorticity Contours
Countours of velocity and pressure are shown at several different points. There
are X different surfaces where these values are computed. These planes are as
follows:

- Parallel to the Span, located at the leading edge

- Parallel to the Span, located at 25% of the MAC (2" from LE)

- Parallel to the Span, located at the trailing edge

- Perpendicular to the Span, located at the tip

- Perpendicular to the Span, located 2” inboard from the tip

- Perpendicular to the Span, located at the center of the span

The only other surface where pressure or velocity contours are displayed is the
surface of the airfoil itself.
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Velocity Contours at the Leading Edge, for the Appr  oach Configuration -

This plot displays well the disparity in flow velocity on the top surface of the wing,
compared to the flow velocity on the bottom surface of the wing. On the top of the
wing, the velocity approaches 15 m/s, as compared to the freestream flow
velocity for this scenario of 11.2 m/s. On the bottom of the wing, the flow is
decelerated considerably to about 8.9 m/s.
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Velocity Contour at 25% MAC (2” aft of LE) for the ~ Approach Configuration-

At 25% of the MAC, the difference in flow velocity between the top surface of the
wing and the bottom surface of the wing is even more evident at the leading
edge. By this point the flow on the top of the wing has accelerated, it is now
moving at about 16 m/s on the top of the wing, compared to 15 m/s at the leading
edge. On the bottom of the wing, the flow has decelerated, to about 8.4 m/s,
compared to 8.9 m/s from the leading edge.

31



Velocity Contours at the Trailing Edge for the Appr oach Configuation —

By the time the flow reaches the trailing edge the flow on both surfaces is once
more approaching the freestream flow velocity of 11.2 m/s. On the top of the
wing, peak velocity is now down to about 12 m/s. On the bottom of the wing,
minimum velocity is about 9.6 m/s. There is less of a difference between the flow
velocities on the top of the trailing edge compared to the bottom of the trailing
edge, and so there will be less of a pressure difference; less lift is being
produced.
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Velocity Contours at the Center of the Wing, Approa  ch Configuation —

In the approach configuration, peak velocity on the top of the wing is about 15
m/s. On the bottom of the wing, by comparison, the flow is as slow as 7.8 m/s.
And, all over the surface of the wing, the flow is stagnant.
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Velocity Contours 2” from the Wing Tip, Approach Co nfiguration —

Two inches from the tip in the Approach flight condition, the flow on the top of the
wing has decelerated compared to the center of the wing, and the flow on the
bottom of the wing has accelerated. Here the peak velocity on the top of the wing

is about 14 m/s, only slightly faster than the freestream value of 11.2 m/s, and on
the bottom of the wing the flow is about 10 m/s.
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Velocity Contours at the Wing Tip, Approach Configu ration

At the wing tip in the approach configuration there is hardly any difference at all

between the velocity on the top of the wing and the velocity on the bottom of the
wing. Here, on the top of the wing the peak velocity is about 14 m/s, and on the

bottom the peak velocity is about 10.8 m/s. Barely any lift is being produced.
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Velocity Contour at the Wing Tip and Wing Center, A pproach Configuration

This plot is a good representation of the difference in the velocities between the
center of the wing and the tip of the wing. At the center of the wing, there is a
very pronounced difference in the flow velocity on the top of the wing as
compared to the bottom of the wing. At the wing tip, on the other hand, while a
velciity disparity is evident, it is substantially less pronounced than at the mid-
section of the wing.
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Velocity Contour at Center, Tip, and 2" Inboard, Ap  proach Configuration —

This picture shows the dramatic fall-off in velocity disparity between the top and
the bottom of the wing that occurs at positions closer to the tip of the wing. At the
center of the wing, the wing is performing its best. Flow is much quicker over the
top, and considerably slower on the bottom of th wing. Nearing the tip, there is
less of a disparity between flow speeds on top and bottom. Less lift is being
produced. At the tip, while the flow still moves faster over the top of the wing than
over the bottom, there is considerably less lift being produced.
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Pressure Contours on the Wing Surface, Approach Con  figuration —

On the top of the leading edge, the minimum pressure is about -150 Pa (Gauge).
The major pressure on the top of the wing is about -72 Pa in the region of the
25% MAC. At the leading edge the pressure approaches 22.5 Pa, and on the
trailing edge the pressure rises as high as -3.5 Pa.
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Pressure Contours on the Wing Surface, Approach Con  figuration (2) —

On the bottom of the wing, a large pressure is observed. This pressure
distribution seems to peak just aft of the leading edge, but across the entire
bottom of the wing surface the pressure is babout 14 Pa. Some seepage over the
wing tips is evident; on the wing tip surface there is an area of relatively high
pressure adjacent to the high pressure area on the bottom of the wing. This will
contribute to the dimished lift at the wing tips.
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Pressure Contours at the Leading Edge, Approach Con  figuration —

Already there is a pressure disparity between the top of the wing and the bottom.
At the top of the leading edge the minimum pressure is about -7.3 Pa (gauge).
On the bottom of the wing, peak pressure is as high as 22.5 Pa (gauge). Even as
it strikes the leading edge, the flow is accelerating and having a pressure effect in
the vicinity of the wing.
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Pressure Contours at 25% of the MAC, Approach Confi  guration —

As expected, at 25% of the MAC, where most of the lift is being produced, there
is an even more distinct difference between the pressure on the top of the wing
as compared to the pressure on the bottom of the wing. On the top of the wing,
minimum pressure is as low as about -73 Pa. On the bottom of the wing, the
pressure is considerably higher, at about 30 Pa.
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Pressure Contours at the Trailing Edge, Approach Co  nfiguration —

Here the pressure disparity is less obvious than at the 25% MAC for the wing, but
nonetheless, there is a noticeable pressure difference between the top of the
wing and the bottom. It is also interesting to note that there are areas over very
low pressure at the wing tips. Here vortices are starting to form, and their
presence results in low pressure and loss of lift. On the top of the wing, the low
pressure is about -12.1 Pa (gauge). On the bottom of the wing, the pressure is as
high as 5.2 Pa.

42



Pressure Contours at the Wing Center, approach Conf  iguration —

This plot very well displays where the lift is being produced on the wing. For both
the top and the bottom of the wing, the peak pressure change is occurring near
the leading edge. On the top of the wing, this peak minimum pressure occurs
near the 25% MAC, with a value of about -64 Pa (Gauge). On the bottom of the
wing, the peak max pressure occurs just below the leading edge, with a value of
36 Pa.
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Pressure Contours 2” From Wing Tip, Approach Config uration —

On the topo f the wing, the overwhelming pressure is about -64 pa. On the
bottom of the wing, the peak pressure is about 5 Pa. The difference in pressure

between the top of the wing and the bottom is considerably reduced from the
values at the center of the wing.
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Pressure Contours at Wing Tip, Approach Configurati on —

At the tip of the wing, in the approach configuration, there is considerably
pressure leakage between the top of the wing and the bottom of the wing. This is
evidenced by a nearly constant pressure across the wing tip surface, with a value
of about -20 Pa.
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Pressure Contours at Surface, Tip, and Center, Appr  oach Configuration —

There is a noticeable drop-off in pressure disparity between the top of the wing
and the bottom of the wing approaching the wing tip. Interestingly, this effect
seems less pronounced here in the approach configuration than it was in the
cruise configuration.
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Pressure Contours at Center, 2” inboard, and Tip, A pproach Configuration

As in the approach case, there is a distinct lessning of the disparity between the
pressure distribution over the wing between the wing center and the wing tip. At
the center the wing is the most effective, and there is little or no pressure leakage
or wing tip effects. At the tip, the pressure distribution is lessened. Though there
is still a pressure difference between the top of the wing and the bottom of the
wing, it is much lessened, and much less lift is being produced.
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Vorticity Contour at the Surface, Tip and Center, A pproach Configuration —

This plot shows the vorticity at several positions on the wing; on it's surface, at
it's center, and at its tip. As in the cruise configuration, here the peak vorticity is
observed at the trailing edge of the wing tip. It appears that, for the approach
configuration, the vorticity is considerably lower than for the cruise configuration.
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Vorticity Contour at the Tip and 2” from the Tip, A pproach Configuration —

In the approach configuration, the vorticity seems to be less pronounced than in
the cruise configuration. Here at the trailing edge of the wingtip, the vorticity
approaches a peak value of about 370 s™, as compared to a peak vorticity of
about 940 s™ for the cruise condition.
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Vorticity Contour at the Leading Edge, Approach Con figuration -

At the leading edge of the wing, there is virtually no vorticity. Despite the
beginnings of a pressure differential, as noted in the Pressure Contours plot of
this section, the geometry of the wing is not yet causing the formation of vortices.
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Vorticity Contour at 25% MAC, Approach Configuratio n-—

This is a plot of the vorticity at the 25% MAC. It is interesting to note that here,
where almost all of the lift is produced by the wing, there is almost no evidence of
vorticity. Only further downwind will vortices be evident.
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Vorticity Contour at the Trailing Edge, Approach Co nfiguration —

This is the most dramatic vorticity picture provided in this report. Here, at the
trailing edge of the wing, vortices have formed. A finer mesh in this region would
be preferable for a better investigation of vortices, and also it would be interesting
to see the vorticity of this wing at positions aft of the trailing edge, in the wake of
the wing. In any case, vorticity is presented here as an afterthought. It is
interesting to note that the vortices are so much more pronounced here, at the
trailing edge of the wing, where relatively little lift is produced. But no further
investigation is immediately pertinent to this study.
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Conclusions

In conclusion, this NACA 4415, b=48", c=8" wing has been thoroughly studied in
the two flight configurations most pertinent to the senior design project being
undertaken by the Aerospace Club.

The qualitative results were fantastic. Many interesting and useful pictures were
taken of pressure, velocity, and vorticity and several different positions and
orientations on the wing. A more thorough review of these images would almost
certainly produce a wealth of more information about this particular wing design.
It was shown that the vortices are formed at the trailing edge of the wing, and a
further investigation of the flow in the wake of the wing would be interesting to
conduct and further study the growth of vortiecs. It was shown that the pressure
contours and the velocity contours are dramatically affected by proximity to the
wing tip; at locations closer to the wing tip, for both cases, there is considerably
less lift produced. At the center of the wing, the wing is the most efficient and the
most lift is produced. It was also shown that, while there is a pressure/velocity
disparity between the top and bottom of the wing at the trailing edge and the
leading edge, that the bulk of the lift is produced near to the 25% Mean
Aerodynamic Chord, as expected.

On the other hand, several mistakes were made in setting up the simulations with
respect to the production of qualitative results. It is believed that the directions for
lift and drag were swapped, perhaps due to the fact that the wing was drawn in
Pro/E rather than in Gambit, possibly resulting in an unusuall orientation of the
wing in Cartesian space. Furthermore, it also appears that the convergence plots
labeled as showing the coefficient of lift and the coefficient of drag, actually
showed the drag force, and the lift force, respectively. Based on this correction,
the following results were determined: For the wing in the cruise configuration, it
was found that CD=0.106 and C =1.25. The Lift force produced by the wing was
115 N for the cruise configuration, and the drag was 10 N. In the approach
configuration, C =3.48, Cp=0.109, and the lifting force was 320 N, while the drag
force was 20 N.

There are several areas for possible improvement to this project. First and
foremost, a better mesh would produce better results. The mesh was fine in
areas where it could have been coarse, and coarse in areas where a fine mesh
would have been preferable. A better structured mesh would have been cheaper
from a computational standpoint, quicker to produce results, and it would have
produced better-quality results.

Another major shortcoming in this project was the uncertainty about the
C./Cp/Ds/L;s. Due to rushing to complete the project, Fluent was not properly
configured to produce these graphs, which left only inference to determine what
was actually being shown. Based on the numbers provided by Fluent, somewhat
reasonable values were calculated, but much better and more reliable qualitative
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results could have been produced had more attention been paid to set up in
Fluent with respect to the force monitors.

Finally, it would have been interesting, but perhaps beyond the scope of this
project, to make further investigation into vortex formation. More pictures of
vorticity in the cruise configuration would have probably sohwn interesting
results. If more time had been available, it would have also been interesting to
perform the same simulations for a wing with winglets, and for both wings to
show the vorticity at several positions aft of the wing, in its wake, where vortices
would likely have continued to grow.

Future Work

There is much room for further investigation. As mentioned above, it would be
interesting to investigate vorticity for this wing, and perhaps also for a wing that
has winglets installed. Such a study could show the vorticity in the wake of the
wing, and examine the growth rate of the vortices forming on the trailing edges of
the wing tips.

Additionally, it is still desired to study the flow around the entire airplane in
Fluent. Such a study would be difficult and time-consuming to set up, but it would
be worthwhile to be able to visualize the flow around the airplane at various
critical areas, in particular to aid in the selection of a region of the aircraft suitable
for placement of the inlet duct for the electric ducted fan which will power this
aircraft.. Despite the fact that the original project idea had to be dropped due to
issues importing Pro/E models into Gambit, perhaps this issue could be
sidestepped by creating a simplified geometry for the entire airplane in Gambit.
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