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FOREWORD

The "First Combined Manufacturers' and Technology Airborne
Wind Shear Meeting” was hosted jointly by NASA Langley (LaRC) and
the Federal Aviation Administration (FAA) in Hampton, Virginia on
October 22-23, 1987. The meeting was co-chaired by Dr. Roland
Bowles of LaRC and Herbert Schlickenmaier of the FAA. Amos Spady
of LaRC and the Science and Technology Corporation's Meeting
Division coordinated the meeting.

The purpose of the meeting was to transfer significant
ongoing results gained during the first year of the joint
NASA/FAA Airborne Wind Shear Program to the technical industry
and to pose problems of current concern to the combined group.

It also provided a forum for manufacturers to review forward-look
technology concepts and for technolgists to gain an understanding
of the problems encountered by the manufacturers' during the
development of airborne equipment and the FAA certification
requirements.

The present document has been-compiled to record the essence
of the technology updates and discussions which followed each.
Updates are represented here through the unedited duplication of
the vugraphs, which were generously provided by the respective
speakers. When time was available questions were taken from the
floor; if time was not available questions were requested in
writing. Questions and answers from the floor are included with
each presentation. The written questions were presented and
an ered in the final session and are included in the document.
Several of the speakers did not have vugraphs; their talks were
transcribed from the recordings of the sessions, edited by the
speaker and are included. Additionally, the opening overview by
Dr. Roland Bowles was transcribed and included to provide the
reader with an understanding of the multiple elements included in
the Joint Airborne Wind Shear program.
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ROLAND BOWLES - OVERVIEW

It has been real formal so far. Let's get it informal right
now. Many of you have heard, basically, what I would have
presented in a detailed overview. But because of the depth and
demands of the technical program, I am going to try and relate
what NASA is doing to what you are going to hear throughout the
rest of the day. That may be a difficult transition for me, but
I am going to try.

The motivating factors behind what NASA is doing, I think is
important from the perspective of how we fit a broader activity
within government and industry. This is no longer a wind shear
program plan draft ([pointing to viewgraphl. I understand that it
is now an officially sanctioned document with all the appropriate
signatures, and it is underway. It has a number of activities,
many of you, or your companies, represent work and/or related
activities, that are in effect, supporting this effort. NASA's
role is strictly looking at the airborne systems technology side
of the question. The bottom line is that NASA is looking at
cockpit automation, crew decision aids, the appropriate
information systems and sensor technologies to deal with reducing
risk of low altitude wind shear encounter. Now (from a
headquarters point of view) this program, as indicated
previously, cuts across many of our base activities, it is
tracked in headquarters under the aviation safety program with
management provided by Code RC. Though NASA's principle role and
mission is new vehicle technology, we have always had a keen and
historically very productive history in aviation safety related
activities.

The objective of the NASA program is very clear. To develop
and demonstrate technology for low altitude wind shear ris
reduction through airborne detection, warning, avoidance and
survivability. Again, we are talking about cockpit automated
pilot decision aids. That objective implies an operational
requirement that basically puts systems on flight decks that will
promote crew awareness of the presence of wind shear or
microburst phenomena, with enough time to avoid the affected area
or escape from the encounter.

We can only be successful in this program if we have a
strong government industry interplay in carrying out these
activities. The NASA program is broken down intc three primary
technical thrusts: [pointing to viewgraph] Characterizing and
defining the hazard; appropriate sensor technology to detect from
the moving platform itself; and the flight management system
integration of those products.

Hazards: We realize a lot of activity has taken place and a
lot of knowledge has been acquired about wind shear phenomena,



particularly concerning the downburst-induced outflows. Our
emphasis is focused at better understanding what is going on in
the lowest 2000 ft. of the atmosphere--to do that in a way that
we can correlate the vector winds with the other phenomenology
that impacts the design assessment in the evaluation of the
sensor technologies that we arc dealing with. That is we must
know wind correlates with reflectivity and rain, precipitation
type, magnitude, quantities and also thermal properties involved
in the atmosphere. This includes the heavy rain aerodynamics
effort--A major facility has been developed and we are about
ready to start those tests.

Sensors: Our effort in sensor technology is basically
focused on a very strong in-house microwave doppler radar
program, starting with a base line of X-band systems. We have
put in place an out-of-house LIDAR program, it involves an
industry consortium lead by Lockheed Missiles and Space,
involving Spectra Technologists, and Coherent Technologies. We
are examining the range of opportunity from 10.6 micron (gas
lasers) to Homium (Ho:YAG) lasers at 2 microns. Today you are
going to see two presentations after lunch that show where we
stand after year one in our radar work and where we stand in
looking at the technical horizons for LIDAR and performance
assessments in the environments in which the sensor technologies
must work.

Flight Management: Finally, if we can understand the hazard
and if we can sense it from the moving platform, probably the
crucial issues become: What information does the crew need? How
will it be displayed? How will it be used (or how should it bce
used)? What impact does it have on operating procedure? SO in
that ~nse later today you will hear some early ideas emerging
from a sponsored effort with Boeing to address flight deck issues
associated with integration of predictive forward looking
information. Then, Dave ifinton will discuss some recent studies
looking at the comparison of wind shear recovery and escape
techniques with conventional flignht director command systems.

Funding: The program resources are split in this way. Net
R&D are roughly equally split between FAA and the NASA R & T
base. There is also a large NASA institutional resource
requirement to conduct the kinds of research studies that we are
talking about.

So, if we were to say: Where do we stand at this point? We
think the NASA role in the overall national wind shear effort has
been defined. MNASA headquarters and the FAA have signed a 5 year
memorandum of agreement for a cooperative program. The program
elements, facilities and direction are finalized and we are
completing on year one of activity. The budget picture looks
pretty promising for us in '88. I shouldn't say that, because
Congress really hasn't decided yet. But, if the plan holds as we

or oNAL PAGE 15
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understand it, it looks pretty good. And we think this program
is enjoying strong industry support based on the products that we
have developed in year one.

What I would like to do at this point is to spring into the
technical discussions that exemplify a variety of research
accomplishments achieved in year one.
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4

ROLAND BOWLES (NASA LaRC) - The question is, in convective
storms or in and around convective storms at altitude there is a
great deal of evidence that we are talking about highly transient
phenomenon and I might point out that one of the plans is to put
a Lyman-x mass spectrometer, using engine bleed air to go up and
make some liquid water content measurements in and around
thunderstorms. What I am saying is, there is evidence of highly
transient, time dependent, bursting of water going on, therefore
you have to define carefully what you mean by rain.

JIM EVANS (MIT Lincoln Labs) - Again, let me make two
comments. First, we are not talking about rain at 7000 and 8000
feet we are talking about rain probably below 1000 feet, so I
think in planning that research program, flying around up where
you may have frozen stuff doesn't make sense. Second, for
example, in the programs that have been done in Memphis,
Huntsville, and Denver, I mean, in everyone of those cases for
example, we've flown at least in Memphis and Huntsville, through
wet microburst with a plane that measures drop size
distribution. So if you want insitu examples of what the drop
size distribution is in the middle of wet microburst I would
claim that you have that. And again, I simply can't understand
why you can't compute the liquid water content per cubic meter
given the drop size distribution.

ROLAND BOWLES (NASA LaRC) - Clearly you can. It is a
textbook exercise as you know. My point is, we need not know
that information to assess its impact on our data. Nowhere in
the basic physics does rain rate enter the question. Liquid
water content is the driving parameter. The point is, we just
don't need that information Jim.

JIM EVANS (MIT Lincoln Labs) - I think the issue here is
beople are asking a very pragmatic element. How hard does it
have to be raining before these penalties become appropriate.

And you would like to be able, among other things, to relate
that, for example, to something they can sece on their airborne
weather radar--that is radar reflectivity. I mean, the trouble
is, nobody here, from what you have said, has any concept of how
hard it really was raining. And you said, we don't even know how
to talk about that, and that's what I said, I'm a little

baffled.

ROLAND BOWLES (NASA LaRC) - Look, we are talking tests. We
know what the liquid water content was. It is up to the sensor
technologists to decide what that means in terms of rain rate as
incurred for measures. Is that a fair statement?

JIM EVANS (MIT Lincoln Labs) - If you have the rain drop

size distribution right, which you are tryiang to do in your
simulation, then there is a rain rate pPresumably that correspond..

27



exactly to whatever liquid water content you claim that you are
using. And that is something that I think these users would have
some scnse for.

ROLAND BOWLES (NASA LaRC) - In the large scale tests you are
right. We will certainly produce that. In the wind tunnel
environment, we did not know how to do that based on the Tact
that we are using similarity of flow, similarity of model, and
similarity of rain. I defy anybody to give us the scaling for
that, that is my point. As we do the large scale test work, you
are right. We will be able to relate the rain rate to the
aerodynamic penalty.

ORIGINAL PAGE IS
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DEFINITIONS

MICROBURST CLASSIFIED AS HAVING AU 210 m/s AND
A DISTANCE BETWEEN OUTFLOW PEAKS LESS THAN 4 km

DRY MICROBURST VS. WET MICROBURST
WET IF 0,01" (0.25 mm) OR MORE IS MEASURED
DURING THE EVENT

A MICROBURST MAY BE ISOLATED, OCCUR WITHIN LINES,
OR CLUSTERS

THIS STUDY WILL CONCEWTRATE ON ISOLATED MICROBURST,
BOTH WET AND DRY
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SECTIONS OF STREAM FUNCTION FIELD

CROSS-
AT 1 MIN

INTERVALS FROM BASELINE SIMULATION
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CROSS-SECTIONS OF STREAM F UNCTION FIELD
AT 1 MIN INTERVALS FROM BASELINE SIMULATION

HEIGHT (KM)

HEIGHT {KM)

HEIGHT (KM)
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ORIGTN AT, PACE 15
OF FOOR QUALITY,

PEAK VALUES VS. TIME FOR BASELINE SIMULATION
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VERTICAL PROFILE FOR PEAK DIFFERENTIAL
OUTFLOW VELOCITY FOR
DENVER 30 JUNE 1982 CASE
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400 |-
] JAWS OBSERVED
. _ Y /_ S5 AUGUST 1982
>
~— 300
- : :
L
- 200
— — s
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T B\
100 \,
0
l | | | I | I 1 I
0 |0 20 30 40

41




(S/W) N S/W) N

og st o1 s O o2 st o1 S O
T \J L —|O|T— T ] T T 4—

8
(W) LHII3H

S/W) N
g2 st ot s O

30

oot 3001

002 ~— 3002 —
(D] 3 ‘G
X B o o
- 3 —

00€ — 3 00€ —~
= ] =

00h 3 00h

00S 300s

NOILILVINIIS ANITASVE NWOJA SHTIHOUd TVOLIIHA

42



LOCATION OF DELTA 191 FLIGHT PATH
AND DFW MICROBURST CENTER

600 microburst
400 center —
‘ DELTA DATA

TASS

+

o

|
n
o
S
|

—

I | | | | | ]
7153 6153 5153 4153 3153 2153 1153

distance north of runway ( meters)

east of runway ( meters)
n
8
|

S00 [~ | -
400 |- ~

300

altitude ( m)

———— DELTR DATA

L | | | 1 l J
7153 6153 S153 4153 3153 21563 1183

distance north of runway ( meters)
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COMPARISON OF MODEL SIMULATED PROFILES
AND ACTUAL PROFILES DERIVED FROM DELTA 191

FLIGHT RECORDER DATA

w comp ( m/s
5

-20

7153 6153 5153 4183 3183 2153 1153

10

u comp { m/s

]
n
o

7153 6153 S1S3 4153 3153 2153 1153
distance north of runway ( meters)

J
n

A theta (K}
» k

]
©

+ TASS DARTA AT 11.25 MIN

— o TASS DATA AT 10.50 MIN -

L | | l | I J

distance north of runway ( meters)

DELTAR DATA

+ TASS DATA AT 11.25 HIN
— o TASS DATA AT 10.50 MIN —
| ] | | 1 |

DELTR DATA

|
—
o

— oTASS DATA AT 10.50 MIN
L

» TASS DATA AT 11.25 HIN

| | | | L™

7153 6153 S183 4153 3153 2153 1153

distance north of runway ( meters)
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MODEL SIMULATION VS. INDE* FOR WET-MICROBURST POTENTIAL

LOCATION

DEN
DEN
DEN
DEN
DFW
CHS
DCA
DEN
DEN
DEN

SOUNDING

DATE

30 JUN 82
7 JUL 80
14 JUL 82
5 AUG 82
2 AUG 85
10 SEP 85
4 JUL 56
2 JUN 82
30 JUN 82
30 JUN 82

MODELED
AU
(M/s)

42
4y
43
41
54
27
23

8
31
21

*SOUNDING ARBITRARILY MODIFIED.

I

37
45
41
42
54
28
33

0
29

9

DEPTH OF
GROUND BASED
ISOTHERMAL LAYER

500 M*
1000 m*

MODEL EXPERIMENTS BASED ON 61 pBZ HAILSHAFT WITH RADIUS OF

3 KM

AT 5 km AGL.
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SENSITIVITY TO PRECIPITATION TYPE AT THE MODEL TOP BOUNDARY

[RADIUS = 3000 w, Q(Z*) = 4.27 & ke™L FOR ALL SIMULATIONS]

TOP BOUNDARY OUTFLOW
SOUNDING PRECIPITATION Al WNIN AT DEPTH
LOCATION DATE TYPE ms~l) sl (00 (M)

DEN 30 JUN 82 HAIL ) 12 -1 450
DEN 30 JUN 82 GRAUPEL 40 -15 -9 450
DEN 30 JUN 82 RAIN 34 -13 -8 400
DEN 30 JUN 82 SNOW 23 -13 -3 300
DEN 14 JuL 82 HAIL 3 218 -13 475
DEN 14 JUL 82 SNOW 5y -31 -6 350

50



_snnwn) —
JRRpLE OO@ [ ..T..,.....r -t

. -
o . -
. ey -

v B o ‘e
o o o el b o o N .. Kl
- IR o o \ e .
. - K ‘e, .
o ae Oom N ot o0 o s o e e ek ren B s v oS e e e g et O T
. - PR bl - et
. u.v .‘ g l.n CLEY
- ‘e - Y LY . ~ e .
> . - Y . o . .
~ . y . ¢ . .
. .
. . B o

7 2 s 3 N, - o .
. \\ B R . T, e . . . o
o e arier e omom a3 uo et anie oo otee orertar e e o0 Hos om0 00 ar 00 ae .....—4....\.... B B R L UL e Nt a el el
- B o \ I : .
ad . . . . . . "
B o . b : L

- 00G - | O/\...‘ .wh\ bE.QUQ\ v ..Iq e ..w........“ o \..2..............“ - !.One o

- o * . omer o4 ” o-

sin

—Q 8!

A8l
< L——\9]

‘.\A/'. -

T ot e —h-

N\
—\9l

.....V.JJ_N

< [Tnee A

W22

ONIANNOS LSANFOIAIIN XAAd TVIOIdAL — SIANAd
7861 A'INS #T AIATHASHO INTHIWNOIIANT INAIIINV

51



(4y/wWw ) 41V dI1DA¥Ud

¢01 201 101 001
189 h ¢ 189h ¢ 189k ¢ 1
ﬁq i i i _\_ i i { —_ LI 1 d
02— o/ 70 710
S1-+ // — 01 —S
01 O.// —— " —0¢ — 01
T /wvAo —Hog 91
T .\ -{oh 02
0 L ¥ dos Jse
(/W) (s/w) (,_S.01)
O L |
M NV YVdHS
NVAN

ANNOYD LV HIVI NOILVLIIdIOAdd IVidd
OL ALTALLISNAS LSYNIOUIIN ANI'THASVI

52



(W) sNIAvy

50T ) 201
189 h 4 189 Hh o 1
— | L L) 1 q | 1 1 ! J
02-I 10 10
n O<. _ — 01
a1- /,l, \Q\ /o 0l
o< . Joz %
or- S 0w —0g
N\ g 1 Om
o- Q\A -1 0%
O\\Q\ - . 108 _dpg
0 L dos _osg
(S/w) (s/w) (.S, 01)
o ® |
M NV YVIHS
NViIN

(IDV IS LV)
LAVHS NOLLVLIdIDOHdd A0 SNIAVA
OL ALIALLISNAS LSYNGOADIN ANITASVL

53



(W) sNIdvd
000S 00Ch 000€ 0002 0001 O

10 10

— 001 — 0001
— 002 —000¢
— 00 —000¢E
— 00h — 000H
—00S —000S
_100g _1000S
(W) (W)

* ..
H M

mﬂv MOTALNO 40 HLdAd NVAIN
ANV (dM) S4LINVIA LAVIANMOA ‘LAVHS
NOILVLIdIOHAd 40 SNIAVI NAAMLAI NOLLVTHY

54



701 g01 201
189 # c 188 c I
[T 1 T T [T 1 T 1 n|
O B ONI B =] O - O
001 - n__ \O o1 — 0]
WHI — l/.l: o)
002 o< % oz 02
00E~ O0I-F o\ J -/ —og
" — o€
00h |- v oK — o%
i ‘o m o
008 |- oo - ~ 08
0sL 0 L Jdos  _log
M s/wy (/W) (.S, 01)
v () L [ ]
H M NV IVIHS

NVIN

LAVIANMOA A0 JALANVIA
OL ALIALLISNAS LSYNIOIDIN ANI'TASV

55



VERTICAL PROFILES OF OUTFLOW VELOCITY
FOR 30 JUN 82 CASE: |
SENSITIVITY TO RADIUS OF PRECIPITATION SHAFT

1000
300 |-
800
700 -

(M)

600 -

500 [~

400

HEIGHT

300 -
200

100 -

|
25
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VERTICAL PROFILES OF VERTICAL VELOCITY
| FOR 30 JUN 82 CASE:
SENSITIVITY TO RADIUS OF PRECIPITATION SHAFT

—1 1000

— 900

——
—
—
—
——

—1 800

——

WOOoog =4

-1 700

(M)

-1 600

TWO00S=4"

— 500
400

HEIGHT

300
200

100
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VERTICAL PROFILES OF PRESSURE DEVIATION
FOR 30 JUN 82 CASE:
SENSITIVITY TO RADIUS OF PRECIPITATION SHAFT

1000 i
300 |
800
700

(M)

600
500

400

HEIGHT

300
200

100

0
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RHI Cross Section of Microburst
|94°AZ at 1413:43 MDT 12 Jun 1982

FUJITA &

WAKIMOTO

/10 12 19 16 lakm
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COMPARISON OF AXIAL PROFILES FOR
TEMPERATURE DEVIATION FOR BOTH HAIL

AND SNOW CASES

5000 -
4000 |-
DRY MICROBURST = ,a"'
3000 |~ snow T
2000 |-
1000 [~
WET MICROBURST |
[— HAIL '=
!
O | :
L« I 3 1 4 1 T | ]
-12 -10 -8 -6 -4 -2
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QUESTIONS AND ANSWERS

JIM EVANS (MIT Lincoln Labs) - I guess I have a, you kKnow,
certainly tearing through these calculations gives some useful
insight but I have a, I guess a rcal question as to whether this
turbulence model really makes sense. In the regime that you are
talking about really--in approach in landing, for example--where
you are focusing on the region below 1000 feet in landing--you
are focusing on takeoff at a much lower altitude. Does the
turbulence model itself really hold up at such low
altitudes--where obviously the surface is going to cause major
breakdowns in the usual assumptions about isotropics. My model
is a homogeneous turbulence model and people use it because they
don't have anything better to work from, but that close to the
surface I'm really wondering whether it doesn't make sense to
just go at it, if you like, using actual experimental data. For
example, this past summer in Denver, they found that one element
of it is thermals. Now thermals don't fit into really what they
consider as turbulence.

ROLAND BOWLES (NASA LaRC) - We have a set of those data for
an unstable and yet convective environment. You've got a good
point. Let me point out, there is an awful lot known about low
altitude turbulence. From the mid-sixlies through the
late-seventies, the Air Force conducted an extensive in-flight
measurements program looking at low altitude turbulence with
thousands upon thousands of penetrations.

JIM EVANS (MIT Lincoln Labs) - You mean Rough Rider out in
Oklahoma?

ROLAND BOWLES (NASA LaRC) - No, LOCAT, not Rough Rider.
Rough Rider was a program done out there for other reasons.
Secondly, the industry has to certify automatic landing systems
and other things, using turbulence models at iow altitudes.

There is a great deal known. Nor am I using isotropic
turbulence, if you look at the charts on the handouts, under 1000
ft. there are nonisotropic properties, implemented in a way that
we have done before. Dick Bray may want to comment on this. We
have done this in handling qualitizs work for years. But I am
not departing from the "garden-variety-way" we've done handling
gualities automatic landing system certifications. What I am
doing is trying to apply that knowledge into this particular area
to get some insight on how things trade. I must point out
that--recall--there arc 6% of the airplanes out there today,
flying with some kind of wind shear equipment. The industry is
having to wrestle with these kind of trades. (And maybe somebody
from Boecing or Safe Flight or somebody clse would like to follow
up.) In other words, we don't have time to develop a new
turbulence model. Obviously, we don't know what we desire to
know about low altitude turbuleneca, but I think we Kknow enough
to treat it probabalistically. As we approach the guestion of
information fusion on the flight deck: How we are going to acce:is
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information from LLWAS and TDWR and smart airplanes flying around
with their own sources of information? We've got to sit back and
take a good hard look at: (A) Are we defining threat in the same
way? (B) Is the LLWAS threat and the TDWR threat, and what the
airplane sees (whether it has a reactive system or forward look
system) is that data consistent; and (C) Are we going to have
airplane warning systems going off with LLWAS saying nothing or
TDWR saying nothing? (Or visza versa?) That does get into a bit
of what we do know about the lowest 3000 feet of the atmosphere,
aind how both the airplane side of the industry and the ground
base side are working together on this problem: there is an
information fusion question--of pretty significant
magnitude--laying right around the corner.

JOHN HANSMAN (MIT) - If you look at your hazard threshold
versus rate estimator time constant plot, it seems to me that the
real limit is the human factors limit that you have thrown in
there at 4 seconds? The question is, where does Lhat come from?

ROLAND BOWLES (NASA LaRC) ~ What I am saying is if you can
put people in a training device and if annunciation of warning
comes too late, or if they come in a nuisance form too often, the
system will not be accepted. There are strong lessons learned
from ground proximity warning in this area.

JOHN HANSMAN - My only comment is that (cut off)

ROLAND BOWLES (NASA LaRC) - I did this as a step response
(that I didn't show here) that if you arc cxceeding a presct
threshold, you probably don't want to wait more than 2 to 3 time
constants before you tell the pilot that the smart system has
decided you have a potential hauard.

JOHN HANSMAN - The point that I am making is that it scens
to me that the setting of that time constant (the mazimum time
constant you can live with) is really the parameter that
determines the exceedance probability you are going to get. If
you were to decide you could only live with 2 seconds from a
human factors standpoint, then you would limit yourself to 10 to
the -2.

ROLAND BOWLES (NASA LaRC) - That may very well be the
dominating factor, but there iz also latitude here on the
threshold. What you are willing to do with the new twin
airplanes with big engines, is guite different than what you
would do with an 0ld four engine airplane. [Pointing to
viewgraphl I don't think you are bracketted, in here, on how low
you can go and on how high you want to go. Then the time
constant becomes the dominating factor in the overall design.
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Abstract

Wind shear is considered by many in the aviation community to be one of the
major safety issues facing their industry. The Federal Aviation Administration
has addressed this problem through an Integrated Wind Shear Program Plan which
incorporates the expertise of industry, ;:;iversities, and various government agencies
such as the National Aeronautics and Space Administration, the National Oceanic
and Atmospheric Administration and the Department of Defense. The plan is
aimed at reducing the hazard of low-level wind shear through improved training and
operating procedures, wind shear detection systems and flight guidance systems.

The flight simulator is a important tool used to address the airborne aspects of
the wind shear program. The fidelity of the analytical models which represent the
airplane and the atmosphere within the flight simulators is therefore of critical im-
portance. The bulk of the simulation and analytical studies conducted to date have
concentrated on determining the effect of the changing free-stream velocity vector
on the airplane performance, and on developing higher fidelity wind shear models.
Very little work has been done to determine the effect of the spatial variation of
the wind field about the airplane on the airplane’s aerodynamic characteristics. It
is important that these aerodynamic effects are characterized and presented in a
form which can be incorporated into research and training simulators. The research
presented in this paper is a preliminary effort to address this need.

The objective of this study was to investigate and characterize the aerodynamic
effect of shear flow through a series of sensitivity studies of the wind velocity gradi-
ents and wing planform geometry paratucters. The wind shear effect was computed
using a modified vortex-lattice computer program and characterized through the
formulation of wind shear aerodynamic coefficients. The magnitude of the aerody-
namic effect was demonstrated by computing the resultant change in the aex:ody-

namics of a conventional wing and tail combination on a fixed flight path through
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a simulated microburst.

The results of this study indicate that a significant amount of the control au-

thority of the airplane may be required to counteract the wind shear induced forces

and moments in the microburst environment. It is important to note that the forces

and moments presented in this report are only due to the spatial variation of the

wind field, and are not currently accounted for in today's research and training

simulators.
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