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Abstract

A computational study of the effects of a wing fence on the T-38 Talon was
performed. RANS simulations were conducted using the CFD solver AVUS to examine
the flow around the T-38 and the fence at a Reynolds number of 10x10°. The T-38
was modeled as a half aircraft with a symmetry plane down the center line and did
not include the empennage. The engine inlet and exhaust were modeled as sink and
source boundary conditions using mass flow and pressure specifications. Two fence
geometries placed 26” from the wing tip were tested. The first fence, called a simple
fence, ran chordwise on the upper surface of the wing. It did not produce significant
benefits. The second fence geometry, called the extended fence, wrapped around the
leading edge of the wing and produced a 4.9% increase in C, at 15° angle of attack.
It was found that the vortices generated by the fence energized the flow outboard
the fence, increasing lift. The extended fence generated vortices significantly stronger
than the simple fence, resulting in a higher C', at 15° angle of attack. These findings
indicate that the T-38 high angle of attack performance would be improved by the

addition of an extended wing fence.
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CFD AnNALYSIS OF A T-38 WING FENCE

I. Introduction
1.1 T-38 Talon

he T-38 Talon is the primary Air Force jet trainer. It is a twin engine, supersonic
Tﬁghter, that is known for its ease of maintenance and safety record. The Talon
is built by Northrop Grumman and is powered by two J-85-GE-C turbojet engines
capable of producing 2900 lbs of thrust and propelling the T-38 to a maximum speed
of Mach 1.08. The aircraft has a wingspan of 25" 3” and a length of 46’ 4”. The
first flight was in 1958 and between 1961 and 1972 approximately 1,100 aircraft were

delivered of which around 509 remain in service. [18]

Although the T-38 is a proven aircraft, there are several lines of research cur-
rently being conducted to improve the Talon’s safety, reliability, and flying qualities.
The program Pacer Classic is designed to replace aging and outdated engine, avionic,
and structural components that could threaten the fleet’s reliability and technological
relevance to modern jet fighter training. In 2001 Northrop Grumman was given a
contract for the Wing Life Improvement Program to design a new wing incorporating
fatigue resistant aluminum alloys. Although it has already been in service for over 45
years, the T-38 Talon is expected to remain in service until 2020, due mainly to the

aforementioned efforts. [19]

1.1.1 T-38 Stall Characteristics. The T-38 Talon has proven itself over
the past 40 years as an effective jet trainer. However, as with almost every system,
improvements can and should be made. Examining the flight characteristics of the
T-38 sheds light on areas where its performance could be improved. There is current
interest for improving the Talon’s high AOA performance by increasing the C7,. The

T-38 lift curve slope is shown in Figure 1.1
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Figure 1.1:  T-38 Lift curve slope for all aircraft configurations [18]



The T-38 C,,,, with flaps full down is 1.02. The 20° flaps C},,,, is 0.88. As can
be seen in Figure 1.1, the C; ,_ with flaps up is difficult to define. The lift curve slope
begins to gradually fall off at around 10° AOA, and there is no clear stall as the AOA
increases to 18°. The T-38 flight manual [18] describes the Talon’s stall as follows:

|| The stall is characterized by airframe buffet and a high sink rate rather
than by a clean nose-down pitching motion. As angle of attack is increased,
there is corresponding increase in buffet intensity. The buffet is most severe
with flaps fully extended. The stall condition is immediately preceded by heavy
low-speed buffet and moderate wing rock. The wing rock can be controlled
with rudder. The actual stall is normally not accompanied by any abrupt
aircraft motion, but is indicated only by the very high sink rate.

1.2 Flow Control

The question arises then, how to improve high AOA flight, without redesigning
the entire aircraft or making major adjustments to the existing airframe. The answer
lies in flow control. Flow control devices like vortex generators, winglets, and wing
fences have been used to improve the aerodynamic performance of hundreds of aircraft.
Flow control is commonly added after the final phase of design and production because
it can significantly improve the flight characteristics without redesigning the entire
vehicle. As early as the 1930’s, aircraft employed vane vortex generators, VG, to delay
separation. [6,14] The Beech Starship is a perfect example of this technology. The
Beech Starship uses vane vortex generators along the entire span on the wings and
vertical stabilizers. The wing VG allows the aircraft to meet its stall requirements,
while the VG on the vertical tail provide increased lateral control stability. The VG

improved the flight characteristics without significantly changing the airframe [6]

As the T-38 is undergoing Operation Pacer Classic and the Wing Life Improve-
ment program, it is a logical time to investigate the advantages of adding such flow
control devices to the T-38. The idea to use a wing fence to improve the performance
of the T-38 was originally proposed by the Air Force Test Pilot School. The driving

force for considering a wing fence as opposed to vane vortex generators or winglets



was a row of screws that spans the chord of the airfoil 26” from the wingtip. The
row of screws exists because of a previous modification to the airframe where a wing
section was added to give the T-38 a larger lifting surface. This row of screws provides
a relatively easy location to attach a fence without making major structural changes

to the wing.

1.2.1 Previous Fence Success. The wing fence has been used on hundreds
of aircraft, especially by the Soviets during the Cold War. It was so common that
U.S. engineers joked the purpose of the fence on Soviet Aircraft was, “To prevent
air from defecting over the tips of the wings.” [22] Two cases in which the fence was
particularly effective are seen in the SB 13 ARCUS and Vision 87. Both of these
aircraft are swept wing like the T-38. [16] The SB 13 experienced favorable spin
characteristics with forward positions of the center of gravity. However, if the static
margin was less than 10%, the SB 13 experienced a strong wing over roll moment
which led to a spin. To investigate this phenomenon, engineers used wing tufts to
examine the flow over the wing. A significant cross flow preceding wing stall was
observed. To stop the cross flow, two wing fences were tested. The first only ran
along the upper surface of the wing and spanned 40% of the chord. It was 150 mm
high. This fence did not show significant improvements. The second wing fence was
extended around the front of the airfoil. The second wing fence showed considerable
improvements and the aircraft could be held in 45° turns without yawing or stalling.

The sudden stall and spin were eliminated. [16]

The Vision 87 also had undesirable stall characteristics; so much so that pilots
were very reluctant to fly it at high AOA. In light of the success of the SB 13, fences
were placed at the half span and flight tests were conducted. The improvements over
the initial flight characteristics were large. Not only was the dangerous stall behavior
improved, but for practical purposes it was eliminated. In this particular case an

unflyable aircraft was transformed into a normal controllable vehicle by attaching



wing fences. “There is probably no better example of the sometimes nearly incredible

effectiveness of potential fences.” [16]

1.3 Goals of Current Research

Researching the wing fence on the T-38 will be a three tiered approach, utilizing
computational fluid dynamics, or CFD, wind tunnel experiments, and actual flight
testing. The goal of the current research is to model the wing fence using CFD. The
results of the CFD will be compared to the wind tunnel results. Using the information
gained during these studies, the safety implications for the T-38, an optimum design

for the wing fence will be implemented for actual flight testing.

The goal of this effort is a general improvement of the low speed high AOA
flight characteristics of the T-38. Some specific measurements of success might be
alleviating the intensity of the wing buffeting during approach, increasing the Ci,q4,
decreasing minimum take off distances, and decreasing stall speed. These effects could
be of great advantage to the T-38 because of the nature of its mission. Increasing
the safety margin for new pilots being trained on the Talon could save aircraft and
lives. Also, there is very little published computational research into the effects of a
wing fence on a military jet. Gaining a better understanding of the physics behind
the fence will be beneficial not only to the T-38, but also to future aircraft seeking to

improve their performance.



II. Background

he primary goal of this research is to improve the low speed, high AOA lift
Tcharacteristics of the T-38. Flow in this regime is unsteady, turbulent, and
beginning to separate. Using CFD to model flow of this nature over a complicated
geometry such as the T-38, can be an arduous task. Great care must be taken to
set up the problem appropriately to produce accurate results. In order to accomplish
this, research into aerodynamic principles, flow control theory, and CFD modeling

was conducted and is presented in this chapter.

2.1 Boundary Layer and Stall

The viscous boundary layer is the layer of fluid adjacent to a body, where the
momentum and energy is decreased due to viscosity of the fluid. Viscosity is modeled
by the no-slip condition, which states flow over a surface has a relative velocity of
zero at the surface. The further the flow is from the surface, the less the effects of
viscosity are felt, and eventually the velocity in the boundary layer approaches that
of the free stream. At the point where the velocity in the boundary layer is 99% of

the free stream, designated dog, the flow can be accurately modeled as inviscid. [4,15]

There are two basic types of boundary layers, laminar and turbulent. A laminar
boundary layer is the region where viscosity has a damping effect on the fluid and
the streamlines maintain order. [15] The turbulent boundary layer occurs when the
momentum of the flow overcomes the viscosity and causes small, random disturbances.
These disturbances grow, interact with one another, and manifest themselves as three

dimensional intertwining eddies. [15] The laminar boundary layer has a lower velocity

gradient, g—Z, at the wall when compared to the turbulent boundary layer profile. Since
shear stress is proportional to ‘g—z at the wall, the turbulent boundary layer results in
a higher skin friction drag. In Figure 2.1 the boundary layer velocity profile on the
left is laminar. It has a lower slope when compared to the turbulent boundary layer

to its right. [3]



Y]
Outside Boundary

Layer
inviscid

afy)

Inside Boundary
Layer
Viscous

T el Al LA d PP PP ridd fard sdeddid,

Figure 2.1:  Laminar and turbulent boundary layer [5]

Flow inside the boundary layer is especially sensitive to the adverse pressure
gradient. An adverse pressure gradient is defined as % > 0, when x increases in the
downstream direction. A positive pressure gradient retards or decelerates the flow.
Flow inside the boundary layer is affected more than flow outside the boundary layer
because its energy has already been degraded from losses due to friction. Outside of
the boundary layer the fluid still experiences an adverse pressure gradient, but gen-
erally has enough energy to overcome the restricting forces. Figure 2.2 demonstrates

the effects of the adverse pressure gradient. [15]

The deceleration of the flow results in a loss of forward momentum. Flow
continues to lose energy as it moves through the adverse pressure gradient until it
reaches a point where the slope of the velocity profile at the surface is zero and

separation occurs.

(g_z) 0 1)

Equation 2.1 is the mathematical definition of the separation point. The sepa-
ration point can be seen in Figure 2.2 at point . Flow separation drastically alters
the pressure distribution around an airfoil. When flow separation occurs over a large

portion of an airfoil, it stalls. A stall results in a large decrease in lift, increase in
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Figure 2.2:  Adverse Pressure Gradient [5]

pressure drag, and change in pitching moment. Stall on an airfoil is shown in Fig-

ure 2.3. [3]

The boundary layer type on an aerodynamic surface influences stall. Since flow
separation begins with the boundary layer, the higher the velocity gradient near the
surface, the more energy it will have to resist separation. A turbulent boundary layer
will remain attached to a surface longer than a laminar boundary layer because it has

a higher velocity gradient near the surface. [3,4]

2.2 Flow Control

Many flow control devices are based on the principle of energizing the boundary
layer. There are two types of flow control, active and passive. The difference between
these two methods is evident in their respective names. Passive flow control uses
inert objects that manipulate flow by their physical shape. Some common passive
flow control devices are vortex generators, fences, high lift flaps, and winglets. Active
flow control injects the boundary layer with energy from small jets of air powered by
internal structure. [21] Both active and passive flow control methods have shown effec-

tiveness in delaying separation, increasing control power, or reducing drag. However,
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since active flow control devices are complex, difficult to maintain, and expensive,

only passive flow control was considered for the T-38. [14]

The wing fence was chosen for the current effort for two reasons. The first reason
is because of the past success of the wing fence in improving high AOA performance.
Some examples were discussed in Chapter 1. Second, the T-38 contains a row of
screws on the upper surface of the wing 26” from the wing tip, which presents an
ideal location to test the effectiveness of the wing fence without significantly altering
the airframe. Even simple vane vortex generators would require punctures or welds
to the wing surface. The fence, however, can be attached and removed with no

permanent alterations to the structure.

2.3 Wing Fence

The wing fence produces a complicated interaction of several factors working
together to increase lift at high AOA. Research proved to be a challenge, because
there was no source stating one all inclusive theory on why a fence works. One source
concentrated on the fence’s vortex generating capabilities. [23] Another explained the
fence’s effects come through its ability to alter the potential flow around the wing in
a way that lift is increased at high AOA. [16] This section provides an overview of

several theories to gain insight into what is actually happening around the fence.

A wing fence is commonly referred to as a boundary layer fence, potential fence,
or just fence. A wing fence is essentially a thin plate, with height roughly proportional
to the local wing thickness, running chordwise in the direction of flow. Figure 2.4

shows a typical fence on a Russian MIG.

The wing fence, or boundary layer fence as it was referred to during its creation,
was invented in 1938 by Wolfgang Liebe. [16] The motivation for the wing fence came
from the Messerschmitt Bf 109. The Bf 109 was a straight wing aircraft which ex-
perienced severe wingtip stall. German engineers initially used retractable Handley

Page slats to alleviate the stall, but these devices were very expensive. To investigate
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Figure 2.4:  Russian Mig-21 with fence. [22]

alternative methods of fixing the Bf 109’s stall characteristics, wing tufts were glued
onto the upper surface of the wing and photographs were taken during flight to exam-
ine the flow. An interesting stall pattern was observed. The stall originated near the
fuselage and was followed by a cross flow of ‘wake material’ that rushed towards the
low pressure on the leading edge. It took one second for this flow to reach the wingtip
and produce a separation over the whole wing. [16] Wolfgang Liebe stated, “One gets
the impression that the stall is not enforced by the local angle of attack, but that it is
caused by the penetration of the cross flow. So a barrier set in the penetration path
should be able to stop this from happening. From this idea the boundary layer fence
was born.” [16] The wing fence was installed on the Bf 109 and immediately the stall

characteristics improved.

Liebe’s initial study led him to believe the wing fence worked solely because
it stopped cross flow in the boundary layer. However, this idea was flawed. The
boundary layer is typically only a few millimeters thick, and even in the separated
region on the wing, it is only a few centimeters. The cross flow inside the boundary
layer is of the same magnitude. If slowing the cross flow contained in the boundary
layer was the only mechanism by which a fence worked, the fence should only need
to be about the size of the boundary layer. However, research has proven in order
to be effective, a fence must be many times larger than the boundary layer. Another
reason why Liebe was not fully correct is the boundary layer grows as it travels along

a surface. If the sole purpose of the fence was to stop crossflow, the the fence should

11
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Figure 2.5: () distribution on a wing with an idealized fence [16]

be most important in the back of the wing where the boundary layer is the thickest.
Testing has shown extending a fence in this region does not produce significant ben-
efits. Thus, delaying cross flow in the boundary layer is not the only mechanism of

the fence. [16]

2.3.1 Wing Fence and Potential Flow. Dr. Karl Nickels” book, “Tailless
Aircraft,” contains a large section about wing fences on swept wing aircraft. [16] He
explains the fence can be best understood if it is considered to be a thin infinite
wall placed along the span of a finite wing. The idealized fence changes the lift load

distribution. This effect is shown in Figure 2.5.

According to Dr. Nickels, the effect of the wing fence is to increase the C
load inboard of the wing fence, and to decrease it outboard of the fence. This delays
wingtip stall. Thus, the primary operating mechanism of a wing fence is not merely
stopping the cross flow of the boundary layer, but changing the lift distribution. Since
lift distribution around a wing can be determined by the potential flow, the wing fence

is commonly referred to as a potential fence. [16]

12



A few points need to be highlighted to avoid any misunderstandings regarding
this conceptual approach to the wing fence. The first is separation at high AOA is an
effect of the boundary layer, and slowing the cross flow does have an effect. The wing
fence influences the boundary layer, and consequently stall, but, the effectiveness of
a fence is not directly in its control of the boundary layer. Nickel states his theory
as follows: “Their effectiveness comes indirectly from influencing the potential flow.
Namely, the flow conditions at the wings are changed in such a way that the Cl load
of the wingtips is reduced. Thus the boundary layer in the region remains “sound”

much longer, which avoids a separation and a local stall.” [16]

2.3.2 Wing Fence as a Vortexr Generator.  Examining the wing fence as an
infinite wall is effective for understanding its overall effects. However, a real wing
fence is not an infinite wall and thus it must affect the flow through some physical

mechanism. This real effect is vortex generation.

A VG is a flow control device used to delay separation. The most common type
is the vane VG. [8] It is typically in the shape of a small airfoil or thin plane that
protrudes from a surface, and is positioned at an incidence angle to the oncoming flow,
which causes vortex generation. The vortex captures energy from the free stream and
transfers it to the boundary layer, delaying separation. [14] The vortex can persist
for hundreds of times the length of the boundary layer, delaying the separation point
on the airfoil significantly. There are many types of VG, varying in shape, size and

location, but they all operate on the same principles as the vane VG.

Dr. Zhidkosti conducted wind tunnel research into fence vortices in his publi-
cation, “Flow On A Swept Wing in the Region of a Fence.” [23] On a wing swept at
55°, he found the wing fence produces two vortices. The first vortex was formed on
the upper portion of the fence on the inboard side. The fence vortex is caused by a
pressure differential across the fence. The strength of the fence vortex is influenced
heavily by AOA and the yaw angle, and is strongest when these angles are large.

The vortex changed the pressure distribution over the wing, causing a new pressure

13



minimum inboard of the fence. Zhidkosti did not comment on the location or source
of the second vortex, but did state it alters the flow pattern near the wing and causes
significant restructuring of the velocity field that could affect the performance of the
horizontal tail. [23] The final result of his research was the fence caused flow to remain

attached outboard of the fence even after separation occurred inboard of it.

2.4 Computational Theory

A wing fence is most effective at high AOA, when flow is turbulent, unsteady,
and beginning to separate. [23] Using CFD to model this is not a simple process. An
understanding of the mathematical principles and techniques involved is necessary to

produce valuable results.

The governing equations for a Newtonian fluid are called the Navier Stokes, or
N-S equations. They are a set of five coupled, non linear, partial differential equations.
There is no closed form solution. Mathematical manipulation and assumptions are

made to simplify the N-S equations. [15]

2.4.1 Turbulence. Turbulent flow is unsteady, viscous, and complex com-
bination of three dimensional interacting eddies. [15] It is not a fluid property but
rather a property of the flow. The energy contained in a turbulent flow is distributed
through eddy size. The large scale eddies carry most of the kinetic energy where
as the smallest scale eddies convert their kinetic energy to heat through viscous or
molecular dissipation. [15] The Navier Stokes equations can be used to directly model
turbulent flows. This type of computation is called Direct Numerical Simulation or
DNS. In order to do this, however, the grid spacing must be less than the smallest
scale turbulent eddies. For complex high Reynolds numbers flows this requires enor-
mous memory and computational power that current technology does not support.

Therefore, simplifications must be made to the Navier Stokes equations.

The most common technique is called Reynolds Averaged Navier Stokes or

RANS. Reynolds averaging uses the definition of the average integral to resolve the
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flow variables in the N-S equations into time averaged and turbulent fluctuation terms.
A simplified explanation of Reynolds averaging is as follows. The velocity of turbulent

flow can be written as an average velocity plus a fluctuation term.

u; = ;4 ul (2.2)

Applying the definition of velocity and averaging the Navier Stokes equations
using spatial or temporal techniques yields a new set of equations and six new cor-
relation factors called the Reynolds stresses. The Reynolds averaged equations for
momentum and mass are included in Equations 2.3 and 2.4. The average fluctuation

terms are assumed to be zero. [7,15] The energy equation is derived in similar manner.

odp 0 ,_ N
Mass : 5 oz, (pu; + pu;) =0 (2.3)
opu; 0 B o o0, —

M : 7 Gwa) = -+ 2 (7, — pudd, 2.4

omentum g + o, (pu;u;) o + o, (T35 — pulul) (2.4)
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The Reynolds stresses are six new unknowns. These initially seem to make the
computations more complicated. However, the velocity and flow parameters can now
be described in terms of average quantities. Turbulence models are used to close the
RANS equations. [15] The most common method for closing the RANS equations
was proposed by Boussinesq in 1877. Boussinesq theorized the Reynolds stresses are
proportional to the local mean flow strain rate, and thus are similar in form to viscous

stresses. [15] The resulting equation is shown in Equation 2.6.
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The pr term is the turbulent eddy viscosity. Instead of solving for the six
Reynolds stresses, now only the p7 term must be computed. Since the eddy viscosity
is a property of the flow and not of the fluid it must be computed at every point
in the flow. Turbulence models based on the Boussinesq approximation are semi-
empirical algebraic or differential equation formulations that solve for the turbulent
eddy viscosity. [15,21] Different turbulence models are applicable to different types of
flow. Algebraic models are typically used for flow with small variations in turbulent
length scale, such as attached boundary layers. For separated flows characterized by a

wide range of length scales, a one or two differential equation model is appropriate. [15]

The turbulence model used in this research is the Spalart-Allmaras RANS dif-
ferential equation formulation. The S-A model solves for a variable dependent on
turbulent viscosity. The model is based on empiricism, Galilean invariance, dimen-
sional analysis and dependence on molecular viscosity. [7,15] The model uses a wall
destruction term that reduces the turbulent viscosity in the laminar sublayer and trip
terms to smoothly transition from laminar to turbulent flow. The S-A model is given
in Equation 2.7 beginning with the transport equation for the variable 7. The re-
maining equations deal with production, diffusion of the Reynolds stresses, turbulent

dissipation and the definition of the constants. [15]

16



Vy =

U
Il

fvl =

fv2 =

fv3 =

Jfuw

9

r

ey = 0.1355, o

2.5 Previous Research

fljlﬂ

v
Ju3S + vaz

R

(9ui _
8:cj 89[;2

an

X3

X3 + cv13

Y -3
- _>
Cv2

(1 + val) (1 — fv2)

max (x,0.001)

1 + Cw36 1/6
(g6 + Cw36)
T+ Cy2 (7"6 — r)

U
Sk2d,,>
2/3, cp = 0.622, K = 0.41
7.1, Cy2 = 5!
o (1 + cp)
K2 o

0.37 Cyw3 = 2

=71

To determine the best approach for the current study, research was conducted

to find current methods for modeling high AOA and passive flow control. The most

current data has shown DES, when compared to RANS solutions for separated flow,

more accurately captures unsteady effects. [9-12] However, producing a DES grid is
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a complicated, time consuming task. Also, the cost of a DES solution is much higher
than a RANS solution. Before employing DES, researchers should ensure DES will
provide more pertinent data than other more efficient and less expensive models. In
the research led by James R. Forsythe, which studied the F-15E at high AOA, [11]
RANS and DES solutions were computed for the F-15E and compared closely. Three
grids were built from a baseline grid of 5 x 10° cells, with the finest grid containing
11 x 109 cells. The researchers were surprised to find RANS solutions for the lift,
pitching and drag data produced accurate results when compared to the Boeing data
base. DES yielded only slightly more accurate predictions. The downside to the RANS
solutions was they did not accurately capture significant unsteadiness. However, mean
flow data for both the DES and RANS solutions was accurate. The DES solutions
were also significantly effected by the grid density, but the RANS lift, moment, and
drag data only varied by 1% from the baseline to fine grid. [11,12]

John A. Ekaterinaris used RANS modeling to investigate vane vortex generators
on a wing. [21] Results demonstrated RANS solutions were adequate to determine VG
can reduce flow separation. RANS was able to detect jet effects in the boundary layer,
pressure distribution alterations, and the changes in VG effectiveness due to incidence

angle and placement. [21]

The results of these studies seem to justify using RANS to investigate the wing
fence. Although a DES simulation will capture some of the unsteady effects of the
fence RANS will not, the main thrust of this effort is to analyze the mean effects of
the fence on the lift. These studies demonstrate RANS can accomplish this. Due to
time and expense constraints, along with the success of similar studies, this research

is justified in using RANS solutions.
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III. Methodology

he success of this study relies not only on the quality of the CFD set up, but
Talso on carefully matched simulations of realistic flight conditions for the T-
38. Great care was taken to create a relevant test matrix with accurate boundary
conditions. The solver used in this study is the Air Vehicles Unstructured Solver,

AVUS. AVUS will be discussed in subsequent sections.

3.1 Test Matrix

The test matrix was developed by examining the T-38 flight profile. Since the
goal is to investigate the effects of the fence at low speed and high angle of attack,
tests are concentrated in this regime. The most common time the T-38 experiences
these conditions occurs during landing. As the T-38 turns into final approach, it slows
to a baseline speed of 155 knots plus 1 knot per 100 pounds of remaining fuel over
1000 pounds. [18] The T-38 will commonly approach anywhere from 155-175 knots.
The throttle setting during final approach is 91%. During the flare the throttle is
set to idle. Flare and touchdown occur anywhere from 10-20 knots below the final

approach speed. [18]

To mimic the typical T-38 landing pattern at sea level, three tests were con-
ducted between 0 — 10° AOA, 170 knots, and 91% power. To recreate conditions
around the flare, one test was run for 15° AOA, 150 knots, with the engine at idle.
Ground effect was not modeled. Although ground effect has an influence during the
flare, the goal in this research is not merely to recreate landing, but to investigate the
generic effects of the fence. Modeling the test cases after the landing profile is a tool
to produce realistic scenarios. The test matrix is shown in Table 3.1.

Table 3.1:  Test Matrix
| AOA | Throttle Setting | Mach | Altitude (ft) || Flight Condition |

0 91% 0.25 Sea Level Final
5) 91% 0.25 Sea Level Final
10 91% 0.25 Sea Level Final
15 idle 0.2 Sea Level Flare/Stall
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3.2 T-38 Geometry

The T-38 is modeled as a half aircraft with a symmetry plane cutting down its
centerline. Justification for this model came from Dr. Forsthye’s study of the F-15
at high AOA that found no significant difference between modeling the full or half
aircraft. [11] The T-38 is modeled without empennage since the initial CAD data
did not include the tail section. The removal of the empennage will clearly have an
effect on the final solution. However, most of the lift contribution comes from the
wings and fuselage and not the empennage. Since this research is concerned only
with changes in lift due to the fence, matching the 'y of the computational model
to the real aircraft C7, is not critical. Another concern with the cut off empennage
is it creates an unrealistic pressure drag and flow that could negatively influence the
solution. However, any negative effects will be minimal because the cut off occurs
approximately 2 root chord lengths from the area of interest near the fence and any

detrimental influence will be felt equally for each test.

3.2.1 Fence and Flap Geometry.  The wing fence was inserted 26” from the
wing tip. Two fence geometries were tested. The first fence, called a simple fence,
begins 2”7 behind the leading edge and continues to the trailing edge, a distance of 43”.
The simple fence is a constant 2.5” high, as measured from the upper wing surface to
the top of the fence. It has a thickness of 0.5” in its center and a constant taper down
to a sharp leading and trailing edge. In the actual fabrication on the aircraft the fence
will not have a sharp leading and trailing edge. It will be a constant thickness along
the chord. However, to avoid an extremely high number of grid points necessary to
capture the effects of blunt fence edges, sharp intersections were used. The simple

fence is pictured in Figure 3.1

The second fence shares the same width and height dimensions, but was ex-
tended around the leading edge. Instead of continuing to the back of the wing like
the simple fence, it was cut off 77 before the trailing edge. This study will refer to this

fence as the extended fence. The motivation for extended fence design is research has
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Figure 3.1:  Simple fence.

Figure 3.2:  Extended fence.
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demonstrated that if a fence only on the upper surface of a wing is minimally effective,
wrapping it around the leading edge can significantly improve its performance. [16]

The extended fence is displayed in Figure 3.2.

3.3 RANS Grid Generation

Grids were generated in a two stage process using the programs Gridgen™ and
Solidmesh™. The first step was generating the surface mesh on the T-38. This proved
to be an arduous and time consuming task. The initial CAD data supplied by the
test engineers was a complicated, unlayered combination of trim surfaces, biconvex
surfaces, and lines. Simply determining which database elements were actually used in
defining the surface was a<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>