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TECHNICAL MEMORANDUM 

ATMOSPHERIC OBSERVATIONS FOR STS-3 LANDING 

I. INTRODUCTION 

The successful f l i g h t  o f  STS-3 achieved another major step i n  the  f i r s t  
phase of NASA's space vehiclelflight program [ I ,  21. This report presents a summary 
of synoptic conditions and the atmospher;~ observations taken in  support of the flight 
verification of the STS - 3 Orbiter. 

The Space Shuttle STS-3 was launched from Complex 39A at the Kennedy Space 
Center, Florida, into a nominal 1371137 n.mi. altitude circular orbit on March 22, 
1982. 

The deorbit maneuvtr was initiated at approximately 190 h r ,  59 min, ground 
elapsed time during the 129th orbit ,  with subsequent landing on Northrop Strip at 
White Sands Missile Range, New Mexico, on March 30, 1S82, after 8 days and 5 min. 

This document is written under the requirement Level I1 PRCB , dated May 5, 
1980, Request S-13705A, to furnish atmospheric data at the surface and aloft for 
flight verification of STS - 3 O r b i t ~ r  during i ts  descent into White Sands Missile Range, 
New Mexico. 

11. GENERAL SYNOPTIC CONDITIONS AT LANDING TIME 

Deorbit maneuvers for STS- 3 were initiated at 1459 GMT March 30, 1982, while 
passing over the western portion of the North Pacific Ocean. The Shuttle Orbiter 
then descended into the atmosphere, passing rapidly t hrdugh the stratosphere and 
then the troposphere over Southern California. It landed at 1605 GMT at Northrop 
Strip. This section describes the general synoptic conditions during this period. 
These conditions were derived using both satellite imagery (visible and infrared data 
from the COES -W satellite) and conventional surface and upper-level rawinsonde 
measurements of temperat m e ,  winds , moisture , and pressure. 4nalysis of these data 
was performed by the Man Computer Interactive Data Access System (McIDAS) in the 
Space Sciences Laboratory of the Marshall Space Flight Center. 

Synoptic conditions at the time of STS- 3 landing were dominated by  a large low 
pressure system over the north central U.S. One polar front extended through east 
Texas, east of the landing si te,  and a second polar front was in Arizona, to the west 
of the landing site, as shown in Figure 1. Strong, gusty winds the day before 
landing had reduced horizontal visibility in the landing area to less than 1 mile. On 
the day of the landing, the pressure gradient behind the polar front had weakened. 
At landing time surface winds averaged 10 to 15 knots from the southwest in the 
White Sands area. 





Figures 2 through 4 show visible and infrared images over the western U.S. tit 
1600 GMT . State and geographical boundaries are superimposed, with the Nort hrop 
Strip area represented by a small white box in south central New Mexico. These 
figures show that skies were essentially clear at , but with high clouds to the south 
of, the White Sands-Northrop s t r ip  area. This i s  supported by the infrared image 
shown in Figure 3. The 500 mb (approximately 5,000 m/18,000 ft)  wind barbs 
(mlsec) and a geopotential height analysis (decameters) superimposed in Figure 4 
show westerly winds in the middle troposphere over southern New Mexico with speeds 
on + ie order of 60 mlsec. 

This pattern of winds and the general shape of the geopotential height field 
extended throughout the tmposphere. This is  shown in  Figures 5 through 8, which 
display the wind barb and geopotential height analysis for 700 mb (approximately 
3,000 m110,OOO f t )  , 500 mb (approximately 5,000 m118,OOO ft)  , 300 mb (approximately 
9.000 m /3O,OOO ft ) , and 200 mG (approximately 12,000 m /4O,OOO ft)  , respectively, over 
the southwest U.S. The thin streaks of upper-levc\l clouds extending across the 
northern part of the Gulf of California into southern Arimna and New Mexico are 
associated with the high-speed core of wind at upper levels. 

Figure 9 shows a full-resolution (1 km) visible picture over the White Sands- 
Northrop area (white box) at 1600 GMT on March 20, 1982. Cirroform clouds are 
present near the Texas-New Mexico border. The white cloud-like patch to the west 
of the Northrop location i s  the White Sands area. Surface winds were from the south- 
west with mean speed on the order of 13 knots. Surface visibilities were 20 miles 
along the New Mexico portion of the final groundtrack. 

Figure 10 i s  a plot of the vertical distribution of winds (mlsec) , temperature 
(solid line in O C ) ,  and dew-point temperature (dashed line in OC) at 1200 GMT, 
March 30, taken at White Sands Missile Range. The profiles extend from the surface 
to 100 mb (approximately 17 ,OQO/55,OOO f t ) .  Wind speeds reached 70 m lsec in the 
mid -troposphere, with considerable speed shear bet ween reported wind levels. 

111. DISCUSSION OF BASIC DATA 

A .  Collection of the Data and the Data Acquisition System 

Past experience g ~ i n e d  on Apollo and Skylab programs has shown that it i s  
necessary to have atmospheric data to verify the analytical techniques used for 
engineering analysis. For this reason, atmospheric data at the surface and aloft were 
obtained by using the Rnwinsonde System. The set was positioned along the  STS- 3 
reentry track. The requirements to collect atmospheric data at approximately 1 h r  
30 min before, as  well as 20 min after landing from this locution have been met. 

The Rriwinsonde System is a transportable radio direction finder designed to 
triick a balloon-borne radiosonde automatic~lly. A radiosonde signal containing 
information about the :ttrnosphere in the form of an amplitude or frequency moduiation 
data signal is reccivec , amplified, and detected by this system. The detected sign111 
is passed to separate equipment in the system where i t  i s  recorded. By reference to 
calibration data for the radiosonde, this recorded information is mnverted to values 
of temperature, humidity, and pressure. Recordings of time versus progressive 
changes of the elevation and azimuth positions of the ascending balloon package, as 
determined by tracking of the signal fmm the radiosonde, o r  made so they can later 
be converted to wind speed and direction. 





















B. Methods of Processing 

The procedure used to compute the soundings is described by Fuelberg [3]  and 
Turner [ 4 ] .  All raw data keypunched were checked for errors by calculating centered 
differences on the input data. Additional checks include centered differences on com- 
3uted winds and checks on lnpse rates of computed temperatures and dew points. 
Suspected errors were checked with the original recorder chart ir.formation and the 
appropriate corrections made. 

The following procedures were employed in the processing of these data which 
differ from those described by Fuelberg [ 3 ]  : 

1) Humidit y values . includiag dew -point temperat ure , were computed only at 
temperatures above - 40°C ; t+t temperat ures below - 40°C, humidity values are  missing 1 
and are indicated by n field of nines. 

2)  Wind direction tuld speed were determined by WSMR technique. 

In processing the data, corrections were made for any errors made in recording 
the observationnl dtitu. 

I V .  DISCUSSION OF UPPER AIR DATA 

A .  Accuracy Estimat es 

Estimates of the RMS errors in the wind and thermodynamic quantities of the 
S T S - 3  descent rawinsonde soundings are the same as those given by Fuelberg 131 .  
The error estimtites for thermodynamic variables me presented in Table 1. 

TI., RMS errors for wind speed and direction are difficult to describe since 
they are ti function of tracking geometry and other factors. Maximum RMS errors for 
winds (speed ilnd direction) computed (based on the worst geometric tracking con- 
figurat ion) for 10 and 40 degree elevation angles are presented in Table 2. 

H .  Tabulated Data 

An , , .in~ple of t hc d:lt 11 is given ir. Table 3 ,  with the explanation of column 
he,idinr~,.; i n  Tiible 4. The dtitn :ire extended R ~ O V ~  the r~winsonde sounding by a 
tit! i w -  o .  the Giobiil Keference Atmosphere for the latitude and longitude, solar con- 
ditiolls . day , iind month at the Innding site. 

'rhc dtltil we  presented in Appendix A .  



TABLE 1. ESTIMATES O F  THE RMS ERRORS IN 
THERMODYNAMIC QUANTITIES 

I Parameter 

hemperat ure 

Pressure 

Humidity 

Pressure Altitude 

Approximate RMS Error  

1.3 mb fmm surface to 400 nib 
i. 1 mb between 400 and 100 mb 
0.7 mb between 100 and 10 mb 

10 percent 

10 gpm at 500 mb 
20 gpm at 300 mb 
50 g p m  at 50 mb 

TABLE 2. ESTIMATES OF RMS ERRORS I N  WIND DATA 

RMS Errors (degree) 
in  Direction 

Pressure 
mb 

10-degree 40-degree 
elevation elevation 

RMS Errors (msec-l) 
in Speed 

10-degree 
elevation 

70 0 I 2.5 

40-degree 
elevation 

0.5 
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TABLE 3. EXAMPLE OF DATA 



TABLE 4. EXPLANATION OF COLUMN HEADINGS OF TABULATED 
SOUNDING DATA FOR THE STS-3 ORBiTER DURING ITS 

DESCENT AND LANDING 

HEIGHT (GPM) 

PRES (MB) 

TEMP (DG C) 

DEW PT (DG C )  

DIR (DG) 

SPEED (M ISEC 1 

- - -- - 

Height of corresponding pressure surface in geo- 
potential meters. 

Pressure in millibars. 

Ambient temperature in degrees Celsius. 

Dew -point temperature in degrees Celsius. 

Wind direction meas wed clockwise from true nort h 
and i s  the direction from which the wind i s  
blowing. 

Scalar wind speed in meters per second. 
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DATA 



ORIGINAL PAGE IS 
Of POOR QUALITY 

HEIGHT 
bp n 

S f A T f O h  NO.IdZb9 
YHI TE SANDS H I S S I L C  RANGE 

30 HARCH 1 9 8 2  
1 4 3 7  GMT 

PRES T E MP D E ~  PT 
I40 06 C 06 C 



ORIGINAL PAGE IS 
OF POOR QUALlTV 

HEILHT 
lip n 

S T A T l O N  NO.7 2269 
YHITE SANDS M I S S I L E  RANbE 

3 0  WARCN 1962 

SPEED 
H/SEC 



ORIGINAL F.:K G 
OF POOR QUALITY 

STATION N O e 7 2 2 b 9  
W 1 1 E  S h k D S  M ~ S S ~ L E  R A N G C  

30 M A R C H  A9d2 
1 4 3 7  6 n ~  

PRES TEMP O E M  PT 
M I3 O l i  C 06 C 

SPEED 
H / S t  C 



STATION NO. 7 2 2 6 9  
UHITE SANOS n l s u i  RANGE 

30 MARCH 
1627 G M T  

PRES 
M B 

611 02 
878 0 5  
847 *2. 
816 .6  
707 r 1  
758.1 
1 3 0 . 2  
703.1 
6 7 7 0 2  
6 5 2 . 3  
bit300 
6UQ 5 
561 0 4  
559 0 2 
537 .6  
516.5 
496 0 4 
47646 
957 .5  
438.9 
421 01 
423 .8  
3b7.0 
370 .7  
355 02 
340 00 
325 * 2  
311 01 
297 0 5  
264 0 5  
271 0 9  
2 5 9  08 
248 0 1 
2Jb.9 
245 09  
2 1 5 0 3  
20s 02 
195 .6  
166 * Y  
177.7 
169 0 5  
161 07 
154 0 2  
147.0 



HEIGHT 
UP H 

PRES T f  MP DEW PT DIW 
ne 06 c DG c DG 



HE1 GHT 
bP N 

ORIGINAL PAGE LS 
OF POOR QUALITY 

STATION R O o I L 2 6 9  
~ H I T E  SANDS M l S S C i  RANGE 

30 MARCH 1982 
1627 GN7 

PRES TEHP DEW PT 
n B DG c DG c 

20 3 
30 9 
6 .4  
9. 0 

11.6 
140 3 
1 6 . 9  
19.  3 
21.8 
2 3 . 9  
i s .  7 
L 7.5 
28 .9  
30.1 
51 .4  
32 .9  
34.4 
35 .6  
36. 5 
37.8 
54 .8  
29 .2  
i 3.9 
16 .9  
AG.2 

5.9 
5. 9 
6. 0 
7.8 

1 1 . 6  
i 5.6 
14.4  
1 2 . 8  
15.4 
10 .6  

60 5 
3. 2 
2 .9  
1  a 9 
10 4 
2. 7 
u.9 
5.6 
5 0  7 
4.4 



STATION NO.71209 
b H I T E  SANDS M ~ S S L L  kANGL 

30 MARCH l9bZ 
1 6 2 7  1 H T  

HEIGHT PRES TL rlP DEd P T  D I h  
UP M tlb 06 C DL C @ b  
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