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FOREWORD

The motivation for the research reported in this document was to estimate the
type of wind and turbulence distributions which may have existed at the time of the
crash of Eastern Airlines Flight 66 on June 24, 1975, at Kennedy International Airport.
Conditions that afternoon were strongly affected by the passage of a thunderstorm over
the area. The public hearing held by the National Transportation Safety Board attri-
buted the accident to severe wind shear. To specify the appropriate boundary conditions
before the time of the accident, the Aeronautical Research Associates of Princeton
model of turbulence in the atmospheric boundary layer was used. The current
operational mode of the model is limited to either unsteady one-dimensional flow or
to steady two-dimensional flow parabolic in one direction. The boundary conditions
called for at the top of the boundary layer are the velocity components and the poten-
tial temperature gradient as a function of time. The thunderstorm in progress while
Flight 66 was attempting to land caused considerable uncertainty as to the upper
boundary conditions which should be applied to the boundary layer program. For this
reason, results are given for several different boundary, ambient, and thunderstorm
conditions. The types of distributions which are compatible with the known meteoro-~
logical conditions in the vicinity of Kennedy International Airport on June 24, 1975,
are shown in terms of altitude profiles for velocity, temperature, pressure, and
macroscale variation. Conclusions resulted from the study relative to how consistent
the model is with the known conditions at the time of the crash.

This research was conducted by Aeronautical Research Associates of Princeton
for the National Aeronautics and Space Administration, George C. Marshall Space
Flight Center, Huntsville, Alabama, under the technical direction of Mr, Dennis W,
Camp and Mrs. Margaret B, Alexander of the Space Sciences Laboratory. The support
for this work was provided by Mr. John Enders of the Aeronautical Operating Systems
Division, Office of Advanced Research and Technology, NASA Headquarters.

ii



TABLE OF CONTENTS
Page
SECTION

I. INTRODUCTION.....ceoccovosoccacscoccocsnnsacsssasasosssssnasoases 1
I, ANALYSIS..iceacscesceooncansoocasascasossassnssessosssnsonssasane 2
Boundary ConditionSe.eceeessoccescecsesccassoscsasosccassssnsnces 2
Ambient Conditions Without the Influence of the Ocean......... &
Ambient Conditions With the Influence of the Ocean............ 11
Influence of the Thunderstorm....c.oveeeecsecrenssrosssonacona . 11
Estimates of Conditions at 2005Z......cccctvreccrsccncssannsnas 23

III. SUMMARY AND CONCLUSIONS......c0vesaveccccsascecsssacssssacsscsass 38

LIST OF REFERENCES..eceeecensaces D 1

iii



TABLE

1

2

LIST OF TABLES

TEMPERATURES AND WINDS OBSERVED AT JFK ON JUNE 24, 1975........

SUMMARY OF INPUT CONDITIONS FOR COMPUTER RUNS AND
KEY TO FIGURES .. .. veceveeoecvocacossoasoscasnosssoass csescacane

iv

Page

39



FIGURE

10

11

LIST OF ILLUSTRATIONS

Sketch of Coordinate System Showing the Orientation of the
Geostrophic Wind..eeoeecioeoeenacroscsassasscsascsasasossssscase .

Altitude Profile of Potential Temperature Distribution at
1200Z on 24 June and 0000Z 25 June 1975, .. .. cueeeeescsanscssaces

Altitude Profile of Mean Wind (u) Parallel to the Runway at
1400Z as Predicted by the Model for z_ = 0.5 m (Run 1) and

z, = 0.1 m (Run 2); Positive u is from 31l DegreeS.ccesceeescssces
Profile of Mean Wind (v) Perpendicular to the Runway at 1400Z

as Predicted by the Model for z_ = 0.5 m (Run 1) and z_ = 0.5 m
(Run 1) and z2y = 0.1 m (Run 2); Positive v is from 301 Degrees..
Profile of Mean Wind (u) at 1800Z as Predicted by the Model for
No Thermal Wind Gradients and For z, = 0.5 m (Run 1) and z = O.lm
(Run 2); Positive u from 31 Degrees.......................?.....

Profile of Mean Wind (v) at 1800Z and Predicted by the Model for
No Thermal Wind Gradients and For z, = 0.5 m (Run 1) and z, =
0.1 m (Run 2); Positive v from 301 degreeSeceseecvesesass ceiesanse

Profile of Mean Wind (u) at 1800Z as Predicted by the Model for
a Thermal Gradient Simulating a Sea Breeze Condition; z, = 0.5 m
(Run 3) and z, = 0.1 m (Run 4).eeeenenns cesecseecesana ceaees cecee

Profile of Mean Wind (v) at 1800Z as Predicted by the Model for
a Thermal Gradient Simulating a Sea Breeze Condition; z = 0.5 m
(Run 3) and z, = 0.1 m (Run 4).........................?........

Profile of Mean Wind (u) at 2000Z as Predicted by the Model for
a Thermal Gradient Simulating a Sea Breeze Condition; z, = 0.5 m
(Run 3) and z5 = 0.1 m (Run 4)...... ceeaan ceeceacssesessassecans

Profile of Mean Wind (v) at 2000Z as Predicted by the Model for
a Thermal Gradient Simulating a Sea Breeze Condition; 2y = 0.5 m
(Run 3) and z5 = 0.1 m (RUD 4)ccerenencnnnnennns ceeseccscacssana

Profile of Mean Wind (u) at 2000Z as Predicted by the Model for
a Thermal Gradient Simulating a Storm Passing to the North of
the Airport; z, = 0.5 m (RUN 5)eveeceeecsoosccsscsnsssssscscnnaa

Page

10

12

13

14

15

17



FIGURE Page

12 Profile of Mean Wind (v) at 2000Z as Predicted by the Model
for a Thermal Gradient Simulating a Storm Passing to the
North of the Airport; z, = 0.5 m (RUN 5)evcicecccceonscnncocsnes 18

13 Radar Picture Taken from Atlantic City Showing the Position of
the Storm with Respect to JFK Prior to the Crash..ec.eeeececsses 19

14 Profile of Assumed Pressure Gradients (Solid line is used for
Runs 6, 7, and 8; Dashed line is used for Run 9)...veeeveesscees 20

15 Profile of Mean Wind (u) at 2000Z as Predicted by the Model
with the Pressure Gradient Set to Simulate a Storm Overhead;
z = 0.5 m (RUN B)uusveecevenaesaosossccassasnssassaccosscannsss 21

16 Profile of Mean Wind (v) at 2000Z as Predicted by the Model with
the Pressure Gradient Set to Simulate a Storm Overhead; z = 0.5m
o
(RUNL B)ceveeenseasnevasacsooesoasosoeasassassoasssasssssascnocnaasa 22

17 Profile of the RMS Values of the Vertical and Headwind Velocity
Fluctuations at 2000Z as Predicted by Run 6; z, = 0.5 Meveeeeese 24

18 Profile of Mean Wind (u) at 2000Z as Predicted by Run 7 (zo =
0.5 m) and Run 8 (z, = 0.1 m) Using the Same Pressure Gradient
as Run 6 but Different Stability Conditions......... ceeacasesess 25

19 Profile of Mean Wind (v) at 2000Z as Predicted by Run 7 (zO =
0.5 m) and Run 8 (z0 = 0.1 m) Using the Same Pressure Gradient
as Run 6 but Differént Stability Conditions...e.eeeseeeseiassoes 26

20 Profile of the RMS Values of the Vertical and Headwind Veloc1ty
Fluctuations at 2000Z as Predicted by Run 7....vevesnacasen ceese 27

21 Profile of Mean Wind (u) at 2000Z as Predicted by Run 9 Using
the Dashed Pressure Gradient in Figure 14 and the Same Stability
Conditions @s RUN BG.eececsssesscssscsssccoscncscnssocsscssscccss 28

22 Profile of Mean Wind. (v) at 2000Z as Predicted by Run 9 Using
the Dashed Pressure Gradient in Figure 14 and the Same Stability
Conditions 8s RUM G.cisescrceocasscccacasnncacsssnssssccccsssscs 29

23 Profile of 7e RMS Values of the Vertical (W'w')l/2 and Head-
wind (u'u') Velocity Fluctuations at 2000Z as Predicted by

RUD D4 evvevecoserscosnoonoscoocsacensscsccsssscsasassanssnnssscacse 30

vi

I



FIGURE

24

25

26

27

28

29

Page
Flight Recorder Data as Obtained from Reference 6....0.0... 31

Estimates of Horizontal and Vertical Wind Profiles from
Boeing Analysis of Flight Recorder Data (References 6 and

10) e eiieeeeeesnenseracessosccsssesnnsoncssasnannannannnsnses 32

Profile of Turbulence Macroscale Variation for 2000Z Pre-
dicted DY RUN G.cecvensncssocsnsocssccssansssonsascssanasses b

Contours of Constant Values of the Mean Wind Component

u as Predicted (Run 10) by a Two-Dimensional Unsteady
Simulation of a Downdraft Imposed Upon the Boundary Layer
(Dashed line indicates a possible 3 degree flight path

through the field)..e.veieeereceresonsensosssevsssssacsnaes 35

Possible u Components of the Wind Encountered Along Flight
Trajectory (Shown on Figure 27) With the Bars Denoting RMS
Values of Fluctuations About the Mean Value.....eeeseveceee 36

Possible Vertical Component of the Wind Encountered Along

Flight Trajectory (Shown on Figure 27) with the Bars
Denoting RMS Values of Fluctuations About the Mean Value... 37

vii



ESTIMATES OF THE LOW-LEVEL WIND SHEAR AND TURBULENCE
IN THE VICINITY OF KENNEDY INTERNATIONAL AIRPORT ON JUNE 24, 1975

W.S. Lewellen, Guy G. Willliamson, and M.E. Teske

SUMMARY

A number of different wind and turbulence proflles are
predicted for Kennedy International Alrport at different times on
24 June 1975. The morning and mid-afternoon predictions are in
reasonably good agreement with wlnd magnitude and direction as
reported by the weather observer. Although precise predictions
cannot be made during the passage of the thunderstorm which coin-
cides with the time of the acclident, a number of different profiles
which might exist under or in the vicinlty of a thunderstorm are
presented. The profile that is most probable predicts a mean head-
wind shear of 15 m/sec (30 knots) over 100 m (300 ft) altitude
change with average fluctuations about the mean headwind distribu-
tion of 2 m/sec (4 knots). This combination of means and fluctua-
tions leads to a reasonable probability that the instantaneous
headwind shear would equal the maximum value of 7.2 m/sec (14 knots)
in 2.5 seconds as reported in the analysils of the flight recorder
data.

INTRODUCTION

At 2005 Greenwich time (4:05 p.m., EDT) on 24 June 1975,
Eastern Airlines Flight 66 crashed while attempting to land at
Kennedy International Airport. The public hearing held by the
National Transportation Safety Board considered wind shear to be
a significant factor in the accident. The purpose of this report
is to estimate the type of wind and turbulence distributions
which may have existed at the time of the crash, using our A.R.A.P.
model of turbulence in the atmospheric boundary layer.

Details of our planetary boundary layer (PBL) model are given
in references 1 - 4. A review of the model along with results of
varying the parameters which govern the boundary layer flow is
given in a companion report (ref. 5). The only details of our
planetary boundary layer model which wlll be repeated here are
those which deal directly with specifying the appropriate boundary
conditions to simulate conditions prior to the time of the accident.
Conditions at JFK on the afternoon of 24 June were strongly affected
by the passage of a thunderstorm. This thunderstorm caused consid-
erable uncertainty as to the upper boundary conditions which should



be applied to the boundary layer program. For this reason, results
will be given for several different scenarios. Comparisons with
analysis of flight recorder data are made to select the most likely
conditions existing at the time,

ANALYSIS

Boundary Conditions

The current operational mode of our model is limited to either
unsteady one-dimensional flow or to steady two-dimensional flow
parabolic in one direction. The boundary conditions called for at
the top of the boundary layer are the velocity components and the
potential temperature gradient as a function of time. At the
surface, the value of the effective aerodynamic roughness 2z, and
either the surface temperature or the surface heat flux are needed.
The location of the site at 40.7°N latitude determines the coriolis
parameter. In addition to these conditions, it is possible to
simulate some horizontal spatial inhomogeneity by applying pressure
gradients which may vary with vertical height to simulate thermal
winds. Initial conditions on the wvariables are required to com-
pletely specify the problen.

The meteorological chart of the 850 millibar pressure (ref. 6)
level for the eastern United States for 00z (Greenwich time), 25
June (8:00 p.m., EDT, 24 June) shows a spacing of approximately
370 km between the 1590 m contour and the 1560 m contour. This
corresponds to a geostrophic wind of approximately

< 30 m x9.8 m/sec2
(.922 x 10_u 1/sec) 370 km

‘v' =L
g o

Q—-|Qa
[0

x 8.6 m/sec

The orientation of the contours is such as to yield a wind direc-
tion from approximately 300°. The motion of the thunderstorms
prior to the accident, as observed by radar from Atlantic City,
indicates that the geostrophic wind may have been slightly stronger
and a little more from the west four hours earlier. We will use a
value of 10 m/sec from 285°, The orientation of the geostrophic
wind with respect to Runway 22L, along with the coordinate system
to be used, is given in figure 1.

The upper level potential temperature gradient is set equal to
0.003°C/m which appeared on both the 1200z, 24 June, and 00z, 25
June, thermodynamic charts (ref. 6). Both of these curves (see
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Figure 1. Sketch of coordinate system showing the orientation
of the geostrophic wind



fig. 2) also show a local inversion of approximately 4°C over a
100 m altitude change near the surface. The morning curve shows
this occurring between approximately 300 and 400 m altitude,
while the evenling curve shows 1t occurring between approximately
1l and 100 m altitude. The low-level stability inherent 1ln these
profiles 1is such that the surface value of the temperature may
rise to 31°C (88°F) as recorded by the weather observer at JFK at
approximately 1800z, without making the profile unstable. The
"surface" temperature as recorded by the observer 1is given in
Table I. Above 400 m, the air is conditionally unstable since it
i1s moderately moist.

The effective aerodynamic roughness 2z, of the surface in
the vicinity of JFK is dependent upon wind direction. We will use
two values, 2o = 0.1 m and 0.5 m , to demonstrate the effect of
this parameter and to bracket the expected values.

Correct modeling of the development of spatial inhomogenei-
ties such as the sea breeze would require a two-dimensional
unsteady model. However, partial simulation may be accomplished
by applylng a pressure gradient within the boundary layer which
is different from that which balances the geostrophic wind at the
top of the boundary layer. We will do this to simulate the sea
breeze and the thunderstorm.

The initlal conditions for the first run are not known since
no detailed wind and turbulence profiles are available. There-
fore, we start the run at midnight the night before so that the
results for the day in question are relatively insensitive to
these initial conditions. Later runs are started with initial
conditions obtained as predictions for conditions at specific
times by other runs.

Ambient Conditions Without the Influence of the Ocean

Figures 3 through 6 show the wind profiles obtained by
running our program (Runs 1 and 2) with a steady geostrophic wind
of 10 m/sec from 285° with the surface temperature variations as
a function of time given in Table I. Here the wind components are
broken up into that parallel to runway 22L (u) in figures 3 and 5
and perpendicular to the runway (v) in figures 4 and 6. Thus, u
is from the direction of 31° and v from the direction of 301°.
The profiles are given for two times, 1400z and 1800z, and for two
values of 2z, .

The profiles predicted for 1400z are fairly consistent with
the recorded values of 5 m/sec (= 10 knots) from 240°. But the
afternoon profiles are significantly different from that reported
even before the approach of the thunderstorm.
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TABLE I

TEMPERATURES AND WINDS OBSERVED AT JFK ON 24 JUNE 1975 (REF. 6)

Wind

Time, Speed, Direction, Temperature, Dew Point,
Greenwich m/sec deg. °cC °C
0651 5.14 240 22.2 19.4
0751 5.65 230 21.7 19.4
0851 6.17 240 21.7 19.4
0951 5.65 230 21.1 19.4
1051 5.65 230 21.1 19.4
1151 5.14 230 22.8 20.6
1251 5.14 240 23.9 20.0
1351 5.14 240 25.6 20.6
1451 6.69 240 26.7 21.7
1551 7.20 240 28.9 22,2
1651 6.69 230 30.6 22.8
1751 6.17 180 27.8 22.8
1851 7.72 190 27.2 21.7
1950 3.09 300 25.0 21.7
2002 3.60 210 - -
2006 2.06 100 25.6 21l.1
2025 h.12 10 - -
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Figure 3. Altitude profile of mean wind (u) parallel to the
runway at 1400z as predicted by the model for
Zo = 0.5 m (Run 1) and =z, = 0.1 m (Run 2); positive
u is from 31°
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Profile of mean wind (v) perpendicular to the runway
at 1400z as predicted by the model for z, = 0.5m
(Run 1) and z5 = 0.1 m (Run 2); positive v 1is
from 301°
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(Run 1) and 2zo=0.1 m (Run 2); positive u from 31°
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(Run 1) and z5=0.1 m (Run 2); positive v from 301°
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Ambient Conditions With the Influence of the Ocean

The ocean surface temperature was conslderably colder than
the land surface temperature on 24 June, so it is natural to
expect a sea breeze to develop. The effect can be approximately
simulated by applying a vertical gradient in the geostrophilc
velocity due to the horizontal thermal gradients (ref. 7). There
is very 1little thermal gradient apparent on the 850 millibar
chart. However, the surface temperature of the ocean was approxi-
mately 10°C less than the afternoon value for the air over the
land. It thus appears that the horizontal temperature gradient
should be limited to the boundary layer.

To simulate this sea breeze condition, we will assume a fetch
of approximately 100 times the boundary layer thickness is
required for the coastal boundary layer. This gilves a distance of
50 km over which to spread the thermal gradient. Also, since we
wish to apply a constant temperature gradient, we will take 5° as
the average difference between the temperature in the marine
boundary layer and that over the land. This yields a horizontal
thermal gradient equal to 10°* °C/m below 500 m. This temperature
gradient is assumed to be directed from 120°.

Figures 7 and 8 give the velocity profiles obtained at 1800z
for Runs 3 and 4. The speed and direction at 50 m are quite close
that reported by the observer at 1751z. He reported 6 m/sec from
180°. The boundary layer is relatively thin, consistent with the
slightly stable conditions existing at the time.

Figures 9 and 10 give the velocity profiles predicted at
2000z i1f the sea breeze thermal is allowed to act uninterrupted
until that time. This is quite different from the velocities
observed at that time. Over a 15-minute interval beginning 9
minutes before the hour, the observer reported winds of 2 to 3.5
m/sec, first from 300°, then from 210° and from 100°. The wind
field is highly influenced by the thunderstorm at this point.

Influence of the Thunderstorm

The detailed structure of the turbulence and wind profile
within a thunderstorm is beyond the scope of the present one-
dimensional program. However, we can approximate the influence
the thunderstorm 1is expected to have on the atmospherilc boundary
layer. A thunderstorm is usually composed of several convective
cells driven by condensation and evaporation. Updrafts are
driven by the release of energy as water condenses out of the
rising moist air. Concurrent downdrafts are driven by the evapo-
rative cooling of rain falling through unsaturated air. At low
levels, doppler radar shows that downdrafts predominate in a
typical convective storm (ref. 8).

11
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Figure 7. Profile of mean wind (u) at 1800z as predicted by the
model for a thermal gradient simulating a sea breeze
condition; z5 = 0.5 m (Run 3) and zg5 = 0.1 m (Run 4)
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Figure 9. Profile of mean wind (u) at 2000z as predicted by the
model for a thermal gradient simulating a sea breeze

condition; z, = 0.5 m (Run 3) and 2z, = 0.1 m (Run 4)
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The lower level alr in the storm may be cooled to the ambient
dew point as rain passes through it. At 1900z, the dew polint
temperature was reported to be 5°C below the ambient temperature.
If this temperature difference occurs over a distance of approxi-
mately 10 km, then it yields a horizontal temperature gradient of
approximately 5 x 10°*°C/m. By different combinations of the
pressure gradients resulting from the temperature gradient and
that resulting from the turning of the downdraft at the surface,
it is possible to partially simulate the influence of the storm on
the boundary layer.

Pigures 11 and 12 show the velocity profiles resulting from
applylng a temperature gradient of 5 x 10™* °C/m from 30° for 45
minutes, corresponding to the storm passing to the north of the
airport. Our early analysis of the radar picture at 1932z from
Atlantic City 1ndicated that this might be a likely scenario.

The u velocity profile in figure 11 represents the velocity
behind a local storm gust front. Since the velocity gradients
within this front may be expected to be of the same order in both
the vertical and horizontal directions, it appears that the trans-
ition from profiles like that given in figure 9 to that in figure
11 would occur over a distance of approximately 1 km (i.e., in
approximately 15 seconds for an aircraft traveling at 72 m/sec
(140 xnots)). At 100 to 200 m altitude, this would result in the
aircraft passing through a strong wind shear varying from approx-
imately 10 m/sec tailwind to a 10 m/sec headwind (i.e., approxi-
mately 20 m/sec wind shift).

This strong shear could cause serious difficulty for a
landing aircraft. However, these were not the conditions prevail-
ing at the time Flight 66 was landing. Comparison of the radar
pictures from Atlantic City shows that three individual storms
which were in the vicinity of JFK at 1932z have merged as they
moved southeast, and they appear as one continuous storm on the
picture taken at 2002z (reproduced as fig. 13). Thus, JFK is
influenced as much or more by the storm developling overhead as it
is by a passing storm. At 2005z, the time of the crash, the
storm appears to be directly over the approach to runway 22L.

In an attempt to simulate this, we have applied the pressure
gradient shown in figure 14 to the profiles obtained from Run 3 at
1945z. This is the type of pressure gradient that may result from
the combination of the downdraft stagnhation at the surface acting
to accelerate the boundary layer and the thermal gradient in the
edges of the storm, for01ng strong vertical changes in the pressure
gradient. The value of 32p/pdzdx below 150 m of .0002(sec™ corres-
ponds to roughly a horizontal temperature change of 5°C in 1 km.
The maximum value of 9p/pdx = 0.2 m/sec corresponds to imposing a
downdraft of approximately 5 m/sec and approximately 500 m width.
The velocity profiles resulting from running with this pressure
gradient distribution for 1000 sec are given in figures 15 and 16.

16
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Profile of mean wind (u) at 2000z as predicted by the
model for a thermal gradient simulating a storm
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model for a thermal gradient simulating a storm
passing to the north of the alrport; zyo=0.5 m (Run 5)
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The corresponding profiles for the average value of the fluctua-
ting velocities in both the vertical direction and in the direc-
tion of the runway are shown in figure 17. It should be noted
that these are average rms values of the fluctuating values. Peak
gust velocities would, of course, be higher. Based on the exami-
nation of a number of records of aircraft encountering severe
turbulence, Houbolt (ref. 9) estimates that the average value of
the maximum gust value will be in the range of 4 to 5 times the
rms value.

To simulate the fact that the storm is overhead, it is also
necessary to change the upper level temperature gradient boundary
condition from the previously held stable value of +0.003°C/m to
an unstable value less than 0. The turbulence growth rates
generated beneath the storm are sensitive to the value of this
instability. The profiles of figures 15, 16, and 17 (Run 6) are
run with the temperature profile initially taken from Run 3 below
570 m and a gradient of -0.001°C/m above this to simulate the
instability generated by condensation. The sensitivity to thermal
conditions 1is demonstrated by repeating this run with only the
initial potential temperature distribution altered. Figures 18
through 20 (Runs 7, 8) show the results of starting with tempera-
ture constant below 1 km and then decreasing at the rate of
-0.001°C/m above this altitude. The local stable temperature
gradients, although existing only temporarily, are sufficient to
allow stronger shear to develop in Run 6. )

Sensitivity to the assumed pressure gradient is demonstrated
in figures 21 through 23 (Run 9) where thermal boundary conditions
are the same as in figures 15 and 16 (Run 6) but the pressure
gradient simulating the downdraft has been removed. The same
value of thermal wind gradient is applied below 500 m, but in the
opposite direction, to give the pressure gradient variation shown
in figure 14. As seen by comparison of figures 15 through 17 with
figures 21 through 23, both runs produce about the same maximum
u velocity but, since the latter condition causes this to occur
at a lower altitude, it leads to less mean wind shear.

ESTIMATES OF CONDITIONS AT 2005z

The airspeed time history for flight 66, as obtained from the

recovered flight recorder, is shown in figure 24. Two estimates

of the horizontal wind profiles as supplied by NTSB (refs. 6 and
10) are shown in figure 25. The two sets of curves represent data
reduction with different assumptions regarding engine power setting
and the distribution between headwinds and updrafts. The solid
curve assumes engine thrust of 39% down to an altitude of 40 m,
followed by 58% thrust to impact. The dashed curve is the result

23



600

~/ U u
400
vWW
£
o "
©
2
<
200
0 1 1 | ]
0 .5 | 1.5 2

RMS velocity fluctuations, m/sec

Figure 17. Profile of the rms values of the vertical and head-
wind velocity fluctuations at 2000z as predicted by
Run 6; z, = 0.5 m

24



600

500

400

ALTITUDE, M

200

00

Figure 18.

300

OJ.

U, M/SEC

Profile of mean wind (u) at 2000z as predicted by
Run 7 (z5 = 0.5 m) and Run 8 (z5 = 0.1 m) using the
same pressure gradient as Run 6 but different
stability conditions

25



ALTITUDE, M

Figure 19.

26

600

500l

4004

300

2001

100 }

V, M/SEC

Profile of mean wind (v) at 2000z as predicted by
Run 7 (zo = 0.5 m) and Run 8 (z5 = 0.1 m) using the
same pressure gradient as Run 6 but different
stablility conditions



600

400
£
Y
©
2 -
E
<<
200
0 . J
0 .5 i 1.5 2

RMS velocity fluctuations, m/sec

Figure 20. Profile of the rms values of the vertical and head-
wlnd velocity fluctuations at 2000z as predicted

by Run 7

27



ALTITUDE, M

600

500

400

300

200

foJo) o

-25 -20 -15 -10 -5 0
U, M/SEC

Figure 21. Profile of mean wind (u) at 2000z as predicted by

28

Run 9 using the dashed pressure gradient in figure 14
and the same stability conditions as Run 6
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of combining EAL 66 data with that of EAL 902 which had tried to
land just prior to the crash. This latter set of data has been
used in the simulator studies of the accident and is probably a
better estimate of the conditions encountered along the flight
path. The vertical wind profiles consistent with these assump-
tions are also shown. These combinations are not unique since
other profiles are possible which satisfy all the known conditions
from the flight recorder.

The velocity profiles obtained from Run 6 (figs. 15-17) appear
to be the most consistent with the flight recorder data. Noting
that fluctuations of as much as 4 times the rms values of figure
17 may be added to the mean wind profile of figure 15, the maximum
horizontal wind shear apparently encountered, as seen in figure
25, is well within the values predicted. The turbulence macro-
scale (A) predicted for the same conditions (Run 6) as those of
figures 15 through 17 are shown in figure 26. This scale is pro-
portional to the integral scale but may be most precisely defined
as 0.35 times (turbulent kinetic energy)?¥ ¥(dissipation rate of
turbulent kinetic energy). Unfortunately, our one-dimensional
unsteady program can give no information on the average downdraft
profile; only vertical fluctuations may be predicted.

In order to show how the downdraft may alter the distribution,
we have made one run with our new two-dimensional, unsteady
program which is now under development for the Navy. For purposes
of this calculation, the initial conditions on the wind and turbu-
lence fields are taken as the output on the one-dimensional,
unsteady program for 1945z of Run 3. The upper wind boundary
condition at 1 km is held fixed at the assumed geostrophic condil-
tions of 10 m/sec from 285°., A neutral temperature distribution
is assumed for this run. This 1s a somewhat uncertain condition
since the stabllity conditilions may be expected to change rapidly
with the development of the storm. The inflow boundary conditions
are held fixed in time, while a pressure distribution simulating a
downdraft is imposed upon the boundary layer as a function x ,

z, and t . The pressure distribution with altitude is propor-
tional to that used in Run 6 (fig. 14), while the x distribution
simulates a downdraft approximately 1 km wide. The time variation
is such as to allow the full pressure gradient to build as a
gquarter sine wave over 5 minutes simulated time. The resulting
mean wind contours in a plane parallel to the runway are shown in
figure 27. It should be noted that in certain regions of the flow
the horizontal gradients in u are of the same order as the
vertical gradients. An aircraft passing through this on the 3°
glide slope indicated by the dashed line would experience the
horizontal and vertical velocity profiles shown on figures 28 and 29.
In these figures, the bars represent the average root-mean-square
fluctuations about the mean distribution. The most significant
change from figures 15 and 17 is the reduction in altitude of the
peak headwind. This 1s directly attributable to the downdraft.
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The horizontal wind shear predicted in this figure is of the same
order as that in figure 25, while the strength of the downdraft is
less. The present stage of development of our two-dimensional,
unsteady, planetary boundary layer program does not permit accurate
calculations when the mean vertical velocity becomes as large as
the mean horizontal velocity. This has prevented us from attemp-
ting to simulate stronger downdrafts which may have occurred.

Also 1t must be remembered that the program predicts average
values of the fluctuation, while the aircraft observes instantan-
eous values which may be as much as 4 times higher than the rms
values predicted in figures 28 and 29.

CONCLUDING REMARKS

We have shown the types of velocity distributions which are
compatible with the known meteorological conditions in the vicinity
of Kennedy International Airport on 24 June 1975. Table II
summarizes the input conditions for the different runs made and
provides a key to the figures illustrating the resulting predicted
velocity profiles. The velocities are seen to be sensitive to
both horizontal and vertical temperature gradients while not
strongly affected by surface roughness. Run 6 represents the one-
dimensional, unsteady run which we believe is closest to the
conditions at the time of the crash. The two-dimensional, un-
steady run demonstrates the influence a downdraft would have on
reducing the altitude at which peak velocities occur.

The model results show that a wind shear of the order of
15 m/sec (30 knots) over a 100 m (300 ft) altitude change is quite
consistent with the known meteorological conditions at the time of
the crash.
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TABLE IT
SUMMARY OF INPUT CONDITIONS FOR COMPUTER RUNS AND KEY TO FIGURES

Upper Level Results
Thermal wind . .
Run Zys Pressure gradlent Initial Condition gemgirature Surface Temperature Plotted for:
n radient,
°C/m
1 0.5 0 Arbitrary at 0400z, 4+0.003 As reported by air- 14002
24 June 1975 port observer Figures 3, 4
1800z
Figures 5, 6
2 0.1 Q Arbitrary at 040Cz,
24 June 1975 +0.003 " " 1400z
Figures 3, &
1800z
Figures 5, 6
3 0.5 Sea breeze B 1400z conditions of +0.003 " " 1800z
3T/9z = 1 x 10~7°C/m for Run 1 Figures 7, 8
z £ 500 m from 120° 2000z
Figures 9, 10
y 0.1 Sea breeze i 1400z conditions of +0.003 " " 1800z
A aT/39z = 1 x 10-'°C/m for Run 2 Figures 7, 8
z < 500 m from 120° 2000z
Figures 9, 10
5 0.5 Storm passing to the 1915z conditions of +0.003 " " 2000z
north y Run 3 Figures 11, 12
9T/3z = 5 x 107°°C/m
(z <1 km) from 30°
6 0.5 Storm overhead; pressure 1945z conditions of -0.001 Same as at 1 km 2000z
gradient shown in fig.l4 Run 3 Figures 157 16,
17, 26
7 0.5 Storm overhead; pressure 1945z conditions of -0.001 Same as at 1 km 2000z
gradient shown in fig.1? Run 3 (Initial temperature Figures 18, 19,
distribution modified 20
to be constant up to
1 km)
8 0.1 Storm overhead; pressure 1945z conditions of -0.001 " " " " 2000z
gradient shown in fig.l4 Ryn 3 Figures 18, 19,
20
9 0.5 Storm overhead; pressure 1945z conditions of -0,001 Same as at 1 km 2000z
gradient shown in fig.l4 Run 3 Figures 21, 22,
23
10 0.5 2-D unsteady with 19452z conditions of Zero temperature 5 min after inl~
pressure gradient to Run 3 variation tialization
induce downdraft Figures 27, 28
29
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