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Atmospheric Properties From Measurements
at Kwajalein Atoll on 5 April 1978

1. INTRODUCTION

Several measurements of atmospheric properties were made on 5 April 1978
in the vicinity of Kwajalein Atoll to properly characterize the atmospheric condi-
tions during the reentry of the SANSO/ABRES sponsored TREP mission. In this
report, a summary of the atmospheric measurements obtained is presented to-
gether with an analysis of the results combined into a single "best profile' of the
atmospheric conditions appropriate to the reentry mission. The approach has been
" to perform a straightforward weighted average of the measurements by weighting
each data set according to its RMS (or standard deviation) error and its proximity
in time to the period of interest. Table 1 lists the measurements and pertinent
information on data collected on 5 April 1978. In Figure 1, the locations of the
atmospheric measurements in the vicinity of Kwajalein Atoll are shown. The
measurement techniques used in obtaining the data included the standard rawinsonde
(0 to 30 km) and rocketsonde (20 to 65 km) techniques which are presently in routine

use for meteorological data collection. In addition, an accelerometer instrumented

(Received for publication 11 August 1978)



Table 1. Summary List of Atmospheric Measurements Obtained on 5 April 1978
Time * Data Relative
(GMT) I1.D. Number Sensor Interval (km) Time (min)
0825 R0022 Rawinsonde 0-32 T-197
0825 K0128 Rawinsonde 0-11 T-197
0855 2018 Robin Sphere 40-100 T-167
1041 2019A Robin Sphere 40-100 T-61
1142 Hypersonic Sphere 50-120 T-0
1226 788A AFGL Sphere 40-68 T+44
1233 KO0129 Rawinsonde 0-29 T+51
1240 R0023 Rawinsonde 0-26 T+58
1243 2021 Robin Sphere 40-100 T+61
1429 2022A Rocketsonde 20-67 T+167

“K and R denote release from Kwajalein or Roi-Namur respectively.
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Figure 1. Area Around Kwajalein Atoll Showing the Locations of the

Aleasurements of Atmospheric Properties on 5 April 1978 (see
Table 1 for other details)
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sphere, L several inflatable passive falling spheres (Robin spheres), %2y 8 and a
hypersonic passive sphere, % released from the reentry vehicle, were used to
measure the atmospheric properties at higher altitudes, above 50 km. In each case
attention has been given to assigning appropriate errors (standard deviations) to
each data set as a function of altitude.

The primary attention has been given to determining the appropriate density
profile. The temperature structure is less important and has been calculated as
an unweighted average of the data sets; however, the same analysis which has been
performed for the density profile could be applied. The other important parameter
is the wind structure. Since the primary sensor providing this data in the 50 to
100 ki region is the inflatable sphere, the result is the unweighted average profile
obtained from Robin Sphere ID Numbers 2019A and 2021. These measurements
were made at times =1 hr from the reentry and because of its smaller smoothing
interval, the XONICS analysis was chosen.

The general approach to the density calculations has been performed in these
complementary analyses. ''Method 1" calculates a "best profile' using the data
weighted only by the instrument errors. This approach has the inherent assumption
that the measurements were all performed at the same time and place. '"llethod 2"
calculates a ""best profile'" with weights determined from the instrument error and
makes an estimate of the variability of the atmosphere based on the data collected
at times relative to the reentry time. With such a small data base as obtained
here, the results from this approach are not expected to be very significant but can
provide some indication of the atmospheric variation for altitudes above 70 km
where no statistical studies have been performed. In fact, this approach did pro-
vide information on atmospheric variability when applied to the TDV-1 data set
which contained more measurements, but did not provide significant information
when applied to the present data set. '""Method 3" calculates a "best profile'" using
the weights from instrument errors and from the temporal variability determined

*The robin sphere results from two independent radar systems, ALCOR and
TPQ-18, have been analyzed and will be referred to as XONICS and ASL data
analysis respectively.

1. Philbrick, C.R., Faire, A.C., and Fryklund, D.H. (1978) AFGL-TR-78-0058,
Measurements of Atmospheric Density.

2. Olsen, R.O. and Kennedy, B, W, (1977) ASL-TR-0005, ABRES Pretest
Atmospheric Measurements.

3. Martin, L. and Azzarelli, T. (1977) XONICS Report, Wind and Density
Measurements on Four Robin Spheres.

4. Salah, J.E. (1967) J. Geophys. Res. 172:5389.
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by Cole, ° and Cole and Kantor® from 0 to 70 km. Above 70 km, the temporal
variability is estimated using the results of ""Method 2" applied to the TDV-1 pro-
gram datal’ 78 together with the Cole table to extrapolate the variation to higher
altitude regions. Specifically, above 70 km the table is extrapolated by the ratio

of the environment ¢ estimates obtained from ""Method 2." If no estimate is avail-
able the next two lower altitude entries in the table are used for extrapolation, but
no extrapolation was necessary in the case of the TDV-1 data set. While both of
the first two methods provide some insight to the problem, it is ""Method 3" which
is used to perform the analysis finally reported as the ""best profile.'" The distance
variability would normally be expected to be less than the variation with time when
comparing distances of a few hundred kilometers to time periods of hours. The
average variation with distance was taken from the study of Cole5 for altitudes
between 0 and 70 km. Above these altitudes, the spatial variability was extrapolated
by comparison to the temporal variation. For altitudes below 70 km, the effect of
400 km in distance was found to be approximately the same as 1 hr of time. This
model for temporal and spatial variability, although somewhat crude, allows the

data to be weighted for time and space differences.

2. MATHEMATICAL APPROACH

Estimators can be chosen to be the minimum variance unbiased estimates un-

der the assumption that the data are of a form,

X.l =ute (1)
where X.l is the measured value, u is the desired parameter, and €5 is the random

noise with a zero mean and a standard deviation o The estimator equation is,

N
R :>_<=Zwixi .

i=1

5. Cole, A.E. (1977) Private communication of unpublished report, Time and
Space Variability of Density at Kwajalein.

6. Cole, A.E. and Kantor, A.J. (1975) AFCRL-TR-75-0527, Tropical Atmos-
pheres, 0 to 90 km.

7. Fletcher, E.T., Jr. (1977) Private communication of Robin sphere results
from the TDV-1 program.

8. Kennedy, B.W. and Hackerson, L.D. (1977) Private communication of unpub-
lished ASL report, Analysis of Meteorological Data at Kwajalein Missile
Range.
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where g is the estimate of the true value of the parameter p and w; are the weights.
In the case of unweighted data, w; = 1/N and in the case of weighted data,

L
2
O'.1 3)
S I {
L

et ;2
=1 7j

and in all cases considered here the data is treated as unbiased, thus,

N
Zwi=1 . (4)

i=1

The details of the derivation of the minimum variance weights are given in Appen-
dix A (also, see for example Deutschg).

"Method 1" calculates the best profile by setting o, equal to the instrument
standard deviation at each altitude. All of the instruments errors assigned to the
data sets are assumed to be randomly distributed, thus RMS errors are to be re-
ferred to as standard deviations.

""Method 2" includes both instrument effects and an "average environment"

effect due to the separation in distance and time as,

2 2

g2 = o + (o . (5)

i Instrument) Time /Distance

The data for each instrument type was used to estimate an overall variance
2

(GTotal) and the (o

estimate (o

2 ;
Instr nt) was subtracted from each of the calculations to

Time/Distance) for each instrument type. The averages of these var-
iances were then used as an estimate of the "atmospheric variance'" or average
effect of the environment.

""Method 3" calculates a '"best profile' from weights determined by the instru-
ment effects together with an environment effect for each measurement. The envi-
ronment effect is considered to be that due to time and distance changes from the
study of Cole, 5 see Table 2. The study of Cole5 only provides information up to
70 km, and above this altitude the results were extrapolated by comparison to the

results of "Method 2" from the earlier TDV-1 data set in estimating the environment

9. Deutsch, R. (1965) Estimation Theory, Prentice-Hall, Inc,

Englewood
Cliffs, N.J.

’
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Table 2. Estimates of Atmospheric Density Variation With Distance and Time*
(See Figure 2)

Time (hours)

ALT (km) Distance ! 1 2 4 6
10 .13 0.2 <1 <1
20 .41 0.8 1.0 1.2
30 .47 1.0 1.4 1.8
40 .13 1.1 1.2 1.6 2.0
50 .85 1, 1.9 30 4.3
60 1.2 1.9 2.1 3.0 4.0
70 1.:3 1 2.1 3.2 4.0
80 1.6 3.1 4.1 5.9
90 1.9 4.2 6.3 7.9
100 2.5 5.5 8.4 10
110 2.1 5.3 5.8 8.9 1

*Values up to 70 km are based on study by Cole” and above 70 are estimates based
on analysis of a set of high altitude measurements extrapolated from the 70 km
level.

TThe separation distances for the rawinsonde releases and launches of the robin
and rocketsonde are shown in Figure 1; these distances are of the order of 200 km.
No distance effect was applied to the hypersonic or AFGL spheres.

effect, see Figure 2, These estimates of the environmental effects have been com-
pared to several other data sets and appear to be reasonable estimates. One spe-
cial point of interest was noted in these comparisons, however. In the altitude
region between 60 to 100 km, the cases where the atmospheric variation was largest
occurred about strong wind shear regions. At these altitudes, wind shear would be
expected to be the principal destabilizing force. In regions of strong wind shear,
several cases of large atmospheric variability with changes comparable to 2 and 3
times these o's were found in layers a few kilometers thick.

The analysis of each method was performed at 1 km height intervals using data
from the region £500 m. The number of data samples used from each data set were
chosen to reflect approximately the number of independent samples. The ''best
profile' is calculated for the time 1142 GMT and the atmospheric variability for the

various measurements is referred to that time.
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Figure 2. Estimates of Atmospheric Variability as a Function of Time.
Values up to 70 km are from study of Cole® and the higher altitude
values are extrapolated based on the analysis of an earlier data set
(see Table 2)

3. MEASUREMENTS AND ACCURACIES

One of the most important, yet most difficult, steps in any experiment is to
assign the proper accuracy to the data. Frequently, a certain amount of judgment
is involved because of lack of sufficient information to apply valid statistical de-
terminations. Uncertainties have been applied to each of the measurements based
on estimates of the various errors affecting each technique. The low altitude
rawinsonde and rocketsonde have been studied statistically using a large data set.” 6
The other techniques depend on measuring drag acceleration on a falling sphere and

determining atmospheric density from the relation

2 a~m
5 = 2D (6)
v CDA



where apy is the drag acceleration of a sphere of mass, m, and cross section, A,
which is moving at velocity, v. The drag coefficient, CD' is determined from

wind tunnel studies. 10 The standard deviation of the density measurement is,

1/2

J
_ op 2 5
0p - an ox

j=1

1/2
+ci] . )

Since the temperature profile from the sphere techniques is determined from inte-
gration of the density profile under the assumption of hydrostatic equilibrium and
the ideal gas law, ! the error will be related to that determined for the density
profile. An additional error will be incurred near the top of the profile due to the

initial assumption of a starting temperature.

3.1 Rawinsonde and Rocketsonde

The rawinsonde and rocketsonde techniques have been used for routine meteor-
ological studies for many years. The instrument errors for the rawinsonde and
rocketsonde measurements are taken from previous studies 2, 6 and are listed in
Table 3. The data used includes profiles from three rawinsondes, two of which =
were released from Roi-Namur (R0022 and R0023) and one released from Kwajalein
(K0129). The earlier release from Kwajalein (K0128) only provided data to about
11 km and was not included in the analysis. Figure 3 shows the RMS error which
has been taken to be the percent standard deviation of the measurement. The values
below 30 km apply to the rawinsonde and above 30 km, near the tie-on point, the
values apply to the rocketsonde data (2022). Since the rawinsonde provides a near
continuous data output, the data, as provided, with samples approximately 300 m
apart were used as independent samples. The rocketsonde data provides unique
measurements with a resolution of only about 1.5 km and one sample per each
kilometer interval was selected from the data set. The data obtained from the

rawinsondes and rocketsonde are listed in Appendix B.

10. Bailey, A.B. and Hiatt, J. (1971) AEDC-TR-70-291, Free-Flight Measure-
ments of Sphere Drag. |
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Table 3. List of the Instrument Errors Assigned as a Function of Altitude. The
rawinsonde and rocketsonde are from study of Cole?® and the other instruments are
discussed in the text (see Figure 5)

|Acceler-

Alt. | Rawin-| Rocket- Robin Robin | ometer |Hypersonic| Hypersonic
(km) | sonde | sonde |(XONICS)|(ASL)| (AFGL) | (XONICS) | (Lincoln Lab)

5| 0.12

10 | 0.20

15 | 0,25

20 | 0.30 0.30

25 | 0.36 0.36

30 | 0.42 0.42

35 0.63

40 1.0 3.5 5.0 2.5

45 1.4 3.4 4.8 2.5

50 1.6 3.5 51 2.5 3.2 3.0

55 1.7 3.6 5.1 2.6 3.2 3.0

60 1.8 3.7 5.4 3.0 3.2 3.0

65 2.2 3.1 5. 5 3 7 3.2 3.0

70 3.0 3.3 6.5 5.0 3.2 3.0

75 3.5 6.5 Ja2 3.5

80 3.1 6.3 4.1 4.0

85 4.4 6.2 5.1 5.0

90 6.2 10. 7 T 1 7.0

95 8.8 22.0 T 1 7.1
100 16.6 7.1 7.1
105 7.3 7.1
110 6.8 7.1
115 9.9 9.6
120 13.6 12.1

3.2 Passive Spheres

The determination of density from the drag acceleration measured by radars
requires some degree of smoothing to remove noise so that derivatives of position
and velocity data can be obtained. Thus, the Robin and hypersonic sphere data have
been subjected to filters that can affect the results when the bandpass of the filter
is smaller than the scales of atmospheric variations. In order to estimate the mag-

nitude of the effect, the minimum wavelength of atmospheric structure must be

17
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Figure 3. Estimate of Rawinsonde and Rocketsonde
RMS Errors From Cole? (see Table 3)

known. Qur present knowledge of these scales is poor; however, it is possible to
roughly estimate the vertical scales from the work of Hines. 1 Hines study indi-
cates the wavelength for propagating modes which lie in the range between those
long wavelengths that are reflected to the ground in the middle atmosphere, and
those short wavelengths which are dissipated by viscosity. In the original work,
only damping resulting from molecular viscosity was included. 1t is now known
that eddy viscosity must also be considered, and following the suggestion of Hines
in his later supplementary notes, a correction to his curves has been made for the

present purposes. The eddy diffusion from the work of Zimmerman (Philbrick,

et 3112) was selected to correct the curves. With these considerations, the

’

results in Figure 4, indicate that the range of significant minimum vertical

11. Hines, C.O. (1974) American Geophysical Union Monograph 18, The Upper
Atmosphere in Aotion.

12. Philbrick, C.R., Narcisi, R.S., Good, R.E., Hoffman, H.S., Keneshes,
T.J., MacLeod, M.A,, Zimmerman, S.P,, and Reinisch, B.W. (1973)
Space Research XIII, 441.
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wavelengths at 60 km altitude should lie between 1 and 4 km. At 110 km, the
vertical scales probably range from 2.5 to 12 km. Since we are interested in the
minimum scale size that may significantly affect the structure, the values of 1 km
at 60 km and 2.5 km at 110 km are used with an assumed linear interpolation
between. These wavelengths are then used to provide a basis of comparison to the
filter scales of the various measurements. While this analysis was developed for
gravity waves preopagating from sources in the lower atmosphere, it is reasonable
to expect that the dissipative forces would also be effective on acoustical waves,

In general, acoustical waves would be expected to have must shorter wavelengths
and would therefore require large energy input to produce significant density varia-
tions. Thus, it is reasonable to expect that the range of waves indicated in Fig-
ure 4 are the ones of concern for atmospheric variations in the mesosphere. The
scale sizes indicated here are also in good agreement with the structure observed
in the 90 to 110 km region from chemical trails studied bv Zimmerman and
Champion13 and Zimmerman and Rosenberg. 14 There are obviously many other
factors that should be included in a careful treatment. However, for the present
purpose of roughly estimating atmospheric scales, this argument allows a basis for
proceeding. As we will see later, the data indicate general agreement with this
choice.

The smoothing of the radar data amounts to subjecting the measurements to a
low pass filter, thus the standard deviation of the results should be increased to
represent the noise at the input. The following argument shows that the standard
deviation should be increased by a factor VW to account for the smoothing of the
measurements, Basically, the idea is that the smoothing may be viewed as averag-
ing a number of independent input samples to obtain one output sample. The stand-
ard deviation is thus decreased by the averaging (as the square root of the number
of independent samples averaged). Furthermore, the number of independent input
samples averaged is approximately given by the ratio of the filter input to output
bandwidths (denoted W),

The argument that the standard deviation should be increased by /W may be

demonstrated as follows: The input to the filter is a measurement taken at a given

altitude hi and may be represented as,

TP TE (8)

13. Zimmerman, S.P. and Champion, K.S. W. (1963) J. Geophys. Res. 68:3049,
14. Zimmerman, S.P. and Rosenberg, N.W. (1972) Space Research XII, 623.
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where ¢ . is the random noise with a standard deviation equal to ;e The output is
i
considered as a continuous analog measurement where the estimate by is a filtered

value of the density as a function of altitude. Then,
p; = lp(h) + €(h)] * 1 R(h) (9)

where * stands for the convolution integral, and

h2
By :-/ IR(h; - 7 p(7) +e(n)] dr (10)

where I R(h) is the impulse response of the filter. This integral may be approxi-

mated by an appropriate sum of samples of the input,
hy
: f)(hi)—g- E [p(7) +e(n] O (11)
’T:hi

in steps of h2 - hl/A-,-, where A7 and the number of points, W = h, - hl/A7

depend on the filter bandwidth, I R(h). That is, the filter may be viewed as approx-
imately a running average of N input data points. Choosing the appropriate sum,

the €(7)!'s may be considered as approximately independent identically distributed
random variables. In this case the standard deviation of 5 is ~/1/W times the stand-

ard deviation of the input random variables € (7). That is,

a-:cI:“ . (12)

Thus the measurement standard deviation ¢ should be estimated as,

5§ =W o (13)

I
This relationship shows that the standard deviation at the input is increased by the
effective bandwidth reduction caused by the filter. The Nyquist Theorem states,
"A signal with bandwidth, BW, is determined by (and requires) 2 BW independent
samples per second (to describe the signal uniquely)." A similiarity theorem may

be stated, '"A filter generating a signal (at output) of bandwidth BF _, is essentially

F

given by ZBFF samples per second." Thus, approximately 2BW/2BWF independent

samples are averaged in the filter, and therefore
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BW _ Input Bandwidth
= BW_,  Filter Bandwidth

_ A(Filter)
~ A(Atmosphere) (14)

Thus, we can now estimate the standard deviation associated with the density

profiles which have been obtained from filtered radar observations.

3.3 Robin Spheres

The Robin spheres are 1 m diameter inflated spheres which are tracked by
radars to determine the drag acceleration and wind velocity. The results from
different analysis techniques using data from two independent radar systems are
included in this study. One analysis (made by XONICS) uses the measurements
from the ALCOR radar and the second analysis (made by ASL) uses the TPQ-18
radar data. The ASL analyvsis is the standard technique presently used for routine
soundings (a revision of the technique described by Luersl5). The smoothing
interval used in the XONICS analysis is significantly smaller than that used by ASL,
see Tables 4 and 5. The smaller smoothing interval used in processing the ALCOR
data makes the error estimate significantly smaller than those of the TPQ-18 radar
data, see Figure 5. The results from the Robin sphere analvses are listed in
Appendix B. A comparison of the Robin sphere results from the ALCOR and TPQ
18 radar measurements is given in Appendix C.

Data sets were obtained for three Robin sphere flights, 2018, 2013A and 2021.
The 2019A and 2021 flights were approximately 1 hr before and 1 hr after the ref-
erence time. The wind measurements were only obtained from the Robin spheres
above 70 km and these measurements should also be more reliable than the rocket-
sonde parachute measurements below this altitude. Therefore, the ALCOVR radar
data from the 2019A and 2021 Robins were used to determine the best wind profile

above 40 km,

15. Luers, J.K. (1970) University of Dayton Contract Report, A Method for
Computing Winds, Density, Temperature, Pressure and Their Associated
Error from Robin Spheres.
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Table 4. Density Errors in Percent Associated With XONICS Processed Robin
Sphere Data

no

o(Other)4 K(Filter‘)5 )t(Atm)6 o

=
¢

Alt. | oflapn)
1) (km) L

U\/

o]
5
8

©

40 1
45 1
50 1
55 1.2

I

1

1

1

N O o
o

60
65
708
75
80
85
90 )
95 4.5

100 9.0

W = 3 & !,

e

B W W N NN NN W W W W W
L e S I T e i e e = =Y
DD N = = = e = = =0 O O O
N = O 3 O & W N O 0o 3 o
DO D P W W WW W W W W W

DO U R W W W W N R
O O 9 o o O O O w» »m

[oPIN « < BN NG I . A

—

dar
1Error in determination of drag acceleration from XONICS estimates based on
studies of radar simulations and residuals from several Robin sphere flights.

2 2Error in drag coefficient based on wind tunnel studies. 10 The increase at the
higher altitudes is due to consideration of flow conditions at low Reynolds Num-
bers. The increase at lower altitudes is associated with possible errors in

1. assigning drag coefficients in the Mach 0. 5 range and possible effects associated
o with vertical motion.
s 3Error in drag coefficient due to errors in calculating Mach and Reynolds Numbers
" from temperatures near the top of density profile.
) 4Gener‘al allowance for errors associated with mass, area, dvnamical motion or
r wind.
e 5Filter wavelength in kilometers response estimated at 3 dB point from XONICS
analysis.
6Estimate of minimum significant propagating wavelength in atmosphere.
7 2 2 2 2:1/2
= + =
o, = UMW Xo, ) +og +ol +0517/% W Ap/Ay
D D
8The error near 70 km may be 2 to 3 percent larger due to difficulty in assigning
the proper drag coefficient near the Mach 1 transition.
1 B!
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Table 5. Density Errors in Percent Associated With Standard Robin Data
Processing (ASL)

() stap) | o(Bias)' | a(Cp)? | o(T)? | o(othen)® | Mritter)’ | Aatm)? | o *
40 2 - 3 - 1 1.5 .4 5.0
45 2 % 3 - 1 2.0 6 4.8
50 2 - 3 - 1 2.8 L1 5.1
53 2 = 3 = 1 3.3 . 8 5.1
60 2 1 3 - 1 3.8 1.0 5.4
65 2 1 2 = 1 6.0 1.2 5.5
70 2 1 2 = 1 9.8 1.3 6.5
75 2 1 2 - 1 10.5 1.4 6.5
80 2 1 2 = 1 11.0 1.6 6.3
85 2 1 2 = 1 11.2 1.7 6.2
90 4 1 3 1 1 1,3 1.9 10.7
95 8 1 3 3 1 15 2.1 22

lEr'ror‘ in drag acceleration determination from radar data from study of Luer‘s15

2See notes on Table 4.

3Filter‘ wavelength in kilometers at 3 dB point from study of Luersl':)
4% - (VW ¥ ("iD N 0]231AS)1/2] 2 oc, N 0,21- N 03}1;2-

3.4 Hypersonic Sphere

The hypersonic sphere data obtained by the ALLCOR radar have been indepen-
dently analyzed by XONICS and AIT Lincoln Laboratory. The data processing
techniques are different but the results are verv similar. The dominate error in
this data is due to uncertainty in the drag coefficient. Proliles have been generated
using three different determinations of drag coefficient. Drag coefficients from a
study by Lin16 (with TW’/Too of 1 and 3) and a recent summary by Bailey, 17 have
been used to generate density profiles, see Figures 6a and 6b and the material in
Appendix D. In Tables 6 and 7 the error estimates for the XONICS and Lincoln

Laboratory processing of the hvpersonic sphere data are given. Over most of the

16. Lin, T.C. (1975) Private communication of unpublished AVCQO report,
Sphere-Drag in Rarefied Flow Regime.

17. Bailey, A.B. (1978) Private communication of results of recent study of drag
coefficients at high Alach numbers.
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Figure 5. Estimate of Standard Deviation Error for
the Hypersonic Sphere, Accelerometer Instrumented
Sphere and Robin Spheres. The curve for the robin
sphere labelled XONICS is from the ALCOR radar
data and the curve labelled ASL is from the TPQ-18
radar data (see Tables 3 to 8)

altitude range the filter wavelength is comparable or smaller than the expected
atmospheric wavelength, and no additional error due to the filter is assigned in
these regions. The structure in the hypersonic sphere density profile, Figures 7a
and 7b, and Figures 8a to 8c indicate that the argument made with regard to atmos -
pheric wavelength scales may be quite reasonable. The structure is also similar

to that observed in high resolution accelerometer data.1
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Table 6. Density Errors in Percent Associated With XONICS Processed
Hypersonic Sphere Data

'_tAlt. otag)! o(c)® | olOther)’ >\(Fi1ter)"‘T A(Atm)? cp5
(k) (km) (km)
120 6.1 ) 1 12 2.8 13.6
115 4,2 ) 1 11 2.7 9.9
110 3.0 5 1 5.5 2.9 6.8
105 1.8 7 1 2.7 2.3 T3
100 .96 7 1 2.2 2.2 7.1
95 .63 7 1 1.9 2.0 7.1
90 .48 7 1 1.2 1.8 7.1
85 .33 2 1 1.0 1.7 B 1
80 .22 4 1 .8 1.6 4.1
5 .15 3 1 .8 1.5 3.2
70 .10 3 1 .8 1.3 3.2
65 .09 3 1 e 1.2 3.2
60 .08 3 1 T 1.0 3.2
55 .08 3 1 6 0.8 3.2
50 .08 | 3 1 .6 0.6 3.2

1Drag acceleration error based on analysis by XONICS.

2Estimate of drag coefficient error which is not well known for low Reynolds num-
bers. The values between 90-105 km have largest error due to uncertainties at
low Reynolds Numbers.

3At higher altitudes this number represents uncertainty in Reynolds number and
Mach number. At lower altitudes there is an uncertainty due to surface heating.

4The filter bandwidth is larger than the expected atmospheric scales, thus W = 1,
for altitudes below 100.

5 [ 2 2 27102 .
o =|o +0 + 0 for altitudes less than 100 km.
B an CD o

/
o =| W x o )2 + G +0 Lj2 for altitudes above 100 km.
[ ap CD 0
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Table 7. Density Errors in Percent Associated With Lincoln Laboratory
Processed Hypersonic Sphere Data

Alt. cr(aD)1 o(CD)2 a(Other) A(Filter)? A(Atm)2 o,
(km) (km) (km)

120 11 5} <1 4,2 2.8 12,1
110 5 b <1 2.1 2.5 T 1
100 1 7 <1 2.1 2,2 7.1
90 - 7 <1 2:1 1.8 7.0
80 o2 4 <1 1.0 1.6 4.0
70 .05 3 <1 <1 1.3 3.0
60 .03 3 <1 <1 1.0 3.0

1Drag acceleration error based on Lincoln Laboratory analvsis.

2See Table 6 notes.

3.5 AFGL Accelerometer Sphere

The high sensitivity accelerometer did not provide high altitude data due to a
pyrotechnique circuit failure, but low altitude data was obtained from a low sensi-
tivity single axis accelerometer. The errors associated with the profile are given
in Table 8. The large errors at the top of the profile are due to the quantization
error of the data by the PCM encoder and the assignment of an estimated bias error.
Since only one component of acceleration was available, the angle of the sphere
spin axis in space was determined based on comparison to the other measurements
at 60 km where the general agreement of all the profiles is good. With the position
in space determined at one time, the complete profile can be generated.1 Most of
the same structural features are also observed in the hypersonic sphere and Robin

sphere profiles.
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Table 8.

From Figure 8b to the Atmospheric Model in Order to see
the Small Scale Structure in the Vertical Profile

Obtained on 5 April 1978

Errors Associated With the Low Sensitivity Accelerometer Data

) Bit Qu.antization Drag Coefficient | Calibration Otherki Total
Altitude | and Bias Error Error Errors?t Errors” Error
(km) (Percent) (Percent) (Percent) (Percent) |(Percent)
15 8.3 2.0 1.0 1.0 9.6
70 4.4 2.0 1.0 1.0 5.0
65 2.8 2.0 1.0 1.0 3.7
60 1.7 2.0 1.0 1.0 3.0
55 0. 92 2.0 1.0 1.0 2.8
50 0. 50 2.0 1.0 1.0 2.5
45 0.26 2.0 1.0 1.0 245
40 0.13 2.0 1.0 1.0 2.5

b3 N e
The errors due to mass, area, velocity and position are <1 percent.

TThe standard deviation of calibration data was 0.4 percent and with other sources
considered the absolute value error is estimated at 1 percent
B

The angle error of the mean spin axis is probably 1° and was selected based on a
data comparison at 60 km. A 1~ error would produce a density error just under

1 percent and the error due to C_ and C misalignment could add about 0.1 percent
at the lower altitudes. g
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4. BEST PROFILE RESULTS

The individual profiles from the various sensors are plotted in Figures 9a to d
and the data are listed in Appendix B. The listed data includes all points reported
for each profile but the number of samples used in the analysis from each profile
were chosen to approximate the sampling requirements based on the structure
scales. The density measurements of Figure 9a are shown as a ratio to the model
to allow the variations over the altitude range to be visualized. The model used
for all comparisons in this report is the USSAS 1966 model corresponding to 15°N
Annual (KMR standard). The temperature data shown in Figure 9b clearly indicates
a split mesopause structure. The temperature profiles listed and plotted for the
Robin spheres, accelerometer sphere, and hypersonic sphere are molecular scale
temperatures from integration along the density profile. The molecular scale and
gas kinetic temperatures are equivalent up to about 90 km and then differ as the
mean molecular weight of the atmosphere changes. The molecular scale tempera-
ture, TM’ is related to the gas kinetic temperature, T, by

M

T =2

M~ ™ T

where M is the ground level value of mean molecular weight. Several strong
wind-shear regions are seen in the results of Figures 9c and d. The set of Fig-
ures 10a to d allow better detail to be seen in the profiles between 50 and 100 km.
A brief study of the atmospheric stability has been made using the rocketsonde
(2022) and both the ASL and Xonics analyses of Robin 2021, This examination
followed the procedure outlined by Zimmerman and Murphy18 in determining the
Richardson number from the wind and temperature data. The Richardson number

is defined by the equation,

R, = & <£ + 1—) (15)

1
i T \o0Z (@1)2
o0z

where g is the acceleration of gravity, T is the adiabatic lapse rate (~9. BOK/km),

T is the atmospheric temperature, and V is the total wind speed. When used as a

stability criteria, Ri =< 1/4 is generally accepted as defining an unstable or turbulent

region and for Ri =1, instability is likely, The analysis indicates a strong turbulent

18. Zimmerman, S.P. and Murphy, E.A. (1977) Stratosphere and Mesospheric
Turbulence, in Dynamical and Chemical Coupling Between the Neutral and

Ionized Atmosphere, NATO Advanced Study Institute, D, Reidel Publishing
Company.
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layer in the region 72 to 78 km. The unstable condition in this region is primarily
due to the strong wind shear, see Figures 10c and d. Several other regions indi-
cate some instability, but none as strong. Examination of the density profiles
indicates that this region (~ 75 km) also exhibits the strongest density variability.
Comparison of the Robin sphere, hypersonic sphere and accelerometer sphere
results in Figures 10 and 11 shows that many of the same structural features are
found in each of the profiles, The analysis that was shown in Figure 4 would be
consistent with this observation. The separation of the Robin and hypersonic sphere
profiles was about 200 km. From Figure 4, horizontal scales of structural fea-
tures of 100 to 1000 km with periods of an hour or more should be expected.

Because of the strong variability in the 75 km region, the two Robin sphere
flights closest to the reference time were chosen for the analysis. The XONICS
analysis was used because of the better resolution of the ALCOR radar. The
hypersonic sphere profile from the Lincoln Laboratory analysis using the
Lin (TW/'I'oo = 3) drag coefficient was used for the calculation. In Figures 1lla to d
the measurements which will weight the calculation of the "best profile" in the 50
to 100 km region are shown.

As previously discussed, the results from '"Method 3" which weights the data
based on instrument error and atmospheric variability estimates are used for the

"

"best profile." The weights calculated from the instrument error and the atmos-
pheric variability are given in Table 9. The shift of profile weight from one instru-
ment to another as a function of altitude can be followed in the table. The lines
shown on Figures 9, 10 and 11 are the results from the analysis. The calculated
profiles are shown in the important region from 50 to 100 km in Figures 12ato d
and the results are listed in Tables 10 and 11. The density profile was calculated
based on the weights of Table 9 and its standard deviation is determined from the
instrument errors and atmospheric variability, The temperature profile is cal-
culated from an unweighted average of the data and its standard deviation is that of
the data set. Since the only instrument that measures between 32 and 38 km is the
rocketsonde, no standard deviation can be obtained. An estimate of about 4°K is
inserted into the table for this altitude region. In other regions of the profile no
standard deviation is given, The wind speed and azimuth standard deviation are
also calculated from the data sets. The best profile obtained here is probably the
most accurate representation for the atmospheric properties that can be reasonably
expected from this data set. The profile o indicates that the density profile has a
very high confidence (2 or 30) of being better than 5 percent in the primary region
of interest between 50 and 90 km,
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Table 9. Experiment Weights Used in Calculating the Best Density Profile

Rocket- Bebin
sonde Accel-  Hyper-
(km) R0022 K0129 RO0023 2022A X2019A X2021 erometer sonic

Altitude Rawinsondes

1 « 309 «316 . 370 0.000 0,007 G.000 0.000 0.000

2 311 «318 372 0.000 c.0010 g.00r 3,000 0.000

3 312 «319 « 369 0.0C0 0.000 0.000 0.000 0.000

4 . 313 320 «3R7 8.000 0.000 0.000 0.000 0.000
5 « 315 « 321 « 3RG 0,000 0.000 0.000 0.000 6.000

6 « 316 321 « 367 g.00¢C 0.000 0.000 0,000 0,000

7 «317 322 « 361 0.000 0.000 0.000 0.000 0.008

8 318 « 323 « 359 0.000 0.00N 0.300 0.000 0.000

9 »319 0326 « 358 0.000C 0.000 0.000 0.000 0,000
10 320 326 + 356 0.0C0 0.000 . 000 0.000 0.000
11 314 « 328 + %58 0.000 0,000 0. 000 0.000 0,000
12 « 310 0331 « 359 0.00¢ 0.000 0.000 0.000 0.000
13 « 305 334 « 351 0.0C0 N.000 g.00C 0.000 0.000
14 «302 « 336 « X652 0.000 0,090 0.000 6.000 0.000
15 298 «339 « 3682 0.000 Ge.000 G.720N 0.000 0.000
i6 0263 « 351 «385 0.000 0.0100 1.000 0.000 0.000
17 «239 « 360 «401 0.0C0 0.00n g.0CO 0.000 0,000
18 223 « 365 e 412 0.GOU g.n00 JeJCu 0.000 0.000
19 211 «369 «420 6,000 0.009 0.000 0.000 0.000
20 . 202 «372 <0426 0.000 0.000 0.000 0.000 0,000
21 178 338 387 «0€7 0,008 6.0CC 0.000 0.000
2 «175 « 340 390 0056 7,000 0,000 0,000 0.000
23 171 342 «392 s 05U 0. 000 0.000 0.000 0.000
24 168 o Jhiy « 3075 «093 0.001 d.000 0,300 0.000
25 «165 346 397 «092 Js.000 0.000 0,000 0,000
26 «197 « 210 482 «110 0.000 0.000 0.000 0.000
27 248 0e.000 «h1L «139 0.000 0,000 0.00C 0.000
28 246 0.300 «616 0128 0.000 0.000 0,000 0.000
29 o 244 0.000 «H18 «137 N. 000 0.700 0.000 0.000
30 «639 0.000 0.000 «361 0.900 1.000 0.000 0.0300
31 642 0.000 0.300 358 0,000 0.000 0.000 6.000
32 477 0.000 000 523 0. 000 0.000 0.000 G.000
33 0.000 0.300 0.n00D 1.000 0.001 0,000 0.000 0.000
34 0.000 0,038 J.00¢C 1,000 Ge000 0.000 0.000 C.000
35 0,000 0,000 1.100 1.000 0.000 0.000 0.000 0.000
36 0.000 0.000 N«000 1.00¢C 0.000 0000 0.000 0.000
37 0,000 G.000 G.N00 1.60¢C o030 0.00C 04000 0.000
38 0.000 0,000 0.000 + 541 229 «229 0.000 0.000
39 0.000 0.000 8.000 «523 «238 «23R 0.000 0.000
40 0,000 0,000 0.000 «506 o247 e 24T 0,000 g0.000
61 0.000 0.000 g.000 374 « 204 204 0218 0.000
42 0.000 0.000 0.000 285 172 172 0372 0.000
43 0.000 0.000 0.000 « 264 « 176 « 176 e384 0.000
44 0,000 0.000 0,000 0246 e179 «179 +396 0.000
45 0,000 g.000 0. 900 «230 e142 .182 L07 0.000
46 0.000 0,000 0. 990 «188 «159 «159 364 «130
4z 0.000 0.008 0.000 «139 126 «126 294 «316
48 0.000 0.000 0.n00 «130 «125 «125 «298 322
49 0.000 0.000 7.000 o122 o124 o128 «303 0327
S0 0.000 0,900 d.00C o114 0122 «12% «307 «333
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Table 9. Experiment Weights Used in Calculating the Best Density Profile (Cont. )

. Rocket - ;
r- Altitude Bawinaonges sonde Robin Accel- Hyper-
c (km) R0022 K0129 R0023 2022A X2019A X2021 erometer sonic
] 51 0,000 0.000 N.000 o114 #1223 122 «30% «336
i0 52 0.000 0.000 n.000 e112 0123 0123 «203 «339
] s 53 Ue 000 €C.0d0 1,000 0113 0122 «122 « 201 0342
i0 54 0.000 0,000 o NOO «112 122 0122 «299 « 345
'0 55 0.000 n.,000 0.000 «111 122 «12? «297 348
10 56 d.,000 0.CCD N, 00" o111 124 0123 +286 «356
10 S7 0,000 0,000 0,000 «110 e12F 0125 277 364
i0 58 r: 000 0.000 N,000 «109 «120 «126 0267 « 372
) 59 - 9,000 0.000 0.00nN «1(8 «127 0127 «25E «3789
10 60 0,000 0.000 0,000 «1(7 «129 «128 «250 .387
10 61 Je000 0.000 0.0N00 «10F « 137 o137 0231 «391
10 62 0,000 0,000 3,000 «103 «145 «145 216 «394
10 63 0.000 0.009 0,000 «100 e 154 «153 «196 «395
i0 €4 0. 000 0.000 g. 000 « 04k «162 « 162 «183 «395
10 65 0,000 0.30N f. 000 « 03¢ v.171 « 171 «169 «395
;0 €6 0,600 0,000 g.00°7 «081 «1513 2152 «135 W79
i 67 0.000 0.000 . N0C « 050 176 175 «139 420
10 . 68 0,000 0.000 n.007 0.000 « 208 «208 +075 «508
10 €9 0000 Go000 1. 030 deln2¢C ¢ 223 ¢ 223 0.000 «554
10 70 0,000 0,000 0.000 0,000 . 221 « 221 0.000 «559
30 71 0.000 0,000 rfe NN 0.000 0223 0222 0,000 e 554
10 12 0.000 0,300 f.00" 0,000 «225 o224 0000 551
70 73 0,000 0.000 G.000 0,000 e 227 «226 0,000 54?7
10 n 0.000 0.000 1,000 0.000 « 2728 «228 0,000 Slhl
J0 75 0,000 0,000 0,000 0,300 e 230 e 2209 0.000 541
a0 76 0.000 0.00N Qe 0N d,000 ¢ 231 « 221 0,000 «538
J0 77 0000 0,000 N, 000 Ce000 « 233 2232 0,000 «535
Ja 78 0,000 0.000 3.000 Ges00C e 234 « 233 0.00C «533
a0 79 0.000 0.000 000 0.000 « 235 e 235 0.000 «530
20 80 0.000 0.000 0. 000 G.00G «23F «?36 0.000 «528
a0 a1 0.0G0 C.000 J.QQ° 0,000 s 245 244 g.00C o511
00 82 0. 000 0.700 0,000 0.0¢CO ¢ 253 0257 0.000 +4965
70 83 0.000 6,300 N.000 e 000 0260 ¢ 259 0.000 481
00 84 0.000 0,001 0.900 0.000 « 26€ « 265 0.000 <469
00 85 0.000 0.000 0. 00G 0,000 272 271 0.000 WS7
g0 86 0000 0. 000 g. NQC 0.G00 « 271 270 0.000 459
00 a7 0,000 0.300 0o 009 0,000 e 270 2710 0.,00C o460
00 88 0,000 0,000 (0010 0,000 « 2689 « 269 0.000 462
00 89 0.000 0,000 g.00¢0 0.,000 «209 «268 0,000 463
00 90 0.000 0. 0040 g. 00N 0.0¢00 « 268 «2F7 0.000 «4 65
00 91 0.000 0.000 1.000 0.000 « 252 « 751 0.000 497
00 92 0,000 0.000 t.000 0.000 «237 «23h 0.000 +527
0o 93 0.000 0.000 N.000 0,000 222 e 222 0,000 «555
0o 94 0,000 0.000 1.00C0 JeQ40 « 206 «+209 0,000 «582
a0 g5 0.000 0.000 0. 000 J.000 137 1097 0.000 «607
30 <6 0,000 0.030 C. 000 0,000 «166 «168 0,00C «668
16 97 0.0C0 0.700 N.000 0,000 el41 «lb1 0,000 o718
22 g8 0.000 0.000 0.008¢C 0,003 «+120 «12C 0.000 «759
27 93 0.000 0.000 1,000 0,000 104 «103 0,000 e 793
33 100 6.000 G.000 JeGOC 0,000 « 09U « 390 0.000 «821
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Taklc €. Dxperiment Weights Used in Caleulating ths Tast Donsits Profile /Ceont.?
: Rocket-
. Rawinsondes Robi
Altitude sonde Bbin Accel- Hyper-

(km) RO0022 K0i29 RG023 2022A X20194 X202! erometer sornic

101 0.000 0.000 6,000 0.000 «078 «078 0.000 e 843
102 Jegoe 0,000 0.000 0,000 « 069 068 0,000 «862
103 0.000 0.000 0,000 0.000 » 061 «0€1 0.000 «878
104 0.000 J«000 g.800 g,000 «054% <054 0.000 892
105 0,063 U.008 . 000 G.0(0 0.000 « 051 0.000 +949
106 6.000 0.000 0.00¢C 0.000 Js 006G «0&5 0.000 +955
107 0,000 G.008 0,000 G.00C 0.000 KD g.000 <959
108 0,060 0.000 3.00C 0.600 0,000 « 037 0.000 «963
108 0.000 0.00¢ 0.000" 0.000 0.000 <017 0.000 «983
119 0.000 0.000 f.000 0.0C0 0.000 1,000 0.000 1.00¢
111 0.000 0,000 1. 00C 0.00C 0,000 €. 000 0.00¢0 1-000
112 0,000 0.000 g. 00N Ge0CC ge.000 0.000 0.000 1.000
113 0.00°0 0.00¢€ f.000 g.0C0 3.000 0,000 g.000 i.080
i14 0,000 C.006 0.20¢C 0,000 d.00¢ 0,000 0.000 1.008
145 d.000 0.N00 0. 000 0.000 0,000 0,380 0.000 i.000
116 0.000 0.006C 0. 000 g.000 0.000 0.080 0,000 1.000
117 0.000 C.300 8.6CC 0.000 d.000 D.00¢ 0.000 1.000
118 0.000 g.000 0,000 0,000 0,000 g.00C0 0.000 i.000
119 0.000 0.000 0.000 g.0C00 0. 000 0.000 0.000 1.200

120 0,000 0.008 g.000 0,000 0,000 0.6¢CC 0.000 1.000
121 6.000 0.000 0000 0,000 0,000 0.000 0,000 1,000
122 6.000 0.000 0.000 0.000 0.000 d.000 0.000 1.0080

123 ‘0,000 00,009 . 000 g.0C0 g.,000 0.00C G.000 1.000
124 0.000 0.000 0.000 g.000 0.000 0.000 0.000 1.000
125 0.000 0.000 0.000 0.000 0,000 0.00C 0.000 1.000
126 0,000 0,007 0,000 0,000 0,000 0,000 0.000 i1.000
127 L.0DC 0,000 t. 000 0.C00 0.000 0.000 0,000 1.000
128 0,000 0.000 0. 000 G.000 0. 000 0.000 0.000 1.000
129 0.000 0.700 0.000 0.000 0. 000 0,000 0.000 1.000
130 0.000 0.000 0.C8N00 g.CCO 0.000 0.000 6.000 1.000
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Table 10. "Best Profiles" of Density and Temperature From Analysis

of Data Collected on 5 April 1978

ALTITJIE TEMPERATURE SISNMA DENSITY PROFILE
(KM) (DEG. K) (JE5. K) (KG/M**3) SIGMA (%)
1. 291.7 241 1.070E+30 «09
2.0 237.9 2.1 S.695E~u1l 10
3.0 285.5 201 8.732E-01 «10
beu 278.7 1.3 7.90‘06-01 -10
5.0 273.‘0 1.6 7.126E-01 .11
6ed 266.7 2.1 Oe443E~-01 11
7.0 252. 4 1.7 5.760E-01 o11
] 25545 2.1 5.189E~01 12
9.4 248.8 1.6 4Le656E-01 .12
10.3 24%1.7 2¢3 bel74E-01 12
11.0 233.0 2.3 3.752E-01 13
12.0 224.7 2.4 3.355E-01 013
1300 216.56 2els 2.986E'01 PN
14.0 208.1 2.2 2.647E-01 o1l
15.0 200.4 203 2.329E-01 015
ls-) 132.7 1.9 2003BE'01 »138
17.0 138.3 o7 1.747E-01 .22
18,4 191.7 1.5 1.436€-01 26
19.0 198,.,9 3.2 1.162E-01 «30
20.0 204.0 o3 9.587E-02 P11
210“ 209.1 1.6 7-93UE-02 053
22.0 212.2 1.9 6+654E=-02 33
23.] 215.7 101 5-589E-UZ -3’0
24,0 216.4 . 1.3 Le764E=-02 o 34
25.0 219.3 1.3 4.031E-02 35
25,10 221,1 3 3.43BE=-02 okl
27.0 224.5 2e3 2.%04E-02 o 46
29.0 230.3 o7 2.110€E-02 o 48
30.3 229.4 1.3 1.821E-~02 «79
31.0 232.5 1.0 1.,553&E~-02 81
32.0 232.4 bel* 1.350E-02 1.00
33.0 234.3 Lol* 1.155E-02 1.42
KLY 236.8 3.0% 9.905E-03 1,45
35,0 238.6 Lo * 8.536E-03 1.49
3604 243,2 bon® 7.285£-03 1.55
37,0 246.8 4o O * 6. 255E-03 1.61
38.0 249.2 7ol Se44BE~03 1.23
39.0 253.3 2.4 4.702E-03 1.26
40.13 255.3 1.3 4,075€~03 1.29
41.0 25546 3ol 3.565c=03 1.18
42.0 258.9 +e8 3.109E-03 1.C09
43.0 266.8 7ol 2.651E-03 1.11
10‘001 271.7 7-5 2.319E‘03 1013
45.0 272.2 be5 2.045E~03 1.14
4740 267.6 be? 1.611E-03 « 97
48.1 270.2 S.l 1. 413E-03 +98
4940 27362 59 1.,237E£-03 « 99
5043 273.7 6.0 1.00
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Table 10. "Best Profiles" of Density and Temperature From Analysis
of Data Collected on 5 April 1978 (Cont. )

ALTITUDE TEMPERATURE SIGMA DENSITY PROFILE

(KM) (025, K) (D=5, K) (KG/M**3) SIGHMA (Z4)
52.1 271.2 bey 8+592E~-04 1.01
53.0 269.9 Lol 7¢639E-04 1.01
5%.0 25745 Yo+ 6.807E-04 1.02
5543 261.8 he5 6.121E=-04 1.02
56413 257.5 5.3 Selb9c=uy 1.03
57.0 259,0 5.0 4e783E=-0kL 1.05
58413 25844 343 4,206E-04 1.06
5540 256.5 6. 2 3.738c=04 1.07
BULO 252. 4 5.7 3331E-04 1.08
61.v 248.7 4.3 2.960c-04 1.08
62.13 243.9 3.9 2.631E-04 1.09
63,0 239.4 5.0 2.340E-0u 1.09
D%l 232.8 be8 2.088E-04 1.409
65,0 227.1 3.5 1.848E-04 1.09
66.13 223.7 be5S 1.628E-04 1.04
67.0 218.3 5453 1.633E-0k 1.12
6843 2077 Leb 1.280E-04 1.24
534417 138.5 204 1.,12bE=-04 1029
70.0 187.5 be3 8.538E-05 1.29
7100 197-5 107 B.USOE-US 1.33
7260 187.3 1.6 6.823E-05 1.37
73,1 137.1 1.2 5.783E=05 1.41
7440 197.2 1.1 4eBBLE-D5 1445 h
7540 195.3 3.3 4e1BLE=T5 1.49
76.) 133.9 4e3 3.534E-05 1.52
77.0 191.7 2.4 3.011E-4y5 1.50
72.0 131.7 Be2 2.536c-05 1.60
79.0 133.3 3.5 2.121E=-05 1.64
80.0 137.6 9.0 1.748E-05 1.68
81.0 2lbe5 Sels 1.431E-05 1,77
82,4 204.7 3.1 1.219c-05 1.87
83.1 20404 5.2 1.040E-035 1.9
84,4 205.“ 5eu BIBiDE-OB 2!06
85.0 208.8 5.0 7.387E-06 2.15
36010 209.2 Sels 6+289E~06 2427
8740 20640 6e2 Sel441E=06 2439
88.0U 201,3 3.3 Le724E-06 2.5
89.0 205.7 Sel 3.933E-06 2.46%
G0.0 208.4 4.9 3.305E=06 2470
91.0 2i7.0 bel 2.825€=-38 2485
92.0 203.1 2.1 2.446E-05 2.94
93,13 201. 4 2ok 2.091E-06 3.02
S4ed 201.8 5.3 1.765E~ud 3.13
96.0 134.1 1.4 1.297E-06 3.33
37.0 193.4 562 1.098E=ub 3046
38,1 131.5 1.8 9.132c-07 3.56
9.0 1306.2 7o 7.584E-07 3465
100.0 187.6 8.2 6.591E-07 371

S
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Table 10. "Best Profiles" of Density and Temperature From Analysis
of Data Collected on 5 April 1978 (Cont.)

ALTITUDE TEMPERATURE SIGMA DENSITY PROFILE
(KM) (DEG. K) (DE5e K) (KG/M**3) SISMA (%)
101, 131.4 11.0 5.572E=-07 376
10243 182.2 1245 Le745E~07 381
163.0 217.8 17.2 3.630E-07 3. 84
134.4 219. 4 12.6 2¢925E-07 3.87
106.0 211.6 fel® 2.075E-07 4,00
107.0 211.4 0.0* 1.729E=-07 be01
1u8.0 227.8 0.0% 1.439E-07 402
159.0 241.0 D.0% 1.202E-07 4406
110.0 2062.3 Je0* 1.064E-07 4be19
111.90 27548 0.J)% 8.812E=-328 4439
11244 291.7 jel*® TebLBE-08 4,68
113.3 319.6 0.l* 6.308€E-08 Le97
114.0 313.6 0.5 5.623E-08 525
115.1 315.9 g.0* 5.046E-08 S5e54
116.0 318.2 0.0% LeS53LE-GS 5.83
117.0 34261 0.3% 3.833E-08 6s12
115.0 383.3 U-U"‘ 30135E-08 6ell
119.19 400.3 0.0% 2.770E-038 6.70
120.0 399. 4 0.0% 2.566E-08 6499
121.) 338.9 0.0% 20374LE-08 727
122.0 417.1 0.0% 24102E-08 7456
123.0 459.2 g.0% 1.777E-08 7.85
124.0 4L78.8 0.)*% 1.594E-08 8.14
12500 “3502 U.D" 1.6“0E‘08 8. 43
12600 400.6 U.J' 1.655E"08 8.72
127,1 440.0 0.0* 1.395E-08 9.01
128.0 Lb21.2 0.0*% 10356E‘03 9.30
129.0 429,9 0.)% 1.235E-08 9.58
130.0 M\\D.S 0.0‘ 10132E‘08 10.00

% _— .
Insufficient data available to calculate a value, estimates have been

substituted in some cases.
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Table 11. '"Best Profile" From Analysis of the Wind Speed and
Azimuth Measurements on 5 April 1978

WIND WIND
ALTITJI: SPEED SI5SMA AZIMUTH SIGMA
(KM) (M/SEC) {M/SEC) (JEG) (DEG.)
1.0 10.6 e5 65, 4be58
2.0 B.b4 263 74, S.21
3ol 5.6 3 82, Je 25
4.3 3.9 o7 53, 15.93
5.3 9.4 1.9 61. 6e97
B¢ 1347 2.0 70, 4620
7.0 1646 1.2 64, leUl
3.7 13.3 .9 73 3¢ 24
9.1 10.4 1.0 76 5.15
13d.4 3.0 1.2 93. 1t.01
11,3 3.0 1.9 103, 5.76
12.) +.8 1.5 39. S, 57
13.0 5.8 1.2 108, 7437
14.0 5.4 1.3 127. 17.56
15,0 be6 1ol 134, 21. 25
156.,J Le8 1.5 175, 25.00
7.3 de9 1e3 117, 15,39
13.3 Jeu 1.7 76. 19,84
13.3 3.0 1.6 42, 97.17
20.0 21 1.4 17, 73429
Ele Jev 1.7 331 L2,32
22.) 7.3 1.1 292. 1:012
2340 7.8 1.2 2689, 5e01
244 9,6 1.5 264, 596
25413 1v.2 1.9 277, S. 37
26-0 10.0 1eb 285. 1‘-.,-10
27.0 7ed lel 285. 17417
23,4 Il 1.3 282, 4 8. 35
2303 Lo 1.5 327. Lbe 79
30.0 2.1 1.3 322, 35471
313 5.7 3.3 Lo, 22457
32.) 15.5 Jeu® 943, Je 00¥
3563 200 3.0¢ 99, C.00*
3460 254, T.0* 36, ve 00*
35.1) 3iev 3.1% 97, G, 00"
36.J 33alL 3.0" 35, 0.00%
370 346" T.0* 9y, C.00*
3341 35.4 1.1 88. 2.55
39.13 37.2 2¢6 89. 130
40,0 33 .5 3.7 91. 3.54
41, 2842 1.3 83. 4o 30
42.1] 22 oL 3.3 81. 5452
43.0 9.6 743 23, 56048
L. 14.2 3,2 301, 20,35
45,1 1544 «9 266, 18. 23
46.0 1442 Jo &4 253, 11.03
4700 i1.2 2.9 233, ¢7.90
43,44 10,2 206 2250 100’-08
43,1 J.0 3.7 262, L2.23
53.3 11,2 4.1 341, 11.52

»
2]




Table 11. "Best Profile'" From Analysis of the Wind Speed and
Azimuth Measurements on 5 April 1978 (Cont.)

WIND WIND
A_TITJIZ SPZED “IGMA AZIMUTH SIGMA
(KM) (M/SED) (M/3EC) (DEG.) (DE3.)
51.) 1742 2.3 Shlbe 15472
52.-0 15-2 1..3 3260 Q-Zl
53.3 13.4 bols 3C8. 6. 88
5‘0.4 250u 2.1 5070 QQ”DLQ
55 ey 24, C 1.7 304, 9.18
5641 13.0 2¢3 293, 13.24
57.1 2244 3.8 252, 13.73
5813 230 31 311. 7637
59,0 4o E 5.7 321. 12.23
Bl 38.4 S04 331. +e 21
61.3 38.2 +e8 324, Hel2
6c.’ 34.8 Ta 31c. Jeul
©3.2 32.8 3ol 369, el
H+el 31.6 1.7 3C05. 9. 404
6517 20.:2 2.7 295, e 72
662 2344 3.5 295, 1e 92
67.1) 13.4 1.3 27 3 5418
68eu 12.0 2. C 272. 17.(8
63.) 2548 Gels 254, 5.72
7ael 26.8 1.9 2€1. Go=lt
Tiel 20408 e 3 258, €64 85
7241 13.w 765 2EB, 41,22
73.1 19.4 bed 313 45,22
74a] 21.0 7.6 Ze 51.156
75 ¢4 2345 18.5 29 <8.81
70.) 41.3 2741 Luse 12422
7743 5545 2440 6. 6e 33
78eu 57.8 1+4.2 71 10605
79.) 61,0 343 65, 12437
Bie) 7445 15.0 83, 373
8Lled 85.5 23.1 99. 3.88
82.) 65.8 14.3 1C2. 519
393 45,.C 33 6o 28448
8L4aeld 45.8 7.2 83, 14.73
8544 51.0 Se4 6. 74 85
8561 53.5 Ao 40 11435
87.9 54.3 5.7 33, 15.19
8841 55.3 15.1 49, 10452
89,3 81,3 11.1 72, 354 37
90.9 39.38 9.0 66, 25. 71
91.3 9845 7e2 70, 25471
2260 37 .0 3.5 75 20,93
IO J 33.0 130‘0 8Y. 15002
Ylhae o 1J7.¢0 13.1 117. 13.95
9540 127.8 5.1 137, 13.03
96. 0 123.0 Le8 153, 20eC5
97.1 120.5 747 1R5, 25417
38,4 155.8 43.2 167, 14,81
99.4 172.3 61.7 160, be 24
1633 103.0 49.1 182, 7432
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Table 11. "Best Profile"” From Analysis of the Wind Speed and
Azimuth Measurements on 5 April 1978 (Cont.)

WIND WIND
ALTITUI:Z SPEED SIGMA AZI9YUTH SIGMA
(K1) (M/5€EC) (M/3ZC) (JEG.) (DES.)
lui-J l‘LOS 27.3 1.:5. 72.‘}7
102.12 55.3 b3 151, 65400
1eoey 61.8 17.5 304 78.38
10443 57.8 28.56 279. 32.51
105.0 43.5 4l1.7 181, 2he 04
Luo.0 14145 DeJ® 154, 0000‘
107.0 11944 0. 0" 146, U.00*
1.8.1] 6145 T.0% 167, 0.C0*
109.) 162.0 D.0%* 287, 0.00*

*Insufficient data available to calculate a value.
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Figure 12d. "Best Profile'' of Wind Azimuth Corresponding to Figure 12c
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Appendix A

Derivation of Density “‘Best Profile”” Estimates Equation

One would like to determine a technique for combining multiple measurements
(from different instruments) to obtain a "best'" estimate of density when the rela-
tive accuracies (measurement errors) are taken into account.

We derive here an approach which yields a ""best'" profile in the sense of
minimizing the variance,

Assuming the data is of the form
X]-_ =ut € (A1)

where X.1 is the measured value, u is the desired parameter, and €, is the random

noise with a zero mean and a standard deviation o That is,

E[Ei] 0

02[5] ol . (A2)

1

Let the estimate of y be denoted g and be a weighted average of the independent

data points available (at a given altitude). Thus,

TED DTS S (A3)

N
i=1



We wish to choose the wi's so that i is a minimum variance unbiased estimate

of u.
estimate. )
(a) Now for unbiased case we require:

from Eq. (A3) we have
N
ElE] = ) w; EIX]
i=1
and from Eq. (A1) we have
E[Xi] = u
Thus,

N
]=u2wi

i=1

Ef

=

and for an unbiased estimate we have

N
Zwi=l .

i=1

(b) Minimum Variance:

The variance of the estimate is given by

54

(If the €i's are gaussian, the estimate will also be the maximum likelihood

(A4)

(A5)




ate

A4)

A5)

———
-

e | TR

(Trick to include unbiased assumption using Eq. (A4)).

N-1
2 _ 2 02 +Q2 02
95 ° Yi % TUNON
i=1
N-1 N-1
B g 9 2\ 2
-Zwioi-f- I-Zwi oN -
i=1 i=1

Now for minimum variance we require

—H =0 forallj

yielding

2 N-1

do

__a _ 2 _ - 2

e zl Wi | oN
l:

—

Thus, using Eqs. (A6) and (A7)

[&]]
()}

(A6)

(AT)

(A8)



Therefore, .

But this must be true for any weight v, (we could have isolated any one weight

in Eq. (A5), we just happen to choose wN). Thus we require

1
2
93 .
W, T i=1, 2" N . (A9)
ZL
= 52
=1 7]

e

We may now evaluate the variance of i as follows. From Eq. (A5)

Thus,

g. = . (A10)

™z
— N’IH

—
1]
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Finally, if o

0-2 for all i (all data of equal value), we have the standard

unweighted average for minimum variance. That is,

_ L i
Wi N
and
2=ﬁ
Gﬁ N

57
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Appendix B

Summary of Sensor Measurements

In Tables B1—-B12, the results from each of the individual sensor profiles are

listed. The following list indicates which table corresponds to each sensor.

B1
B2
B3
B4
B5
B6
B7
B8
B9
B10

Bl11

Rawinsonde R0022 at 0825 GMT

Rawinsonde R0023 at 1240 GMT

Rawinsonde K0129 at 1233 GMT

Rocketsonde 2022A at 1429 GMT

Robin Sphere (XONICS) 2018 at 0855 GMT From XONICS Analysis
Robin Sphere (XONICS) 2019A at 1041 GMT From XONICS Analysis
Robin Sphere (XONICS) 2021 at 1243 GMT From XONICS Analysis
Robin Sphere (ASL) 2018 at 0855 GMT From ASL Analysis

Robin Sphere (ASL) 2019A at 1041 GMT From ASL Analysis

Robin Sphere (ASL) 2021 at 1243 GMT From ASL Analysis

AFGL Accelerometer Sphere at 1226 GMT

B12 - Hypersonic Sphere at 1142 GMT From MIT Lincoln Laboratory Analysis
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Table B1. Rawinsonde R0022 at 0825 GMT

HIND WINP
ALTITUDE TEMPERATURE NENSTTY DENSITY SFESD DIRZCTICN
(KM) (DFG.K) (XG74**3) / MONEL M/ SEC) {(DEG.)
61 295.1 «11154+C1 1.11 11.32 54
91 292.5 «1735401 1.08 11433 55,
1.22 290. 4 + 1055401 1.04 9.78 66.
1.52 288,72 «1025+401 1.01 6.75 56
1.83 28745 «9315+00 1.01 772 5E.
2.13 290. 2 «43E+00 +39 7.72 5S.
2okl 289.1 «918E+00 .92 6.18 72,
2074 287.7 «8807400 3¢ 5.15 76
3.05 28545 «865F4+00 .99 4.63 72,
3.35 283.4 «841E4+C0 e3¢ hel?2 GEe
3.66 281.2 «817E4+0Q0 «96 Lo12 55
3.96 279.2 «733E+00 «99 3.60 47,
Le27 277.1 «77JE+ L0 »99 4.67% 4€.
4.57 275. 4 « 74H6E+ D0 «99 6.16 52
L.88 2The 3 «721c4+00 «99 7T.72 54,
5.18 272.3 «700%+00 «39 9.7% 5%
5.49 270.9 «B77E+DD «99 11.84 59.
5479 2690 «HS55E+00 «39 12.36 6L,
6410 266 &4 « 6375800 3¢ 14,41 6F.
640 264 4 «613E+00 «99 16.99 96
6.71 26k, b «534E+00 «3¢ 18.02 65,
7.01 262.7 «5752+00 .38 17.50 6he
732 26045 «557F+00 1 16.99 54,
7462 258, 3 «5L0E+00 «99 15.44 55
792 2566 0 «52XE+00 39 13.990 57
8.23 253.9 «507E+00 «9CS 12.87 7C.
853 251.5 «431E+0Q «99 11.84 Tu,.
8484 2496 4755400 99 11,33 76
9.14 2L8.1 «458E+00 «39S 10.81 Tu,
9.45 24603 4425400 «99 10.81 77.
9.75 2hbe 1 6285400 .39 14.81 36.
10.06 Z41.6 « 4145400 «96 10,30 32,
10.36 238.7 «402E%00 1.00 9.27 101.
10.67 235. 8 « 7395+ 00 i.0¢C 9.27 10€.
10 .97 233.5 e 2765400 1.00 927 i1¢.
11.28 231.0 « 2AhLF+00 1.01 7.72 104,
11.58 228.6 « 7517400 1.01 6.18 35,
11.89 22601 «333E+00 1.01 Lel2 93.
12.19 223.8 « 3285 +00 1.01 3.09 112.
12.50 221.4 « 216E+00 1.01 3.60 125.
12.80 219. 0 « INS5E+D0 1.02 5.15 117.
13.11 716+ 5 « 2E+00 1,02 6463 1969,
13.41 213.7 « 234E+DD 1.02 7.21 104,
13.72 210. 8 e ?7LFE 400 1.02 6.69 135,
14,02 208,61 «?555%00 1.03 6469 111.
146,33 2085.5 «?55E400 1.023 6.18 122.
14.63 203.3 «245FE+00 1.07 Le63 14€.
14,94 2G1, 0 «235E+CD 1.33 L.12 13¢.
15.24 198.5 «276E+00 1.0232 3.60 177,
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= A

ALTITUDE TFEMPEFATURE

(K™)

15.54%
15.85
16.15
16,46
1676
17.07
17.37
17 .63
17«98
18.29
13.59
18.90
19.20
19.51
19.81
20.12
20442
20,73
21.03
21 .34
21.64
21.95
22.25
22.56
22.86
23.16
23.47
23,77
24,408
24 .33
24,69
2499
25.30
25450
25.91
2h.21
26 .52
26462
27 .13
27 43
27 «7h
28.04
28.35
28465
28.96
29.26
2957
238.67
30.18
3040
30.78
31.09
31.39
31.70
32.00

Table Bl.

(DEC.K)

196.1
193, 3
191.1
129.9
138. A
16601
189.1
192. 4
192. 38
193.1
194, 2
197.5
199, A
2N3. 0
¢04s S
c0b. 3
20545
207.2
209.0
21n0.8
211. 3
212.3
211.13
213, 8
215.1
214.6
214.1
214.3
2164 1
217.1
21iT. R
21G. A
220.9
221.7
221.1
221.0
221. 10
221.3
22245
224, 2
22640
c28.9
230.73
230.5
230.3
229.6
22847
c28.h
230.1
231.1
231.9
233.1
234,90
234e 5
234.5

Rawinsonde R0022 at 0825 GMT (Cont,)

NENSTTY
(KG/MERT)

: 2178440
02037490
«?0NE+N0
« 1317400
1825400
173400
2157200
« 1512400
« 163400
«13/T40N
«128%+00
« 1195400
J1172E %00
« 1355400
s 9835 n]
JCuNF-01
«8382-01
«F337T-01
3 TIE- 1
fTLTE=N1
« TETE=0Y
«F72Z-01
sPB2E-01
A 0AT=01
«F745-01
o 543E-01
524 ==nq
e4332-71
W471Z-01
dLURE-NY]
W28 =r1
s4n22-11
e TA2C-01
o TELT-01
e 7487 -101
L1780
QT17I-01
e 232E-01
s 237E=-N1
L P272F-01
«258==01
024311
« 215~ (1
«2?217=101
«?115-01
« 213E~N1
e 134%=01
«1857-01
0177Q‘n1
.168F-01
«180C=0i1
e 152=T=n1
e 14HF =N
el ¥AZ=01
« 1128 -01

61

DENSITY
/ MOREL

1eud
1.04
1.0¢
1.04
1.04
1.00
1.04
1.97
1.072
1.9¢
103
1.32
1.0?
1.0¢
1.3C
1.01
1.01
1.0C
1.00
1.30
1.0°
1.00
1.71
1.90
1.C0
1.00
1.01
1.01
1.00
1.00
ledt

99

«3¢

«39
1.0C
1.00
1.00
1.CC
1.00

.9¢

«9¢

38

«37

« 3R

«38

30

«99
1.00

39

«Qc
«99
«99
«9Q
39

«39

wIHD
SPEED
(M/ SFCY

2.6"0
3.09
3.09
5.15
8. 2“
Q,7¢
10.81
11.84
10.81
7.21
3467
?.06
2.09
3.09
1.54
Le1?
4463
2.57
2.57
5.15
feld
BehH9
6.69
7.21
669
7.21
9,27
.24
£.75
9.78
190.3°0
1287
13.4549
12,36
11.56
11,84
G,27
772
7.21
5.66
.03
Le12
L.63
3e61]
1.54
3.09
566
6.69
5.66
5.66
5.15
64138

WING
AI=ZCTICN
rmec,)

172.
132,
158,
1323,
12¢,
124,
110,
36
T)F..
3¢,
RS
128,
16?.
1['2.
'1.
3Cl
3%
?2.
33¢.
122.
312,
1.




Table B2. Rawinsonde R0023 at 1240 GMT

WIND WIND
ALTITUNE TE4PERATURE NENSITY DENSITY SPEED NIXECTICN
(KM) (DEG .K) (Kr7q**) / M3DFL (M7 SEC) (DEG.)
b1 2944 3 s111°401 1.12 10,81 61
91 ¢%1.,7 «103E4+01 1.08 10.81 K1l
1.22 289.7 «105%e0] 1.08 10.39 51.
1.52 287.9 « 1027401 1.91 10.30 62
1.23 28547 ¢« 3352400 1.01 11,33 53,
2.13 23542 «QETE+ 00 1.01 6.69 78.
2.l 787.9 «9217+00 «99 5.15 97.
2.7k Z2386e 6 « 8922400 «39 6413 88,
3.05 23445 « 2R7E4CO 1.0¢C 6.13 3€.
3.35 282.8 s B415+00 «39 5.15 90.
3.65 Z8C.F « #18E4C0 .3¢ 3.03 €,
3.96 272, 6 « 7924 00 «9c 2457 7€,
Lo27 276.7 «770E+D0 .9¢ .12 76,
457 275.0 e 7L6BE+D0 .9Q 7.21 Th,
4.88 2737 « 722E400 «9¢ 9.78 69.
5.18 272.1 «h3IJE+DO 39 11.564 63,
5.49 269. 6 735400 90 11.84 70.
5.79 2675 «RA53C¢00 «9¢ 11.84 The
hell 265, 4 s AT3T4 D0 .99 14.41 72,
.40 26L. 2 <6 17E400 .9Q 16.47 5¢C,
6.71 263.7 «534E+CO 38 16.99 64,
7.01 262.1 e 576574 0N 98 15.96 52
7032 260.0 «5R7F+00 .98 146.41 52
7462 25841 « 5395400 «98 12.87 6%,
7492 255.6 «523E+00 «39 12.87 68,
8.23 253. 4 «5CREAND 90 12.36 71,
8453 251. 0 «L4315400 «9¢ 11.84 74,
d.84 248.8 wL75T400 «39 10.81 723,
S.1k 47,6 «4535+00 99 10.81 69.
9.5 24L5. 8 «L42E400 «99 8.78 70,
9.75 243, 2 s L23E400 e3¢ 8.24 77,
10,06 240.5 «L153400 «9¢ 7.21 8¢,
10.35 ?237.7 «L725+00 1.00 7.72 34,
10.67 235.1 « TRAEH(Q0 1,90 7.72 38,
10.97 232.h « 3765400 1.0C 7.21 107.
11.28 229.83 «XELE+QD 1.01 6.18 112.
11.58 2277 « 3525400 1.01 5.66 102.
11.89 224. 8 e SUIE+00 1.01 L5653 92.
12,19 22241 » T?235400 1.01 3.09 88.
12.50 218.9 « 175400 1.01 3.09 97,
12.80 217. &4 « 252400 1.02 4e12 18,
13.11 214, b e 225400 1.92 5.66 11¢c.
13.41 212.1 s 2347400 1.02 5.66 114,
13.72 709.5 « 2745400 1.02 5.66 i1¢.
14.02 z07.1 e ?RLE+DD 1.03 Leb63 131,
14.33 205.1 «25%F 400 1.03 4,63 i5¢.
14 .67 202.9 e 2L+ 00 1.03 4.63 172,
14.94 Z0Ce & « 2342400 1.023 5.15 139,
15.24 15840 e 2255400 1.92 6.69 203.
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Table B2. Rawinsonde R0023 at 1240 GMT (Cont.)

HWIND WIAND
ALTITUDE TEMPERATURE DFNSTTY DENSITY SPEED NIRECTICN
(XKM) (DEG.K) (XKG/M**1) / MODEL (M/SEQ) (NEC.)
15.54 195. 7 « 21RE+DD 1,03 7.21 204,
15.85 193.7 « 2075400 1.03 6.18 187,
16.15 191.7 «138E+00 1.02 6.18 155.
1646 189.7 «199E+0D 1.02 824 134,
16476 18863 « 131E+00 1.04 9,27 12z.
17.07 138.2 «171F+00 1.04 8.75 174,
17 .37 189,5 e1c1E+ 00 1.02 8675 82
17.68 130.5 «1527+00 1.02 9.27 58
17.98 190, 3 «144F+00 1.06 9.78 AE.
18.29 191.1 «126E5+00 1,06 9.27 55,
18.59 19440 «127€400 1.02 7.21 653,
18.90 199, 2 «117E400 1.00 3.60 57
19.20 20247 «1N3F+00 «39 1.0%3 299,
19,51 203.1 «17F4+00 1.00 2.57 271,
19.81 202.3 «990F=-01 1.01 1.03 200,
20.12 203.1 «937-01 1.01 1.03 41.
20642 €05. 8 «3905-01 1.00 1.03 2
20673 208.3 «27E-01 «95 2.57 297,
21.03 211.1 «777E=0N1 «98 5.15 277,
21.34 210.5 «742F=01 «39 6.69 370.
21 .64 c09.8 «7N3E~-01 1.0°C 7.21 29¢.
21095 21?.‘0 05575‘01 099 8-2“ 290.
22425 215.2 «6276~-01 «38 9.27 233,
22456 21645 «5345-01 98 Q.78 277,
22.86 2160 4 «5675=-11 «99 8.75 271.
23.16 217.2 +F33F-01 38 T.72 2h 3,
23047 217. 0 e 514E=-01 «99 7.72 259,
23.77 216. 4 «4815-01 «99 8475 25 8.
24438 2164 4 «L447E-01 1.00 9.78 258,
2ke69 c17.5 s L28F=01 1.00 9,27 2650,
26,99 219. 4 JLO1E-01 «96 8,75 257
25.30 220.6 «330T-01 .39 7.72 277
25460 220.8 ¢ ¥53E=-01 «99 6.69 ?288.

25.91 221.3 o T45E=-N1 «3°
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Table B3. Rawinsonde K0129 at 1233 GMT

WIND WINC
ALTIYUDE YFMPERATURE NENSTTY DENSITY SFEEN DIRECTICN
(KM) (DEG.K) (KR74%%3) / MODEL (M/SEC) (NEC.)
61 29541 «1115¢ 01 1.11 10431 5.
«91 292.3 <1735+ 01 1.06 10.81 70.
1.22 290.1 L 1156401 ° 1e04 11.33 72,
1.52 z88. 6 s1M25 40 1.01 10.81 75.
1.583 286.6 . 321F+00 1.01 10.30 T7.
2413 791, 0 «Quh”Z4+00 .9 7.7? 81,
2.44 89,7 0132400 .59 7.21 38,
2.7 z67.7 8015400 .3¢ 5.18 9¢.
3e05 285.5 JREAT+ 00 .9¢ 6.18 3g,
3.35 283.3 W PUF 400 .96 5.66 7€
3.66 Z81e b 8175400 «9¢ 4e12 56
3.96 279, 3 «73TE400 .9¢ 7,09 38,
4,27 27741 «77IE4+ 00 .99 4.63 50,
4457 27642 o 7S+ 00 .99 7.21 57,
466 2T4.7 7215400 .35 B.204 58.
5.18 273,10 932400 .9¢ 10430 60,
5.49 27C. 7 JFT78E4C0 .39 11.33 56
5.79 26844 W AEBE400 e 365 11.84 Ty,
6410 265.6 JF41T00 .90 13.90 7€,
640 Z6Ue 2 SA13E400 «9¢ 16.47 X
6e71 264, 1 5952400 .98 16,99 Hlb,
7.01 262.6 LE7BE400 .98 1647 53,
7.32 2h0, 8 «ERTE+D0 .98 15,64 5.
7.62 25847 « 5297400 «9E 164441 70,
7.92 25645 « 523+ 00 .99 13.35 73.
8.23 25441 . «507Z4¢0N0 «99 13.38 T4,
8453 . 252.2 5397400 «99 11.33 76,
8.804 25045 4735400 «99 9.27 78,
9.14 Z48.5 4585400 .9¢ 8.75 32,
3.45 246,7 LL25400 .39 o244 30.
3,75 24b, 4 L2383 400 .90 8e24 111,
10.06 ?81.7 «L15E+00 T .48 9.27 116.
10.36 239.0 SLI2E400 1.00 9.27 10¢,
10.67 236, 3 7835400 1.0C B475 11€.
10.97 233.9 LX7AEH00 1.00 Bs24 114,
11.28 231.6 «783C400 1,00 8.2 T 197,
11450 229. ¢ «2513400 - 1.71 7.21 101,
11.89 22647 «T83F 400 1,01 . beld 37,
12.19 2723.5 . 723F& 00 1.01 6.18 11,
12.50 221.2 e T17540 0 1.02 6.16 100.
12,80 Z18.5 «3NAT400 1,02 6.69 Ja,
13,11 215.9 «235F 00 1.02 6.69 101.
13,41 213.3 « 7355400 1402 HhelR 106,
13.72 210, 8 W 274E+00 1.02 5.15 118,
14402 208.9 2645400 103 4.63 137,
14.33 206.5 « 2545400 1.0 4e12 15¢,
14 .63 204e 3 e 2445400 1,02 3.60 133,
14 .94 2014 02355400 1.03 4,12 Z11.
15.24 198. 49 e 226E4 00 1.02 4.63 7221,
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Table B3. Rawinsonde K0129 at 1233 GMT (Cont.)

WIND WINC
ALTITUDE TEMPFRATURE DFNSTTY DENSITY SPEED NIRECTICN
(KM) (DEC.K) (KG/M®*T) / MOOEL (M7 SEC) (CEG,)
15454 1964 5 e 7175400 1.03 4e63 218,
15.85 154, T «213F*NQ 1.02 bel?2 203.
1615 192.0 « 2005400 1.04 Le12 i7¢,
1646 190.1 1312400 1.04 5.66 151,
16.76 183.6 «123F+ 00 1.04 7.72 132,
17 .07 187.5 «174Z400 1.05 8475 118,
17.37 186,93 «1A5E4 00 - 1.06 9.27 112,
1768 189, 3 e 1545400 1.05 8.24 3%,
17 .98 191.7 1345+ 00 1.0L Te72 6€.
18.29 193.6 «125540C 1,04 7e21 47,
18.59 1394, 9 «1 235400 1.02 6613 I,
18.90 197.2 «1295400 1.0% 2.57 t4.
19.20 Z2Nl.7 « 1117400 1.01 1.54 237,
19.51 NTe b «1C5%+00 1,00 2406 23 €,
19.81 203.4 «9235£-91 1.01 1.54 3an.
20.12 203, 8 e B4 T-N] 1,01 2457 21
200‘42 2&“02 -B“,:'Gi 1.01 1.5‘0 ,Uo
20,73 21742 +873E-01 1.01 2.086 121.
21.07 209.8 «TA3E-01 100 Lol12 InE.
21.34 211.1 o 7T4H75-51 1.9°7 S.66 30z,
21 464 211, 3 711501 1.00 7e21 297,
21 .95 212.5 AR7TE-N1 1.00 721 ?31.
22425 2144 3 o”"-‘”:)?‘ﬂl 1,90 772 284,
g = 22056 21‘0-q '(:.gr:;t.‘_nl 1.00 7.21 ?'go
: 22.86 215.3 «S75FE-01 1,00 7.72 272
23416 216, 4 «F452-01 1.70 875 25€,
23047 217. 3 o 5185-01 1.00 10.81 2h 1.
23.77 217.% «433F-01 1.00 11.84 262,
24 .08 217.9 Ju73E-01 1.00 11.84 26C%.
2L e 38 213.1 s L48F-01 1.0C 10.31 257,
24«69 718.3 e427z-0n1 1.00 10.30 272,
24 .99 219.1 LR =01 1.00 9.78 2?77,
25430 220.7 o TRUT-11 1.0°C 9,78 27¢e.
25.60 221-0 .YC'A:-ﬁi 1.0“ 9.27 ?"7.
25.91 22007 « X505 -01 1.190 Q.27 275,
26.21 ¢21.2 e TI?E-N1 1.00 8475 274,
26452 223. 1 «¥152-11 1.00 5.75 277.
26482 225.6 «?238E=01 .39 7.72 28¢.
27 «13 227.1 «237F=01 38 618 237,
27 o 43 227.1 «270F-0N1 39 Lel2 239.
27 .74 227.3 « 257C-11 99 2.06 269.
28 .04 228. 2 2458 =01 3¢ 2.57 235,
28.35 2728.h .2’-‘;-"-91 «9Q 3.03 2‘010
28.65 22903 « 224F=01 .99
| 28.96 230.1 $2135-01 .39
29.26 231.1 e 20301 «309

- T
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Table B4. Rocketsonde 2022A at 1429 GMT

W IND WIND
ALTITUDE TEMFERATURE DENSITY DENSITY SPEED OIRZCTION

(KM) (DEG. K) (KG/ M**3) / MODEL (M/SEC) (DEG.)
20.99 208.6 «798E-01 «99 0.00 0.
21.00 208.5 079“E-01 .99 0000 00
21.25 ©239.0 «764E=-01 «99 J.00 0.
21.50 209. 4 «733E-01 1.00 3.00 0.
21-75 209.8 0702E‘01 1.00 3,00 0
22,00 210.2 e673E-01 1.60 6., 0C 288,
22425 210. 8 «H645E=-01 1.00 7.00 2919,
22450 214.9 «608E-01 «99 : 6.00 287.
22475 215. 4 «583E=-01 «99 6600 282.
23.00 21508 0560E‘01 «99 6,00 276
23.25 216.3 -537E'01 .99 8,00 267
23.50 216.7 «516E-01 1.00 8. 00 268
2375 21642 «497E-01 1.00 9.00 260 .
24400 215.6 « 4L79E=-01 1.01 8.00 265
24425 215.0 LBH2E-01 1.02 10. 00 258,
24450 215.7 443 E-D1 1‘.’:2 9,00 272
2Le75 217, 5 «422E-01 1.01 10.00 266,
25.00 219.1 «403E=-01 1,01 13.00 277,
25.25 220.7 «385E-01 1.00 10.00 274,
25.50 221. 3 «370E-01 1,00 13.00 233,
25.75 221.4 «356E=-01 1.01 13.06 279,
26.00 221.5 «342E-01 1.C01 1d0.0¢0 286.
2625 2224 4 «328&E-01 1.00 10.00 290.
27.00 226.0 «288E-01 «99 7.00 293.
27 425 2264 4t « 27T7E=-01 « 99 6.00 291,
27 .50 22601 «268E-01 «99 5.0C 291.
28.00 22745 e 2LTE-N1 «99 4.00 287,
284.25 229.5 «236E-01 «88 4,00 283,
28450 2301 +227E=-01 «98 4.00 302,
28.75 230.5 «218E-~01 .98 L.0O 279.
29.00 230.8 «210E-01 «98 4,00 307,
29.25 230.5 «203E-01 «98 3.00 286
29.50 230.0 «196E-01 «99 3.00 321,
29.75 229. 4 «189E-01 «99 2.00 331.
30.00 229%. 4 «182E-01 «99 3630 343,
3025 230.8 « 175E-01 « 99 4,00 25,
30.50 232.2 «167E-01 <98 5.00 3.
30.75 23243 «161E-01 «938 7.00 58,
31.00 232.1 «156E~01 « 99 9.00 72
31.25 231.8 «150E=-01 «99 11.00 82.
31.50 231.6 " 2 145E-01 «99 12,00 B9 .
31.75 231.9 «140E-01 «99 14630 89,
32.00 232. 4 «135E=01 «99 15. 0U g0.
32.25 233.0 «129E-01 «99 16.00 88.
32.50 233.3 «125€-01 «99 13.00 94,
32.75 233.9 «120E-01 «99 23.00 95,
33. 00 234, 3 «116E=-01 «99 23.00 99 .
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Table B4. Rocketsonde 2022A at 1429 GMT (Cont.)

WIND WIND
ALTITUDE TEMPERATURE DENSITY OENSITY SPEED DIRECTION

(KM) (DEG.K) (KG/M**2) / MODEL (M/SEC) (DFG)
33,50 235.2 «107E~-01 99 23.00 10C.
33.75 235.6 «133E-01 «99 23.30 98 .
34.00 236.8 «990E-02 «99 26.00 96,
34.50 2393 «913E-02 « 99 29,00 97.
34.75 238.8 «883E-02 «99 28.00 g98.
35.00 238.6 «854LE-02 «99 31,09 97,
35.25 240.3 «818E-02 « 99 28,00 37 .
35,50 242.0 «785E-02 «98 33.00 37.
35.75 2437 «752E-02 .38 29.00 94 .
36.00 24362 «728E-02 «98 33,010 95,
36425 243.8 «7Tuw2E=02 « 98 31.30 92.
36450 2404, 7 «676E-02 «98 34.00 93.
3675 245. 8 «650E-02 +98 32.00 31,
37.00 24648 «62EE=-02 oqa 3beCu 90 .
27.25 247.8 .602E=02 «98 33.00 8.
37.50 248.9 «5739E-02 «97 25,00 88.
37.75 249.5 «558F-02 «97 35,0¢C 37,
38.00 250.0 «539E-02 «97 35.00 37,
38.25 250. 6 «520E-02 «97 35.00 88.
38450 251, 0 «502E=02 «97 35.00 87.
39,00 251. 9 «LB6BE=02 «97 35.00 38.
39.50 252.7 «436E=-02 .97 35.00 99%.
39,75 253.9 «L20E-02 «97 3L.0C 0.
40,00 255, 8 e LILE-D2 «97 33.00 90.
40.25 257.2 «388E-02 «96 33.080 89.
40,50 257.3 «376E=02 96 31,02 88.
40.75 257. 1 « 364LE=-02 «97 31.66 39,
41,00 25649 «352E-02 . Q7 39.00 39,
41 .25 258.5 «339F=-02 «97 28,00 90.
41.50 261.7 «324E-02 «96 25.00 9¢C.
41.75 265.0 «310E-02 « 85 21.00 6.
42.00 268.3 «297E-02 ° 94 16600 32,
42425 271.3 «285F=02 « 93 13.30 73.
42450 27443 «273E=02 92 8.00 6b4.
42.75 277.6 «262E~02 «92 6.00 38
43,00 280.7 «251E-02 « 91 3.00 341,
“3025 280.4 OZ‘OLOE-OZ 092 7000 304,
43.50 279 4 «238E=-02 .92 13,00 275.
43.75 278.5 «231F=-02 93 14,090 284,
L4400 27748 «225E-02 ° Q4 15. 00 271 .
44,25 276. 8 +219E=-02 « 94 17.00 271.
44,50 27640 «213E-02 «95 16.00 262
44,75 2756 3 « 23 7E=-02 96 24.090 262
45.00 274e 4 «202E=-02 « 96 15.00 252 .
45.25 273.7 «136E-02 «S7 23.00 257,
45450 272.9 «1917-02 97 15.00 251,
45,75 271.9 «185E=-02 «98 17.00 256,
46.00 271.2 «180E-02 «98 15.00 252,
46.5C 271. 4 «169E-02 «99 12.00 246,
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Table B4. Rocketsonde 20224 at 1429 GMT (Cont. )
WIND WIND
ALTITUDE TEMFERATURE DENSITY DENSITY SPEED DIRECTIOA

(KM) (DEGK) (KG/M**3) / MODEL (M/SZO) (DEG.)
47 .25 272.2 «154E=-02 «99 13.00 2L7.,
47.50 272, 6 «149E-02 «99 13.00 241,
47.75 27340 e144E-02 » 99 11.00 237,
48.00 273.1 «140F=-02 « 99 14.00 238.
48.25 273.5 «135E-02 «99 12.00 244,
48450 273.9 «131E-02 +99 12.00 247,
L48.75 ) 27442 «127E-02 « 99 7.00 254 .
49.00 273.9 «123€=02 «99 9.00 266
49,25 27247 «120E-02 «99 6.00 296, .
49,510 270. 6 «117E=-02 i.c00 8,00 300,
49.75 270.5 «114E-02 1.00 8.00 328.
506093 270.5 «110E-02 1.00 8.00 329,
50,25 271.0 «107E-02 1.¢0 11.0¢C 330,
50.590 270.8 «104F=-02 1.00 11.00 340,
50.75 271. 0 «100E-02 1.00 12.00 351,
51.0v 27%.9 «974E-02 1.00 14.00 341,
51.25 271.1 +9LL4E~-D3 1.00 13.00 337,
51.50 271.3 «914E-03 1.00 15.00 326,
51475 27045 «839E-03 1,00 12,00 331,
52,00 269, 6 + 865E-03 1.00 16,00 318,
52.25 268.7 +841F=-03 1.00 14.00 324,
52.50 26845 «816E=-03 1.00 19,00 316
52475 26745 «794E=-03 1.01 17.00 326,
53.03 266,47 e 772E-02 1.01 21.00 316,
53.25 266410 «750E-03 i1.C1 22,00 319,
53.5¢C 265, 3 « 728E=03 1.01 22.00 321,
53475 26Le U . 708E-02 1.01 25.900 326
54,00 263.8 «B6B7E=-02 1.01 24,00 324
54.25 263 4 «667E=-023 1,01 26,00 326,
54,5C 26245 «BHLBE-D3 1,01 25.0C 324,
54.75 261.7 «630E-03 1.01 26400 323,
55.00 261. 0 «611E~03 1,01 23.00 319,
55425 26043 «594E=-02 1.01 24,00 318,
55.5¢C 259. &4 «577E-03 1.01 22.00 317 .
55475 25849 +560E-03 1.01 22.00 310,
56403 259.3 S5u1E-02 1.01 21.00 308.
56.25 26060 «522E=03 1.01 23.00 303,
56.590 260.7 «505E-03 1.00 22.00 303
56,75 261.2 s 4B7E-03 1.00 24,00 301,
57408 262, 4 s 470E-03 «99 24.00 304,
57.25 262.7 +455E-03 .99 26,00 307,
57.75 261.0 «430E-02 « 99 28.00 315,
58.00 260.1 «417E-D3 «99 29.00 319,
58.25 259.2 «40HE-03 1.00 29.00C 324,
58,.,5C 258,42 e 394E-D3 1,00 29.00 328,
58475 257.1 ¢« 383E-C3 1.00 29,00 331.
59,00 256.1 «372E-03 1.00 29.00 333
53,25 255, 2 « 362E-03 1.00 29.0¢0 334,
59,50 2544 2 «351£-03 1.00 2%9.00 333,
59.75 253. 4 e 341F-03 1.01 29.00 331.
60633 252+ 4 «331€-03 1,01 29,00 329.
60,25 251, 5 ¢« 222E-02 i.C1 29,00 325,
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Table B4. Rocketsonde 20224 at 1429 GMT (Cont.)

WIND WIND
ALTITUDE TEMPERATURE DENSITY DENSITY SPEED DIRECTION
(KM) (DEG.K) (KG/M**3) / MODEL (M/SEC) (DEG.)
60450 25047 «312E-03 1,01 29.08 322.
60.75 249%.9 o 302E-03 1.61 29.0¢C 319.
61.00 249.1 «294E-03 1.01 30,00 315.
61.25 248, 2 +285E=-03 1.01 30.00 312.
61.50 247.3 «277€E-03 1.01 30,00 31C.,
61.75 2460 4 »268€E-03 1.01 30400 309.
62.00 245. 4 «261E-03 1.01 30,00 309.
6225 245,14 « 252E-03 1.01 29,00 309,
62,50 24445 s 244E-03 1.01 27,00 309.
62.75 243, 3 «237E-02 1.01 27.00 308,
63.25 24064 «224LE-03 1,01 28,00 304,
63.50 239.0 «218E-03 i.02 28.00 302.
63,75 237.7 «211E-03 1.02 29.00 299,
64l 00 2360 4 «205E=03 1.02 29,06 2396,
64425 234469 «199€-03 1.02 29.06 293.
64450 233. 4 «193E-03 1.02 30,00 290,
6475 . 231.9 »188E-03 1.02 31,00 287,
65.00 230.6 «182€-03 1.02 32,00 284,
65425 229. 4 «177E-03 1.02 32,00 281,
65.50 2272 «172E-03 1.03 31.00 279,
66609 22L o b4 »162E-03 1.03 28,00 275,
66+ 25 223. 6 «156E=03 1,03 26.00 274 .
€6450 222.9 «151€-03 1,03 25.00 273,
66475 222.2 «146E-03 1.03 23.0C 273.
67.00 231.9 «140E-03 1.01 21.00 273,
67,25 0.0 Oe .00 20600 270.
67.50 8.0 0. Jo 10 19.00 266,
67.75 0.0 8. 0.00 19. 00 258,
68,00 0.0 0. 0.00 19.00 250,
68,25 0.0 Oo 0.00 21.00 246
68.50 0.0 0. 0.00 22.00 245.
68.75 0.0 0. 0e00 24.00 245,
69.00 0.0 g. 0.00 26.00 245,
69.25 0.0 Oe U.00 28.010 245,
69.50 0.0 0. 0.00 29.00 245.
69.75 0.0 0. 0.G0 29,00 247
70,00 0.0 0. 0.00 28.00 250,
70.25 0.0 0. 0.00 26.00 256.
70.50 0.0 0. 0.00 23.00 263,
70.75 0.0 Oe 0.00 21.00 272,
71.00 0.0 0. 0.00 18,00 281.
71.25 0.0 Oe : 0.00 16.00 291.
71.50 00 0. 0.00 14,00 302
71.75 0.0 0o 0,00 13,00 316
72.00 0.0 0. 0.00 12.00 329,
72425 0.0 0. 0.00 12.00 343,
72.50 0.0 0. 0.00 12.00 356
72,75 1.0 0. 0,00 13.00 8.
73.00 0.0 0. 0.00 16,00 17,
73.25 0.0 0. .09 19,00 24
73.58 0.0 0. 003 24,00 27 .
7375 0.0 Oo 0.00 27.00 31
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Table B5. Robin Sphere (XONICS) 2018 at 0855 GMT From XONICS Analysis

WIND WIND
ALTITUDE TEMPERATURE DENSITY DENSTITY SPEED DIRECTION
(KM) (DEG.K) (KG/M**3) / MOBEL (M/SEC) (DEG.)
109.50 24642 «111E-06 1.16 265,00 281.
108.25 215.8 «132E-06 1.33 211. 00 274
109.00 214.1 «13ARF=06 1.34 158.00 274,
108.75 218.7 «140E-06 1.30 108.00 276,
108450 200.8 «159E=-06 1.42 83.00 255,
108.25 175.7 «130E-06 1.63 93.00 226
108.00 156. ¢ «223E-06 1.84 124,00 206 .
107.75 153.8 «240E-UB 1.90 150,00 196.
107.5C 159, 3 «245E=-06 1.86 160.00 189,
107.25 17243 «238E-06 1.73 163.00 185,
107.00 187.1 «229E-06 1.60 166.00 185,
106,75 191,1 «234LE-0F 1.56 166.00 190.
106.50 190, 1 « 2LEE-06 1.57 1538.00 199 .
106 .25 130.0 «257E-06 1.57 146.00 208.
106.00 1385,6 2« 260E=-06 1,52 133.00 217,
105.75 204.8 «259E-06 1.45 117.0¢C 229.
105.50 216.7 «255E-06 1.37 111.00 242,
105.25 228.4 «251E-06 1.29 108.00 253,
105,00 24647 « 2U0E-06 1.17 106.00 269.
104,75 261.8 v234E=06 1.09 116. 00 283,
104,50 250.5 «252E-06 1.13 133.00 283.
104.25 241.2 «271E-06 1.16 154,00 283.
104,00 255.1 «265E-06 1.08 176.00 283.
103.75 273.0 «256E=06 «99 174.00 281.
103.50 288.0 «250E=06 «93 167.00 281.
103.25 293.1 «252E=-06 «89 159,00 281,
193.00 283.,9 «268E-06 «91 152.00 279,
102.75 269. 1 «291E-06 « 94 148.00 276,
102.50 262.10 «308E=06 «95 147,00 273,
102.25 258 4 «323E=-06 «95 141,00 270,
102.00 249,5 «345E=06 97 121.00 262.
101.75 233.0 «383E=-06 1.62 99.00 243 .
101.50 211.0 «4339E=-06 1.12 92.00 217.
101.25 193. 8 «497E-06 1.21 100.00 195,
101.00 180.0 «560E~06 1.30 114.00 181.
100.75 173.9 «607E-06 1.35 126,00 172.
100.592 172.6 «BbL2E-06 1.36 134.00 167.
100.25 172. € «673E=-06 1.37 125.00 165.
99,75 177.0 «722E=-06 1.34 120,00 163,
939.50 179, 2 « T4L7E=-06 1.33 113,00 160.
99.25 181.6 «771E-06 1. 31 94.00 158.
99.00 182'8 OBDZE-06 1030 8“000 1570
38.75 182. ¢ «8LUE=-06 1.30 82.00 153.
98.50 182.0 «877E=06 1. 30 85.00 147 .
98.25 187.2 «896E-06 1.27 92.00 138.
98.00 192.9 »908E=-06 1.23 101.060 131,
97.50 192.5 «991E-06 1.23 112.00 126.
97.25 187.9 «106E=05 1.25 108.00 127,
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Table B5. Robin Sphere (XONICS) 2018 at 0855 GMT from XONICS Analysis (Cont. )’

HIND WINO
ALTITUDE TEMPERATURE DENSITY DENSITY SPEED DIRECTION

(KM) (CEG K (KG/M**3) / MODEL (M/SEC) (DEG.)
96.75 188.6 +115E-05 1.24 90.00 128,
96450 193, € «117E=05 1.20 73.00 124,
96.25 199.7 «119E=-105 1.17 71.00 118,
36.00 205.1 «120E-05 1.12 68.00 111,
95,75 207.7 «124E=05 1.11 73.00 106,
95,50 206.9 «129£-065 1.10 746,00 196.
35,25 2050 4 «136E-05 1.10 80,00 106,
385.00 204.2 «142E-05 1.10 90.00 106.
94,75 203. 0 «149E-05 1,10 939,03 i06.
94.25 202.7 +162E-05 1.09 115.00 103.
34,00 205. 1 «166E-05 1.06 119.00 98.
93,75 2056 &4 «173E-05 1.05 117.00 94 .
93.50 202. 4 «183E-05 1.06 109,.C0 91.
93.25 199. 5 «193E-05 1.07 99.0¢0 87,
93.00 19847 «202€-05 1.06 91.00 82,
92.75 199.2 .210E=-05 1.05 87.00 77,
92.50 199, 5 «219E-15 1.05 85.00 72
92.25 199.6 « 228E-05 1.04 83.00 66 o
32,090 199,5 «238E-05 1.,C3 84,00 60,
81,75 200, 0 «247E-05 1,02 91.00 53,
91.50 200.3 . 257E-05 1.01 101.30 47,
91.25 290.0 «269E=05 1,01 111.00 L2,
91,00 198, 9 «282E-05 1.01 117,00 38,
90.75 197.8 « 295E-05 1.01 119.00 36.
90.50 198.8 +306E=05 1.00 121.00 33.
90,25 201.7 »314E-05 «98 123 .00 28
90.0¢0 2040 0 « 324E-05 ¢ 96 137.00 23,
89.75 204 .7 «336E=-05 «95 142.00 19,
89,50 203.6 «352E=05 «95 135.G60 19,
89.25 203.7 « 36EE-05 * 94 124.00 20,
839.00 295.3 «378E=05 93 112.00 21.
88.75 207. 4 «390E-05 92 96,00 21.
88,50 209.1 «403E-05 ¢ S0 80,00 18,
88,25 2106 3 «417E=05 89 66. 00 i5.
88.00 211.3 «431E-05 .88 55.00 13.
87.75 2130 4 s LLLE-QS « 86 49,00 150
87 .50 215.1 «458E=-05 «85 44,00 22.
87.25 215, 8 WH7LE-D0S 84 39.00 32,
87.00 216.0 « 492E-05 «83 34400 L6
86075 21701 .SGQE'US 0 82 29000 63'
86.50 219.1 +524E=~05 «81 27.00 80,
86.25 220.8 «540E-05 .79 25,00 92.
86.00 221.2 «559E=05 78 23.00 98,
85.75 221.2 +581E=-05 «78 20600 88
85.51 22048 « BJ4E-05 « 77 22.00 64
85.00 21b4e 6 «671E-G5 78 38400 45,
84,75 2103 «711E-05 79 43,00 L6,
84.50 207.1 «752€=05 - 80 45.00 49,
84625 204.0 «734LE-05 «80 LL,00 56
84,00 201.9 «837E-05 81 39,00 68 .
83.75 20069 «876E-05 « 81 35.00 84
83.50 200.9 .913E-05 «80 35.00 100.
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Table B5. Robin Sphere (XONICS) 2018 at 0855 GMT from XONICS Analysis (Cont. )

WIND WIND
ALTITUDE TEMPERATURE DENSITY DENSITY SPEED DIRECTION

(KM) (DEG . K) (KG/M**3) / MODEL (M/SEOC) (DEG.)
83.00 200, 8 +992E-05 «80 45.00 122.
82.75 200.7 «103E-04 79 53.00 125,
82,50 2004 8 «108E-04 79 62.00 127.
82425 200.9 » 112E-04 + 79 71.90 129,
82.00 201.u «117E=-04 79 79,00 131,
81475 201. 4 «122FE-04 «79 86400 133.
81.25 201.6 « 132E-04 78 94,00 134,
81.00 199. 7 «139E-04 79 91.00 130.
80.75 19649 ¢ 147E-04 « 80 86400 121.
80 .50 192.7 «157E=04 «82 84, 00 138.
80.00 184.5 «179E-04 * 86 84.0C 84 .
79.75 181.9 «130E-04 87 89.00 T4,
79.50 181.7 » 199E-04 +88 839.00 65
79.25 182.7 «207E=-04 .88 83.00 58.
79.00 18443 e 214LE-04 «87 87,00 52,
78.75 186.2 «222E=04 «87 82.00 49,
78 .50 187.6 «230E-04 « 87 75.00 L8 .
78425 188.2 «2LOE-04 «87 63,00 S51i.
78.00 1884 4 «251E=04 <87 47,00 59,
77.75 188.2 e 262E~04 .88 32,00 76
77.50 186 .8 «276E-04 +89 23.00 toe.
76.75 175.9 «J3IEE=04 97 20.00 167.
76.50 172.3 «360E~-04 1.00 15.00 183.
76625 170.5 ¢« 382E=-04 1.02 12.00 222
76.00 170.0 «402ZE-04 1.03 16. G0 260G .
75475 170.7 «L21E-04 1.04 23.00 277
75450 1724 «L3TE~-OL 1.04 30.00 233.
75425 173.5 s 45EE-04 1.05 33.00 283,
75.400 174.1 «LT77E-04 1.05 34.00 276.
TLe75 174.9 «498E-Q4 1.06 34,00 264,
The25 1766 &4 «SLZ2E=04 1,07 36400 242,
73.75 17849 «588E-04 1.08 38400 224,
73.50 180.1 «611E-04 1.09 39,00 219,
73,25 181.6 «635E-04 1.09 33.00 215,
73400 182.8 «H660E=04 1.09 38.00 213.
72475 184, 3 «685E=-04 1.09 38,08 211,
72.50 18662 « 709E-04 1.C9 38400 210.
72400 189.5 «762E-04 1.69 35.00 210,
71.75 191.3 «788E=04 1.09 34,00 213.
71.50 193, 2 «815E=-04 1.09 34.00 217.
71.25 196.2 «838E-04 1.08 34,00 222
71.00 198.2 «865E=-04 1.08 33.00 224,
7075 193G, 8 « 895E-04 1.8 3z2.00 224,
70650 202.3 «921E-04 1.07 30.00 224 .
70.25 20&.1 «951E-04 1.07 29.00 223,
70.00 205.2 » 985E-04 1.07 28,00 221.
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" Table BS. Robin Sphere (XONICS) 2018 at 0855 GMT from XONICS Analysis (Cont. )

' WIND WIND
ALTITUDE TEMPERATURE DENSITY BENSITY SPEZD DIRECTION
- (KM) (DEG«K) (KG/M**3) / MODEL (M/SEQ) (DEG.)
694,50 2064 ¢ «106E-03 1.07 26.00 218,
69.25 205.6 «111E-33 1,09 25.0¢ 218.
69.00 20445 «116E-03 1.10 29%.00 213.
. 68450 2086 4 «124E-02 1.10 12.00 270
68¢25 212.1 «127E=-03 1.09 10.00 212.
68.00 215.1 «130E-03 1.08 10.00 230
67475 218, 3 «133E-03 1,06 12,00 2hb,
67725 22343 +140E-03 1.05 13.00 264,
67.00 225.1 «144E=03 1.C4 14.00 273.
66e75 227.1 «148E=-03 1.06 15.00 293.
66450 229. 0 »152E~03 1.04 16.00 292.
6625 23041 «157E-03 1.0% 16.00 300.
66400 231.6 «162E-02 1.03 17.0C 306.
65475 23461 «166E-03 1, €3 18.06 311,
65450 235.8 «171E-03 1.02 18.00 314,
65.00 235. 4 «184E-03 1.03 22.00 336,
64,75 234.6 «191E-03 1.04 25.0C 301,
64450 234.8 <198E-03 1.05 27.00 299.
64425 235.8 «204E-03 1.04 29,00 299.
6430 236.8 «211E-32 1.05 29,00 300,
63.75 23845 «217E-03 1.04 33.00 301.
63450 240.1 «223E=03 1.046 31.03 302.
63.25 242.1 «229E=03 1.C4 32,30 302
63. 00 244, 3 »235E-03 1.03 33.00 303.
6275 245,.5 «2L2E~03 1.03 33.00 304 .
62450 246.8 «249E-03 1.03 24,00 30 6.
62.25 247.7 «256E-C3 1.03 35.00 308,
62.0C 249.0 «264E-02 1.03 36.30 310.
61.75 250.2 «271E-03 1.02 33.00 312.
616560 251. 4 «279E=-02 1.02 41.39 31b4.
61.25 252.8 «287E-03 1,02 43,34 315,
61.00 254 . 4 «295E-03 1.01 L4, 00 317.
60.75 255. 8 «3973E-03 1,01 45,00 319.
6050 257.6 e 311502 1.01 46000 321,
60.25 259.7 «318E-032 1.00 46.00 321,
60.00 262¢ 90 «326E-03 «99 45.00 220,
59075 26‘002 0333E-03 « 98 Lb,Cu 319,
59.50 265.5 ¢ JUTE=03 «98 L, 00 . 317,
59.25 268. 2 «350E-02 .a7 42.00 314,
50.00 268.7 «360E-03 « 97 43.00 310.
58475 268 .5 «372€-03 97 36400 307,
58.50 266. 9 «386E-03 .98 31.00 305.
58.25 26L. 4 « LOZE-03 .99 29.00 303.
58.00 26349 +4L1EE-02 «99 28. 00 301.
57.75 26642 «425E-02 «98 27.00 301.
57-50 ?6‘0-‘0 «4L2E-03 «99 26.00 302-
57425 262.2 +460E-C3 1.03 27.00 304,
57.00 259.9 «479E-03 1.01 27.00 303
56075 260, 8 «492E-03 1.01 26.00 302.
56-50 266.8 +498E-03 099 ZSOCU 299.
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Table B5. Robin Sphere (XONICS) 2081 at 0855 GMT from XONICS Analysis (Cont.)

WIND WIND
ALTITUDE TEMFERATURE DENSITY DENSITY SPEZD DIRECTION
(KM) (0EG. K) (KG/M**3) / MODEL (M/SEC) (DEG )
56.25 26809 «509E-03 «98 23.00 292,
56. 05 265 4 »532F-03 1.00 22.00 292 .
55.75 26242 +557E=-03 1.01 22,00 297,
55,50 26143 W577E-03 1,01 24,00 301,
55.25 260. 6 . 537E~-03 1.02 27.3° 332.
55.00 26844 +608E=-03 1.01 29.10 305.
54,75 269.2 +616E-03 .99 30.00 308,
Sl 50 272. 4 .62BE-03 <98 31.00 305G,
54425 27hLe 4 BL2E-03 .97 31.00 310.
54400 275.6 +653E-03 «97 31,00 309,
53,75 277.0 «676F=-032 .97 35470 309,
53,50 277.2 «697E-D3 .97 27.30 308,
53.25 278.6 s714LE=-03 296 244 C0 339,
53.00N 280.60 L732E=02 .96 20.00 311,
52.75 279.2 «757E-03 « 96 15.CC 312
52.50 281, C .775E-03 .95 13.0¢0 325.
52.25 283, C .798E-03 .95 12,00 342,
52.0'3 2?856‘ 0829E-03 096 i3s‘:r:' 155.
51.75 279.7 «8351tc-03 «36 15. G4 iC.
51,50 277.1 . 885E-03 .57 15,38 12.
51.25 2T4. 6 +921E-03 , 97 15,720 16,
S1.34 273.3 W95 4E~03 +G98 14,00 b,
5675 2744 0 : 982E=-03 +.98 12.02 356,
50.50 272.0 V102E-02 .99 3.650 IR
50.25 " 26845 «137E-02 1,00 7,58 321,
50,05 268 b 2110E=-02 1.03 4,C8 280,
49,75 270.0 «113E-02 1.00 4,730 24k,
45,50 270.7 .11€E-02 .99 65,00 224,
49,25 272, b +119E=02 «99 e 105 223
49,040 273.5 .122€-02 .98 5.00 233,
48,75 271.9 «127E-02 .99 6.00 243,
48.50 268. & «132E-02 .99 8,00 254,
48.25 26642 «138E=02 . 01 13.08 253,
48,00 267. 0 «142E=-02 1.00 8.09 251.
47.75 273.3 J1U3IE-Q2 .98 5.00 251 .
47.5¢0 275.€ «14EE-02 .97 Hals 265,
47,25 270.6 +153E-02 .28 3, 0U 274,
47.00 265.0 .162E=-02 1.01 13.00 276.
46,475 26646 «16€E-02 1.00 16,010 276,
46458 26h4e € W172E-02 1.02 18.CC 271,
46,25 268.4 «175E-02 .99 19,00 268.
45,25 272.9 «196E=-02 .87 19.00 276, 3
45,00 27146 «213E-02 .97 23454 279, v
L4 ,75 269.2 «211E-02 «97 23.C6 284, &
Lbe50 269.5 W217E=-C2 .97 20.00 289. 3
44,25 267.9 «225E=-02 .97 23.00 232, ¥
LlyeDO 2Bk T L234E=02 .97 19,06 234, -
43,75 268. 0 W240E=-02 «97 15.4¢ 296, '¥
43.50 270.0 s 246E=-02 . 96 10.00 237, 3
43.25" 26845 +255E=02 « 96 3.60 303, ;
43,00 266, 0 266E-02 «97 5.00 102, i
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Table B5. Robin Sphere (XONICS) 2018 at 0855 GMT from XONICS Analysis (Cont.)

HIND WIND
ALTITUDE TEMPERATURE BENSITY DENSITY SPEED DIRECTION

{(KM) (DEGK) (KG/M**3) 7/ MODEL (M/SEC) (DEG.)
“2.75 267.3 0273E‘02 .96 14.08 980
42,50 27843 «270E-02 «92 25,00 3.
L2.25 278.1 «279E=02 «91 29,00 91,
42.00 ' 269.1 «297E-02 « 94 29.00 90.
41,75 2624 4 «314E-02 «96 27.00 ag.
41.50 260, 8 «327E=02 36 28.00 S0
‘01.25 271. 1 032“E’02 .92 31-00 89.
41 .00 265.1 «342E=-02 -1 21.00 92.
4L0. 75 269.5 e 3LBE-02 92 35.00 94,
40650 2684 «360E=02 « 92 36.00 97,
L0.25 258.8 «385E=-02 «95 37.00 100.
40,00 260.6 «395E-02 34 40,00 101.
39.75 2564 6 e 415F=02 «96 43,50 102,
39.53 257.7 e 427E-02 95 by, 00 102,
39.25 256.0 WLLLE-02 «96 43.00 101.
39.00 257.0 «457E=-N2 «95 41,010 399,

| : 38.75 26848 «451E=-02 91 40.00 100,
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Table B6. Robin Sphere (XONICS) 2019A at 1041 GMT from XONICS Analysis

HIND WIND
ALTITUDE TEMFERATURE DENSITY DENSITY SPEED DIRECTION
(KM) (DEG. K) (KG/M**3) / HMODEL (M/SEC) (DEG.)
104.50 200.7  «215E-06 1.41 97.00 240.
104.25 193, 4 «341E-06 1.45 939,090 244,
104,00 20841 «330E-06 134 77,00 252,
103.25 232.8 «329E-06 1,16 42.0u 254,
103.00 214.9 «369E-06 1.25 56400 233,
102.75 194, 7 «425E-06 1.37 76.00 220 .
102.50 185.5 «LBESE=06 1.43 91.00 213.
102.25 187.1 «482E-06 1.42 97.00 299,
102, 00 194. C <4 86F=-06 1.36 96.00 207.
101.75 201.3 «4BB8E-0B 1.31 90.00 205.
101.5u 20444 «501E-06 1.28 83,00 204,
101.25 20601 «517E=06 1.26 73.00 202,
101400 209.2 «530E-06 1.23 61.00 198.
100.75 208. 4 «553E-06 1.23 S4.00 193,
103.50 20043 «59%E-06 1.27 55.00 i3r.,
100.25 191.1 «B655E=06 1,33 61, 0C 188.
100.00 191.6 «682E-06 1.32 76400 183,
99.75 198. 3 «688E-06 1.28 98,00 177,
99 .53 20648 «687E-06 1.22 117.00 171.
99,25 213. 4 «693E-06 1.18 115.00 164,
939,00 209. 6 «733E-06 1.19 120.00 161.
98.75 199,0 «8I4LE=N6 1.25 123.00 ict .
98.53 19047 «875E~-06 1.30 124,00 i61.
98.25 188.0 « 92 BE-06 1.32 123.00 160.
98.0C 189.8 «960E~-06 1.30 122.0C 155,
37.75 191.6 «992€-0¢€ 1.29 121.00 150,
97.5¢C 189. 4 «115€=05 1.30 120.00 147,
97.25 187.3 «111€E-05 1.31 - 120.00 145,
37 .00 187.8 «116E-05 1.31 1293408 143,
96.75 189. 6 «120E=05 1.29 121.00 141,
96.50 190.38 «124E-05 1.27 123.00 139.
96 .25 192. 1 «129E=05 1.26 124,00 138,
96.,0C 194.0 «123E-05 1.24 126,00 136,
95.75 195, 1 «138E-05 1.23 127 .00 135.
95,50 196. 4 «143E-05 1.22 127.00 133.
95.25 20040 «146E-05 1.19 127.030 129,
95,00 206.2 «148E-0S 1.15 133.00 124,
94.75 209.9 «151E-05 1.12 133.100 123.
94,50 208.9 +158E-05 1.,11 129.00 121.
94,00 20842 «172E-05 1.10 115.00 109.
93.75 21042 «177E-05 1.08 112.00 99,
93.50 20842 «186E-05 1.08 107.0C 92,
93.25 20446 «197E-05 1.089 102.0¢0 84,
93.00 202.8 «207E-05 1.09 100. 00 77
92.75 203.1 «215E-05 1.€8 102.00 70.
92.5C 203. € « 223E-05 1.07 105.00 6L .
92.25 202.9 «234E-05 1,07 106.00 60.
92.00 201.4 «24L5E-05 1.06 105.00 56.
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Table B6. Robin Sphere (XONICS) 2019A at 1041 GMT from XONICS Analysis (Cont. )
WIND WIND
ALTITUDE TEMPERATURE DENSITY DENSITY SPEED DIRECTION
(KM) (DEG.K) (KG/M**3) / MODEL (M/SEC) (DEG,)
91.75 200.1 «257€-05 1.06 104.00 Sk
91.50 198, 9 27 0E=05 1.06 103.00 51.
91.25 199. 6 «280E-05 1.05 103.00 49 .
91,00 201.1 «290E=-05 1.04 105.00 48,
90475 201.9 +«3J1E-105 1,03 105.00 L7
90,50 291. 4 «314E-05 1.02 102.00 46,
30.25 203.9 «328E-05 1.02 99,00 L5,
89,75 292, 9 +353E-05 1.00 96.00 L3.
83.50 202.9 «367E-05 « 99 92.00 42,
89,25 202.8 «383E-05 «99 88,00 bi.
89,00 23347 «397E-05 98 86.00 40.
88.75 20L4o 4 «412E~05 « 97 83.00 b1,
88.50 203.8 +430E-05 «96 78.00 L2,
88425 202.6 «451E-05 96 72.00 bh,
88.00 201.38 «472€E=-05 «96 67.00 45,
87075 203!0 .MBQE-US -95 64 UU ‘060
87.50C 20541 «50L4LE=05 L 63,00 47,
87.25 206.8 «520E-05 0 92 61.00 48,
87.00 207.9 «538E-05 «91 59.00 49,
86.75 208.9 «557E=-05 «S0 57.00 49,
86,50 211, 0 «574LE-0S .88 57.00 S0.
86,25 213, 4 «+590E=-05 087 57.00 51.
86.00 21467 «610E-05 «86 56.00 52.
85475 215.6 «631E-05 «814 £5.,00 53,
85,50 215.8 «655E=05 « 84 53.00 56
85.25 215.3 «683E=-05 83 51.00 59,
85,00 214.0 «714LE=05 83 47.00 63.
84,75 212, ¢ e 7T47E=05 83 Lb4,00 69.
84450 211.0 «783E=-0S5 «83 42,00 7%.
84.25 208.9 «822E-05 «83 40,00 8L .
84400 20647 +865E=05 .83 39.00 92.
83,75 20467 «909E-05 84 4L0.00 100,
83.50 203. 4 09535'05 e84 42.00 105,
83+25 20202 + 399E-05 « 84 45.00 109.
83.0C 2014 «105€=-04 o84 48,G0 111.
82.75 201.0 e 1ugE-04 e84 53.00 111,
81,75 200. 7 «129E=04 «83 61.00 100.
81.50 200.0 «135E-04 «83 63.00 96 .
81.25 198.7 «141E-04 83 65.00 93,
81.00 137, 0 «143E-04 e84 66.00 90,
80.75 195.0 «157E-04 « 85 66,00 88.
80.50 192.5 «166E~-04 «86 66400 86
80.25 189S 4 «176E=-04 .88 65,00 85,
80,00 186,42 «187E-04 « 90 63,00 84,
79.75 183.8 «188E-04 «91 60.00 B3,
79450 132.,2 « 20 9E-04 92 59.00 82,
79.25 181, 3 « 221E-04 ¢« 94 57.00 1.
79.00 180.56 «232E-04 «95 55.00 81.
78.75 180. 4 « 2L 3E-04L «95 52.00 a1,
78 .50 180.7 « 254LE=-04L « 96 50.00 81.
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Table B6. Robin Sphere (XONICS) 2019A at 1041 GMT from XONICS Analysis (Cont. )

ALTITUDE TEMPERATURE

(KM)

78.25
78.00
77 .75
77.50
77.25
77.00
76475
76.50
76425
76.00
75475
75.50
75.25
75.00
74,75
74.50
T4e25
744,00
73.75
73.50
73.25
73.00
72.75
72.50
72.25
72400
71.75
71.50
71.25
71.00
70.75
70.50
70.25
70.00
69.75
69.50
69.25
69,00
686 75
68,50
68¢25
68400
6775
67.50
67425
67.00
66 .75
66.50
66425
66 .00
65.75
65450
65425
65.00

(BEG.K)

181.5
183.0
18446
186.5
188.0
189.0
189.1
188.3
187.9
1874
187. 4
188.0
189, 5
191, €
192.5
193.9
195. 4
196. 6
196.6
195.9
195. 4
195. 4
195.7
196. 2
196.6
197.7
198.0
198. 4
199.2
199. 8
200.3
201.9
20267
203.0
203.0
202. &4
200.6
199, 8
2000 &4
205.2
2078
210. 4
213.5
215.4
217.5
219.7
221.6
223. 6
225,3
227.2
229 4
2303
229.7
229.1

DENSITY
(KG/H**3)

«26LE-04
«275E-04
«285E-04
«295E-04
« 30EE-04
«318E-04
« 332E-04
«3LB8E-04L
«365E-04
«382E-04
«4J0E-04
«L17E~D4L
«L32E-04
s LLBE=-04
«LBLE-OL
«LB1E-04
«LO9B8E~04
«516E=-04
«539E-04
«S56LE-04
«590€E=-04
«616E-04
«6L2E-04
¢ 668E-04
+635E=04
e721E-04
« 7T51E=-04
e 782E~-04
«812E=-04
« BLLE-OL
«878E=-04
«918E-04
«9L2E-04
«980E-04
«102E=-03
«107E-03
«112E-03
«117E-03
«122E-03
«124E-03
«128E-03
«131€-03
«135€-03
«139E-03
e 1‘035'03
«147E=-D3
«151€E-03
«+156E-03
«160E-03
«165E-03
+169E-03
«175E-03
«182€-03
«+189E-03
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DE
/

NSITY
MODEL

«96
«96
«85
«95
« 95
«95
«95
.96
97
«98
«99
« 99
«99
«99
«99
«99
«99
.99
.99
1.00
1.01
1.02
1.€3
1.C3
1.03
1.04
1.04
1.05
1.05
1.05
1.06
1.06
1.06
1.06
1.C7
1.08
1.10
1.11
1.12
1.10
1.10
1.08
1.08
1.08
1.07
1.07
1.06
1.06
1.05
1.05
1.04
1.05
1.06
1.06

WIND
SPEED
(M/SEC)

48.00
464,00
LL. GO
42.00
33.00
35.00
31.00
26.00
21.00
17.00
15.00
13.00
13.00
13..00
13.00
13.00
13.06
15.00
16.00
13.00
22.0C
24.00
26.00
27.00
27,00
28400
28.00
27.00
27.00
26.00
254,00
24,00
24.00
24.00
26, 00
29.00
29,00
25.00
20.00
17.00
17.00
18.00
19.00
19.00
18.00
18.00
18.00
18.00
19.00
20.00
21.00
23,00
26. 00
28.00

WIND

DIRECTION
(DEG.)

80
79.
76.
73.
69.
65.
59,
53.
45,
34,
22,
10,

T

358,

349,

334,

319'

307.

295.

285,

278,

273,

270,

268,

268,

268,

268

269,

271.

272,

273,

273,

271,

267,

2632,

259,

257.

258,

260,

264,

265,

267,

269,

272,

275,

279,

283,

289,

294,

297.

298,

297.

293,

291.




Table B6. Robin Sphere (XONICS) 2019A at 1041 GMT from XONICS Analysis (Cont. )
RWIND WIND
ALTITUDE TEMPERATURE DENSITY DENSITY SPEED DIRECTION
(KM} (DEG+K) (KG/M**2) / MODEL (M/SEC) (DEG.)
64475 2303 «195E-03 1.06 33.00 293.
64450 231.9 «231E-02 1.06 31.00 295
64425 233.9 «206E-03 1.05 31.00 298,
64,00 235,61 «213E-03 1.06 31.00 299,
63.75 236.1 +220E=-33 1,66 32.00 300.
63.50 237.9 «226E-03 1.06 32.00 301.
63.25 241.1 «231E=-03 1.05 32.00 303,
63.00 2435 «23€EE-03 1.04 32.00 306
62475 2454 3 .243E-03 1.04 32.00 307,
62.51 246.0 «250E-03 1.03 32.00 309,
62.25 246423 «259E-03 1.04 33,00 319,
62.00 246.8 «267E=03 1.04 34. 00 313.
61.75 247, 8 «275E-03 1.04 35.00 316,
61.50 249,3 «283E-03 1.03 37.00 319,
61 .25 25042 «292E-03 1.04 28.00 322
61,00 251.3 «3JCE-03 1.13 40.00 325
60.75 253.1 «308E-03 1.03 41,00 328,
60 450 255.0 ¢ 316E-03 1.02 42400 330
60.25 25647 «32LE-03 1.02 42,00 330.
60.00 257.1 e 33LE-03 1.02 41,00 329.
59,75 257.3 «345E~0Z 1.02 33,00 326
59,50 259,.,3 e354E-03 1.01 37.0C 322,
59,25 260.2 ¢« 36LE=-03 1.01 34.00 J14 .,
59.00 26042 «376E-03 1.01 32.00 307,
58475 262.1 «335€E=-03 1.C00 30,00 304,
58.50 26L4. 4 « 38LE-02 1.04 29.00 333,
58.25 263.7 «L4L0B8E-03 1.00 29.00 303
58 .00 26361 «U22E-03 1.00 28.00 302,
57475 262.9 «43EE-0Z 1.01 26.,0C 303,
57.50 2626 C «452E-03 1.01 25.00 301.
57.00 260.0 «4b86F=-03 1.02 23.0C © 289,
5675 260.1 «501£-02 1.02 22.00 284,
56450 261.1 «516E=-03 ‘ 1.82 21.00 280.
56.25 2624 «530F=03 1.02 20.00 277«
56,00 263, 2 « 545E=-C2 1.02 2000 276,
55475 2656 1 ¢« 559E=-02 1.01 21.00 282,
55450 264.7 «578E-03 1.02 22.00 291.
55425 2654 3 ¢ 5395E-03 1.02 24400 3)C,
55400 265,2 «614E-03 1.02 25.00 303,
S54.75 26447 «635E-02 1.G2 27.00 300,
54425 272.8 «65EE-02 «G9 28.00 304,
54400 274,48 +H71E=-03 «99 27.00 302
53.75 275, 0 +632E-0T <99 27,00 20C.
53450 277.1 « 7U8E-02 +«98 2hs00 371,
53.25 2773 «729E-03 «98 24. 00 300.
53.00 27640 «755E=-92 «99 23.00 300
52.75 27641 «778E-03 «99 22.0C 305,
52.50 277.9 «736E=03 .93 19,00 312,
52425 2764 7 +« 82LE=02 «98 17.00 318 .
52.00 275.1 «855F=-03 « 99 16,00 325,
51.75 2784 WB870E=92 «938 1500 340
51.50 2804 «891E-023 «397 15.00 353.
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Table B6. Robin Sphere (XONICS) 2019A at 1041 GMT from XONICS Analysis (Cont. )
HIND WIND
ALTITUDE TEMPERATURE DENSITY BENSITY SPEED DIRECTION
(KM) (DEG.K) (KG/M** 3) / MODEL (M/SEC) (DEG.)
51.25 278.5 «921E-03 « 97 17.00 360,
51.00 280.5 .9‘05E-03 097 19:00 50
50.50 277.1 «102E-02 .99 . 18.00 354,
5025 279.3 «104E=02 «97 i6.0¢C 354,
50.00 281.6 «106E-02 «96 11.0¢C 353,
49,75 2764 8 «111£-02 «98 600 334,
49,50 270.1 «118E=02 1.01 4.00 278,
49,25 26844 «122E=-02 1.01 5.0¢0 230.
49,00 269, 9 «125E=02 1.00 5.00 213.
48 .75 27067 «129E=-02 1.00 6+00 211,
48450 270.6 «133E=02 1.00 7.00 221.
48,25 26765 «139E-02 1.02 9.00 226,
47.75. 267.6 «148E=-02 1.01 7.00 218.
47,25 26265 «160E~02 1.03 7.00 247,
47.00 2614 »166E-02 1.03 10.00 263,
46475 263 4 «171E-02 1.03 12.00 269,
L46.50 26345 «176E=-02 1.03 15.00 265,
46.00 265. 9 «186€-02 1.01 18.00 262
45,75 270.9 «188E=-02 «99 16.00 262,
45,50 269, 2 «195E=-02 « 99 16. 00 263,
45,25 27045 «201E-02 »99 15.00 271.
45.00 2777 «201E-02 96 14,00 286,
44,75 275.6 «209E=-02 «96 15,00 297,
Lo 50 270. 8 2220E=02 «98 17.00 306 -~
43,75 2660 4 «245E=02 <98 16.00 315,
43.25 26647 02615'02 98 5.00 32‘0.
43,00 266. 4 «269E=-02 «98: 5.00 82,
L2.75 269, 8 « 275E=02 «96 15.00 92.
42 .50 272.6 «280E-02 «95 23.00 98.
42,25 261.9 «301E-02 «99 24,00 89.
42,00 25647 « 317E-D2 1.00 23.00 87
41,75 258.2 « 326E=-02 1.00 22.00 85.
41,50 264+ 6 »328E=-02 «97 25400 82
41.25 261.3 «343E=02 .98 27.00 82.
41,00 26L. b « 350E-02 096 29.00 81,
40.50 258, ¢ «382E-02 98 30.00 87,
40,25 25642 »398E~02 «99 33.00 93.
40,00 255. 4 «413E-02 «99 37.00 96.
39.75 25702 .“2‘0E‘02 «98 40.00 96, ':
39,50 259.9 e 433E-02 97 41.00 93. 3
39.25 25442 «458E=02 «99 40.00 91. 3
39.00 252.0 «478E-02 «99 29.00 89. 5
38.75 2556 3 o 4BT7E-02 .98 40.00 89, #
38,50 251.7 «511E-02 099 38,00 89, &
38425 2484 «536E=-02 1.00 36.00 88. f
38.00 249.0 «552E=02 1.00 35,00 89. {
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Table B7.

ALTITUDE TEMPERATURE

(KM

109.00
108475
108.51
108.25
108.00
107.75
107 .50
107.25
107,00
106,75
106.50
106425
106,00
105.75
105.50
105,25
105,00
104.75
104.50
104.25
104,00
103.75
103.50
103,25
103.00
102.75
102.50
102,25
102.00
101.75
101.50
101.25
101.00
100.75
100.50
100.25
100,00
99.75

99.50

99.25
99,00

98675

98.50
98 .25

98.00

97.75
97 .50

97.25

97.00
96.75

96450

Robin Sphere (XONICS) 2021 at 1243 GMT from XONICS Analysis

(DEGeK)

219.5
1861
206.3
202.7
205.3
197.1
193.2
177.3
16663
170. 4
177.1
183.2
192.2
197.5
198.2
197.1
209.6
229.7
233.7
199.2
189.3
198. 4
219.8
231, 4
22460
205.2
181.7
164, 7
160.8
167+ 4
178, 0
185.7
185.8
181.6
178.5
175.6
1744 3
177.4
185.0
191. €
197.1
200.6
198.2
191.1
187.7
192.0
199.6
20445
203. 0
199.4
195.5

DENSITY
(KG/M**3)

«137E=06
«168E-06
° 158E=06
«167E-06
«172E=-06
«186E-06
«198E-06
«226E-06
¢« 253E-06
«259E-06
«261E=06
«265E-06
«263E-06
«267E-06
«278E-06
«291E=-06
«285t=06
«2T0E=-06
«275E-06
«336E-06
«369E~06
«367E=-06
¢34LSE~-06
«340E-06
« 36LE=-06
«413E-06
+4B8T7E=06
«563E-06
«607E-06
«613E-06
« 605E=06
«607E-06
«634LE~06
«678€E=-06
«7T22E=06
0769E’06
«813E-06
¢837E-06
.840E=-06
. 8‘0 8E'06
0860E’06
«880E-06
+ 929E-06
«100€-05
«117E-05
«109E=-0S
«110E-05
«111E-05
«117E-05
«124E-05
«132E-05
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DENSITY
/ MODEL

1.33
1.57
1,41
1.4b4
1e42
1,47
1.50
1.65
1.77
1.73
1.67
1.62
1.54
1.50
1.49
1.49
1.39
1.26
1,23
1.43
1.50
1.43
1.28
1.20
1.23
1.33
1.50
1.65
1.70
1.64
1.55
1.48
1.48
1.51
1.53
1.56
1,58
1, 55
1.49
1ebsty
1e40
1,37
1.38
1.42
1,45
1.41
1.36
1.31
1.32
1.33
1.36

WIND
SPEED
(M/SEC)

282430
162.00
96.00
S4.00
27,00
69.00
83.00
94.00
117.10
138.00
151.00
155,00
147,70
128,00
102.00
73,060
42,00
14.00
25.0C
38.00
35.00
39.0C
62,00
77.010
71.00
52. 00
28.00
14.00
19.00
23.00
25.00
27.00
15.00
12.00
43,20
80.00
124,00
173,00
199.00
223.00
231.00
231,00
224.00
211.00
194. 00
172.00
148.900
129,00
117.90
112.00
112.00

WIND
DIRECTION
(DEG.)

309.
287‘
248,
221.
153,
113,
117,
138.
151,
153,
154,
154,
154,
154,
158,
i64.
170,
198.
294,
230,
278.
319,
3u9,
i.
9.
19,
36,
92.
122.
97.
62
47,
49,
176 .
190.
188.
18€C,
174,
171.
170.
169.
169.
171.
175.
179,
183.
135.
187.
188 .
186.
182,



Table B7. Robin Sphere (XONICS) 2021 at 1243 GMT from XONICS Analysis (Cont. )

WIND NIND

ALTITUDE TEMFERATURE DENSITY DENSITY SPEED DIRECT ION i

(K M) (CEGK) (KG/M**3)} /4 HMOCZIL (M/SZC {(0EG.} !

96,25 192.9 +139E-05 1.38 116400 177. 5
86.00 192. 8 «146E£-35 1.27 123.6¢0 176,
95,75 1944 4 e151F-C5 1,35 125,00 162«
95450 165.1 «157£=05 i.34 123,00 156.
95.2% 194, 0 »164E=-QS 1.33 133.0°0 152.
95.00 i92.9 »172€=-08 133 127.00 148,
84,75 163.3 «180E-CS 1.33 i21. 00 142,
94,590 194, 3 «+1A7E-05 1.32 1i4.00 137
94,25 184.6 « 194E=C5 1.30 105.0¢0 133.
"94,.CC 195,7 «202E-05 1429 G6.00 127,
B2, 75 198, 0 « 208E=U5S i.27 93.00 118,
33.510 2080.0 « 214E-DS i.20 E%. 00 tii.
93.2% 23144 «222E-05 1623 £3, 040 135
93450 202.5 +230E~0S Le21 Bweld 99,
G277 Z83.06 « 238E=55 N . 83633 L.
SZ 450 Zuhe S e 247E-GE 1el3 a4, 0 Q3.
Gie22 2045 5 «Z5TE-05 Lei7 &%, By 23 s
SZebs 204. € 263c=13% Ls 16 Bk BIE Gk .
5875 £ «277E-0% 145 32.356 53,
Fie53 ZUGe 8 «2845=0% 1412 $5.80 32,
S1.25 210,86 «283E=-0°5 iel3 27.0C 32,
Q%33 210, € s 235805 1.06 EETR S S3.
G375 208. & «318E-05 1.09 83 .06 93,
80«50 2i0.2 « 331E-06% 1.08 85409 82 .
90.25 212410 «341E-05 1.06 32.C°C 89,
30,00 2i4. % «350F=0% 1.04 41400 85,
89,75 2ibe 2 «354E=-35 1.63 82.0¢C 88 .
89.5%¢ 212.8 . 231E=-05 1.03 86.00 a7.
89,25 21i. 0 43 0E-05 1.03 8G.00 106,
88475 213.8 e 427E-05 1.0C 65, 0C 98,
88450 214, 2  443E=-05 «99 £3.,00 88
88.25 213.6 « 4H2E-05 .99 %3.00 72.
88.090 213 4 «480E-05 .98 23,03 51
87.75 2150‘0 «497c~05 «Q7 2,00 33,
8759 214, 8 «516E=-0% « 96 L7.00 23
87.25 213.6 «5338E-05 « 96 53.00 17.
87400 21244 «563E-05 «95 50.00 15.
86,75 213. 0 «5B8LE=-05 « 94 43,00 17.
86.5¢C 213.7 «HJ5SE~05 .93 47.00 22
86.25 213. 4 «63CE-05 «93 45, 00 31,
86.0C 212.0 «660E-05 93 Ls.00 Lb,
8575 211. 2 . 688E-05 . Q2 45,00 56 .
85.50 211.6 «715E~-05 «91 48.00 65
85-25 21107 07‘03E'05 090 52-05 710
85400 211. 2 « 775£=05 «9J 55,00 75,
8475 211.0 «806E-05 . 89 57.00 © 78,
84459 210.7 «840E=-D5 «89 59,00 85,
84425 211.1 «872E=05 .88 55.00 83.
8L460C 211, 3 «906E-05 .87 50.00 73,
83.75 211. 4 «942E-05 .87 48.0¢C 64,
83.50 212. 0 « 877E=-05 «86 46,00 56 .
83.25 21242 «101E-04 « 85 43,00 54,
83.00 212.2 «106E=04 85 41,00 549,
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Table B7. Robin Sphere (XONICS) 2021 at 1243 GMT from XONICS Ansalysis (Cont. )
WIND WIND
ALTITUDE TEMFERATURE. DENSITY DENSITY SPEED DIRECTION
(KM) (DEG.K) (KG/M**3) / HODEL (M/SEC) (DEG )
82475 211. € e110E-04 e85 L2e0GG 70,
82,50 210. 5 «115€-04 «85 49.00 84,
82.25 209, 2 «120E-04 o84 59,00 96,
82.00 208.1 «126E-04 «85 72600 103,
81.75 207.1 » 132E-04 « 85 87.00 107.
81.25 206.9 «143E-04 o84 105.00 109.
81,00 237. 4 ¢« 148E-04 « 84 108.00 108.
80.75 207.9 «154E-04 « 84 106.00 105,
80.25 20846 «166E=-04 83 93,00 92.
80.00 207.6 e 174E=-00 « 83 88,00 83,
79.75 207.1 «182E-04 84 80.00 71.
79.54 206.1 «190E=04 84 T4e00 60,
79,25 205.1 «199E=-04 « 84 73.00 51.
79.00 203.7 «208E-04 «85 66. 00 46.
78.50 200.7 «230F=04 « 87 64.00 50,
76.25 198.8 242E-0L .88 65. 00 57.
78.00 196. 7 «255E-04 «89 69.00 65 .
77 .75 134,5 «269E-04 « 90 74.00 72.
77.50 19209 cZBSE'O‘O '91 78,00 75.
77.25 191. 6 2« 297E-004 '92 78,00 76 .
77.00 191.2 « 311E-04 « 93 77.00 73.
76.75 191,7 e 324LE-04 093 7T4e 00 67,
e 76450 193.1 «336E=04 93 71,00 60.
76.25 194,86 ¢ 3LBE=-0& 93 68.00 52.
76.00 19601 0360E‘0“- 092 65, Uu “5.
75.75 19701 .37‘0E-0“ 092 61!00 “00
75.59 197.6 « 38%E-Q4 93 57.00 39,
75 .25 197.8 «405E=-04 93 50.00 4o.
75.00 197.9 423E-04 94 Lise 00 47,
TL,75 198.3 e LLOE=-04 « 94 38.C90 49,
74.50 198. 0 «460E-00L «95 32.00 50 .
T4 25 197.3 «481E-04 «95 27.00 49,
7‘0.00 197.‘4 05016'04 « 96 22.00 ‘05.
73.75 198. 7 «520E~-04 «96 18. 00 33,
73.50 199.1 «S4U1E-04 «96 15.00 10.
73.00 198.2 «591E-06 «98 17.00 318,
7275 198.1 «616E-04 «98 18.00 300.
72.50 137, 4 «BLUS5E-0Q4 <99 17.00 284,
72,00 195,.1 «710E-04 1.02 14,00 235,
71.50 194, 8 o 775E=-04 1.04 16,00 207.
71.25 195.2 «807E-04 1.04 16. 00 214,
71.00 196.2 «838E-04 1.05 16.00 232.
70.75 197. 2 «870E-04 1.05 18.00 253,
70,50 137.6 «90EF-04 1.05 22.00 266.
70.25 198.6 v ILOE-OL 1.06 27.00 267,
70.00 199, 3 « 977 E~-04 1.06 29.00 260 .
69.50 199.6 «106E=-03 1.07 31.00 257.
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Tabie B7. Robin Sphere IONICE} 2021 at 1243 GMT from XONICT Analys:: {Toni. )
WIND WIND
ALTITUDE TEMPERATURE DENSITY DENSITY SPEED DIRECTION
(KM) (DEGeK} (KG/M¥*3) / HMODEL {M/ScCj (DEG .}
6%.25 201.0 «110E-03 1.08 31.00 256«
69,00 20067 e115€-03 1.09 29,30 253
68.50 199,5 «125E-03 1.11 16.00 2608
58425 203.8 «128E-03 1,10 15.00 279
68 .00 207.9 «130E-03 1.08 17. 02 232,
67.75 2i1.7 «133E-03 1.086 26,00 296 .
67 .50 21b.7 «i37E-03 1.06 21.00 233 .
67425 215.8 e141E-03 1.06 204G0 285,
67400 216.6 «146E-03 i, 06 23.00 279,
6675 218. 9 «151€E-0G3 1.0¢ 20400 253
6650 222.2 «154E-02 1,08 2Z.0CG 223,
BE .25 22640 «1572-03 103 24600 o
865,75 229. 9 « IATE=(3 Lel3 25,00
8550 2277 2i74E=02 ielt 25.2¢
6%. 25 225. 6 s $61E=C3 16553 264 5 250
65,00 227.% ¢167E-02 05 29,74 Jias .
Bé o 75 23044 JAGZE-~{C felS 35,00 247
&by 5C 23245 «3Q7E-03 i¢0s 32.00 Lide
!’3"502’:‘ 234,.5 e 20IE-0E 1e0u 3301 Shes
Bk .00 236,141 «20GE=CZ 1elly 3300 Lo
6575 237. 6 e 215E~UL 1alk I3:03 Yibe
63.50 23S,1 « 221E-03 1, 0% 23,00 316,
5325 2hb3 .k «227E-83 1.82 35040 316,
63000 2‘0305 .233E~03 1002 36-“,{:‘ 3150
B2.75% 24445 e 240E-C3 1.02 37.0C 314,
62 .50 245,10 «248E-03 1.02 38.00 312
62,25 24446 «256E=03 1.03 38.C0 3i0.
82.00 244, € e 265E=03 1.C3 38.0C 311,
1.7 245,49 «273E=-03 1,03 38. 00 314,
81.50 248.6 «280E-03 1.02 33.00 318,
61.25 25iek «286E=03 1,01 40,00 324,
61.00 25343 «233E~-023 1.014 41,00 327,
60.75 254.3 «302E-03 1.01 42.00 331.
60.50 254. 4 «312E-03 1.01 41.00 334 .
60525 25‘003 0322E'03 1001 41,00 3360
60400 254, 8 e 332E-03 1,014 41,00 336,
59.75 25546 « 342E-03 1.01 51.00 335,
59.50 25502 135‘0E'03 1001 "0500 335.
59,25 255.8 «365£-03 1,01 41,00 332
5G.00 257.7 «375€E-03 1.01 39.00 328.
58.75 262.6 «380E-03 +« 99 29,00 322,
58.50 26863 «383€-02 97 38.0¢0 317,
584 25 2664 3 + 399E=-03 +98 34,00 3i6,
58.00 259. 8 «422€6-03 1.00 29.00 31b,
57.75 258.9 «437E-03 1,012 27.00 312,
57.50 2609 «44BE-D3 1.00 28.00 339,
57.25 261. 0 «462E-03 1.080 26.00 30&4.
57.00 261.1 «LT77E-03 1.01 20,00 287«
56450 257. 5 «516E-03 1.02 13.0¢ 282,
56425 25441 «S540E-03 1.04 14.00 2G83.
56.00 253.8 «559E£-03 1.06 16,00 300
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Table B7. Robin Sphere (XONICS) 2021 at 1243 GMT from XONICS Analysis (Cont. )
WIND WIND
ALTITUDE TEMPERATURE DENSITY BENSITY SPEED DIRECTION
(KM) (DEG.K) (KG/M*%3) / MODEL (M/SEC) (DEG.)
55.75 2544 3 «577E=03 1.05 13.00 303.
55.50 258. 6 «586E~03 1.03 2L.00 299.
55425 261.7 «5398E-03 1.02 23,00 295,
54675 262.6 «635E-03 i.02 23.00 304,
54450 265.6 «64B8E=-03 1.01 27.00 378,
54,25 26543 «670E-03 1.062 23,00 304,
S4.00 2664 0 «630E=-03 1.01 21.00 298.
53.75 268.7 «70LE~03 1.01 23,00 303,
534510 269, 2 «725E-03 1.01 21.00 307.
53.25 268, 8 » 74 9E-03 1.01 17.00 306
53.090 269.2 « 772E-03 1.01 17.00 309,
52.75 26340 2797E-03 1.01 13,00 315,
52.50 269.5 «821E-03 1.01 11,00 322
52,25 272.0 .838E-03 1,00 15.00 330.
52.00 2684 «B77TE-D3 1.02 i7.30 330,
51.75 2640 7 +917E-03 1.03 18.00 326,
51.50 26be 2 «948E-DT 1.03 22.080 323.
51.25 264.8 2 977E-03 1.03 19,00 326.
51.00 267 4 « 998E-G3 1.02 18.00 330,
50.75 267.6 «103E=-02 1.03 17.00 332,
50.50 274.3 «105E-02 1.01 13.00 3L6.
50025 279. 2 «105€E=-02 38 13.00 353,
50,00 283. 4 «107E-02 97 12.08 350,
49,75 28L4e 3 «109E-02 «96 13. 00 336,
439,50 285.0 «112E~-02 «36 13.00 321,
49,25 287.2 «115E~02 « 95 14.00 317,
49,00 285.9 «119E=-02 «95 12.00 306.
48.75 279, 8 «125E-02 97 11.00 284,
48.50 276.9 «130E-02 «98 9.00 258 ,
48,25 27767 «134E=~02 «98 9, 30 230.
47.75 280.1 « 141E-02 « 97 11.00 211.
47 .50 269.9 «151E~02 1.00 14.00 214,
47.25 26643 «158E-02 1.01 15.00 211,
47.00 273. 6 «158E-02 «98 13.00 203,
46,50 275.9 «167E-02 «97 9,00 214,
L6.25 271.6 «175E=-02 +99 9.0C 235,
46.00 273.0 «179E=-02 +98 10.00 251,
45,75 2713 «186E=-02 <98 13.00 253,
45,50 27445 «190E-02 .97 14.00 252,
45,25 273, 1 «196E-02 «97 17.00 250.
45.00 273.8 «202E=02 «96 17.00 251,
Lte75 278.7 «205E~-02 «95 15.00 260,
L4 .50 284.2 «207E=02 «92 13.00 274
44.25 283.2 «214E=-D2 «92 12.00 288.
44,00 27601 e 226E=02 «94 12.00 297,
43.75 27642 e233E-02 e 94 10,00 315.
43,50 273.5 e 242E=02 e 94 8.00 333.
‘03‘25 262. 6 OZGOE'OZ «98 5.00 7e
43.00 2634 6 «268E=02 97 11.00 62
42475 268.1 «272E=02 « 95 20.00 73,
42.50 268.2 «280E-02 95 25400 76,
85




Tahic B7. Robin Sphere (XONICS) 2621 at 1243 GMT from XONICS Analysis (Cont. )

WIND WIND
ALTITUDE TEMPERATURE DENSITY OENSITY SPEED BIRECTION

(KM} ( DEG. K} (KG/M**3) / MODEL (M/SED) (DEG.)
42 .25 257. € «301E=-C2 « 99 25.00 76
42.00 252. 4 «318&-02 1.01 24,00 75,
L1,75 255.2 «325€E=02 .99 25.00 73,
41.50 25645 «334E~Q2 «99 26,00 T4
41,25 252.5 «351E=-02 1.00 27,00 77
41. G0 257. 8 « 355E-02 «98 29.00 79.
40.75 25443 « 372E=-02 « 99 28.00 83.
40,50 255,2 «383E-02 098 29.00 85.
’40.25 255.2 -396E'02 098 30’00 87.
40,00 253, 0 «413E-02 «99 32.00 68 .
39.75 252.2 OQZGE‘UZ «98 33.00 89,
23,50 253.1 sLb41E-D2 .98 34.00 83g.
39.25 25544 o« 4U52E-02 «97 35.00 88.
39.00 252.0 «L73E-02 «98 36.00 90 .
38.75 249, 9 s 49 4LE~-02 99 36000 S0,
38.25 249.0 «530E-02 « 9% 34.00 88.
38.00 253.8 «538E=02 97 35.00 87,
37.75 258.7 «SLLE=02 «95 37.00 85,
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Table B8. Robin Sphere (ASL) 2018 at 0855 GMT from ASL Analysis

, WIND WIND
ALTITUDE TEMPERATURE DENSITY - DENSITY SPEZN OIRECTICA
(KM) ( DEG +K) (KG/M**3) / MODEL  (M/SEC) (N36.4)
95,25 19640 14 3E=-05 1416 71,30 724
94.25 199, 0 +166E-05 1,11 72.00 52.
93,25 20240 «194E=-05 1467 74403 19,
92.25 20540 .222E-05 1.02 72.C0 31,
91,25 207.0 .?59E-05 .a7 67,06 37
90,24 20740 «304E-05 .34 65400 29,
89424 20740 +357E=05 .92 53, 0C 37,
88.24 209. 0 «41SE=05 .89 57,00 49,
87.24 210, 0 4 84E=05 .86 50.00 63.
86424 209.6 \571E=05 . 84 53,17 73,
85,24 20840 «673E-05 .82 564 0C 30,
84,23 295. 0 »799€-05 .81 56.00 B3
83,23 199, 0 \976E-05 . 82 55,30 85.
82,23 19440 «119F-0b .82 CER 87,
81423 189, 0 . LUGE=00 .65 45.5C ”g,
80.23 184, 0 <17 7E-06 .88 38400 93,
79.23 18140 216504 .91 29,90 92,
78,22 179.0 (262610 Q4 24,0 95,
77 .22 17740 . 318F-04 . a8 11.00 {11,
76.22 177.5 $33SE-04 1.72 7.09 171,
75,22 17640 VLB5F =)0 1.0h 12,00 218,
74,22 17940 . 552E=14 1,49 22,90 227,
73.21 183. 0  652E=04 1.11 29.00 227.
72.21 187.6 V760 E=00 1.12 33.00 e
71.21 198, 0 V867E-00 1.11 34,00 218,
70.21 201.0 +998E-0L 112 30,00 214,
69. 21 207.0 114 E-03 1412 23,00 215.
68420 21540 «129F-03 1.10 16.6C 228,
67420 227, 0 <142E-02 1,06 12. 09 264,
66420 232.0 .16 1E-03 1.06 16.00 237,
65420 235.0 «134E-03 1.06 24,70 375,
64.20 237 0 L210€-03 1.07 39.00 304,
63.19 244, 0 «235E-0¢ 1.06 34,00 3006,
62.19 250. 0 .261E-03 100 32,00 310,
61419 253.6 \296E-03 - 1e0b 42,00 318,
50419 259, 0  226E-02 1.02 44,00 319,
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Table BS. Robin Sphere (ASL) 20194 at 1041 GMT [rom ASL Analysis

WIND WINC
ALTITUDE TEMFERATURE DENSITY DENSTTY SPEZN DIRZCTIOAN

(KM) (CEG . K) (KG/M**3) / MODEL (/75z0) (DEG)
85,25 193, 0 «156E-05 1.27 123.C0 81,
94.25 202.0 «176F-05 1.18 1264400 756 .
93.25 214, 0 «135E-05 1.02 124,00 58 .
92.25 234.C . «235t-05 W63 83.CC 61.
91.25 232.0 .228F=05 «RQ B4 ] 51
90.24 215.C «?98E-05 .82 438.03 Ll
89,24 194, 0 +337F=-05 Lelu L2,00 31.
884204 192. 0 46 8E-05 A 36,00 29 .
87 .24 196.0 «SL5F-05 « 9% 32.C0 3q.
Bbhe2Wh 20340 «620CE-0% o 21 TR 59,
85.24 207.0 «715E-05 87 37.00 73,
BL.23 209.0 «829E-05 . B4 42,00 82 .
B3.22 207.0 +YB8RE-OS o3 43,C3 87.
82.23 23G.0 »120E8-04 b L 53.07 39,
81.23 192.¢ . i49c-0u « E8 55,02 89,
80.23 183.0 «1BKE-04 «+52 55400 88.
79.23 181.0 «225E-04 <45 52.0"° 86,
78,22 18240 «268E=-04 « Q7 LS, 0" 82,
77.22 186.0 «314E-04 .97 37.00 75,
76622 186.0 «377E-04 1.010 25.00 60,
75,22 18740 e WL7E-04 1,02 15,70 32,
TL,22 189, 3 «529E=-04 1.04 13.00 336
73.21 192.0 «H20E=-0L 1.06 20400 298,
72.21 196.0 W« 721F-04 1.07 27,00 281,
71.21 206.0 «311E-ut «l0 31.0C 270,
70. 21 188.0 «986E-04 1.10 30.02 265,
63.21 199.0 «116E=-03 113 25400 260.
68,429 208,40 «132E-03 1.43 i19.¢0n 259,
67420 222, 0 s104U4E=-03 1.07 20.80¢C 270,
66.20 225. 0 +106£-03 1.08 - 24.00 285,
65.20 233.0 «184E=03 1.06 27.Cu 295,
6420 232.C «214LE-G3 1.09 31.00 331,
63.19 23660 «243E-02 1.09 23.00 306.
62.19 258. 1N «245E-03 . Q7 34,31 315.
61.19 2u45.19 «30HhF=03 1.8 37.00 324,
60.19 254,40 «337E-03 1.05 43,05 I27.
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Table B10. Robin Sphere (ASL) 2021 at 1243 GMT from ASL Analysis

WIND WIND
ALTITUDE TEMFERATURE DENSITY DENSITY. SPEEN DIRECTION

(KM) (DEG.K) (KG/M**2) / MODEL (M/SS0) (0=G.)
95.25 198. 0 «172E=-05 1.41 96.00 iub,
94,25 209.0 «192E-05 1.29 81,00 134,
93.25 22040 «212E-05 1417 6600 122,
92.25 22540 «2L1E-0S 1.10 57.019 109,
31.25 222.0 «282E-05 1.06 52.00 96«
90 .24 216.0 «337F=u5 1.05 53,00 38,
89.24 209.0 e 4572-05 1.C5 L8.0G0 32
884,204 217. 0 , 4827-05 1,03 48.00 8C .
87.24 216.0 «570€E-05 1.01 51.00 80.
86.24 207.\] «666E-05 195 57.00 30.
85.24 211.0 «766E-05 « 93 61.00 81.
84 .23 214.0 «880F=-05 «R9 65,00 80.
83,23 214. 90 JA03E=-N4 87 71.00 80.
82.23 212.¢C e 122E-04 « 6 72.00 78 .
81.23 208, C ~14Ec-04 «86 73.C0 77.
80.23 202.0 «176E=-04 .88 71.00 75.
79.23 197.0 e 214E-0L « 90 68.00 72
77.22 193.0 «2J7E~-04 « 85 58.00 65
76.22 192.0 «365E-04 .97 48,00 59.
75,22 195, 0 «L28E=-Cl «98 38.03 52.
The22 197, 6 s 522E~04 « 99 264080 L1,
73.21 200.0 «586E-04 1,0 13.00 19,
72.21 19800 .696E-Dl¢ 1.03 9.00 302-
71.21 197.0 .829E-04 1.07 17. 00 260,
70.21 196.0 .986F=-04 1.10 24.00 248 .
69.21 2%1. 0 «11G4E=03 1.11 24.00 248
68 .20 279, 0 «129E-CZ 1.10 23.00 2h0
67420 218, C «145E=03 1.C8 22.Cs 230,
66.20 225.0 «163E-03 1.07 26.00 239.
65420 230.6C o 1855-03 1.36 23.00 309.
64 .21 235.0 «209E-03 1.06 32.°0C 312.
63.19 244, 0 «231E-03 1.04 34.00 313.
62.19 2u8.C e 2HCE-GT leut 38.30 316 .
60.19 25360 «3328-22 1.03 42,93 332.
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Table B11l. AFGL Accelerometer Sphere at 1226 GMT

ALTITUDE TEMPERATURE DENSITY DENSTTY
(KM) (CEGLK) (KG/M*%2) / MODEL
75.88 194,8 « 332E=04 « 84
75,06 183+6 «499E-Q4 «91
74.92 182,90 « 420E-Q4L 92
74,78 180. 4 «L30E-04 « 92
The bl 179.0 sLUCE-OUL 92
The51 177. 8 «453F=-04 «33
Th 437 176.7 «470E~0L « 95
Th 23 175.7 «489E-04 «97
74,09 175.0 «510 E-04 «39
73095 17‘&.5 .532E-0h 1.01
73.68 174, 0 «571F=04 1.04
7354 174.0 «587E~-04 1.C5
73.40 17441 «601E~04 1.05
73.26 17442 «H14E-QL 1.05
73.12 174,42 «624UF=04 1.C5
72.98 17442 «b40E=04 1.06
72.84 174. 1 «657E-04 1.06
72.71 173. ¢ «H75€=-04 1.07
72.57 173.7 «633E-04 1.08
72.43 173.5 «708E-0L 1.08
72.29 173. 4 «726E~04 1.C9
72415 1733 «74L4B8E-04 1.10
72,01 1734 &4 «777E=J4L 1.12
71.87 173.6 w801E-04 1.13
71.73 174, 0 18235'0“ 1.13
71459 17445 «837E=-04 1,13
71445 175.1 «858E=04 1.14
71,31 175. 8 «878E-04 1.14
71617 17645 «898E-04 1.15
71.03 1773 «817E=04 1.15
70.89 178. 1 «931E=-04 1.14
70.75 178.9 «947E-04 1.14
70,61 179.7 «Qo4E-OU4 1ol
70647 18%.6 « SA3E-04 1.14
70.18 182.7 «1033E=-C3 1.15
70.04 183, 9 »106E-03 1,15
69.76 186.6 «110E-02 1.1¢€
63462 188.1 «112€-03 1.16
69 448 189. 8 «114F-032 1.15 ‘
69.34 191.5 ¢115E-03 1.14
69.06 195, 2 «118£-03 1,13
68.91 197.2 «120E-03 1.12
68.77 199.1 «121€=-03 l1.11
68463 201.1 «122E-03 1.10
68.49 203.1 «124E-03 1.119
68.20 267.1 «128E-03 1.09
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Table B11l. AFGL Accelerometer Sphere at 1226 GMT (Cont. )

ALTITUDE TFEMPERATURE DENSITY DENSITY
(KM) (CEG.K) (KG/M**3) / HMODEL
68 .06 209.1 +129E-0D3 1.08
67.92 211.1 «130E-02 1.07
6778 213.0 +131E-023 1.06
67.64 214.9 «133€=-03 1.35
67.49 216.7 «134E-03 1.C04
67435 218. 4 «137E-02 1.t
674,21 219,9 +13%e-03 «Th
67 .06 22143 «142E-02 1.04
66492 22245 «144E-03 1.04
66478 22345 «147E-02 1.04
66.6‘0 22443 51505-03 1.04
66649 22500 +152E-03 1.03
£6435 22545 ¢ 1555-03 ‘»u3
66,21 22549 «15RE=-03 te DL
65.92 226 4 +165E-02 1.04
65.78 22645 +168€-02 1.04
65.63 22645 172E-03 1.04
65.49 22647 «175E=-03 1.05
65,34 22648 «179E-03 1.C5
65.,2C 227.2 «1R2E-03 1.05
65.06 22747 «18€E-03 1.65
64«91 2284 4 «189F=-33 1.05
6477 229.4 «182E=-03 1.05
64,08 231.7 « 199E-03 1.C5
6L .34 233.0 «202F=03 1.04
blhe19 234, 2 215803 1. 04
64405 235, 4 «20 BE~-03 1.04
63.9U 236. 4 e211E-02 1,03
63.75 23743 «214E=-023 1.C3
63.61 238.0 «218E-03 1.03
63.47 23847 «221E-03 1,03
63.32 23%. 4 «226E-03 1,03
63.18 240, 0 «2336E=03 1.33
63.03 24067 «234E-03 1.0
62.89 241.5 +238E-03 1.03
62,74 242, 4 W2L2E=03 1.03
62460 24343 «246EE-03 1.03
62+31 24541 «254E=03 1.02
62.16 2ub, L « 25R8E=-03 1.02
62.01 24648 «262E-03 1002
61.87 24746 «267E=0Z 1.C2
61.72 248.,.2 «272E-03 1.02
61.58 248.9 «276E=-03 1.02
61.43 249, 5 .281F=-03 1.02
61.28 250.1 «286E£-03 1.02
61,16 250, 8 .2‘31E-03 1.62
60,99 25145 «295E-03 1.01
60.85 25243 «300E-023 1.01
60.70 253.1 «305E-03 1.01
60. 55 254, 0 «310FE=-02 1.01
60.40 254, 9 «314E=-02 1.01
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Table Bli. AFGI Ac~celerometer Sphe = at 122 GMT (Cont. )

ALTITUCZ TEHPERATYURE CEMSTITY JINGITY
(KM (CEG.K) (RKG/M**3} 7 MCODFL
60:20 255.8 «324k=02 1.00
60.11 25646 2 325F-02 1.00
59.396 257.5 «330E-03 1.C0
59.82 258,32 « 3TEE=OE 1.60
59.67 259, ¢ «341F-C2 1.00
59.52 259. 7 « 34BF=-02 .99
59,38 26044 «X52E=C2 .99
59,232 2b1l.u .« ¥58E5~-03 +99
58.08 2615 . 36LE~0Z .99
58,94 26244 «37CE=03 + 99
58.79 26205 «376E-02 .98
58, 64 2620 9 .382E-023 +98
58.49 26342 «38CE-02 .98
58.35 2634 € «33EF-02 «98
58421 263.9 «LUJE-02 L]
58.065 26441 «U11E-02 .98
57,90 26443 «419F=02 .98
57.75 26Le b 427E-02 .99
57.6°% 264,45 «43IGE-02 .99
57.40 264.5 W L4L3E-03 .99
57.31 264,45 «452E-33 «99
57.16 26Le L s 460F=02 +99
57.01 26L4e b s HEQE-02 .99
56.86 26443 WL78E=-02 .99
56+57 2644 3 «4QBE=-02 .99
56,42 26h443 «505E=-03 .99
56427 26443 «515E-023 «99
56.12 26“.'-! -52‘0E'03 ogg
55.97 26Le D OS-‘LOE-U3 -qq
55482 264 .9 «SLLE-C3 +99
55.67 265.2 «554E-03 .99
55452 265.6 «504E-03 .99
55.38 266.0 «573F-03 .92
55423 2660 4 «5383E-03 «99
55.08 26649 «5922-02 + 99
54.93 26743 «603E-03 .99
5L.,78 267.7 «613E-03 .99
Sk o663 268 .2 +H2UE=C3Z +» 99 |
54448 26846 «H25E=-02 +99
S54e 33 269%.0 «BL6E=03 <98
54,18 2694 «657E-03 « 99
54.03 269.8 « 669E=03 «99
53.88 270. 2 «6580E-03 + 99
53.73 270.6 «H592E-03 «99
53.50b 271.0 »704E-D3 «99
53. 43 271 .4 «716€-03 «98
53.28 271.7 «728E~03 .98
53,123 27241 e 741E-02 «98
52.98 27244 «754LE=03 298
52.83 272.7 «767E-03 .28
52.68 272.9 «781E-03 .98
52.53 273.1 +795E=-03 .98
52¢ 38 273. 2 «809E-02 .98
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Table Bil. AFGL Accelerometier Sphere at 1226 Gt {Cont. )

ALTITUGE
(KM)

52.23
52.38
51.583
51.78
51.63
51.48
51'33
51.18
51.03
50.88
50.73
50.58
50. [‘2
50.27
50.12
L"g.q7
49,82
49.h7
489,52
49,37
49,22
48,07
484,92
4BR.76
48.61
48446
48,31
48.16
48,01
47 .86
47671
474586
47 J41
47425
L7.10
46395
46.80
4665
46459
46+ 35
46429
L6.04
45489
L5.74
45,59
45 44
45,29
45,14
54,99
L“..83
44,68
44,53
44,38
444,23

TEHPERATURE
(CEG.K)

273.5
2736
273.7
27347
2737
273. 7
273.6
27 34 4
273.2
273.0
27247
272.4
27241
271.7
271.4
271.40
270.7
270 4
27062
269, 9
2639.8
26946
2693. 5
269. l"
26943
269. 3
269.2
269.2
269, 2
269.2
269.1
269. 0
268 .9
26849
268, 8
26847
2658.7
2684 6
268e €
26845
26845
268.3
26842
2684 C
267+ 8
267.6
26743
267, 1
266. 7
2660 4
2666 0
265. €
26542
26L4o7

93

JENSITY
{(KG/™M®% 3]

W 52LE-03
L 839E=-32
. B54E-03
«870E-03
W33 HFE-03
. 993 =03
.920E-03
fQAILFE=G3
2956c=03
.975F=02
<394 E-03
L1L1E=-02
P 133F-02
«106E-02
.1.8¢€-p2
L 110K=C2
.112E-0?2
. 11L9F“32
«116E-92
+119€-02
. 1216-02
.1236-02
. 126F-02
»128€-102
«131F=62
e133E-02
W16F-02
J138E-02
c1416=-32
.144E=-02
c1475-02
«149€-22
W15ZE-02
 155F-02
. 158E-02
«161€-02
. 1658-02
«168F-02
L171E-0?
«174€=-92
.1785=-02
.181€-02
«185€-02
.188E=92
«192E-02
+196E=02
«230E-02
«294E-02
.208E-02
2 212F=02
«217E-02
«221E-02
W 226HE-02
«231E-02

.39

.99
1.0y
1.23
1.00
1.08
1.["
1.703

00
1.00C
1400
1.00
1'00

na
LIVES

1.0CJ
1.00
«CC
1.74
1.20
1eC2
10{"’]
1469
1.00
1.00
«99
.99
«3Q
» 29
«99
.9
»39
«99
«99
«99
99
«93
.99
299
»99



Table B12. Hypersonic Sphere at 1142 GMT from MIT
Lincoln Laboratory Analysis

ALTITUDE TCMFERATURE NENSITY DFENSITY
(KM) (D0EG.K) (KG/M*%3) / MODEL
130.20 426. 5 «114F=-07 1.59
129.91 LL0,.3 «112£-07 1.54
129.62 L4bL,8 +114E=07 1,51
129,32 436, 2 «119E-07 1.54
129.03 433.1 «122E-07 1454
128.73 421.7 «12R8E=-07 1.587
128,44 417. 8 «132E-07 1.54
128.15 411.0 «137E-07 1.60
127.85 429,10 «1355=-07 1.53
127.55 439,7 c136E=07 1,68
127.26 450.8 » 134E-07 144
126.97 439.4 «140E-07 1.46
126.68 424,3 »148E=-07 1.51
126,38 410.2 . 156€£-07 1.55
126.09 402, 1 «163E-07 1.57
125,79 394, © «170E=-C7 1.60
125.530 398, 7 W 172F=y7 1.58
125.20 L19,5 «167€-07 1.50
124.91 L42,3 »162€-07 1.061
124,61 462, 8 «158E-07 1.34
124.32 473.9 «159F-07 1.31
124.02 479,3 «159E-07 1.28
123,73 483.8 +161E=37 1.26
123.43 477, 7 «166L=-07 1,26
123.14 460.9 +175E=07 1.30
122.84 45640 +181€E=-0G7 1.20
122.55 443, 1 «19CE-07 1.33
122,25 430, 1 «2J0E=-07 1. 35
121.96 4b12.8 «213E-07 1.39
121.66 405.1 «222E=07 1.41
121,37 400.3 «230€=-07 1o 41
121.07 400.2 «?35€=-07 1.39
12C.78 397.1 +2L3E=07 1.38
120 .48 3396.8 «24AF=-07 1.36
120419 L00s0 1 252€E-07 1.33
119.89 399.0 +258E~-07 1.31
119.63 299,9 « 264E-07 1.29
119.3C L00.1 «271E-07 1.26
119.01 400. 8 «276E-07 1.24
118.71 399.8 «28LE=07 1.22
118.41 397.0 «292E-07 1,20
118.12 3866 7 «328E-07 1.21
117.82 377.9 « 322E-07 1.21
117,53 366, 5 «3L1E=-07 1.23
117.23 35245 «36LE=Q7 1.25
116.94 238.2 «38CE~07 1.28
116.64 328.6 CL12F=G7 1.30
116.34 320.¢ «L435E~07 1.31
116,35 31847 «450E-GC7 1.20
115.75 316. 5 «LB67E-07 1.29
115,46 316, 3 «481E=-07 1.27
95
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Table B12. Hypersonic Sphere at 1142 GMT from MIT
Lincoln Laboratory Analysis (Cont.)

ALTITUDE TEMPERATURE DENSTTY DENSITY
(KM) ( CEG . K) (KG/M¥*3) / MODFEL
115.16 316. 7 495 E=07 1.25
114486 3154 «512E-07 1.23
114,57 313.9 «530E-07 1.22
114,27 313.8 «547E=07 1.20
113.97 313.5 «56LE=07 1.19
113,33 312,38 «B6U3E=17 1.15
113,02 31045 «627E=07 1.14
112.73 305.9 «656E-07 11
112 .44 30061 «H680E=37 1.14
112.14 29447 «725E-017 1.15
111,84 288, 2 «766E=-07 1.16
111.55 283.7 «8G4E=-07 1.186
111.25 279.6 oBLLE=07 1.16
110,95 27449 . 8B8BE=27 1,17
110.66 270. 8 «934E-07 1.17
110436 26641 «98LE=~(7 1.18
110,06 262.8 «173€-06 1.18
109.76 259, 9 «108E-06 1.1R
109.47 264.3 «110E-06 1.15
109,17 26044 «116E-06 1,16
108,87 258, 8 «121E-06 1,15
108.58 253.9 «128E-0¢6 1.16
108.28 251.1 «.135E-06 1.17
107.98 245, 5 «143E-06 1.18
107.68 24243 «151E=0€ 1.18
107.39 239.4 «159E-06 1.19
107,09 23€, 7 +168E-06 1.19
106.79 23543 +176E=06 1,18
106.49 230.4 «1B7E-06 1.19
106,20 22640 +199E-06 1.21
105.93 225, 0 «218E-06 1.20
105460 2264 b4 «216E-06 1.18
105,01 224.8 $23275-96 1.16
104,71 22241 .« 250E-06 1.186
104,41 219.3 +265E-06 1.16
104411 21647 «280E-06 1.16
103.81 214.0 «297F=06 1.17
103.52 20842 « 320E=0€ 1.19
103.22 201.5 +3L6E-06 1.22
102,92 194,5 +377E=-06 1.25
102.62 190. 6 4IUE=D6 1,27 :
102.32 187.,3 «433E-06 1.29 i
102,02 185, 0 «462E-06 1.39 |
101,73 183, 4 «492E-06 1, 31 |
101.43 183+ 4 +519E-06 1.31 |
101,13 185.5 +S41E-06 1.29
100083 18700 0565F'06 1028
100,53 188.7 .590E=-06 1.26
100.23 189.0 «620E-06 1.26
99,93 190,7 «6LBE-D6 1.24
99.64 192.0 «677E=06 1,23
99,34 194, 0 . 705E=-06 1.22
99,04 19443 «TH1E-G6 1.21
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Table B12. Hypersonic Sphere at 1142 GMT from MIT
Lincoln Laboratory Analysis (Cont.)

ALTITUDE TEMPERATURE DENSTITY DENSITY
(KM) (BEG.K) 7 (KG/M**3) / MODEL
98474 194.5 +T79E=06 1.21
98. 44 194, 2 «821E-06 1.20
98.14 193.2 +868E-06 1.21
97.84 192.2 «919E-0¢ 1.21
97,54 191.2 «973E-16 1.21
37.25 191.0 «103E-05 1.21
96, 65 191. 8 «113E=-05 1.217
96405 194.6 «124E-05 1.17
35,75 196.0 «130E-05 1.16
95.45 197.5 «135E-05 1.14
95.15 198.3 +14L2E-0F 1.13
910.85 199.5 oi“gE-Og 1.12
94, 55 200, 5 .155g£=-05 1.10
9425 201.2 «162E-05 1.C9
93.95 2e1.0 «171E-05 1,08
93,65 200.1 «18CE-0F 1.C8
93.36 199.,1 »190E-05 1.07
93.05 198.9 230 E=05 1.07
92,45 200.2 . 220L-25 1. 04
92.16 201.6 + 229 E-05 1.03
91.86 203.5 «239E-95 1,01
91.56 2054 ¢ « 24BE=-D05 « 99
91.26 207.9 «257E-05 «97
30.96 209, 3 «268E-05 «95
90066 210.C 0230"—"05 « 94
90.36 219%. C »294E=05 «93
90.06 209. 2 «309E=-05 «93
89,76 209.7 e 324F=05 « 92
89,46 207.8 «343E-0F Q2
89. 16 204, 8 «365E-05 92
88.86 200.8 +391E-05 « 94
88.56 196.6 «420E-0CS 35
88426 194, 0 s Lb47E=-0F « 96
87.96 192.7 474 F=-05 .96
87 .66 194.2 «495E-N5 «95
87 .36 197.2 «513E-0°¢ 93
87.06 199.7 «533E=05 «91
86.76 201.7 .55‘+E-05 090
86.46 202.5 «530E-05 «89
86416 29343 +6.6E~-05 .88
85.86 203. 7 .636E=05 .87
85.56 2794.6 «HBHEUFE-05 ¢« 86
85426 274.8 «697E=05 85
84.36 203.5 « 736E~0F 85
84.66 202.0 «779E-05 « 85
846,36 201.1 «822E-05 «85
84, 06 230, 2 + 867E=05 « 85
83.76 20067 «909E-05 ° 84
83.46 200.5 «956 E~05 B84
83.16 200.5 «1J0E-04 «83
82.86 201.6 + 105E-04 . 82
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Table B12. Hypersonic Sphere at 1142 GMT from MIT
Lincoln Laboratory Analysis (Cont.)

ALTITUNRE TEYMPERATURE DENSITY DENSITY
(KM™) (BEG.K) (KG/M**3) / MODEL
82.56 20245 «113E-04 « 82
82.26 203. 8 «115E-04 .81
81.96 20449 «120E-04 « 80
81.66 20643 «125E-04 «79
81.36 207.8 «130E-04 78
81.06 2084 4 « 136E-04 78
80.76 206.7 W14LE=-QL «78
8046 203.7 «153E-04 79
80,16 199, 7 e 164E=-04 «f1
79.86 196.6 «175€-04 . 82
78.57 195.3 «185E-04 83
79,27 194, 7 «196E-04 «83
78,97 194.8 «+206E-04 « 83
78.67 194. 4 «217E-04 «84
78.37 194, 4 CZZBE-OL. 84
78,07 194,1 «2L0E-04 « 85
77.77 193.9 «253E-04 «85
7747 193. 4 «267E-D4 «86
77.17 193.3 e 2R2E-04 « 86
7687 194.0 «295E-04 «86
76.57 195.5 «308E=04 «86
76.28 197.0 «322E=-04 . 86
75498 19649 «338E=-04 «86
75.68 195. 9 «358E-04 «87
75.38 195.3 e 377E=-04 088
75.08 195.8 «396E~-C4L «89
74479 197.4 «413E=004 .88 .
7449 198.3 «432E-04 «89
74,25 1398.0 «450F=04 «89
73495 19745 L75E=04 «90
73.65 196.7 «501E-04 .91
73435 19646 «527E-04 «92
73.06 196.9 «553E-04 «92
72.76 197. 9 «578E-04 92
72.47 199.0 «B60LE-04 «93
72417 199,10 «635E=04 93
71.87 198, 4 .569E-04 « 94
71.58 197.¢ « 705E-04 « 95
7070 196.1 «82LE-D4 «99
70.4C 194. 5 ¢ B7LE-D4L 1.00
70011 193. 4 «924LE-04 1.02
69452 193.5 «102E-03 1.04 i
69.23 194.9 «107E-03 1.04 |
68.94% 196.3 «111E-03 - 1.04 !
68,65 198.1 «116E-03 1.04
68 .36 200.6 «120E-03 1.04
68.07 203. 4 «124LE-03 1.04
67 .20 210490 «138E-03 1.03
66,91 21241 «143E=03 1.03
66062 21349 «148E-03 1.02
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Table B12. Hypersonic Sphere at 1142 GMT from MIT
Lincoln Laboratory Analysis (Cont.)

ALTITUDE -TEMPERATURE DENSITY DENSITY
(KM) {(CEG.K) (KG/M**2) / MODEL
66433 215.7 «154E=-03 1.02
65.76 ) 219. 2 «165E-02 1.02
65.48 220.8 «171E-03 1.02
65.19 222.0 «177€-13 1.02
b4e 91 222.7 «185E-03 1.62
64 +63 223.2 «19ZFE-02 1.C3
6L o34 224 . 4 +199E-03 1.63
6L4.06 22641 «206E-C3 1.03
63478 227.0 « 214E=-Q7Z 1.%3
63.50 229.8 «220E=-03 1.03
63.22 232.1 2« 227E-02 1.62
62.94 23244 e 22CE-02 1.03
62 .67 233.9 «243E-03 1.C3
62. 39 23641 «251E=03 1.02
62411 238.2 e ?258E-C3 1.02
61.84 239. & . 267E=03 1.C2
61.56 240.7 «276F-03 1.02
61.29 241. 4 +285F=03 1.C2
61.02 241.8 «296E-03 1.02
60.75 2424 b4 «306E-03 1.02
60.48 243.0 e 317E=-023 1.C2
59.94 2L4L, 7 « 238E-03 1.C2
59.68 245.2 «350€E-03 1.02
53.41 24b. 2 e 361E-03 1.02
59.15 2474 «372E-03 1.02
58.89 248.8 «384LE-03 1.02
58.62 249. 8 «396F=-0n3 1.02
58.1C 251.2 «421E-C3 1.02
57+ 85 25147 «435E=U3 1.02
57.59 252. 6 « LWL B8E-03 1.02
5734 252.8 +4B62E-03 1.02
57.08 252.0 WWB80E-D3 1.02
56.83 251.7 «497E-02 1.063
56.58 251.5 «514E-02 1.03
56433 25065 «533E-03 1.04
56408 250. 2 +5528=03 1.04
55.84 250.9 «569E-903 1.04
55.59 252,3 «534L4E=N3 104
55.35 254,61 «538E-03 1,03
S4.87 25648 «630E-03 1.03
S4e 63 25845 «BLSE=03 1.02
S4. 39 26046 « 660E-03 1,02
5374 26L4.5 «+ 710E-02 1.01
S3e47 2654 4 «728F=023 1.01
53.24 265.9 «7TLB8E=-03 1.c0
53.01 26543 «?771E-03 1.01
52.79 265, U4 «792E-103 1.01
52.57 266.1 «812E-03 1.01
52435 2664 4 «834E-023 1.01
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Table B12, Hypersonic Sphere at 1142 GMT from MIT
Lincoln Laboratory Analysis (Cont.)

ALTITUDE TEMPERATURE DENSITY DENSITY
(KM) (DEG.K) (KG/M**3) / MODEL
52413 26742 « 854E~02 1.01
51.91 26845 «873£-03 1.00
51,710 26946 «833E-02 1.00
51.49 271.0 «912E-03 .98
51.27 272. € «930E-03 .98
51-57 2724 ¢ «953E-03 «99
50.65 268. € «102E-02 1.00
50.45 26740 «135E-02 1,01
50.25 2664 C «138€-02 1.01
50.35 26746 «11JF=-02 1.01
49,85 2h8.5 «112E-02 1.00
49,66 269,3 «115E=02 1.0
LA .46 2706 2 .11 7£-02 1.00
109027 27102 01205'02 « 89
49,08 271.7 «122€E-02 .99
4L8,.8" 271.90 «125E-02 «99
48,71 269.9 .129€-02 1.00
4L8.53 268.7 «132E-02 1.C0
48435 267 7 «136E=-02 103
48 .17 2664 6 » 139E-02 1,01
47 .99 265.3 «143E-02 1.01
L7.81 26542 «146E-G2 1.1
L7 464 26642 «149E=-Q2 1eC1
L7.47 26648 «152E-02 1.00
L7.30 265. © «156€E-02 1.01
46,97 265.1 «163e=02 leu1
46.81 26543 «166E-02 1.01
4h 443 26645 «172F-02 1.00
L4b. 33 267.3 «175€-02 «99
L6117 26R.1 +177E-02 «99
46 .02 269.2 «180E-02 «98
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Appendix C

Robin Sphere Analysis

The robin sphere is used to determine density, temperature and wind velocity
from the radar tracking data. The tracking data must be smoothed by a filter to
remove random fluctuations which would severely effect the time derivatives in
determining velocity and acceleration. The measurements of range, azimuth,
elevation and range rate (doppler velocity) must be used to determine position,
velocity and acceleration vectors. To determine the wind velocity, the assumption
is made that the wind vector lies in the horizontal plane and any vertical wind com-
ponent is neglected. The vertical component of acceleration due to gravity must be
vectorially removed from the total acceleration to obtain the drag acceleration used
to calculate density. The filter used to smooth the data can remove some of the
atmospheric structure, as was discussed in the text of this report. In Figures
C1-C4, the results of the measurements for robin sphere 2018 are presented.

This set of figures provides an example of the effect of the smoothing filter applied
to two different radars tracking simultaneously the same sphere. The smoothing
intervals for the ALCOR radar data processed by XONICS and the TPQ18 radar
data processed by ASL are given in Tables 4 and 5. The point to notice is that the
smaller smoothing interval of the ALCOR data provides much better detail in the
atmospheric structure of the density, temperature and wind profiles in Figureé Cl-
C4.
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Appendix D

Hypersonic Sphere Analysis

The high velocity of the hypersonic sphere allows higher altitude measurements
of atmospheric density than other passive sphere techniques because of the larger
drag acceleration. Below 100 km the errors due to acceleration measurements
become quite small, less than 1 percent (see Tables 6 and 7). The small smooth-
ing interval required for the radar data results in profiles with good spatial resolu-
tion, showing the atmospheric small scale structure (see Figure 8). The hyper-
sonic sphere data must, however, be assigned a relatively large error due to
uncertainty in drag coefficient. The drag coefficient is poorly known in the free
molecular and transitional (low Reynolds number) flow regions. Also, errors in
drag coefficient are expected at lower altitudes because of higher sphere surface
temperatures caused by aerodynamic heating. In the two summaries of drag coef-
ficient measurements considered here, significant scatter of the measurements is
apparent. In the study of Lin, 1 the reported data were parameterized as a ratio

of Ch/Cppm DFM
rarification parameter MOO / \/-Re (ratio of free stream Mach number to the square

(where C is the free molecular drag coefficient) versus the

. .
root of the free stream Reynolds number). This procedure allows a calculation of

“p DFM
Also an estimate of the effect of surface heating can be included because the CDFM

with a continuously updated C (calculated from Schaaf and Chambrez).

1. Lin, T.C. (1975) Private communication of unpublished AVCO report, Sphere-
Drag in Rarefied Flow Regime. -

2. Schaaf, S.A. and Chambre, P.L. (1958) Fundamentals of Gas Dynamics, 687.
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calculation includes TW/Too (ratio of wall to free stream temperatures). The value
of the temperature ratio chosen for the profile used in the analysis of this report
was 'fl"w/TQ0 = 3. A more recent analysis of Bailey3 has been completed using all
available measurements at the higher Mach numbers. The results of the Bailey
study are shown in Figure 6b and listed in Table D1. The drag coefficient profiles
for the conditions (;f the present experiment are shown in Figure 6a. Note that the
Lin curve for ’1‘W,-'Too = 3 (the one chosen for the present analvses) generally lies
between the Tw ;’Too = 1 and the curve from the Bailey study (which corresponds to
Tw/T =~ 1.5 based on the weight of the various sets of data studied). Figures D1
and DCZ,Zo show the comparison of the three density and temperature profiles that
correspond io the drag coefficients shown in Figure 6a. The choice of Lin's profile
and the case TwV/T00 = 3 is somewhat arbitrary but the assigned errors encompass
the other cases. The results of the analyses are listed in Tables D2, D3 and D4
for those parameters necessary to calculate atmospheric density. This data could
be refined when better drag coefficient values become available. The other param-
eters needed besides the data in the tables are the mass (186. 4 gm) and diameter
(10.16 cm) of the sphere.

Table D1. Drag Coefficient for Hypersonic Flow as a Function of Mach and
Reynolds Numbers From Study of Bailey

Mach
Re 10 12 14 16 18 20 22 24 26

20 1.5 1.65 1.84 1.965 2.05 2.125

o
—
[ee]
(S]]
no
no
w
(o))
Do

.28
50 1.345 1,513 1,715 1. 845 1.935 1.995 2.0535 2.10 2.15
100 1.23 1.39 1.385 1.710 1.795 1.855 1 913 1.962 2.01
200 1.12 1.25 1.425 1.530 1. 60 1.665 1.725 1. 778 1. 83

500 1.03 1.105 1. 182 1.25 1.305 1.37 1,425 1.475 1.54

1000 .98 1.005 1.035 1.07 1.11 1.16 1.212  1.272 1.345
2000 . 947 . 985 .97 . 985 1. 015 1.04 1.083 1.13 1.185
5000 292 . 92 .92 . 925 .945 . 945 .980 1.00 1.036
10, 000 .91 . 905 . 905 1912 . 920 . 920 . 938 . 943 . 965

3. Bailey, A.B. (1978) Private communication of results of recent study of drag
coefficients at high Mach numbers,
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Table D2.

Lincoln Laboratory Using the Drag Coefficient of Lin! for Tw/TDo =3

ALTITUDE
(KM)

136.204
129.910
129.616
129,322
129.0238
128.73%4
128.440
128,146
127.857?
127.558
127.2604
126.395hY
126.675
12€.3531
126.086
125.732
125.437
125,203
124.998
124,613
1244 319
124.024
123,729
123434
123,139
122.044
122.544
122,254
121.959
121.664
121.369
121.074
120,778
120,483
120.138
119,892
116,597
119,301
119,006
1164710
11o.414
118.119
117.823
117,527
117.231
116.935
116.639
1164342
116. 047
115,751

DENSITY

(KG/4**3)

«11426E
«11301€
«11421E
«118A49€E
«12226E
«12€27€
«13232E
e13747E
«13461E
«13411E
«13352€E
«13986E
«14792E
15641 €
«16276F
.17000€
«17149(0¢
1A 74LTE
«1622°E
«15830¢E
«15667¢E
«15598E
»16056E
«16576E
«17527E
«18072E
«18937E
«19382¢E
«21281E
«22187E
«22977€
«?3521F
«262A/0E
e 2L352¢E
« 25241 E
025300¢c
0 264LUBE
«27058E
2T R4 TE
«28369E
«23248E
« 30750 €
32241 E
«34032E
«36373E
«38949€E
«4122GE
«43IL55E
W4SNWLBE
Lb711E

-7
-7
-7
-7
-7
-7
-7
-7
-7
-7
-7
-7
-7
-7
-7
-7
-7
-7
-7
-7
-7
-7
-7
-7
-7
=
-7
-7
-7
-7
-7
-7
-7
-7
-7
-7
-7
-7
-7
-7
-7
-7
-7
-7
-7
-7
-7
-7
-7
-7

"RAG

COEFFICIENT

2.16833
2.17115
2417200
2417014
2416943
?.1663F
2016605
2016455
2.1682¢
2417045
2417267
?.17023
?.16702
2,1€395
2,16238
2.16054
2417149
2.16566
217034
2417443
2.17600
2.1775¢8
7417640
2417712
2.17369
2.17202
2416931
?.16716
2.16347
2416175
?.16065
2.1605b
215984
2.15971
2.16031
216003
2416017
2.16014
216023
2,15995
2.15928
2.15700
2.,15504
2,15246
2.143928
2414539
214371
2.1L185
2616128
2.14071

108

TEMPERATURE
(CEG . K)

426450
L0, 32
Q44 . 76
4L36.16
433,10
421 .69
417.76
411,03
425 « 96
439,73
450,83
439,35
424 « 31
410.17
433,14
394,93
333 ,.€6
419,53
Lh2.31
462,77
470 .91
479 .25
L83.76
477 .70
460 « 94
456, 04
LL3 412
430410
412,83
405,06
400,425
‘000 . 17
397,11
336 « 84
393.96
298,95
333.90
400,08
480 .78
399,78
336 .95
3864 66
377 .89
366 . 46
352 « 4b
338.22
328,59
320.85
318,66
316449

DRAG ACC.

(M/SEC**2)

-.024961
-~ 024724
-+02724998
-.026003
-e026735
-.028021
-.028996
-.03000%
- 029425
-+029357
-+029262
-.0305219
-+032340
-+034153
-.035517
-.027070
-.037506
-.036614
-.035559
-«034757
-+0348€8
-«0343€5
=.035330
-+ 0364538
~.038432
-+0339€76
-s041627
-« 043768
-+ 0465410
~o043483
-+.050135
-.051387
-.052991
-+054237
~.055158
-.056599
-+057306
-+059146
-+060442
-.062020
-.063930
‘5067151
-.070351
~e0743088
-.079185
-.084€E60
-.089530
~-.09429%
'0097737
-.101330

Calculated Parameters From Analysis of the Hypersonic Sphere by

VELOCITY
(M/SEC)

6806e0472
68064879
6807,281
6807.664
6808.074
6808.469
6808.891
6809.297
6809.691
6810, 094
6810.50¢L
6810.910
6811.,29%
6811.70%
6812.102
6812.52n
€812.,914
6813,320
6813.707
6814.129
6814,523
6814.930
6815.,328
6815,734
6816.,137
6816, 547
6816,941
6817359
6817.75¢8
6818.145
6818.566
6818.,957
6819,367
6819.758
6820.156
6820,562
6820.977
6821.36%
6821.766
6822.,180n
6822.58A
6822.980
6823.,382
6823.761
6824.172
6824.59"
6824.960
6825.387
6825.,777
66264100
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Table D2.

Calculated Parameters From Analysis of the Hypersonic Sphere by

Lincoln Laboratory Using the Drag Coefficient of Lin! for Tw/Too = 3 (Cont.)

ALTITUDE
(KM)

115.455
115,159
1144862
114,566
114,270
113,973
113.326
113,030
112,733
112,437
112,140
111,843
111.546
111,249
110,953
110.656
110.359
110,062
109,764
109.467
109,170
1084873
1084576
108,278
107.981
107,684
107. 386
107,039
106,791
1064493
106.196
105.898
105.600
1054302
105,005
104,707
1044449
104s111
103.5613
103,515
103,217
102,918
102.620
102.322
102.024
101.725
101,627
101,128
100.830
100,531

DENSITY
(KG/M**3)

«4B8140OE
«49531E
«51218E
«53027€
«SLOE6LE
«56339E
60344 E
«626H7HE
«65581E
«68973€E
«72512E
76584 E
«60435E
«84LLOSE
«88821E
«93357E
«98L16E
«10329¢&
«10032E
«11049E
«11630E
«12138€E
«12842E
«13489E
«14336E
«15110E
«15909€E
«16757E
«17555E
«18R85E
«19868¢E
«20326E
«21594LE
22498 E
«23630E
«25040E
«26496E
«28027E
«23696E
«31963E
«34617E
«37671E
LOLHT7E
«43322¢E
«46219E
49157 £
«51855E
«5W057E
«5b499E
«58996E

DRAG

COFFFICIENT

2.14061
2.14064
2.14029
2.12987
2,13978
2.13964
?.12935
2.13872
?2,1%759
2.13613
2.13477
613314
2.13196
2,13039
2.12968
2.128680
2412736
2412647
2.12567
2012671
2412565
2.12520
2.12789
2.,12309
2.12159
212068
7411938
2.11909
2.11866
2.11729
2.11606
2.11573
2.11606
2.,11609
2.11550
211470
2.11388
2.11312
?.11211
2.10874
2.10506
2.10120
?.09851
2,09611
2.09227
2.18875
2.08612
2.,06467
?2.08299
2.,08142

109

TCMFERATURE
(CEG « K)

116431
316 . €5
315 .46
113,93
313.79
313 .47
312 .82
310 .46
305,94
300.11
294, €9
2838423
283 . €6
279 .57
274,91
270.580
266412
262 483
259.91
264 4 27
260 .36
258 .82
253.93
251 .08
245452
242427
239, 4iy
2364 €8
235,29
230 .37
225 .38
224 o 30
22% 4 42
226 .77
224 476
222 .06
219,28
216473
213 .57
208,16
201 .54
194,52
190 .55
187,31
135.00
183 . 40
163436
185 . 46
187 . 01
133 .68

NRAG ACC.

(M/SEC**2)

-e1044L27
-e107463
~.111122
~¢115039
-+118569%
‘01223“3
'013094“
-e135377
~e142224
-.149437
~«157085
=e165797
'.17‘9053
-+18258)
=e1920%64
-.20177%
~¢212607
=4223065
-.2333875
-+238687
~¢251160
~.262083
-e277151
~.291340
-e309144
~.325727
~e342865
~e361029
-«376135
-e4021225
-e27578
-+4L3176
-,4b64840
- 484361
-.509317
~.2>3887%2
'0569997
~.b602787
-.638441
~.686146
-+741898
-.005353
-+864316
-e924775
~e966G304
-1.045842
-1.101341
-1.143929
-1,199014
-1.251183

VELOCITY
(M/SEC)

68264574
68264968
6827.359
6827.770
6828.168
6828.55%
6829.430
6829.82¢8
6830.21°
6830.621
6831.012
6821,411N
6831.785
6832, 195
6832.574
6832.9¢t4
6833, 348
6833, 746
6834.121
6834,508
6834,910
6835.285
6835.664
6836051
68360422
6836.797
6837.187
6837.551
€£837.93N
6838.292
6638.65h
6839, 0 31
6839, 387
€83%9,750
€840,105
6840.461
€84G6,82L
6841,16L4L
6841.51¢
6841.852
6642.191
6642.527
6842.852
6643.176
€E8u43. 461
€843, 77N
6844, 06R
68Uk, 371
68L4L, 648
6844.330N



Table D2.

Calculated Parameters From Analysis of the Hypersonic Sphere by

Lincoln Laboratory Using the Drag Coefficient of Linl for Tw_/'l'oo = 3 (Cont.)

AL TITUDE
(KM)

100.233
39.934
99.636
99,337
99.038
38.739
983.441
S8e.142
97.543
G7.544
97.245
36,946
3EHBLT
YOe348
96,0483
95,743
35,450
95.151
94,4852
94552
94,253
93,954
93,654
92.355
93,055
92,756
92.456
92.157
91.857
391.557
91.258
90.958
90.658
30,359
90.059
84,759
89,459
89,160
68.860
88.500
88,260
87,900
87.600
87.360
87,060
664760
864460
666160
85.860
85,560

NENSITY
(KG/m®¥ 3)

«62027E
«BLT753¢E
677125
«7053%E
«74076E
o 778681E
«82071E
«86816E
«91909c
37 316E
«10203E
«1G824E
«11343¢
«11885E
«12402¢
«12959F
«13534E
«14182E
J14b16E
«15431E
«16225¢
«17061E
«13013E
«18025¢
«20022¢
«209d5%
«21975€
«22932E
«23863E
« 24704 E
25732¢c
e26813E
«2802RE
«29397¢E
«30923¢E
«32335E
«34305E
«364L83E
.39080E
«413863¢
LUTLTE
GTLI1B8E
«43523E
«51310&
«53263¢E
«55413 €
«57959E
«60632E
+63550E
«6HL31E

-5
-6
-5
-5
-5
-5
-
-5
-5
-6
-5
-5
-5
-5
-5
-5
-5
-5
-5
-5
-5
-5
-5
-5
-5
-5
-5
-5
-5
-5
-5
-5
-5
-5
-5
-5
-5
-5
-5
-5
-5
-5
-5
-5
-5
-5
-5
-5
-5
-5

DRAG

COEFFICIENT

2.07926
207779
2.07619
2.07335
?.06907
2006473
2.0Fr021
2,05534
?.04735
?,.,03509
2.02409
201335
2.,00431
1.99550
1.38622
1.97050
1.3552«
1.3%917
1492435
1.303850
1.89439
1.375636
1.86133
16934423
1482065
1.31471
1.3013¢%
1.7€920
1,77828
1.76824
1.758136
1.74732
1.72565
1.72271
1.7092¢
1.69729
1,6R263
1.66737
1.65831
1.63418
1.61971
1.60700
1.59800
1.,58953
1.58066
1.57136
1.56109
1.55037
1.54065
1.53114

110

TEMPERATURE
(DEG « K}

189.02
190 . &7
191.98
193 .96
194, 34
184 .50
194,22
133,25
132413
191.17
190,97
1930 . 76
191 .75
192,79
134,55
135,99
197 . 46
188,25
199,53
200 « 54
201417
200 + 99
200.05
199 .08
198,36
139,45
200,20
201 .59
203451
205,88
207 ¢33
209 o 32
210.02
210,00
203 4 34
209 . €5
207 « 56
204478
200.77
196456
193.95
192 . €7
194,19
197 .18
133,70
201 .66
c02454
2034 32
203 .€9
2064 C7

TRAG ACC.
(M/SEC**2)

-1.314201
-1.37111%2
-1.,432759
-1.460€51
-1.562283
-1,5639202
=1.723736
-1.819191
=-1.,918537
-2.013353
-2.,1182219
=24222343
-2.3184379
-2.413806
=2.512271
-2.806L2390
~?2.699113
~2.3C5221
~2+908283
-3,017353
-3.,1353¢c4
-%,269225
-3.,420320
=3.579245
-3.735103
-3.884976
-4,738218
-4 ,18535%
-4 4323825
-4.4568¢9
-4 ,614749
=4,773122
~4 9620410
=5.,165433
=-5,321331
-5.605935
=5.,88hF51%
-6.2083297
-b6.573225
-6.39919110
-7.383862
-7.767897
-8.,065839
-8.,311511
-8,5783910
-8.872027
~9,216416
=3,677255
~4$,963373
-10.3550€6

VELOCITY
(M/SEC)

6845.203
6845,473
6845,74L?
6845.980
68L6Ee 25L
BBLUB, 77
6846.727%3
68464941
6847. 164
EEL4T . TLE
6847,559
E8LT7.723
€E84L7,.,8687
6848,059
68L6,203
6848, 33A
6848.469
E6LE.ST78
EBLB. DEL
6648.797
6848.867
6648.941
€8LE, 99?2
6849, 047
6849, 059
6043,070
68439, 042
6848, 0046
6848.969
6848.310N
6848, 84LD
68UBe TUA
66"80 637
68464520
E8U484367
684o.180L
6847,99?
638474754
6847477
68474172
66L6.809
€846. 387
6845, 9573
6845,480

6844 .54

6844.461
€843, 906
6843, 305
6842.660
6841.958



Table D2.

ALTITUDE
(KM)

354260
84.961
84.601
84,s361
84.051
83,761
63,461
83.161
32,861
82.561
32.261
81.962
01.662
81.362
81.052
§0.763
80.4Hh3
80.164
79.864
734565
79,265
78,966
78.667
78.367
78.068
77.769
77.470
77172
7€.873
766574
76.276
7T5.3878
75.680
75.332
75,084
74,786
Theln 9
744245
73948
73.651
73354
73.058
72.762
72.466
72.170
71.674
71.579
71,284
70,635
70.401

Calculated Parameters From Analysis of the Hypersonic Sphere by
Lincoln Laboratory Using the Drag Coefficient of Linl for Tw/TaO = 3 (Cont.)

DENSITY

(KG/ME&® 3)

«63658 E
« 73607 €
«77869E
«82153E
«86711E
«90909E
«95585€E
«10045¢
«10495¢
«10977E
«11452E
«11959E
«12463E
«12984E
«12575F
«16363E
«15293E
«16388E
+17503E
«18527¢E
«13552 €
2 285K7E
021683 E
« 22824E
24043 E
«25335E
«2673%E
«23155E
«239517¢
«30323E
«32163E
«33825¢€
«35763E
«37729E
«23578E
«41261E
«43189¢E
«450N37E
+47LOBE
«50085 €
«52690¢
«55281€E
«57813E
60414+ E
+63459¢
«66461E
.70S508€E
TL279E
202 LLSE
«07736E

-5
-5
-5
-5
-5
-5
-5
-4
A
-4
-4
=4
-4
-4
-y
A
-4
-4
-4
-4
-4
-t
-4
-4
-l
-4
-4
-4
-4
-4
-4
-4
-4
-4
-4
-4
-4
-4
-4
-4
-4
-4
-4
-4
-l
-4
-4
-4
-4
-4

NRAG
COEFFICIENT

1.52117
1.50729
1.49234
1.47849
1.46490
1.,645330
1,44128
1.42968
1.41968
1.40967
1.39366
1.38942
1,37388
1.37062
1.36078
1.34856
1433536
1.32122
1.30827
1.,29734
1.28824
1.27948
1.27054
1.26165
1.25023
1.23914
1.22796
1.,21754
1,20825
1.20003
1.19341
1.16569
1.17732
1.16951
1.16275
1.15707
1.15092
1.,14511
112773
1.13037
1.12364
111745
1.11183
1.10645
1.10051
1.09433
1.08707
1.07949
1.,06489
1.08700

TEMFERATURE
(DEG + K)

204 .79
203 . 46
201.99
201,12
200.22
200 . €7
200,54
2¢00.51
201 .€3
202 4 49
203 .02
204 .83
206433
207 .78
208 o 4b
206 .66
203.71
199.68
196 . 56
135, 34
194 74
194 .80
194, 42
134 435
194 411
193.90
133.36
193,26
194,00
195. 46
196 .99
196,94
195,37
195.27
195,78
197 o 44
198 .26
198 .Ut
197 ., 46
1396 .70
196 .56
196 4933
197 .90
198 .97
138 .98
198.139
197 . 64
197 .12
196 .11
194 « 45

NRAG ACGC.
(M/SEC®*2)

-13.785038
-11.,289898
-11,822355
-12.,353779
-12.915710
-13.4829862
-13.399470
-14.589171
-15,13080%
-15,703303
-16.264933
-16.854706
~17.436966
-18.035823
-18.,712326
-19.611587
-20.6R6656
-21.839841
-23.14F605
-~24,289703
-25.427872
-26.54€E661
=27.771454
-29,005951
-30.,260620
-31.569443
-32.987152
-34,408020
~35,761612
-37.051498
-38.407730
-40,085403
-42,033157
-43,994644
-45,8235€3
~47,474258
-49,357956
-51,148209
-53.476975
-55,973480
~58.4315€
-60,857487%
-63.20€650
-65.6026€1
-68.400520
~71.510605
~74 743164
-78.008820
-34,987308
-89.185547

VELOCITY
(M/SED)

€B841.25R
6840, 492
6839, 664
6838.765
6837.812
6836,820
6835,734
6834.625
6833. 426
58324172
6£30.867
€829,496
6828,055
6826.551
6824, 996
66823.359
€821.617
6819,723
€817.,727
6815.551
6813.277
6810.,9C2
6808, 391
6805.727
6802, 934
6800.0319
£796.961
£793.730
6790. 33F
6786.828
6783.,160
6779.367
6775.36%
6771.129
6766.641
6762.035
6¥57.234
6753.160
E747,914
6742.410
6736.664
6730.602
6724, 305
6717. 765
6710.958
6703.871
6E96,. 348
666884500
6671.812
6662.875



Table D2.

ALTITUDE
(KM)

70,108
69.815
69,522
69,230
68.938
68.647
68.356
684065
67.775
674486
674197
66.909
66,621
660334
66,048
65762
65,677
65.192
64.908
64625
64,343
o4t.061
63.780
63.500
63.221
62.943
62.665
62.339
62,113
61,838
61.56%
61,292
61.020
60.749
60.479
60.211
59,943
59.677
59,412
59.148
58.885
58,623
58,104
57.846
57.590
57.335
57.082
56,830
56.579
56.330

Calculated Parameters From Analysis of the Hypersonic Sphere by
Lincoln Laboratory Using the Drag Coefficient of Lin! for Tw/Too = 3 (Cont.)

DENSITY

(KG/M¥**3)

«92389E
«97677E
«10210E
«10654E
«1111 3E€
«11565E
«11985€E
«12400E
«12844LE
«13312E
«13799E
«14238E
«14R20E
15363 E
«15923€
+164L8SE
e 17094 E
«17739E
«18450E
«19200E
«13912E
«20599€
«213639E
021386E
22664 E
«23545¢E
« 24334 E
«25065E
«2582LE
26691 E
«27566E
«2353SE
e29573E
«30614E
«31674¢E
e32712¢
«33836E
«34998E
«36126E
e 37260E
«38364E
e33550E
e 42129E
«L3438E
«44B833E
L6309 E
«48023E
«49700E
«51420€E
«5334L7E

-4
-4
-3
-3
-3
-3
-3
-3
-3
-3
-3
-3
-3
-3
-3
-3
-3
-3
-3
-3
-3
-3
-3
-3
-3
-3
-
-3
-3
-3
-3
-3
-3
-3
-3
-3
-3
-7
-3
-3

-3
-3
-3
-7
-3
-3

=3
-3

NRAG
COFFFICIENT

1,04972
1.04262
1,03719
1,03211
1.02719
1.,02266
1.,01884
1.,01577
1.01263
1,0G949
1.00639
1.00339
1.,00041
e93746
«+ 93460
«3918¢4
» 38855
38510
«98148
«97789
«37470
0371383
396875
« 96651
«96413
«96105
035853
«35660
«95503
«35 324
«95156
«94371
094792
«946136
«94438
«94286
«94126
93970
«93831
093705
«393586
« 33465
«93215
«33034
«32984
«326863
«92719
¢92594
e 92473
32337

112

TEMPERATURE ORAG ACC.
(DEG « K) (M/SEC®*2)
193,40 =93.365372
192.37 -97.7u4815¢6
194,92 -104.878876
146,34 -108.503703
198,12 =-112.030€70
200.64 =115.,245972
203.36 -118.438393%
20577 =-121.,837539
207 465 =125.387177
210401 =-129,043243
212.06 ~132.750351
213.9¢ -136.594553
215,71 -140.,556127
217 «45 -144.586121
220 .80 =152.786865
222.02 -157.199397
222 €7 =162 .352567
223417 =167.110260
224436 =171.776733
226405 =176.16113131
227403 =181,084F25
229.80 -184.744629
232.03 -188.788940
232,39 -194,244293
233,90 ~193.8933487
236.10 -203.068085
238415 =207.422104
239,36 =-212.45357%7
240.69 -217.412033
241,38 -222.928116
241.76 =2284777573
242 .35 -234.4L90337
243,02 =-240.,176493
244 . 06 =245,5450441
264 .66 -251.3643033
245420 =257.212891
246419 -262.E67969
247 .43 =267 .846436
248 476 -272,912354
243.83 -278,194032
251,20 =-289.492921
251 .74 -295.252920
252.55 =300,688965
25280 ~306.7077¢€4
25139 =-313.933941
251,72 =320.567627
251 o 47 -327.190674
250 .48 -334.7033€9

VELOCITY
(M/SEC)

£653,427
6643.461
6633,109
66224375
6611.254
6599, 73L
6587,85?
6575.637
6563, 062
65506 109
6536.77N
6523.027
6508,882
6494, 300
6479.3092
6463.863
64L7.958N
6431.601
6L14.8CS
£397. 414
6379. 4l
6361,082
63u2,20%
6322, 734
6303.06F
6282.723
6261.871
6240.523
6218.77°0
615604610
6173.637
6150.273
61266238
6101.609
6076, 336
6050477
65024. 039
5996,926
5969,219
5940,830
5912,10?
5882.711
5822.191
5790.969
5753.145
57264742
5693.613
5659.645
5625.082
5589.687



e

Table D2.

ALTITUDE
(KM)

56.082
55.836
55.592
554349
55,108
54.568
54,630
54,394
54.7160
53.927
53.636
53.467
53.239
53.Ul\3
52.790
52.507
52.347
52.129
51.912
51.697
51,4385
51.274
51.065
50.657
50.652
S0e449
500268
50,048
43,851
43.656
49,462
49,271
49,082
48,5695
48,709
48,526
48e345
48,166
47.989
L7.814
L7.641
L7.470
L7.301
L7.134
464969
46,806
46645
LbH.480
464329
Lbel74

Calculated Parameters From Analysis of the Hypersonic Sphere by
Lincoln Laboratory Using the Drag Coefficient of Linl for Tw/T =3 (Cont.)
e}

OENSITY
(KG/M®® 3)

«551306E
«560653E
.58382E
»598409E
«H61408E
«063028E
«hla 542 E
«65982¢E
«H67ULB2E
«63166E
«70996E
WT727391E
o 7L7RLE
«77057¢E
«73210E
«81219€
.83387E
+85433E
«+8730+E
.83278E
«91164E
«329860 E
+95286E
+98 303 E
«10178E
«10504E
«10773c
«11013E
«1124L6E
«11487E
«11722E
+11953¢&
«12214E
«12525E
«12R67E
«13217E
«13569E
«13331E
«16310E
«14632E
«1l4o032F
.15181¢€
«15551¢E
+153938E
«16263E
«16531E
«168630E
«17177E
«17462E
«1774EE

-3
-2
-3
-3
-3
-3
-3
-3
-3
-3
-3
-2
-3
-3
-3
-7
-3
-z
-
-3
-2
-3
-3
-3
-2
-2
-2
-2
-2
-2
-2
-2
-2
-2
-2
-2
-2
-2
-2
-2
-2
-2
->
-2
-2
-2
-2
-2
-2
-2

NRAG
SOFFFICIENT

«92224
92141
.92030
«3203¢
919381
.3192¢9
«3189¢
091871
e 91847
.91811
31760
31734
«91631
.91628
»31556
«91487
«31412
2191354
«91318
31279
«31263
31276
:912h1
«391205
31126
91080
31072
.31088
«91113
«31138
.91171
«91211
«91240
«91248
91246
091273
«91311
+91350
«91389
«91459
»31560
91652
«91716
«91737
+91925
920740
092222
«32385
«392552
e32721

113

TEMPERATURE

(PEG « K)

250417
250,38
252 .30
<54 . 05
255 4 48
256 .75
258 .50
260 . €0
262 <48
263,70
266 4 UG
265 .43
265 .86
265 . 31
265 . 41
266411
2664239
?67.15
268 .52
269 461
271,01
272 .01
272 487
‘271,25
268 . €2
266 .96
266 .85
267 .57
268 .51
263426
270 .20
271 .24
271 .66
271 .02
269 .87
268 470
267 .60
266 455
265 .28
265 417
266 23
266 .77
265 + G4
264 .35
265 .07
265432
265 . 74
2h6 4 Sl
267 « 34
268 .12

DRAG ACC.
(M/SEC**2)

-341.376353
-246.703513
~350.390234
=354 .685053
=358.637635
-362.650391
-365.3L4233
-360.411377
-371.063092
~37T4e421531
-378.2248°%4
~-381.5533512
-385,4765313
-390.565313
-394 .4E7733
-397.36307
-400.638672
~403.344322
=4 04,232373
-405.,993323
-436.986323
=407 .576659
~409.855713
“414,602783
-420.6877449
-425.256562
=427,362543
-424.,0L0033
-428.175049
-428.371826
-428.07313%A3
~427.437256
=427.50902%
-428.924395
-430.905723
~432.833334a4
“434,4096R8
-435.900873
“437.42743)
-436.9580038
-+34.,523153
-432.7167397
=432.7787%21
-432.901611
-431.3632013
=429.394531
-427.003€62
-423.,902329
-420,6372107
-417.260023

VELOCITY
(M/SEC)

5553, 496
£516.65?
5479.,30°
5441.539
5403.39¢8
5364.777
5225, 76k
528644069
5246.887
5206.9618
516646599
5125.90R
5084.977
5043.414
5001.297
4958, 387
4916,15?
4873.02%
L829.781
47664359
L742,76F
4669.133
4655,410
4611,285
4566.539
4521,09#8
44754359
4429. 461
4383.574
4337.648
4291.,722
4245,867
4200.078
4154,195
4108.10?

40614797

4015.285
3¢68.63%9
3921, 8¢C5
3874.,332
3828.101
3781.652
3735.312
36066.007
3642,487
3596, 359
3550.41%
3504.80%°
3459,540C
414,641



Table D3. The Hypersonic Sphere Results From XONICS Analysis Using the Bailey
Drag Coefficient

ALTITUOE DENSITY NAG TEMFERATUSKE D<XAC ACC. VELOCITY

(KM) (KG/ti®#¥ 3) SOTFFICIENT (TE5 oK) (M/SEC**2) (M/5ZC)
101.250 L3BT7TE -H ?e¢1995€ 195 . 84 1.11951+ 66u4. 211
101.000 «51328E =5 2419360 133.92] 1.146683 6ELL, 457
100.750 525402 =5 2415744 202.%7 1.170671 €8LL,B6YT
100.500 54653 EFE -fF 2.1f1%1 202 . €2 1.214€19 €L4L .95
100. 250 575072 -6 2417532 cJ3 B3 1.27u425 6645.172
100,003 612695 =9 24169406 196 .21 1.354123 €845, 3GF
83.750 653356 -5 2.163%72 132 .7¢ 1.43E2¢64 otu45.017
9G6.503 O717RE -6 ?2.15733 194 .34 1.47£5¢€7 6845.82¢F
99,2510 «H3337¢c =6 2415093 138 .25 1.5087873 E8L4b. 0L
939,000 o 7OA7HT7E =5 Te 144563 201419 1.5461%3 6840,25"
S8.7510 «7355£E -4 24132706 201.¢c0 1.503€43 65464457
98.530 77031 c =H 2012324 199,08 1.588475 €E8LA. 657
§565.250 WP HTISE -9 ?.12801 135 .16 1.7817067 o84b, 3L
98,030 870430z =6 2612271 132.2C 1.563145 6847.0CT
97.750 «90%5:z =9 2e11AK7 193415 1.9€633214 EB8L7,. 145
37.500 #GRIZLE ~& 710937 196424 2.107251 6847.359
97.250 .97 183F =6 2.1r169 130454 ?.382211 €847452"
97.3)0 «1u113E -5 eJ9337 136438 c 1580324 6847.672
96751 «10651 =2 =5 208425 135 .93 2.2L42152 Eol7.820
86.500 «11C34F -5 ?.07529 190.77 2.3%74R35 6847.951
964250 «1152FF -5 7064y 136,09 2.423567? 6ou8,09L
96.030 «1201sE =5 71573 195 .19 2.521317 68484215
95.750 «12424c =F 2edfUlL 197 .37 2.5969G4 68484352
35,500 «12750E =5 ?.04206 213467 2.656176 heL8eWIR
9542530 132185 -5 2e¢13524 231497 26743314 Fo48.520°
95.030 «13743E =% 2.92725 252437 ?.cb40397 bé48.677
94.750 «1u?08c -5 2.1719706 203487 2378240 6848.,723
S4.500 1450085 =5 2401277 Z0ne L3 2.993523 6848.80G1
94.250 «1527208F =5 2.2C0u38 2N5 4 b1 3103673 6tLE, 871
34.030 «15cf2c =5 1.99719 206477 3¢21064L3 68454324
93,750 .16322% -% 1.9L%537 203 .31 T.31257%2 68+8. 98U
93.530 «186814LE =5 1.383030 2190 437 T.410597 £849.6C27
83.250 017 339E -5 1.97602 212 .1¢ 34494157 6843,067
93.0C0 «17374E =5 1,9/375 21273 345094938 6e43.0CM
92.7580 «187712 -5 1.36104 711 .04 3.754522 HhEL3, 10"
92.500 «135632E -G 1.3531% 211 .16 3.801743 0849.10F
92.250 204225 =5 1 e9L337 2ld 59 4347633 6643, 034
92.000 «21257¢c =5 1483159 210443 441867351 6649,367
91.750 «22236F =5 1.31670 203 .27 44351333 6cly. 031
91,500 231345 -5 1430741 203.26 4,5030710 6848.977
§1.250 240728 -5 1.39616 209 .22 4.H55532 68484910
91,090 «25173E =5 1.38337 238 .17 4.,337514% 68LB.52°
90,750 «25708E -5 1.8720¢ 207 .29 5423135 6848,727
90,530 o 27179E =5 1.8626€ 208 .¢c0 5.1/2451 €848.617
98.250 e?7c237 =5 1435523 212414 5.2637%5 6848.492
9G.030 «28871F =5 1.84513 212 .58 5.,422358 6bug.35Q
89,750 «3Y40BE -5 1.33224 c03.82 5.683578 €643,207
89.500 «32322Z =5 1.51801 05,51 5.991€¢3 €848.027
85.250 «34137E -5 1.30510 202 « 36 54292490 68L7.81h
8G.,000 «35069c =5 1.7937% 200,96 h«559G89 68LT7.50F
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Table D3. The Hypersonic Sphei‘e Results From XONICS Analysis Using the Bailey

Drag Coefficient (Cont.)

ALTITUDE
(KM)

88,750
88.500
88,250
88,000
67.750
87.5040
87.250
87.0430
86.750
86.500
86.250
86,0080
85.750
85,500
85.250
85,0430
84.750
84.530
84,250
84,000
83.750
83,500
83.250
33.000
82.750
82.500
824,250
82.000
81.750
81.500
81.250
81,000
60.750
80.500
80.250
80,000
794750
79.500
79,250
79.000
78.750
78.500
784250
78.000
77.750
T7.500
77.250
77,000
76,750
76,5080

DENSITY

(KG/M** 3)

«37547E
«33557E
CWl7G1E
43598 ¢S
JULIBEE
JLBLBLE
J48337E
50383€
«52332€
+53838€
+5584UE
58381 E
«61151E
+63992€
+66901F
69915 =
J73218¢€
J76780F
«80362€
BL1BLE
E7RBULE
«91590€
$95547 €
«93628E
.10 325E
«10637¢
J11074E
<11 545E
«12460E
«12578E
«13086E
«13697¢
e14395¢
«15162E
+15994E
«16332E
1777 4E
«18622€
«19497E
<2044 TE
«2144TE
+22306E
«23245E
«2435RE
«?5584E
+26876E
+25166E
«29276%
«30479€E
«31715E

-5
-5
-5
-5
-5
-5
-5
-5
-5
-5

-5
-5
-5
-5
-5
-5
-5
-5
-5
-5
-5
-5
-4
-4
-4
-4
-4
-4
-4
-4
-4
-4
-5
-4
-4
-4
-4
-4

_L"

-y
-4
-4
-4
-4
-4
-4
-4
-4

NRACG

COEFFICIENT

1.7€280
1.7€528
174497
1,72882
1.71703
1.7C52¢C
1.69081
1.67A16
1.66285
1.65263
1.640086
1.62531
1.61031
1.59600
1.58224
1.56835
1.55531
1.5L1872
1.52897
1.51627
150425
1.,49261
1.479b2
1.456615
1.45370
1.442749
1.42358
1.41640
1.40312
1.39037
1.37621
1.,36543
1.35239
1.32955
1.32637
1.3147A
1.3C206
1.29194
1.28134
1.27087
1.2¢051
1.25u41
1.24048
1.22063
1,2?2085
1.21117
1.20162
1.,1923%

1.18324

1.17433

115

TEMFERATURE
(CEG oK)

200 .07
197 « 99
195.69
195, 46
197 .58
139.56
139 .86
199 -1
200,455
203.12
203 .66
203,21
202.11
201 .24
200 .60
230 U7
199,15
190 .01
197 4 34
196 « 43
186 . 34
196 . Ud
196 ¢ 47
126 .55
197 .81
294 .19
200 .43
200 .38
1399.55
199, 84
200 .22
193 4 42
197 402
135 .44
193,383
131,72
190.19
189.65
139.26
185 .58
187 .91
185432
189, 34
1306.31
187 .87
136 .35
136,51
187 . €0
1884 34
183 .16

JIRAG ACC.,
(M/SEC**2)

HeB824335
7.119544
7T.426387
7.663584
7.872791
8.,070324
B.327347
B8.R04321
b.3hL78T
3.052739
3,323164
9,hR38E3
10.,027170
10.327113
10.773581
11.261112
11.5841153
12.039203
12.493613
12.973573
13.432134
13.823873
14.,3041€61
14.83%5£16
15.,233503
15.5752(?
16.0625456
16.585251
17.157414
17.7253¢91
13.273712
19.,54288%n
19.713353
20.554%83
21.469234
23435514
23401367
24,293489
25.213226
2h 421171737
27 .?548€3
2%,099277
?3.032578
30.162754
JL.40H6113
32.7043319
33.G735673
35.,01042?
I6 4138347
37259371

VELOCITY
(M/SEC)Y

€84L7,332
£FBL7,051
68ub,TL?
EBLBE.LDH
b8+0, 055
6645.65M
65454209
684w, B7T
684L, 43N
6843,360
6643 4u?
6€&L42,977
EEL2, LY
6E41.8673
6841, 267
6&Lb. 61
6839, 3409
€839,227
6828.469
EE€2T7.66%
6E36.824
6E35.,97R
6€35.016
6E34,03°
68233, 03%
6831.94h
HE3I0, 318
6828.7937
6828.617
6827+ 3S5
6820.117
6824,78°F
60723.3S1
£o?21.92?
€8290,375
6818, 74~
6F17.022
6815,227
6813.340
6811, IRAT
6609,297
6EQ7,141
6ENLL,90A
6802.,57%
68C0e145
6737,553
6754,974
6792.,16L
6789,297
E756.31F



Table D3. The Hypersonic Sphere Results From XONICS Analysis Using the Bailey
Drag Coefficient (Cont.)

ALTITUDE NENSITY MRAC TIFSZRATURE ORXRAG ACS, VELGCITY

(KM) (KG/ A*®* 3) SOTEFICIENT (CEG.K) (M/SEC*®2) (M/SECH
76,250 «3338E =4 115586 169,73 38.5223€3 6703.23"
76,0290 e 348325 -4 1.15682 183. 7% 393.9977303 6780.0°2"
75.750 «3H230F -4 1e1:25 183.91 41.53¢€%13% 677bsoR?
75,540 e X7883F =& 1.1407C 138.80 43.389591 B772, 15"
7542580 «33536c =4 1.1327/ 183 .05 L «h2L05% 5769547
75.000 +4115CE -4 1.12532 18S.79 LH.05€3317 E7T€5.777
744750 427128 =4 1.11739 131.122 L7.,4r8273 F7H1. 887
7heS5y0 el 3BLE =4 1.11082 131.99 48 .954€37 £757,350
74,250 465206 -4 1.102333 131 .30 50,.,49207%43 £753.61"7
74,000 «48097E -4 1.09638 130 . 83 52.897217 £E748,317
73.750 «S0EL7E =4 1.,0¢939 130 . 36 54 ,0142719 B744, 750
734510 «53156z =4 1.08313 130 .31 56.85144) €728.227
73.256 «553243E -u 107644 191 =1 58.7TL6394 67336547
73,0010 575612 -4 1.37037 192,22 60714213 6736, 4L1
724750 «59924 & -4 1.7 334 132,33 62.52€E343 740 2EF
72.510 «B2U47TLE -4 185760 133.08 65.072123 €741.09R
72,250 1652028 -4 1.05135 133,16 67424341 £739,470
72.030 «63193E =& 1.0L5086 132,53 £3.694924 6734164
71.750 «7153C0F -4 1.33374 181 .94 72.,033832 €727, 3F0
71.500 74870z =L 1.33250 121,55 75.6214E0 €£720. 781
71250 «78203E5 -4 1.02639 1391 .53 78.378473 6715,617
71,0080 «81A31E =4 1.19203¢ 191 . €4 31.1903224 6710.64L5
70.750 «85620E =& 1.014L34 190 .« 5% BLla517543 6706,207
70.590 «89301E -4 1.,30234% 162496 833 ,0R1375 6703, 449
706250 «94013E -4 1.,00302 183.74 31.502%13 6702.535
70,000 e98 426 F - 939850 133,323 95.,207713 t638,789
69,750 «10259E -3 «39L32 159.:35 93.593123 £€32. 86F
63,510 s 10625E =% «9¢022 191,51 101.441543 5€£5, 965
69.250 «10932€ -3 +3EHEL 193431 1304.2717183 BETB.HET
63,000 e11422EF -7 383210 184,21 107.585710 HEBZeil”
68.750 «11904E =3 « 37946 194,51 111.21€6155 6842.501
68.500 «12338E =3 « 37627 135 .86 114.357452 £E€22.0°°
08.250 «12534E =7 37353 143,59 116.,845527 660L4,887
68,030 130622 =32 37111 ¢01+422 113.4S0233 5582,5727
67750 «13403c2 =3 « 36384 294, %W 121.341427 £582. 45"
67.500 «13821E -7 36640 2004%7 125.0%0458 ~573.,827
67250 «14276E =32 e 3F 235 203,30 123.4483%% FEB5. 211
67,030 «14775FE =3 «36146 203,17 132.,146317 €554.5659
66.750 «15250€ -3 «3591¢& 210.30 135.5507%13 6541.715
664500 «15682E -3 «9E716 212,29 135.5022290 €526. 664
66250 ¢15035£ =3 «36522 21515  141.235483 €510.54L3
66.090 «16544E =7 35230 2183 .42 144 ,175635 6495.017
65,750 17088 -7 «95015 213 .67 147 ,329A72 fLUB3,317
65,500 «17722E =% «9476¢C 220401 152.412582 ALT2.164
65,250 «153273E& -3 «3L506 220,34 1565.,377005 EL5G, LL1
65.000 .13021 & =3 e 34252 221411 161.2580326 ELL3, 328
6447510 .19644E =7 «93G3¢ 222431 165.,234237 €L425.,891
64,500 «20260E -3 33748 223.75 163.0%0171 6407.22%7
ok.250 «20835€E -3 «3250% 225.20 172.963053 6388.879
64,000 «21537E =3 « 33267 226470 176373724 6371.1<21



Table D3. The Hypersonic Sphere Results From XONICS Analysis Using the Bailey
Drag Coefficient (Cont.)

ALTITUDE DENSITY NRAG TEMPERATURE DRAG ACG, VELOCITY
(KM) (KG/H¥*® 2) COFFFICIENT (D26 oK) (M/SEC**2) (M/<EC)
63.750 «22135E =2 33035 228421 1508.043155 6353.734
63.500 «22371c =% .32812 229.69 184.9057&2 63364859
63.250 «23529E -2 «32613 231.51 138.785202 63204279
63.000 «2L169F -7 32433 233.€2 192.552215 €303.719
62.750 2483t E =7 e 32362 235459 196.506744 6287.055
62.500 $25562c =3 32261 237413 200.582828 62704355
h2,250 «26364E =7 «3218¢C 238,14 205.7721°%6 62524 31A
62.000 «27152F =3 «37083 239.47 210.294006 6231.090
61,750 27935 =2 «392051 240 .99 214.7566¢3 62064922
61.500 «28726€ =3 «32050 242459 219.,149043 6180.594
61.250 «?9533E -7 92050 243472 223.981689 6153.301
61.000 «30423E =3 «9204€E 245,31 228.423126 6126. 406
60.750 «31338¢% -3 «32043 246438 233.3710203 6099.164
60.500 «32324E =3 «32039 247.10 233.711700 6071.934
63.250 «3328€¢5 -3 32031 248 .20 243%,789€42 60464195
60,000 e 34273 =% 32022 249,29 248.973892 6021.867
59.750 «35282E =% «32011 256.40 254.189279 5897.914u
59.500 «364%18E =7 32001 250,82 ?60.1148917 5372.59%
59.250 «37591c -3 «91990 251422 266H4264LELS 5950. 09"
59,0130 «33633c =3 «31974 252431 271.784%F3 5928.574
58.750 «39702E =% +31953 254416 270.,469238 5306767
58,540 «4G25CE =3 «91919 25300 277 .741455 5883, 324
58.250 41636EF -7 31501 258459 284,473623 58544723
58.030 «43239E -3 31887 256.87 292.750732 582L.688
57.750 44 593E -3 +31853 257467 298.273433 579%.352
57,500 45520E =3 +31793 259,02 303.109375 57664574
57.250 «47250E -3 291741 253 .42 203.100330 5737.789
57.000 48769E -7 «91690 259457 315.3260107 5707.594
564750 504265 =3 «91641 253427 321.963867 5672.27%
56.500 .52231E -3 «9159¢8 258 425 329.37€E4E€ES 5633.277
50.250 «54233c =% 31554 257 .21 3356.951%€0 5594, 73R
56.040 «561H64E -3 31536 25he50 344,151123 5557.586
55.750 «57687E =3 e 31443 257 .21 349.7L85125 5521, 445
55.500 «5914¢c E -3 «9135¢ ?60.02 352.237003 S4B7.496
55.250 «B61665E =3 « 31277 261.77 355.9279333 S4LLB.L1b
55,030 «B2LBIE =7 31209 262 .46 360.790223 S406.863
S4. 750 «HLOBSE -7 «31131 264 .10 364.154053 5264e516
544500 «65592E =3 «91046 26632 366.539609 ¥322,72%
54,250 oB7LLOE -3 «3CYI7A 267 429 370.767334 5281.523
54,000 «E3580E =3 30720 267.31 376.1967289 £239.734
53.750 «71510E =3 e 30£52 268 436 379.827881 5194,313%
53.500 o 73729E =% 90816 25353 384.479492 5146.3824
53,2580 «76141E -3 «3076h1 268 .27 389.644227 5098.719
53.030 «73030E -3 «90711 268,02 394,€32089 5049, 441
52.759 «81221c =3 236660 267472 399.467529 4998.188
52,500 «83581E =% «30603 268 .42 402.5918896 4946.3C1
52.250 «86180E =% »9C550 268 .56 =064+535545 4895,297
52,000 «89691E -3 90512 266429 414,.,2C038°7 4844,55L
51,750 «93553E =% 0477 263+ 50 L422.76L4LELS L794,18N
51.500 «S6051F =3 .30428 262 .68 427 .983543 4742.1CA9



Table D4.

ALTITUDE
(KM)

123.250
123,000
122,750
122,500
122,250
122.000
1214750
121.500
121.250
1214000
120,750
120.500
120,250
120,000
119,750
119,500
113,250
119.000
118,750
118,500
118,250
118,000
117,750
117.500
117.250
117,000
116,750
116.500
1164250
116,000
115,750
115,500
115,250
115,000
114,750
116,500
114,250
114,000
113,750
113,500
113,250
113,000
112,750
112,500
112.250
112,000
111,750
111.500
111,250
111,000

DENSITY

(KG/M** 3)

«15315E
«16472E
«16770E
«17074E
«17383E
«17718E
«18386¢
«19192E
«20033¢E
02091CE
«21825E
«22780E
«23775E
e 2L814LE
«25894€E
«26876E
«27806E
«28758E
029738E
e 307HOE
«31790E
«32862E
«33966€E
«35104E
«36274LE
«I7TLT79E
«38719E
«393394E
e 41 305E
W42 654 €
4l 04 0E
45465E
«46930E
«48553E
«50397E
«52299E
«54275E
«56286E
«58099E
«60287E
«62687E
«65267E
«68003E
«70567E
«73042E
e 756934 E
oT8LB1E
«61293E
«84045E
«87490E

-7
-7
-7
-7
-7
-7
-7
-7
-7
-7
-7
-7
-7
-7
-7
-7
-7
-7
-7
-7
-7
-7
-7
-7
-7
-7
-7
-7
-7
-7
-7
-7
-7
-7
-7
-7
-7
-7
-7
-7
-7
-7
-7
-7
-7
-7
-7
-7
-7
-7

DRAG

COEFFICIENT

2416756
216365
216366
2416368
?«1636Y
2.163061
2.16199
2.15931
2.15790
215536
2.154138
2.15227
2415051
2elbL0b32
2414719
?2.14603
214515
2etlt32
2414353
20142756
2.14203
201133
2414065
2014000
2413939
2413879
2013823
213769
2413718
213669
213623
2413579
2413537
713480
213403
2413328
713256
2013191
2.13161
2+13095
?.13018
2412934
2412849
24127393
2412756
2.12712
2412656
2012628
2.12604
?412536

118

FTEMPERATUXE
(CEG +K)

450.35
443 .55
449467
449, 80
449 .32
449,53
441,31
430.80
420 .75
k11.12
401.61
3393.09
384 « €6
76,58
368.88
363 .46
359,38
355457
351 .92
3468 443
345,09
341 .91
338 .86
335,96
333.20
330 .56
378 .06
325 .68
12343
221429
319.27
317 .35
215 .54
213.437
303.71
306.48
303.39
200.€1
299.33
296454
293 .25
289,73
286.13
283 .30
?82.27
280 ¢ 46
278458
277 .00
276405
273624

DRACG ACC.
(M /SEC**2)

. 035¢€¢0
.315397
«y36652
«037321
.023002
.038737
0413179
141306
043707
e N45534
«0L7542
« 049582
«051733
«053927
050223
.053342
« 060344
062393
«U64515
0056680
«163921
«071229
«C73€06
«076053
«078572
081164
«0R3321
. 086592
«0B3412
0092322
.09531%3
.098%37
«1015456
.105046
«108235
«113087
0117325
0121540
0125552
«1302E2
.135421
«140559
«1468331
«1523%30
e1576F1
«163367
+163355
«175412
.181229
«188711

The Hypersonic Sphere Results From XONICS Analysis Using The Lin
[Tw/T, = 3] Drag Coefficient

VELOCITY
(M/SEC)

£528.509
68164 32N
6816, 665
6817, 004
6817,3ub
6817,689
6818,0 31
6818, %71
6818,71%
6819.05%
681¢. 3y~
6819.7 24
6820.,07°
6620, 418
6820.,75R
6821,09°
66214438
6821.777
6822.121
HB822, 457
6822,.,797
6823,137
£823.477
6623.817
6824.148
6E2L LEL
6824, 628
6825.1¢64
6825.50L
6825.384"
6826, 17°¢
6826.512
68264857
6827.1C°¢
6627.52n
6827.35?
£828.151
6828.5727
6828,357
6829, 195
6829,527
6829,863
6830,195
6830.527
6630,85%
6831, 191
6831.51FA
6831.,85?
6632.17F
68324508



Table D4.

[TW/Too = 3] Drag Coefficient (Cont.)

ALTITUDE
(KM)

110,750
110.530
110,250
110.000
1094750
1094500
109.250
109,000
1084750
108,530
1084250
1064000
107,750
107.500
167,250
107.000
106.750
106.530
1064250
1064000
105,750
1054500
105.250
105,000
104,750
1044500
104.250
1644000
102,750
103.500
103,250
103.000
102.750
102,500
1024250
102,000
101.750
101,500
101.250
101.000
100.750
100.500
100.250
100,000

99,750

99.500

99.250

99,030

98.750

38.500

DENSITY
(KG/ 4** 3)

«31266E
«95258¢E
«99L1EE
«10 38¢ E
«1085%€E
«11361E
«11€72F
e1260LE
012934E
«13LBEE
«14038E
«14639E
«15759¢
+15882E
«165406E
«17256E
.12 00 3E
«18795¢&
«19658¢<
«20596€E
0«21 430 E
+22356€E
.23156E
«23831E
24252 €
«24S41E
«25119E
26 4LBRE
230731 E
«324LOBE
«3W377CE
0350118
«37006E
WL3130E
47512¢€
«50045E
«50353¢E
51 3232E
«52254E
«53501E
«SUS73E
«56610c
«53U20E
«63196E
«67036E
+68976E
«70S94LE
o 72443 E
«75393¢€
«73778E

-7
-7
-7
-6
-5
-f
-A
-5
-5
-6
-A
-5
-5
-6
-6
-4
-6
-5
-4
-5
-5
-4
-6
-/
-6
-f
-6
-6
-6
-5
-6
-5
-5
-5
-5
-5
-5
-6
-5
-6
-5
-5
-6
-6
-5

-5
-6
-6
-6

DRAG

COEFFICIENT

2412457
2012377
2.12300
?2.12221
2412126
2.12072
2.11925
2.11839
211764
2.11H09¢
2.11611
2+11525
Pel1bby
?2.11376
2411233
2411226
211149
2411069
?+.109879
2.100687
2,10814
2410756
2.,10736
210749
2.10336
?.10960
211003
2416346
?.10410
?2.05050
7406698
2.09635
?.09623
20088460
2.08457
2.0t 368
2.0849¢C
2.0E674
?e08707
?2.08850
2.08953
2.08936
20343
2,08670
2.08521
2.06566
?2.08358
2.07954
207210
?2.,06131

119

TEMPERATUKE
(0EG « X)

270,00
26bh ¢ 74
263 .64
260 «u7
257.12
253, &2
250 .82
248 423
246412
244 o 43
242 ,.¢
240459
235 «46
237 « €6
23018
234456
232 .89
231 .14
223 .15
2?2h 4 b7
225430
224 4 €6
225,00
2?6475
230499
236 o 47
239,16
235,06
221 .54
205 .83
202 .56
202 .50
204 .48
183,26
174 4 15
173 .34
178 4 43
185,436
190 .24
133.98
198, 23
199,31
137 . S4
194,11
131 .02
193.786
197 .50
200.%1
200 4 &6
197 .37

NkAG ACC.
(M/SEC**?)

«19A317
.205385
214307
22373+
+233369
W2LLABS
.255703%
+256935
6278751
229843
.301762
3145730
327302
341222
« 255441
.3795¢€2
.IR6503
L403399
«421730
=41594
463727
473176
24967173
.510857
520122
52BFE?
«333203
W5RB275
524227
692439
7323784
«764185
«7EQHL2
917822
1.009353%
1.061915
1.,081773
1.0090706
1.111171
1.12807+
1.1615325
1.204943
1.7264242
1.343432
1.4240454
1.4657€3
1.498CS€3
1.535273%
1.,592463
1.676760

The Hypersonic Sphere Results From XONICS Analysis Using The Lin

VELOCITY
(M/SEC)

6832,8725
6833,164
6833, 4P
6833.81E
624,145
6824, 4RI
6&34.789
835,113
835,430
6835, 750
6836, 0EC
HE36.3ET
6836,707
6837.020N
6837.337
6E37.64%
6837. 961
6638.,27N
688,578
6638.887
6839.1ch
6€329,496A
£E2Y, 707
684009k
6EL0. 355
€E40,HCF
AR&4 0,997
£841,289
6841, 578
6841.859
6842,1041
RELZ 4 2R
Eth2.0659
68424960
68L3. 227
6843 LT7
6843, 73N
6843,977
6844,223
6844, 45
6846, 711
68%4,945
6865.15"
6845, 41"
6845,537
HELS. JLA
6846, 055
AELB. 265
6EULE, LT
6846.677



Table DA4.

ALTITUDE
(KM)

98.250
98.030
97.750
97.500
97.250
97.000
96.750
36.5080
96.250
96,000
95.750
95.500
95,250
95,000
94.750
94.500
34,4250
94,000
93.750
93,500
93,250
93.000
92.750
92.500
92.250
92.000
91.750
91.500
91.250
91.000
90.750
90.500
30,250
90.000
85.750
83,500
89.250
89.000
88,7540
88,500
88.250
88.000
87.750
87.500
87.250
87,090
864750
86.500
86.2580
86.000

The Hypersonic Sphere Results From XONICS Analysis Using The Lin
[TW/TOC = 3] Drag Coefficient (Cont.)

DENSITY

(KG/M** 3)

«B85165E
«90506E
«9G02%E
«36452E
«10040E
«10435E
«10875F
«11 361E
«11 854 E
«12358F
«12792€
«13150€
«1367SE
«10278E
.1"’30‘4E
«15250E
«15936E
«160617F
«17 207 E
«1776CE
«18 350 E
«1307¢EE
«20000€
«20939¢
«21082E
«22785E
«23846E
24 815¢€
«25824E
«27013E
«28262E
«29235€
« 29944 E
«31124E
«32878F
«35087E
« 3724 0L
«33172E
«41095¢=
«43240E
«L5430¢
«47398E
«488386E
«506%2E
«52035E
«SLT769E
56 725E
«58220E
+607228E
«62775E

-6
-6
-f
-6
-5
-5
-5
-5
-5
-5
-5
-5
-5
-5
-5
-5
-5
-5
-5
-5
-5
-5
-5
-5
-5
-5
-5
-5

-C
-

-5
-5
-5
-5
-5
-5
-5
-5
-5
-5
=5
-5
-5
-5
-5
-5
-5
-5
-5
-5

-5

DRAG
COFFFICIENT

204900
203794
?2.031565
202735
2.02149
2.01542
2.0C089¢
2000225
1.99586
1.98753
1437772
1.96753
1.95315
1.923735
1.92521
1.91502
1.30018
1.38638
1.87507
1.86541
1.85u479
1.84286
1.82858
1.831503
1.80231
1.79093
1.77835
1.7€759
1.75704
1.74535
1.73243
1.72151
1.71331
1.70163
1.68474
1,h€525
1.6L733
1.67360
1.62036
1.60663
1.59325
1.58269
1.57497
1.56629
1.5%607
1,5L745
1.,53G630
1.53342
1.52579
1.51659

120

TEMPERATURE
(PEG «K)

193,34
189.93
190,93
194,29
194,75
195 4 47
195,67
195,39
195.35
195,49
196,98
133 .78
200 « 14
139,35
200 .37
203 .14
202448
202 .29
203 .48
205,429
2065483
207 » 07
205,59
204 4 4b
203473
203,78
202 .31
203 .00
203.18
202,424
201 . 49
202 433
206430
206461
203 .65
198 .84
195,40
193.53
192 .85
191,37
133,48
190,45
192 .81
194,28
194 . 87
195,59
136,99
200 .11
201.E9
201 .53

DRAG ACC.
(M/SEC**?)

1.779332
1.£80190
1947142
1.994031
2.363906
241441386
2422TELD
2.318597
2.412536
2.5C04311
2,580008
2.638645
2.725153
2822063
2.906317
24978557
3.089096
3.197549
3+221090
34378592
3.471843
3.58644%
3.7203409
3.876809
4.,022725
4Lo,162231
4,325770
L.474150
Le623457
4.+509625
4.994431
5.133080
5233948
5.401874
5>.049%13
54959415
He?53240
6.525345
64790185
7.084N033
7 .3896137
7.646329
7.547093
8.082836
8.356213
8,633980
84594233
3.,092128
9.158633
9.694906

VELOCITY
(M/7SEC)

6646.859
6847.047
6847.211
6647.387%
E8LT7.54%
€E847.65G9
6847.852
6847,992
6848.125
68484245
68L38. 367
6848.477
66u8,57%
68484675
£8LB, 7R?
€848, 844
68484918
66L6.977
6649, 031
6849.07¢8
6849.11™
6849,.,145
6649.160
6849,160
6849,15?
6849.129
6649, 019G
6848,042
6848377
6648.,902
68u4b.305
6848.695
684E.57"
6648 L1
6848.29%
68L48.117
6647.906
6€847.63N
EBLTL4PH
66474147
€846.840
68464517
6846.,160
6845,789
68454395
68644, 377
68L4s 535
684L.070
6843.,58R
6843.07L



Table D4.

[TW/Too = 3] Drag Coefficient (Cont. )

ALTITUDE
(KM)

85.750
85,500
854250
85.000
84.750
84,500
86,250
84,000
83,750
83.500
83.250
83.000
82.750
82.500
82.250
82,000
81.75¢0
81.500
81.250
81.000
80,750
80.500
80,2580
80.000
79.750
79,500
79.250
79,000
78.750
78.500
78,250
78,000
77.750
77.500
77.250
77.000
76.750
76,500
76.250
76.000
75.750
75,500
75.250
75.000
The750
7TLe500
74,250
74,000
73,750
73.500

DENSITY
(KG/M** 3)

«65550E
«»68388E
«71288E
« 74 285E
«77572E
«81118E
«BLT7LTE
«88773E
«92472E
«96 094 E
«933851¢E
«10361E
«10685E
«10957E
«11365E
«11816E
«12310€
«12803E
«13282E
«13863€E
o146 5S3LE
«1527CE
«16076E
«16938E
«17805E
«18625E
«13474LE
«20397E
«21368E
«22163E
«2304BE
«2L127¢E
»25326E
«26586E
«27827E
«28849E
29964 E
#»310G90E
«32279E
»33700E
«35197¢€
«36710¢&
«33216E
+39661E
«41032E
«42512E
«44489E
+L465LLE
48548E
«50704E

-5
-5
-5
-5
-5
-5
-5
-5
-5
-5
-5
-4
-4
-4
-4
-4
-4
-4
-4
-4
-4
-4
-4
-4
-4
-4
-4
-4
-4
-4
-4
-4
-4
-4
-4
-4
-4
-4
-4
A
-4
-4
-4
-4
-4
-4
-4
-4
-4
-4

NRAG

COSFFICIENT

1.50714
1.458C9
1.,4839410
1.4850397
1.47227
1.,46346
1.45506
1.4L6531
1.43882
1.,43195
1.42523
1.641887
1.41376
1.40937
1.431510
1.39236
1.38283
1.,37387
1.,36567
1.35650
1.34670
1.33676
1.32664
1.31649
1.3065¢8
1.29727
1.28827
1.27911
1,27013
1.26325
1.25571
1.24678
1.23746
1,22835
1.21993
1.21357
1.20694
1,20109
1.19590
1.1¢00¢€
1.12433
1.17889
1.1734d3
1.16928
1.1A523
1.15102
1,15519
1,14832
1.14207
1.13575

121

TEMFERATURE

(0EG «K)

201 .12
200,389
200,84
200 .87
200 . 47
139,82
199,28
198 , 45
193 , o4
193 .30
199,94
200 » 063
202453
206 .08
206 .84
207 . 09
206 .32
207 .38
207 « 78
207 .20
215,74
203.93
201 .81
199,02
198 .00
197 4+ 40
195 .93
196+ 14
195,35
146 .50
197 .11
196,42
195 .24
194 .10
193,56
194 .88
195 .79
136,486
197,77
197 .57
197 .31
197 433
137.70
198 ., &7
200 .21
201 .62
200.61
139,38
1339.79
199, 44

DRAG ACG.
(M/SEC**2)

10.058795
10.429211
10.506156
11.194180
11.6173939
12,073290
12.5%5354
13.053594
13.,527%273
13.962242
14.45€758
144929548
154334043
15.677358
16.161377
16.685745
17.2595195
17.829285
10377345
19.047562
19.813214
20.660373
21.575403
22.546402
23.508511
24401275
254721715
26.320F63
27.363770
282001253
29,147335
304271983
31.515€56
32.812¢€14
I4.031115
35.115875
30241175
37.338337
384616486
40.0865123
41.623595
L2,168411
LL.EG7006
46152786
47.527573%
43.006210
50,9A323%
52.930756
54,827372
56.863358

The Hypersonic Sphere Results From XONICS Analysis Using The Lin

VELOCITY
(M/SEC)

6842.531
6841.957
E841. 348
6840.702
e&4C. 027
6839, 305
683£.539
€837.7304
6836.837%
8635.9¢8
6835.,059
6834L.07R
6833.062
6832.016
683C,32F
6629.801
6828.617
€827, 375
6626, 03F
€824.746
6823, 340
€€21.856%7
€c2C.30°
6818.667
E816h.941
£€615.133%
0812%.,23L
6811.,246
6609. 168
6807.00"
h8ULe 7H2
68024425
67C€5.Ge "
R7Q7.42?
6734,75"
67¢1.362
6789.038
67664115
6783.01?
©77%8.7 8%
67764 43°
6772.334
6765.2>7
6765,523
6761.617
€757.59L
6753, 406
E749, 031
6744,469
6737.9u0°
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http:67S'J.Sc
http:26.320F.63
http:68;:>8.61

Table D4.

ALTITUDE
{(KM)

73.250
73.030
72.750
72.530
724250
72.000
71.750
71,500
71.250
71,000
707510
70.590
706250
70,000
69,750
639.500
69,250
63,000
060750
684500
684250
68,000
674750
67.500
67,250
67.000
66,750
66.500
664250
66.000
65,750
65.500
654250
65.0030
64.750
644500
6Le.250
64,000
63,750
63.500
63.250
63,000
62,750
62,500
62.250
62,000
61. 750
61,5080
61,250
61.000

The Hypersonic Sphere Results From XONICS Analysis Using The Lin
[TW/Too = 3] Drag Coefficient (Cont.)

DENSITY

(KG/M** 3)

252714 E
«54 735€
«56903E
53247L
« 61756 £
«64517E
«67629¢C
«70726E
« 73013 F
«76386F
«8076¢E E
« 34734 E
«88632E
32854 ¢E
«96730 €
«10018¢c
«1J360E
«10763¢
«11224E
«11641E
011975¢
«12323c
«12664LE
«13112E
«13557¢
o« 14043 E
<1504 €
«14921¢
«15319¢E
15744 F
«16264E
«16873E
«17517€
«18136¢&
«18732E
«1931cE
«19922E
«20533E
«21157E
«21801¢L
«2242%E
0 23045E
«23700E
24438 E
25274 E
«26047¢C
«26841E
«27650E
«28538E
«29387E

-4
-t
-4
-4
-4
-4
-4
A
-4
-4
-4
-4
-4
-t
-4
-3
-3
-z
-7
-2
-3
-3
-3
-z
-3
-z
-3
-2
-3
-3
-3
=3
-T
-3
-3
-2
-2
-3
-2
-3
-3
-3
-3
-3
-
-3
-3
-3
-3
-2

DRAG
COFFFICIENT

112025
1.12509
1.11985
1e11448
1,10905
1.,10341
1,06732
1.d93127
1.08CS4¢0
1,07978
1.07346
1.0Fr722
1.,961060%
1.0553¢
1.35132
1.04707
1.90432¢%
133532
1.33425
1,030634
1.02742
1.902444
1.,32167
1.0183b
1.01472
1.01120
1.0c307
1.00540
1.,0G63C0
1.00053
+92756
«99417
«39083
«98780
«3850¢
+9€E252
«38032
«37763
¢ 97529
37300
«97090
«JEBIS
« 36694
e 36474
«36256
¢ 9F 084
235916
«95754
«35580
s 35427

122

TEMFERATUKE
(DEG K

200.00
230.78
201,70
¢01.50
201 .47
201.09
1335438
199,77
133.408
132,45
197 .86
196462
186,24
185,46
135.€6
197 . 24
198 .93
153 .55
139.55
- 200 .67
203+ %1
205478
208 « 47
209 . 54
210.86
211,77
213 .24
215450
218 ¢ 14
220 .49
221 « €4
221.76
221.38
222 451
223 « 65
225 .99
220448
227 «37
229 ¢ 47
23092
232 .70
234671
23h o 46
237 « 54
237 « 30
239 .07
240 .23
241 o 44
242615
243 4 39

DRAG ACC.
(M/SET**2)

53,74R2G2
60.702057
52799859
65.023633
67.375122
63.917315
2741628
754503233
78.233728
6l.u28GEl
8L,3%71231
67.920532
91.312485
94.582393
J0.330322
101.139832
102.3527372
107.197E25
110.778325
113.,872373
1164317423
113.5350238
121.5077¢67
124.493724
125.4183€85
132.106415
135.433054
138.440887
141.1615236
144,0G3135
147.835S5563
152316772
156.521500
161.160853
165.1354873
163.9521%0
172.861649
176.770721
180.728€1032
184.733739
136.677872
182.,4434%66
196400543
230.275453
206.,032127
2104577408
215.061235
219.472816
22442267006
2284789673

VELOCITY
(M/5cC)

673342h7
67k, 160N
E740,00"7
6740,82N
6730.7G7
E733« 891
£727.038
6720.531
6715.379
6716, 41L
67054952
6703,2510
/7324357
£688.617
€632.750
£685. 8L 4L
AB764 3279
EEB2,., 059
5c42.7 81
66224082
£6044901
€£5392.66"
0582. 664
6574L,000
6565, 410
5554 ,75665
£541,23°C
6526,88 7%
A510, 765
6495, 688
6L83,55¢G
ELT72. 414
ELSY, HL0
bLbh, 105
64264172
F407.512
6289,176
6371420
63544055
6337.195
63220. €09
6304,074
62870434
6270.734
6252. 64
6231. 430
€207.,237
6180.,87¢
6153+ 547
5126. €17
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Table D4.

ALTIVUBE
(KM)

60,750
60.500
60.250
60,000
59.750
59.500
59,250
59,000
58.750
584500
58,250
58.000
57.750
57.500
57.250
57.000
564750
564500
56.250
56,000
55.750
55.500
55.250
55,000
54.750
S4.500
544250
54.000
53.750
53.500
53,250
53.000
52750
52.500
52.250
52.0060
51.750
51.500
51.250
51.000
50.750

The Hypersonic Sphere Results From XONICS Analysis Using the Lin
['jl"W/T00 = 3] Drag Coefficient (Cont.)

DENSITY

(KG/M** 3)

«30324E
«31335E
«32315¢E
«3383322¢E
«34353E
«35517E
036721 E
«3764U6E
«38868E
«39404GE
+40820E
J42537E
43835E
44998 E
«U637RE
«47902E
«W9572¢E
«51459E
«53426E
«55373 €
«57036E
.58289¢E
59764 E
61541 ¢
«63110E
64504 E
«66346E
«68462E
70349 E
«72535¢E
«74923E
7TU23E
«83016E
w02230E
«84802E
«88257€E
«92080E
«95315¢E
«3799CE
«10034E
«10293E

-3
-3
-2
-2
-
-3
-3
-3
-3
-3
-3
-3
-7
-3
-3
~3
-3
-3
-3
-3
-3
-
-3
-2
-3
-2
-3
-3
-3
-2
-3
-
-3
-3
-3
-
-3
-?
-3
-2
-2

DRAG
COEFFICISENT

395267
+«35090
94936
e 347436
«3Lbha1
«9L4L78
234319
«34186
.94 080
«34070
«33907
.393708
+92592
293504
233332
233268
«33136
92939
232844
«392715
«92825
«32599
« 32551
92477
«32434
92410
« 92357
«32231
«922386
«92177
«92109
« 92047
32014
32025
«92027
31979
«31921
. 91314
« 31953
«32020
32079

123

TEMFERATURE
(DEG « K2

244,09
244 o uh
245,26
246 ., 08
246443
247 . 06
247,19
248 . 08
249,80
254 474
254,10
252 .03
252 .82
254 453
255 .21
255,32
254 494
253 .51
252 + €8
252.01
252 . 69
255 .77
257 .73
258 « 54
260 .28
262 4 87
263 «99
264 . 03
265 « 26
265 .52
265 « 30
264 497
264 463
265 .58
265 .97
263.78
261.03
260 041
261,57
263,82
265436

DRAG ACS.
(M/SEC**2)

233.759781
233.124008
244,185043
2469.371017
254 .€£018¢€3
260543945
2664709473
272 .242921
276.9328232
2783.217773
284.369238
293.274414
298.740723
303.204834
303.632031
215.075684
321.663086
329.057861
336.H12793
343.,795654
J49.377330
351.949951
355,543457
3604373150
363.7320225
I66.1640€3
370.317871
375.734%€E19
379.356689
333.,995850
369.163213
3944369629
389.4831¢%h
402.€7651k
L36.593018
41%.,259073
4b22.822754
L28.,0L1504
429.939941
4L23.,501123
430.580078

VELOCITY
(M/SEC)

6099, 332
6072.066
6046.289
6021.918%
5987.930
5972.566K
5950, 020
5628.453
5906.598
5883.,102
5854.441
5824.362
5794,972
5766.160
5737.375
5707.219
5671.93n
5632.9€5
5594,457
5657, 344
5621.230
S487.324
S448,285
5406.789
5364.465
5322.75¢0
5281.58?
52339.85¢
5194, 484
5147, 051
5099.012
S049.777
4998.543
4946, 746
4895.641
4844,918
4794,508
47424430
4685,621
4628.438
4569,816
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