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TECHNICAL MEMORANDUM

ATMOSPHERIC ENVIRONMENT FOR SPACE SHUTTLE (STS-8) LAUNCH

. INTRODUCTION

This report presents an evaluation of the atmospheric environmental data taken during the launch
of the Space Shuttle/STS-8 vehicle. This Space Shuttle vehicle was launched from Pad 39A at Kennedy
Space Center (KSC), Florida, on a bearing of 88 deg east of north at 0632 UT (0232 EDT) on August
30, 1983.

This report presents a summary of the atmospheric environment at launch time (L+0) of the
STS-8, together with the sequence of prelaunch Jimsphere measured winds aloft profiles from ".~14 hr
through liftoff. The general weather situation for the launch and flight area is described, and surface
and upper level wind/thermodynamic observations near launch time are given. Sv:‘ace and upper level
wind/thermodynamic parameter estimates are also presented for the SRB 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 memo-
randums 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, STS-1,
STS-2, STS-3, STS4, STS-5, STS-6, and STS-7 launch conditions are presented in References 3, 4, 5, 6,
7, 8, 9, and 10, respectively,

I1. 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
obtain the upper level wind profiles used in compiling the final ascent meteorological data tape. The
L-0 rawinsonJe 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.

Ill. GENERAL SYNOPTIC SITUATION AT LAUNCH TIME

A slowly moving cold frontal system, located in the Atlantic Ocean off the northeastern U.S.
coastline and extending as a trough lire through southern Georgia and westward along the Gulf coast,
produced numerous thunderstorm activities along and in advance of this instability line. Figure 1 pre-
sents the surface map conditions 5.5 hr after STS-8 launch. The front, with a low aloft over the
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eastern section of the Florida peninsula, helped produce the thunderstorm activity that prevailed along
the eastern and southern Florida coastline throughout the evening countdown period. Figure 2 presents
the winds aloft conditions at the 500 mb pressure level 5.5 hr after launch. Weak easterly winds pre-
vailed aloft at this pressure level.

Cloudiness increased throughout the evening of August 29, 1983, with the first thunder being
reported at 0057 UT (2057 EDT) with frequent cloud-to-cloud and cloud-to-ground lightning being
observed. By 0240 UT (2240 EDT) the sky was overcast with a thunderstorm rain shower overhead.

At 0303 UT (2303 EDT) heavy rain showers from the thunderstorm existed with frequent lightning,
and a sharp atmospheric pressure rise was reported. The rain showers became light by 0313 UT (2313
EDT) with decreasing thunderstorm activity, resulting in occasional lightning reported at 0410 UT (0010
EDT, 30 August 1983). By 0445 UT (0045 EDT) light rain showers were still occurring with the
thunderstorm having moved south out of the launch complex area. Light rain showers with no lightning
became light rain by 0515 UT (0115 EDT), and all precipitation ceased by 0550 UT (0150 EDT). The
overcast skies prevailed in the launch area through the launch of STS-8.

Figure 3 shows some of the lightning activity present around LC 39A during the thunderstorms
passage through the area. The meteorological instrumentation located at camera site 3, on the SE perime-
ter of the pad, failed within 3 hours of liftoff — possibly due to the thunderstorm/electrical activity
present within this time interval. The scheduled liftoff for STS-8 at 0615 UT never took place because
of a countdown delay of 17 min due to the adverse weather conditions present. The thunderstorm
activity produced a lightning hazard along with cloud cover which gave poor visibility for RTLS, thus
resulting in the countdown delay of 17 minutes. Liftoff of STS-8 took place at 0632 UT (0232 EDT).

At launch time cloudiness was prevalent over the KSC launch complex and adjacent ocean areas
as shown in Figure 4, Figure 4 presents the GOES-5 infrared southeast U.S. picture taken 2 min prior
to launch (0630 UT). Overcast skys consisting of 4/10 cumulus clouds at 3500 ft, 7/10 altocumulus at
13,000 ft, and 3/10 cirrus were present during launch., Figure 5 shows an up-close infrared shot of the
Florida peninsula as recorded by GOES-5, taken at 0630 UT.

Y LY 3 IPYRY I

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 release station observations. Neither precipitation
nor lightning was observed at launch time.

P N

Table 3 presents Pad 39A wind data along with other standard hourly meteorological measure-
ments and sky observations for the 6-hr period prior to launch of STS-8. Values for wind speed and
uirection are given for the 84 m (275 ft) FSS reference level and 18 m (60 ft) pad light pole level.

V. UPPER AIR MEASUREMENTS DURING LAUNCH

The FPS-16 Jimsphere (0702 UT), MSS Rawinsonde (0640 UT), Super-Loki Rocketsonde
(1015 UT), and Super-Loki Robin (0801 UT) systems were used to measure the upper level wind and
thermodynamic parameters for STS-8 launch. At altitudes above the rocket-measured data, the Global :
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Reference Atmorphere (GRA) [11] parameters for August KSC conditions were used. A tabulation of
the STS-8 final meteorological data for ascent is presented in Table 4 which lists the wind and thermo-
dynamic parameters versus altitude. A brief summary of parameters is given in the following paragraphs.

A. Wind Speed

At launch time, wind speeds were 8.8 ft/sec (5.2 kn) at 60 ft and increased to a maximum of
30 ft/sec (18 kn) blowing from 349 deg. This maximum occurred at an altitude of 45,100 ft (13,746
m). The winds increased above this level as shown in Figure 6. The overall maximum measured speed
was 180 ft/sec (107 kn) at 185,000 ft (56,388 m) altitude.

B. Wind Direction

At launch time, the 60-ft wind direction was from the west (269 deg) and shifted through the
south to a southeasterly component above 2600 ft (72 m) extending to 7500 ft (2286 m). Wind
directions were then from the west-northwest at 9400 ft (2865 m) and slowly shifted through north
into the summer-easterly regime starting at 48,800 ft (14,874 m). Winds remained easterly ¢ iroughout
the stratosphere and lower mesosphere to 220,000 ft (67,056 m). Westerly winds established them-
selves above this altitude. Figure 6 shows the complete wind direction versus altitude profile. As shown
in Figure 6, wind direction became quite variable at altitudes with low wind spceds.

C. Prelaunch/Launch Wind Profiles

Prelaunch/launch wind profiles presented in Figures 7 through 10 were measured by the
Jimsphere FPS-16 system., Data are shown for the L-13 hr, L-7.25 hr, and L+0 measurement periods.

The wind speed and direction profiles for the 13-hr period prior to and including L+0 are shown
in Figures 7 and 8. The in-plane (right crosswind) and out-of-plane (left crosswind) profiles are given on
Figures 9 and 10. The wind speeds and component speeds were not significantly different from the
August mean values in the 30,000 to 50,000 ft layer during the period for which data are shown.
However, significant concern developed when the L-3.5 hr wind profile data and backup were lost due
to thunderstorms at the launch site. The prelaunch weather conditions are discussed in more detail in
Section III. The Shuttle ascent loads limitations, therefore, could not be run using the required L-3.5
hr wind profile. It was then decided to obtain the L-1.5 hr wind profile for the final ascent loads
assessment prior to launch, A discussion of this is found in Appendix A of this document.

D. Thermodynamic Data

The thermodynamic data taken at STS-8 launch time, consisting of atmospheric temperature,
dew-point temperati re, pressure, and density have been compiled as the STS-8 ascent meteorological
data and are presented in Table 4, The associated thermodynamic data taken in support of the SRB
descent have also been assembled as the STS-8 SRB descent/impact meteorological data and are pre-
sented in Tabie 5, The vertical structure of temperature for the STS-8 ascent and for the SRB descent
is shown graphically versus altitude in Figure 11.
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The atmospheric thermodynamic parameters of temperature, pressure, and density, measured
during STS-8 launch below 95,000 ft (28,956 m) were all within 6 percent of their respective PRA-63
[12] annual values. All these parameters stayed within 12 percent of their respective PRA-63 values, at
all levels of measurement,

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 (0714 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 12. Figure 11 gives the vertical
temperature profile.

The surface-ship meteorological and oceanographic observations taken close to STS-8 SRB impact
are presented in Table 6.

VI. ATMOSPHERIC SUMMARY CONDITIONS FOR STS L AUNCHES

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

.
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Surface Synoptic Map at 1200 UT August 30, 1983 —
Frontal, and Precipitation Patterrs are Shown in Stand
Symbolic Form,

Isobaric,
ard

Figure 1. Surface syroptic chart 5 hr 28 min after launch of STS-8.
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500 Millibar Height

Contours at 1200 UT

august 30, 1983.

Continuous Lines Indicate Height Contours In Feet Above Sea Lo
Level. Dashed Lines are Isotherms In Degrees Centigrade. s
Arrows Show Wind Direction and Speed at the 500 MB Level. 1

Figure 2. 500 mb map 5 hr 28 min after launch of STS-8.
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Lightning activity around LC 39A during the countdown

of STS-8.
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’; Figure 6. Scalar wind speed and direction at launch time of STS-8.
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Figure 11. STS-8 temperature profiles versus altitude for launch (left)
and SRB descent (right).
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Figure 12. STS-8 scalar wind speed and direction for SRB descent,
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APPENDIX A

PRELAUNCH STS-8 SUPPORT TO LSEAT AND WIND LOADS MONITORING
ACTIVITIES AT JSC

STS-8 support was provided at Johnson Space Center by Mr. Kelly Hill, ED44, of the MSFC
Atmospheric Sciences Division, through participation on the Launch Systems Evaluation and Assessment
Team (LSEAT) and the Prelaunch Winds Loads Monitoring Team. The LSEAT provides go/no-go
recommendations to the Mission Management Team (MMT) at scheduled points in the countdown based
on inflight vehicle simulation results provided by the Prelaunch Wind Loads Monitoring Team. Mr. Hill
was responsible for assessing the validity of the Kennedy Space Center wind profile data used in the
inflight ioads simulation and responding to the LSEAT when necessary relative to the wind profile data.
During the STS-8 countdown, the L-3.5 hr Jimsphere balloon was lost in a thunderstorm. The backup
windsonde balloon using a different tracking system acquired data which were analyzed by Mr. Hill and
determined to be invalid for simulation purposes. These data reflected inaccuracies produced by the
thunderstorms which were occurring during the baiioon’s ascent. A preliminary loads assessment
indicated that had these data been accepted as valid, a no-go recommendation would have resulted.

The acquisition, transmission from Kennedy Space Center to Johnscn Space Center, and processing of
the L-1.5 hr balloon wind profile was expedited in order that it could be used in the LSEAT go/no-go
recommendation process. An evaluation by Mr. Hill indicated that these data did no! centain
inaccuracies produced by thunderstorms or other transient effects and, therefore, were acceptable for
use in the ascent loads program. The ascent loads analysis using these L-1.5 hr data resulted in a “go”
recommendation by the LSEAT.
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