@ https://ntrs.nasa.gov/search.jsp?R=19840017126 2020-03-20T21:56:29+00:00Z

) P
Technical :
Memorandum .
NASA TM-82580

£
H
ATMOSPHERIC ENVIRONMENT FOR SPACE SHUTTLE :
(STS-11) LAUNCH -.’e
3
:
By D. L. Johnson, C. K. Hill, and G. W. Batts '
Systems Dynamics Laboratory .
May 1984
(NASA-TH-82580) ATMOSPHERIC EWVIRONMENI FOR Ng4-25194
SPACE SHUTTLL (STS-11) LAUNCH (NASK) 51 B
HC AQ4/4F 201 ¢ guclas

63/45 13460

N
R
~

*

FRREPATIP - S

NASA

National Aeronautics and
Space Administration

George C. Marshall Space Flight Center

MSFC - Form 3190 (Rev. May 1983)

i

. gt 4o -
S S A . . -
& ’T?&; VR T ﬁ"ﬁ“’ﬁi%@’!ﬂﬂféﬁ‘:ﬂﬁ 40y westatn af Bl .



PR S

O, vt e s

— ) s i

PO

TECHNICAL REPORT STANDARD TITLE PAGE

1. REPORT NO. 2. GOVERNMENT ACCESSION NO. 3. RECIPIENT'S CATALOG NO.
NASA TM- 82580
4. TITLE AND SUBTITLE §. REPORT DATE
Atmospheric Environment for Space Shuttle (STS-11) Launch f——ay 1384
mOSp eric nvironme or pace u € aunc 6. PERFORMING ORGANIZATION CODE
7. AUTHOR({S) 8. PERFGRMING ORGANIZATION REPORT #
D. L. Johnson, C. K. Hill, and G. W. Batts*
9. PERFORMING ORGANIZATION NAME AND ADDRESS 10. WORK UNIT NO.
George C. Marshall Space Flight Center 11. CONTRACT OR GRANT NO.

Marshall Space Flight Center, Alabama 35812

13. TYPE OF REPOR" & PERIQD COVERED

12, SPONSORING AGENCY NAME AND ADDRESS

National Aeronautics and Space Administration Technical Memorandum

Washington, D.C. 20546 14. SPONSORING AGENCY CODE

15. SUPPLEMENTARY NOTES
Prepared by Systems Dynamics Laboratory, Science and Engineering

*Computer Sciences Corporation, Huntsville, Alabama

18. ABSTRACT

This report presents a summary of selected atmospheric conditions observed near
Space Shuttle STS-11 launch time on February 3, 1984, at Kennedy Space Center,
Florida. Values of ambient pressure, temperature, moisture, ground winds, visual
observations (cloud), and winds aloft are included. The sequence of prelaunch
Jimsphere measured vertical wind profiles is given in this report. Also presented are
wind and thermodynamic parameters representative of surface and aloft conditions in
the SRB descent/impact ocean area. Final meteorological tapes, which consist of wind
and thermodynamic parameters versus altitude, for STS-11 vehicle ascent and SRB
descent /impact have been constructed. The STS-11 ascent meteorological data tape
has been constructed by Marshall Space Flight Center in response to Shuttle task
agreement No. 561-81-22-368 with Johnson Space Center.

17. KEY WORDS 18, DISTRIBUTION STATEMENT

STS-11 Launch Atmospheric Summary -

Pressure W 07
Temperature , AN
Relative Humidity

Winds, Winds Aloft, Clouds
SRB Descent Atmospheric Summary

Unclassified - Unlimited

19. SECURITY CLASSIF, (of this repat) 20. SECURITY CLASSIF, (of this page) 21. NO. OF PAGES | 22, PRICE

Unclassified Unclassified 51 NTIS

M8FC - Form 3292 (May 1969) .
For sale by Nationa! Technical Information Service, Springfield, Virginia 22151

1 wv}

i
i

!

e - — <



ACKNOWLEDGMENTS

The authors wish to thank the personnel at NASA Kennedy Space Center, along
with those at the Cape Canaveral Air Force Station and their Pan American World
Airways contractors, for the acquisition and distribution of all launch related atmo-
spheric data received at MSFC.

Thanks are due to James Arnold and David Keller of the Atmospheric Effects
Branch, MSFC, for their help in extracting atmospheric data and satellite cloud
photographs that are used in this report. Also, special thanks to Bill Jeffries, Bobby
Vayda, and Joe Willett of Computer Sciences Corporation for their assistance in pro-
cessing all the upper air data used in producing the STS-11 final meteorological data
tapes. Finally, appreciation is expressed to Rhonda Gregory and Sherry Anderson of
Boeing Computer Support Services for the GRA model and ESDB computer support,
respectively.

s

>

Ay PR

Pl o

-

¥

ey WL

LS

o b

Lt )

4

5o % LA . ) o . o ¥ ra
B S Sl .3 5L i A s i bt dydsii i

D IRPRPL IS JE

s

i
L
g

T R

D s T U

e et e e wth b



e YT o

TABLE OF CONTENTS
I. INTRODUCTION“O. ............ ® 8 9 000 8 00 ts e ® 586 006050000 sas S0 0 00080
II. SOURCES OF DATA ......... Creceresinsaas ceesecansnanaaan teetscsnsanne
I1I. GENERAL SYNOPTIC SITUATION AT LAUNCH TIME ....ccvvveevnens coes
IV. SURFACE OBSERVATIONS AT LAUNCH TIME ........cc0ivvnennen teceses
V. UPPER AIR MEASUREMENTS DURING LAUNCH.....c.eitvvninennnacasanes
Al wirld Speed ....... ® 0 8 56 8 O 0 BT 0 H8ES s a0 ® © 0 9 6 ¢ ¢ 8 02O R DN T LSS PSP RPSE L RN
B. Wind Direction......ccciceeececnsnsscoccassessnns Getesesesesesencans
C. Prelaunch/Launch Wind Profiles.......cciceiieieeecnienrnracanenens
D. Thermodynamic Data......c.cciveenvvececerascncanss cessesesersaens
E. SRB Upper Air and Surface Measurements «........ccccesececcocnons
VI. ATMOSPHERIC SUMMARY CONDITIONS FOR STS LAUNCHES............
REFERENCES ittt tteteceovovassassssaenssssnasassssssasssssssosssccsasssssnss

iii

Page

BWwww

45

T e

"‘J y

-lia o~

Nl e

[P Sy PO VS



3
&
¥
13
»
¥
b
-

“ E

10.

11,

LIST OF ILLUSTRATIONS

Title Page
Surface synoptic chart 1 hr before launch of STS-11 .....ccivvvueens 34

500 mb map 1 hr prior to launch of STS-1/....iiieiieiicnsscasncinns 35
GGCES-5 infrared imagery of cloud cover at launch of STS-11

(1300 UT, February 3, 1984). 500-mb contours and wind barbs

are also included for 1200 UT ......voeievieencessrscssscesesanens 36
Enlarged view of GOES-5 visible imagery of cloud cover at

launch of STS-11 (1300 UT, February 3, 1984). Surface

parameters and wind harbs for 1300 UT are also included............ 37
Scalar wind speed and direction at launch time of STS-11............ 38

STS-11 prelaunch/launch Jimsphere-measured wind speeds (FPS)..... 39

STS-11 prelaunch/launch Jimsphere-measured wind directions
(degrees) ....ccvvvunnn Ceeesesssnvseneassssuenessatnrsne tessessessnas 40

STS-11 prelaunch/launch Jimsphere-measured in-plane component
winds (FPS). Flight azimuth - 89 degrees ................ Ceessenene 41

STS8-11 prelaunch/launch Jimsphere-measured out-of-plane
component winds (FPS). Flight azimuth - 89 degrees........vcoev.ne 42

STS~11 temperature profiles versus altitude for launch (left)

and SRB descent (right) ........ Creeeserteseannrsnannns ceserssaanes . 43
STS~-11 scalar wind speed and direction for SRB descent............. 44
iv

LT

e

O

e ———— — ——

m———

-~F,

Q‘s'



R S e

LIST OF TABLES

Title
Systems Used to Measure Upper Air Wind Data for STS-11
ASCENT s iiiviiietevsssscsssscsttsscastssssssssssossanns
Surface Observations at STS-11 Launch Time ....cevvevicecneennns e

STS-11 Pre-Launch Through Launch KSC Pad 39A
Meteorological Measurements ......c.ceeveneetcesnscccnsanses

STS-11 Final Ascent Meteorological Data Tape Listing ........cc0000s

STS-11 Final SRB Descent Meteorological Data Tape........... N

STS-11 SRB Descent-Impact Surface Ship Observations ....... cennen

Selected Atmospheric Observations for the Flight Tests of the

Space Shuttle Vehicles................. ceessenne teseerasesaanes teees
v

25
32

33

£
H
3
:
2

+ e SR WD e

PR L X S ¥ RN

-9 vt

IOWVIEERFIRCTERE o TR o

AR A -2
"

e s

wenm o bt i Be & 2 -

Bl

W‘Mxﬁw AR




TECHNICAL MEMORANDUM

ATMOSPHERIC ENVIRONMENT FOR SPACE SHUTTLE (STS-11) LAUNCH

I. INTRODUCTION

This report presents an evaluation of the atmospheric environmental data taken
during the launch of the Space Shuttle/STS-11 vehicle. This Space Shuttle vehicle
was launched from Pad 39A at Kennedy Space Center (KSC), Florida, on a bearing of
89 deg east of north at 1300 UT (0800 EST) on February 3, 1984.

This report presents a summary of the atmospheric environment at launch time
(L+0) of the STS-11, together with the sequence of prelaunch Jimsphere measured
winds aloft profiles from L-14 hr through liftoff. The general weather situation for
the launch and flight area is described, and surface and upper level wind/thermo-
dynamic observations near launch time are given. Surface and upper level wind/
thermodynamic parameter estimates are also presented for the SR descent/impact
analyses.

Previous MSFC-related launch vehicle atmospheric environmental conditions have
been published as Appendix A of individual MSFC Saturn Flight Evaluation Working
Group reports [1]. Office memorandums have been issued for previous flights giving
launch pad wind information. A report has also been published [2] which summarizes
most launch atmospheric conditions observed for the past 155 MSFC/ABMA-related
vehicle launches through SA-208 (Skylab 4). Reports summarizing ASTP and STS-1
through STS-9 launch conditions are presented in References 3 through 12, respec-
tively.

II. SOURCES OF DATA

Atmospheric observational data used in this report were taken from synoptic
maps made by the National Weather Service, plus all available surface observations
and measurements from around the launch area. Upper air observations were taken
from balloon-released instruments sent aloft from Cape Canaveral Air Force Station
(CCAFS). High-altitude winds and thermodynamic data were measured by the Super-
Loki rocketsondes launched from the CCAFS. Table 1 presents a listing of systems
used to ob*ain the upper level wind profiles used in compiling the final ascent
meteorological data tape. The L-0 rawinsonde and Super-Loki rocket data were used
in the upper level atmospheric regions for the construction of the final SRB impact/
descent meteorological data tape. Data cutoff altitudes are also given in Table 1.

III. GENERAL SYNOPTIC SITUATION AT LAUNCH TIME

A cold front, extending out of a low pressure area over eastern Lake Superior
and passing through central Tennessee, eastern Louisiana and into the Gulf of Mexico,
was situated west of KSC prior to STS-11 launch. The influence of high pressure
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over eastern Florida was starting to weaken as this front approached. Moderate
temperatures and light surface wind conditions prevailed as launchtime grew closer.
Figure 1 presents the surface map conditions 1 hr before STS-11 launch. Figure 2
presents the winds aloft conditions at the 500 mb pressure level 1 hr before launch.
Moderate westerly winds prevailed aloft over KSC at this pressure level.

From 1735 UT on February 2, 1984, through launch, an area of instability that
produced rainshowers extended just off and parallel to the eastern coast line of
Florida over the Atlantic Ocean. Between 0049 and 0422 UT on February 3, 1984,
rainshower activity occurred at KSC and was reported at Shuttle runway site X68.
This left most inland KSC areas slightly cooler and with greater atmospheric moisture
than most coastal sites. This was evidenced throughout the later countdown period
from observations taken at KSC's AF Wind Tower system sites.

At launch time, the ground fog was starting to clear as visibility improved to
4 miles. The fog was relatively shallow as rooftop visibility was 10 miles. At launch
time cloudiness amounting to 3/10 of the total sky cover was mainly located to the
east and south of Pad 39A as shown in Figure 3. Figure 3 presents the GOES-5
infrared southeast U.S. cloud picture taken at launch time (1300 UT). The scattered
cloud conditions at L-0 consisted of 2/10 cumulus at 2500 ft, 1/10 stratocumulus at

4500 ft, and <1/10 cirrus at 25,000 ft. Figure 4 shows an up-close visible shot of the

central Florida peninsula as recorded by GOES-5, tuken at 1300 UT.
IV. SURFACE OBSERVATIONS AT LAUNCH TIME

Surface observations at launch time for selected KSC locations are given in
Table 2. Included are pad 39A, shuttle runway, and CCAFS balloon rcelease station
observations. Neither precipitation nor lightning was observed at launch time.

Table 3 presents PAD 39A wind data along with other standard hourly meteoro-
logical measurements and sky observations for the 6-hr period prior to launch of
STS-11. Values for wind speed and direction are given for the 18 m (60 ft) pad
light pole level. Wind values from the 295 ft level off AF Wind Tower No. 313 were
substituted for the Pad 275 ft FSS level winds, due to the FSS wind instrumentation

not operating.
V. UPPER AIR MEASUREMENTS DURING LAUNCH

The FPS-16 Jimsphere (1320 UT), MSS Rawinsonde (1305 UT), Super-Loki
Rocketsonde (1500 UT), and Super-Loki Robin (1734 UT) systems were used to
measrre the upper level wind and thermodynamic parameters for STS-11 launch. At
altitudes above the rocket-measured data, the Global Reference Atmosphere (GRA)
[13] parameters for February KSC conditions were used. A tabulation of the STS-11
final meteorological data for ascent is presented in Table 4 which lists the wind and
thermodynamic parameters versus altitude. A brief summary of parameters is given
in the following paragraphs.
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A. Wind Speed

At launch time, wind speeds were calm (0 ft/sec) at 60 ft and increased to a
maximum of 143 {t/sec (85 kn) blowing from 288 deg. This maximum occurred at an
altitude of 38,200 ft (11,643 m). The winds decreased above this level as shown in
Figure 5. The overall maximum measured speed was 280 ft/sec (166 kn) at 234,000 ft i
(71,323 m) altitude.

B. Wind Direction

At launch time, the 60-ft wind direction was calm, Light low level winds were
from the southeast and shifted through the south to a westerly component above
12,000 ft (3658 m). Winds remained in the winter westerly regime throughout most of
the upper troposphere, the stratosphere and lower mesosphere to 250,000 ft (76,200
m). Figure 5 shows the complete wind direction versus altitude profile. As shown in
Figure 5, wind direction became quite variable at altitudes with low wind speeds.

C. Prelaunch/Laurich Wind Profiles

Prelaunch/launch wind profiles presented in Figures 6 through 9 were measured
by the Jimsphere FPS-16 system. Data are shown for the L-13 hr, L-7.25 hr, L-3.5,
and L+0 measurement periods.

The wind speed and direction profiles for the 13-hr period prior to and includ-

ing L+0 are shown in Figures 6 and 7. The in-plane and out-of-plane profiles are ‘
given on Figures 8 and 9. Significant differences between the February mean values l
and the measured values in the 30,000 tc 50,000 ft layer were found only in the e
L-3.5 hr data set. This is seen on Figure 9 at approximately 36,000 ft altitude where !
the peak left crosswind profile value increased from 25 ft per second at L-7.25 hr to
85 ft per second at L-3.5 hr due to a shift to a more northerly wind direction. How- ‘
ever, at L-0 the left crosswind had decreased to approximately 45 ft per second. i
Although the value of 85 ft per second nearly equaled the February 95 percent value,
there were no calculated vehicle load exceedances produced by the wind Jdata pre-
sented in Figures 6 through 9. The prelaunch weather conditions are discussed in .
more detail in Section III. L

D. Thermodynamic Data

The thermodynamic data taken at STS-11 launch time, consisting of atmospheric
temperature, dew-point temperature, pressure, and density have been compiled as the
STS-11 ascent meteorological data and are presented in Table 4. The associasted
thermodynamic data taken in support of the SRB descent have also been assembled as
the STS-11 SRB descent/impact meteorological data and are presented in Table 5.

“he vertical structure of temperature for the STS-11 ascent and for the SRB descent
is shown graphically versus altitude in Figure 10.

e e A ————— e ————— ———n

The atmospheric thermodyriamic parametera of temperature, pressure, and
density, measured during STS-1i iaunch below 130,000 ft (29,624 m) were all within
5 percent of their respective PRA-63 [14] annual values. All these parameters stayed
within 18 percant of their respective PRA-63 values, at all levels of measurement.
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E. SRB Upper Air and Surface Measurements

As has been mentioned in earlier paragraphs, an SRB descent meteorological
data tape has also been constructed which consists of data taken from the Omegasonde-
Rawinsonde system (1355 UT) aboard the USNS Redstone, which was stationed off the
coast in the Atlantic Ocean. The CCAFS measured Super-Loki rocketsonde data and
the GRA model data were used at altitude levels above the measured Omegasonde data.
The tabular values for the SRB descent meteorological tape are presented in Table 5,
with wind speed and direction profiles presented in Figure 11. Figure 10 gives the
vertical temperature profile.

The surface-ship meteorological and oceanographic observations taken close to
STS-11 SRB impact are presented in Table 6.
VI. ATMOSPHERIC SUMMARY CONDITIONS FOR STS LAUNCHES

Given in Table 7 are selected atmospheric L+0 launch conditions for all the
Space Shuttle launches.
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