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RBSTRACT

A low-speed wind tunnel investigation was conducted to

examine the vortex wake downstream of a three-percent scale

model of the YF-17 lightweight fighter prototype at high

angles of attack. The study was in support of NASA Ames

Research Center's wind tunnel investigation of a Full scale

F/A-18 as part of NASA's High Alpha Technology Program.

Smoke Flow visualization was used to locate the downstream

vortex wake. Hot-wire surveys were taken through the vortex

at two stations; one directly aft of the model and the other

at a station three model lengths downstream of the model.

The efFect of adding a fence to the leading edge extension

CLEX) was studied. Power spectra from the hot-wire were

recorded for the survey station directly aft .F the model.

Results show that peak turbulent fluctuation at this station

occurred at 2S degrees angle of attack, lateral turbulent

Fluctuation greatly diminished at the far doL ,stream

station, and the addition of the LEX fence shifted energy

content of turbulence toward higher frequencies.
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I. INTRODUCTION

A. BACKGROUND

Today there is a great deal of interest in high angle-

of-attack aerodynamics, or simply high alpha research. High

alpha investigations have important implications for

military Fighter &.'ruraft supermaneuverability, and have

spin-off applications to civil aircraft safety. As a

result, NASA has established a High Alpha Technology

Program, an intercenter program with investigations to be

carried out by NASA Ames-Moffet, Ames-Dryden, Langley, and

Lewis Research Centers. Canada and Australia have similar

programs.

The current investigation is in direct support of the

F/A-18 High-Alpha Test scheduled to begin in the 60- by

120-Foot wind tunnel of NASA Ames Research Center at MofFet

Field in February 1991. This investigation is the second of

a series of a cooperative studies of the F/A-1 between the

Naval Postgraduate School (NPS) and NASA Ames Research

Center, and is a follow-on to investigations by Leedy

(1968), Sommers (1989), and Cavazos (1990). This series

deals with small scale wind tunnel investigations of the

vortex wake of the F/A-1B aircraft at high angles of attack

and is aimed at studying the interaction between the
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F/A-l8's leading edge extension (LEX) vo-Lex and the

vertical tail surfaces. The investigation was conducted on

a small scale (3%), utilizing the NPS 32- by 5-inch

low-speed wind tunnel. A model of the Northrop YF-17, the

lightweight Fighter prototype From which the F/A-l8 evolved,

served as the test model.

B. VORTEX WAKE DEUELOPMENT

This topic is of current interest in aerodynamics

research and is related to the physics of vortex dynamics at

high angles of attack. It has a direct bearing on the

vortex/tail surFaca interactions leading tc the buffeting of

the vertical tail which reduces its fatigue life. The

buffeting of the vertical tails has led to the development

a;-. I .... .. ' a LE ..'.. for the F/A-18. The

spectral energy content of the vortex at several angles of

attack both with and without the LEX fence, as well as the

data from hot-wire surveys within thz b...at

several downstream locations will significantly add to the

understanding of vortex/tail surface interactions. It must

be noted that at high angles of attack, the wake flow is

usually turbulent and the vortex-turbulent wake interaction

is highly complicated and difficult to model.
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C. METHODOLOGY

Turbulent flow, as pointed out by Bradshaw (1971), is

difficult to model mathematically. He defined turbu'-nt

studies as the art of understanding the Navier-StoKes

equations without actually solving them. Until recently,

that is all that could be hoped for. However, even with the

availability of modern digital computers and advancement of

computational fluid dynamics (CFO), experimentation still

underlies much of fluid mechanics, especially in the area of

turbulent flow. As CFO becomes fully developed, perhaps

researchers will resort to wind tunnel investigations less

and less. However, experimentation will always play an

integral part in understanding and validating mathematical

models.

An important tool for investigating turbulnL flow is

the hot-wire anemometer. Hot-wire measurements give us a

measure of velocity, as first put forth in "King's law"

(Goldstein, 1983, p 111). With modern electronic equipment,

such as anemometers, signal conditioners, and linearizers

used in these investigations, a linear re!ationship between

the instantaneous velocity passing over the hot-wire and

instantaneous voltage output may be established, making

calculations of mean velocities and fluctuations a much more

direct procedure. In practice, during a hot-wire survey, a

non-dimensional measure of mean velocity, such as mean

voltage output at a point normalized by local maximum

3



voltage output, is often used. Likewise, a non-dimensional

turbulence quantitg is often used -- root mean square PR"5)

voltage output at a point normalized by local mean voltage

output.

The YF-17 prototgpe model was placed in the wind tunnel

at various velocities and angles of attack, and hot-wire

measurements made to ascertain information about the

turbulent Flow (including power spectra) in the vortex wake

downstream. A leading edge extension (LEX) fence was added

an, he hot-wire measurements were repeated.



II. EXPERIMENTAL PPPARPTJ5

A. WIND TUNNEL

The experirnental investigations were carried out in the

Naval Postgraduate School (NPS) 32- bg Lf5-inch wind tunnel

CFig. 13.

F C~w.mer ventes Drive Marc-

25 6'4213

4 5

section 8- Sevion A-A

Figure 1. NIPS 32- by 4-i-Inch Low-Speed Wind Tunnel
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The tunnel is an Aerolab Development Company series 90 wind

tunnel installed at NPS during the mid-1950s. It is a closed

circuit, single return, horizontal Flow, low-speed wind

tunnel, with a contraction rati- of 10:1, maximum test

section velocity of 160 knots, and a nominal Freestream

turbulence of 0.2% Air is circulated by a three blade

variable pitch Fan which is driven via a 4 speed manual

transmission by a 100 horsepower electric motor. More

details relative to tunnel operation and its intrumentation

may be found in the Laboratory Manual for Low Speed Wind

Tunnel Testing (1983, pp. 1-8).

B. YF-17 MODEL

A three-percent scale model of the Northrop YF-17

lightweight fighter prototype was used due to its

availability and similarity to the F/A-18. Sommers (1989,

pp. 12-14) discusses some differences between the YF-17 and

F/A-18. Figure 2 and Figure 3 show three-view drawings of

the F/A-18 and YF-17, respectively, and depict some of these

differences. The model was sting-mounted in the vertical

plane in the test section (see Figure 8 of chapter III,

section B). For more details on model mounting, see Sommers

(1989, p. 16).

Both sets of leading edge extension CLEX) slots on the

YF-17 model were Filled with putty to more closely resemble

the F/A-18. Some of the key dimensions of the model are:

6



Figur-e 2. McDonnell Douglas F/A-1B

Figure 3. Northrop YF-17 (3% Scale Model)
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1. Overall length: 19.12 inches.

2. Wing span: 12.60 inches.

3. Wing area: 45.36 inches.

C. SMOKE GENERATOR

A Rosco model 1500 smoke generator system is installed

in the NPS wind tunnel for flow visualization. It is

suitable for Flow visualization with or without laser sheet.

Only smoke was employed during the present investigation. A

Canon T70 camera with flash unit, and a Nikon 2000 camera

without Flash were used to record vortex patterns shed oFF

the LEXs. More details pertaining to the smoke generator

and Flow visualization may be Found in Sommers

(1989, pp. 23-25).

0. HOT-WIRE

DISA hot-wire equipment was used for cross probe

hot-wire measurements. A DISA cross-probe model SSP51 was

used in conjunction with a pair of CTA model 55C17 bridges,

and pairs of model 56N21 linearizers and model SSN20 signal

conditioners. An analog processing unit, model 56N23

combined the instantaneous outputs A and B From the two

bridges to give A + B, and A - B. These signals were Fed

into both a model SEN25 root mean square CRMS) unit, and a

model SSN22 mean value unit. A model 5SB10 main Frame

housed these components as depicted in Figure 4.

8



The cross hot-wire probe consists of two hot-wires

perpendicular to each other, as viewed from the side, and

also at a 45 degree angle to the horizontal as installed in

the wind tunnel. Figure S shows this arrangement. The

linearized output voltages of A and B are proportional to

U + U, and to U - U respectively CHebbar, 1981, p. 25).

Where: U - instantaneous velocity in axial direction.

U - instantaneous velocity in lateral direction.

- mean flow velocity in axial direction.

- mean flow velocity in lateral direction.

u - velocity fluctuation in axial direction.

v M velocity fluctuation in lateral direction.

<u> - RMS of u.

<v> - RMS of v.

A " k(U + U).

B - kCU - U).

k - sensitivity constant for each wire.

It can be shown that:

- C1/2k) x CA + B).

U - (1/2k) x CA - B).

(u> - (1/2k) x <A + B>.

<v> - (1/2k) x <A - B>.
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CTA Lin SC APE SC Lin CTA RM lieu

gait

kfc1? 1 56"1 HZ. 95fl 35fMNz6['iz 5GZSctTI 5"MZ5 S"MU

Figure L±. DISM Hot-Wire Equipment Set-Up

45degrees

degrees

<- Iwre i

Figure 5. Cross Hot-WAir-e Probe
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The hot-wire probe was mounted on a traversing mechanism

[Fig. 63. This allowed surveying laterally by turning the

traversing crank. Uertical positioning was accomplished by

adjusting the traversing mechanism head.

Figure 6. Traversing Mechanism

E. SPECTRUM ANALYZER

A GenRad model GR2512 spectrum analyzer was used to

analyze the spetral response of the hot-wires. This

information was used to determine power spectral density

(PSO) of fluctuations. Spectra were recorded using a

Tektronix model 4632 video hard copy unit.

11



III. EXPERIMENTAL PROCEDURE

A. GENERAL

Smoke flow visualization was used to locate the vortex

wake downstream of the model. Cross hot-wire measurements

were taken at three downstream survey locations: 1) station

E-16, seven Feet downstream from the center of the test

section, and 16 inches above the tunnel floor, as

illustrated in Figure 7. This station is approximately three

model lengths aft of the model, and represents the 235-foot

downstream location of the vane structures in the NASA Ames

80- by 120-foot wind tunnel; 2) station E-12, same as E-16

but 12 inches above the tunnel floor; 3) station B, a near

downstream location three inches aft of the model support

column, at a height two inches above the model centerline,

as illustrated in Figure 8.

B. HOT-WIRE SURVEYS

1. Hot-wire measurements at E stations

At a test section velocity of 50 meters/second,

horizontal hot-wire surveys were made at stations E-16 and

E-12, with the model set at angles of attack (AOA) 0, 10,

20, 25, 30, 40, and SO degrees. The LEX fence was off

during these survegs.

12



4________________________

Figure 7. Set-Up for Hot-Wire Surveys at Station E7

Figure B. Set-Up For Hot-Wire Surveys at Station B
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2. Hot-wire measurements at station B

At a velocity of 50 meters/second, horizontal

hot-wire surveys were made at station B with the model set

at angles of attack of 20, 22, 24, 26, 28, and 30 degrees in

order to find the angle of attack yielding the greatest

Fluctuation. Additional surveys were made at angles of

attack of 23 and 25 degrees. The LEX Fence was off during

these surveys.

3. Hot-wire measurements at station B with AOA wieldina

greatest Fluctuation and LEX Fence off

Without the LEX fence, and with the model at the

angle of attack that yielded the greatest Fluctuation, as

determined in the preceding step, horizontal hot-wire

surveys were made at test section velocities of 10, 20, 30,

40, and 50 meters/second. Representative power spectra were

taken from the output of hot-wire A.

4. Hot-wire measurements at station B with AOA uieldina

areatest fluctuation and LEX Fence on

A three-percent scaled version of the NASA Ames CFO

simplified LEX fence [Fig. 93 was installed on the model.

The two fences used in this investigation were constructed

from 1/32-inch balsa wood and installed, one on each side of

the YF-17 model near the Junction of the LEX and the wing

[Fig. 103. The hot-wire and spectra measurements were then

repeated for Flow c_ndtions and model orientation as

specified in 3.

Iti
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Figure 9. NASA Ames CFD Simplied LEX Fence

Figure 10. LEX Fence an YF-17 Model
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Iu. RESULTS AND DISCUSSION

A. FLOW UISUALIZATION

Flow visualization by injection of smoke into the wind

tunnel test section at low speeds (S - 10 m/s) helped

determine approximate location of vortices. These locations

were used to determine where to make hot-wire surveys.

Figure 11 and Figure 12 show vortex formations for ADAs 20

and 50 degrees respectively.

B. HOT-WIRE MEASUREMENT

1. At far downstream stations

Hot-wire data obtained for the far downstream

station consisted of mean value of A+B, which is

proportional 'to mean velocity component U. These data were

obtained for a horizontal sweep at stations E- 3nd E-12.

Each set of data was normalized against the Ic-al maximum

mean velocity, yielding a non-dimensional value. These data

are presented graphically for ADAs of 0, 10, 20, 25, 30, 40,

50, and 60 degrees in Figures 13-2B, in the Appendix. The

numbers on the horizontal axis represent distance in inches

read off the scale on the traverse, 15 corresponding to the

centerline of the tunnel.

16
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The data points are shown connected by straight

linE for better visibility. Uncertainty oF the

measurements was +/- 0.002. The graphs are scaled For

maximum clarity, therefore the deviations may at First

appear to be greater than they really are. Attention to the

scaling of each graph is therefore warranted.

The variation of the mean velocity across the wake

tended to spread out as AOA was increased. The maximum

deviation occurred between AOAs of 25 and 40 degrees.

RMS values, which were desired as a measure of

turbulence, were not recorded as they consistently read

extremely low values close to zero. The RMS unit available

read only to the nearest one-hundredth of a volt and was not

sensitive enough to detect any very small RMS voltages that

may have been present. However, the absence of measurable

RMS values supports the later conclusion that turbulence had

greatly diminished at the far downstream station.

2. Finding AQA uieldino oreatest fluctuation

Hot-wire data obtained at the near downstream

station (station B) consisted of mean value of A+B, being

proportional to mean velocity component U, and RMS value of

A-B, which is proportional to <v>, the lateral component of

t.jrbulence.

InitiallW, these data were obtained at AOAs of 20,

22, 24, 26, 28, and 30 degrees. Since AOA of 24 degrees

appeared to yield the greatest fluctuaticn, additional data

18



were obtained at ADAs of 23 and 25 degrees to better

determine the correct ADA.

These RMS values C<v>) were normalized against the

mean values (U) for each data point. These data are

presented graphically in Figures 29-36, in the Appendix.

Peaks that are due to the model support column are marked

"Support Column Wake" and should be disregarded here.

Figures 37-44 show mean velocity distribution obtained From

these hot-wire surveys at station B.

As the AOA was increased up to and including 25

degrees, the peak turbulence increased. After 25 degrees

AOA, the turbulence peak dropped and expanded lateraily.

This parallels results found by Cavazos (1990, pp. 24-27) in

his water tunnel studies of LEX vortices of an F/A-18 model

at high angles of attack. The results showed there was a

vortex core originating at the LEX that tended to burst

earlier for ADAs greater than 25 degrees.

3. Effects of LEX fence

At the near downstream station, hot-wire data were

obtained for cases of no LEX fence and LEX fence installed.

These data, as in the case of finding the AOA of greatest

fluctuation, consisted of mean values of A+B, proportional

to U, and RMS values of A-B, proportional to <v>.

These data were gathered at the greatest fluctuation

AQA (25 degrees), For test section velocities of 10, 20, 30,

40, and 50 meters per second.

19



RMS values of A-B were normalized against mean

values of A+B at Each data point. These non-dimensional

data are presented an Figures 45-54, in the Appendix.

Again, the peaks caused by the support column should be

disregarded.

It can be seen that wind speed had no measurable

effect on turbulence intensity. That is, turbulence appears

to vary in direct proportion to mean velocity, yielding a

uniform normalized turbulence distribution along the

surveys.

Any differences in turbulence intensity between the

case of no LEX fence [Fig. 45-493 and LEX fence installed

[Fig. SO-S] are not discernable. Considering the error

band, no conclusion can be made either way about whether or

not the LEX fence affected the overall turbulence

intensity.

C. POWER SPECTRA

Spectra were obtained for cases of no LEX fence and LEX

fence installed, at wind velocities'of 10, 20, 30, 40, and

50 meters per second. The spectra were recorded fo- each

case that was shown in Figures 45-54 at the maximum

turbulence values (disregarding the support column peaks).

Spectra are presented in the Appendix for no LEX fence

[Fig. 55-59) and For LEX fence installed [Fig. 6O-64].

Energy content is shifted to the right, toward higher

20



frequencies for the case of LEX fence installed. This

redistribution of turbulence to higher frequencies is a

aesired effect of adding the LEX fence, and if done properl

could move turbulence away from the critical low frequencies

of the vertical tail.

21



U CONCLUSIONS AND RECOMMENDATIONS

A. CONCLUSIONS

At the request of NASA Ames Research Center, a low-speed

wind tunnel investigation was conducted to examine the

vortex wake downstream of a three-percent scale model of the

YF-17 lightweight fighter prototype at high angles of

attack. The investigation demonstrated that the lateral

turbulent fluctuation in the wake approximatelw 3 model

lengths downstream had diminished considerably. It was

found that peak turbulent fluctuation at a near downstream

station, Just aft of the model, occurred with the model at

approximately 2S degrees angle of attack. This observation

was made at 10, 20, 30, 40, and SO meters/second velocities,

and leads to the conclusion that, within the tested range,

the peak turbulence intensity was independent of the mean

velocity. Finallw, it was observed that the addition of a

fence to the leading edge extenstion (LEX) shifted the power

spectrum toward higher frequencies.

B. RECOMMENDATIONS

Additional hot-wire measurements should be made at

station B, but using a vertical survew as opposed to a

horizontal survey. This would enable the probe to be placed

22



directly aft of the vertical tail, because the support

column would not interfere as the survey would be parallel

to the column. Two advantages would be reaped: 1) closer

proximity to the model, and hence vortex burst locations;

and 2) no support column induced turbulence showing up in

the data. These surveys should Wield well defined data that

could be correlated with results found here.

23



LIST OF REFERENCES

Bradshaw, P., Experimental Fluid Mechanics, Pergamon Press,
Ltd., 1964.

Bradshaw, P., An Introduction to Turbulence and Its
Measurement, Pergamon Press, Ltd., 1971.

Cavazos, 0. V. Jr., A Flow Visualization Studu of LEX
Generated Vortices on a Scale Model of A F/A-IS Fighter
Aircraft at Hiah Angles of Attack, Master's Thesis, Naval
Postgraduate School, Monterey, California, June 1990.

DISA Instruction Manual, "56N21 Linearizer," DISA
Information Department, Denmark, 1984.

DISA Instruction Manual, "Type 56C17 CTA Bridge," DISA
Information Department, Denmark, 1981*.

DISA Instruction Manual, "56N23 Analog Processing Unit,"
DISA Information Department, Denmark, 1982.

DISA Instruction Manual, "56N20 Signal Conditioner," DISA
Information Department, Denmark, 1984.

GenRad Operation Manual, "GR 2512 Spectrum Analyzer,"
GenRad, Inc., Santa Clara, California, 1979.

Goldstein, R. J., Fluid Mechanics Measurements, Hemisphere
Publishing Corporation, 1983.

Hebbar, K. S., "Measurement of Flow with Hot-wire
Anemometer," lecture notes presented at National
Aeronautical Laboratort, short course on "Cascade Testing of
Turbomachine Blades", Bnigalore, India, 7-18 December 1981.

Hebbar, S. K., and Leedy, D. H., "A Laser Sheet Flow
Visualization and Aerodynamic Force Data Evaluation of a 3%
YF-17 Fighter Aircraft Model at High Angles of Attack," AIAA
paper 90-3091, 1990.

Hebbar, S. K., Platzer, M. F., and Cavazos, 0. U. Jr.,
"A Water Tunnel Investigation of the Effects of Pitch Rate
and Yaw on LEX Generated Vortices of an F/A-18 Fighter
Aircraft Model," AIAA paper 91-0280, 191.

24



Hebbar, S. K., and Sommers, J. D., "Wind Tunnel Studies of

Support Strut Interference on a 3% YF-17 Fighter Aircraft

Model at High Angles-of-Attack," AIAA paper 90-3083, 1990.

Hinze, J. 0., Turbulence, McGraw-Hill Book Company, Inc.,
1959.

Laboratory Manual for Low Speed Wind Tunnel Testing,
Department of Aeronautics, Naval Postgraduate School,
Monterey, California, 1983.

Leedy, D. H., An Experimental Investiaation of a Fighter

Aircraft Model at Hiah Angles of Attack, Master's Thesis,

Naval Postgraduate School, Monterey, California, September
1988.

Sommers, J. D., An Experimental Investigation of Suppo-t
Strut Interference on a Three-percent Fighter Model at Hich
Anoles of Attack, Master's Thesis, Naval Postgraduate
School, Monterey, California, September 1589.

25



APPENDIX

FIGURES 13 THROUGH 64i
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Figure 13. Station E-16, Velocity= =50 m's, AoA = 0 degrees
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Figure 14k. Station E-16, Velocity = 50mI/s. AoA =10 degrees
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F i-'yjre 15. Station E-16, Velocity= =50 ns, AoA =20 degrees
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Figure 16. Station E-16, Velocity =50 m/s, AoA =25 degrees
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Figure 17. Station E-16, Velocity = 50 m/s, AoA = 30 degrees
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Figure 183. Station E-16, Velocity = 50 mfxs, AoA =40 degrees
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Figure 19. Station E-16, Velocity = 50 rn/s, AoA = 50 degrees
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Figure 20. Station E-16, Velocity =50 n/s, AoA =60 degrees
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Figure 21. Station E-12, Velocity = 50 m/s, AoA = 0 degrees
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Figure 22. Station E-12, Velocity = 50 m/s, AoA = 10 degrees
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Figure 23. Station E-12, Velocity = 50 r/s, AoA =20 degrees
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Figure 2'. Station E-12, Velocity = 50 ms, AoA = 25 degrees
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Figure 2S. Station E-12, Velocity = 50 rr/s, AoA = 30 degrees
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Figure 26. Station E-12, Velocity = 50 m/s, AoA =40 degrees
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Figure 27. Station E-12, Velocity = 50 m/s, AoA = 50 degrees

33



0.999

0.998

. 0.997

0.996

2 0.995

- 0.994

Z 0.993

0.992

0.991

i99
8 10 12 14 16 18 20 22 24

Horizontal Station

Figure 28. Station E-12, Velocity = 50 r/s, AoA = 60 degrees
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Figure 29. Station B, Velocity= 50 m/s, AoA = 20 degrees
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Figure 30. Station B, Velocity= 50 Ws, AoA = 22 degrees
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Figure 31. Station B, Velocity = 50 m/s, AoA = 23 degrees

35



0.03

0.025- Support Column Wake

!
SOf,

0.015-

0 z 0.01

0.005

0

8 10 12 14 16 18 20 22 24 26

Horizontal Station

Figure 32. Station B, Velocity = 50 m/s, AoA = 24 degrees
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Figure 33. Station B, Velocity = 50 r/s, AoA = 2 5 degrees
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Figure 34. Station B, Velocity= 50 m/s, AoA =26 degrees
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Figure 35. Station B, Velocity = 50 m/s, AoA = 28 degrees
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Figure 36. Station B, Velocity = 50 m/s, AoA = 30 degrees
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Figure 37. Station B, Velocity= 50 m/s, AoA =20 degrees
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Figure 3B. Station B,Velocity= 50mr/s, AoA= 22 degrees

Station B. Velocity 50 rn/s. AoA =23 degrees
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F igure 39. Station B, Velocity= =50 rn/s, AoA = 23 degrees
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Figure '0. Station B, Velocity =50 m/s, AoA =24 degrees
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Figure i1. Station B, Velocity = 50 n/s, AoA = 25 degrees
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Figure 42. Station B, Velocity= 50 m/s, AoA =26 degrees
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Figure 43. Station B, Velocity= 50rm/s, AoA= 28 degrees
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Figure 44. Station B, Velocity = 50 m/s, AoA = 30 degrees
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F i gure 4iS. Station B, Velocity= 10 m/s, AoA = 25 degrees, No LEX Fence
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Station B, Velocity = 20 m/s, AoA = 25 degrees. No LEX Fence
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Figure 46. Ptation B, Velocity = 20 rn/s, AoA = 25 degrees, No LEX Fence
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Figure 17. Station B, Velocity = 30 rn/s, AoA = 25 degrees, No LEX Fence
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Figure 8. Station B, Velocity = 40 rn/s, AoA =25 degrees, No LEX Fence
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Figure 19. Station B, Velocity = 50 m/s, AoA = 25 degrees, No LEX Fence
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Figure 50. Station B, Velocity = 10 m/s, AoA = 25 degrees, With LEX Fence
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Figure 51. Station B, Velocity = 20 m/s, AoA = 25 degrees, With LEX Fence

*Is



0.03

Support Column Wake --->
0.025

0.02-

0.015

z 0.01

0.005

0
8 10 12 14 16 18 20 22 24 26

Horizontal Station

Figure 52. Station B, Velocity = 30 n/s, AoA = 25 degrees, With LEX Fence
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Figure 53. Station B, Velocity = 40 fmils, AoA = 25 degrees, With LEX Fence
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Figure 5'±. Station B. Velocity = 50 m/s, AoA = 25 degrees, With LEX Fence
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Figure 55. Station B, velocitW - 10 m/s, AoA 2 5 degrees,
No Lex Fence
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Figure 56. Station B, Uelocitu - 20 m/s, AoA -25 degrees,
No Lex Fence
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Figure 57. Station B, UelocitW - 30 m/s, AoA - 25 degrees,
No Lex Fence
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Figure S. Station B, UelocitW - 40 mis, AoA - 25 degrees,
No Lex Fence
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Figure 59. Station B, VelcltU - 50 m/s, AcA -25 degrees,
No Lax Fence
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Figure 60. Station B, uelocitW - 10 m/s, AoA -25 degrees,
With LEX Fence
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Figure 61. Station B, Velocity - 20 rn/s, AoA -25 degrees,
With LEX Fence
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Figure 62. Station 8, VelocitW - 30 rn/s, AcA -25 degrees,
With LEX Fence
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Figure 63. Station B, VelocitW - 40D mis, AoA 25E degrees,
With LEX Fence
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Figure 6Lj. Station 8, LUelocitw - 50 m/s, AoA -25 degrees,
With LEX Fence
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