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TECHNICAL MEMORAND UM

ATMOSPHERIC ENVIRONMENT FOR SPACE SHUTTLE
(STS-2) LAUNCH ,

I. INTRODUCTION

This report presents an evaluation of the atmospheric environmental data taken
during the ls'inch of the Space Shuttle/STS-2 vehicle. This Space Shuttle vehicle
was launched from Pad 39A at Kennedy Space Center (KSC), Florids. on a bearing
of 60 degrees east of north at 1510 GMT (1010 EST) on November 12, 1981.

This report presents a summary of the atmospheric environment at launch time
(L+0) of the STS-2, together with the sequence of prelaunch Jimsphere measured
winds aloft proriles from L-13 h through liftoff. The gene 21 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 measurements 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 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). A report summarizing only STS-1
launch conditions is presented in Reference 3.

II. SOURCES OF DATA

Atmospheric observational data used in this report were taken from weather
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) and from the ship Gen. H. S. Vandenberg in the Atlantic Ocean off the
Florida Coast. High-altitude winds and thermodynamic data were measured by the
Super Loki rocketsonde 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. Only the ship-launched Omegasonde-Rawinsonde and
Super Loki rocket data were used in the upper level atmospheric regions for the
construction of the final SRB descent/impact meteorological data tape. Data cutoff
altitudes are also given in Table 1.
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III. GENERAL SYNOPTIC SITUATION AT LAUNCH TIME

A high pressure ridge located west of Florida, oriented north-south throughout
the east-central United States, began influencing the weather throughout Florida
prior to and including launch time. The low-pressure storm system which had
passed through Florida the preceding day was located in the Atlantic Ocean, east
and north of Florida by launch time. Surface winds were moderate (27 ft/s) from
the north northwest, with warm temperatures (73°F) being experienced in the KSC
area. Figure 1 gives the surface weather map 3 hr prior to launch. Figure 2 pre-
sents the wind flow aloft at the 500 mb level. North to northwesterly winds domi-
nated the flow aloft over the KSC region.

Cloud bands were located in the ocean areas surrounding the Florida peninsuls,
as shown in Figure 3. Figure 3 presents the GOES east (SMS-II) visible satellite
picture taken an hour before launch (1400Z). Only scattered, low-level clouds were
present in the KSC area during launch. Figure 4 shows the contrail of the Shuttle
at launch as recorded by the GOES east satellites visible photograph taken at 1510Z.
The directional change of the contrail was attributed to wind shear in the upper
levels of the atmosphere.

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.

Table 3 presents Pad 39A wind data along with other standard hourly meteor-
ological measurements and sky observations for the 6 hr prior to launch of STS-2.
Values for wind speed and direction are gizen for the 84 m (275 ft) FSS reference
level and 18 m (60 ft) pad light pole level.

V. UPPER AIR MEASUREMENTS DURING LAUNCH

An estimated FPS-16 Jimsphere (L+0), GMD rawinsonde (1515Z), and Super-
Loki rocketsonde (1710Z) systems were used to measure the upper level wind and
thermodynamic parameters for STS-2 launch. At altitudes above the rocket-measured
data, the Global Reference Atmosphere (GRA) [4] parameters for November KSC con-
ditions were used. A tabulation of the STS-2 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.

A. Wind Speed
At launch time, wind speeds were 27.0 ft/s (16.0 kn) at 60 ft and increasing

to a maximum of 158 ft/s (94.0 kn) biowing from 286 degrees. This maximum
occurred at an altitude of 36.300 ft (11,064 m). The winds decreased above this
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level and then became stronger again at much higher levels, as shown in Figure 5.
The overall maximum speed was 364.0 ft/s (216.0 kn) at 200,000 ft (60,960 m)
altitude.

B. Wind Direction

At launch time, the 60 ft wind direction was from the north northwest (345
degrees) and slowly sh.fted from the north to become westerly at approximately
39,000 ft (11,887 m). Wind directions stayed westerly up to 340,000 ft (103,632 m).
Figure 5 shows the complete wind direction versus altitude profile. As shown in
Figure 5, wind directions became quite variable at altitudes with low wind speeds.

C. Prelaunch/Launch Wind Profiles

All wind data, except L+0 values, shown in Figures 6 through 9 were measured
by the Jimsphere FPS-16 system. All L+0 data are estimated.

The most unusual aspects of the wind profiles measured during the latter part
of the countdown were the strong northerly winds in the lower 3,000 ft — a feature
that persisted throughout the period — and the rapid wind speed increase at about
36,000 ft from L-3.5 hr to L+48 min, Changes in the wind profiles from L-13 to
L-3.5 hr were relatively small — a decrease of maximum wind speed and slight veer-
ing of wind direction. However, between L-3.5 hr and L+48 min there was a large
increase in wind speed at ahout 36,000 ft. This caused a large increase in the left
crosswind component (Fig. 9).

After evaluating these rapid changes, it was decided that the L+48-min profile
was not representative of the STS-2 ascent winds, and that a new profile more
descriptive of the wind encountered during ascent was needed. The estimated L+0
wind profile was developed to satisfy that need.

D. Thermodynamic Data

The thermodynamic data taken at STS-2 launch time, conrsisting of atmospheric
temperature, dew-point temperature, pressure, and density have been compiled as
the STS-2 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-2 SRB descent/impact meteorological data and are presented in Table 5.
The vertical structure of temperature for the STS-2 ascent and for the SRB descent
is shown graphically versus altitude in Figure 10.

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 Omega-
sonde-Rawinsonde system (1728Z) aboard the USNS Vandenberg, 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
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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 meteorologicul and oceanographical observations taken close to
STS-2 SRB impact are presented in Table 6.

Vi. ATMOSPHERIC SUMMARY CONDITIONS FOR STS LAUNCHES

Given in Table 7 are selected atmospheric T+0 launch conditions for all the
Space Shuttle launches.
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500 Millibar Height
Contours at 12002
November 12, 1981 N
Continuous Lines Indicate Height Contours In
Feet Above Sea Level. Dashed Lines are Isotherms
In Degrees Centigrade. Arrow Show Wind Direction
and Speed at the 500 MB Level.

(Arrows Same As on Surface Map).

Figure 2. 500 mb map 3 hr, 10 min prior to launch of STS-2

D \~"

Figure 3. GOES SMS I visible imapgery of cloud cover 1 hr.

10 min
prior to launch of STS 2 (14007, 12 November 1981).
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Figure 4. Enlaiged view of GOES SMS II visible imagery of cloud cover with
exhaust trail visible (indicated by arrow) during launch of STS-2
(1510Z, 12 November 1981). Figure includes 1500Z surface
observations of temperature and winds

for surrounding Florida sites.
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Figure 5. Scalar wind speed and direction at launch time of STS-2.
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Figure 10. STS-2 temperature profiles versus altitude for
launch (left) and SRB descent (right).
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Figure 11. STS-2 scalar wind speed and direction for SRB descent.
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