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. Sumary

Sonic bcom measurements have been obtained during the flights of STS-1 through
5. During .7S-1, 2 and 4, entry sonic boom neasmrements were obtained and ascent
Jeasurements were made on STS-5. The objectives of this measurement program were (!>
to define the sonic boom characteristics of the Space Transportation System (STS),
(2) provide a realistic assessment of the validicw of existi=g theoretical predicticn
:echniques, and (3) to establish a level of confidence for predicting future STS con-
‘iguration senic boom environments. Detail evaluation and reporting of the results
of this program are in progress. This paper will address only the significant re-
sults, mainly those data obtained during the eatrx of STS-1 at Fdwards Air Force Dase
EAFB), and the ascent of STS-5 from Kennedy Space Center (%SC).

" The theoretical prediction technique empleved in thig anzlysiz is the so called
Thomas Program.” This prediction technique is a semi-empirical method that required
efinitior of the near field signatures, detailed trajectory characteristics, and the
‘~vailing mezeorological characteristics as an ingmt. This amalytical procedure then
xtrapolates the near field signatures from the flight altitede to an altitude con-
istent with each measurement location. Predietions of tbe sonic boom characteris-
ics, i.e. arrival time, overpressure level, duration, etc., are then compared to
1e measured values at each location. The comparison between measured data and theo-

2tical estimates for both the STS-1 entry and STS—5 ascent conditions showed very
yod agreement.

et

INTRODUCTIOX

No fully cheoretical methods are available for ctalculatinz the sonic boom over-
ressure generated by a blunt vehicle with detached shock wav= maneuvering at high
tch numbers and high angles of attack. Therefore, sonic boczm estimates for Space
wttle launcy vehicles must be based on currently available semi-empirical tech-
- - 7 .ques which were developed based on a large data base from supersonic aircraft
ight data z.q wind tunne! model measurements (Refs, 1 and 2). With these tech-
ques, near field pressure signatures measured in wind tunnels are extrapolated

the far field in a real atmosphere under actual flight conditions. 1In order to
tend the range of conditions for which chese teczniques are valid, measir—2ments

re conducted in the early 1970's using the dpolle launch vehicle configurations

test vehicles. Resuits from both of these flights are reported in References
aad 4 acd agreement between predicted and flight results was good. This agree-
nt provided some level of confidence on the abiliry of semi-empirical techniques
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to predict Space Shuttle sonic boom overpressure levels during ascent. These
predicted levels are presentiy baselined as required by law in the Space Shuttle
?rogram Environmental Impact Statement (Ref. 5).

This paper presents results based on flight pressure signature generated during
entry of STS-1 {Orbiter Columbia) a2t Edwards Air Foar-~» %n<e and ascent of STS-5
fron Kennedy Space Center. The STS-1 Orbiter Colubia sonic hoom signatures were
measured under the descent ground track from near the Caiifornia cnast to Edwards Air
Force Base at ‘light conditions of M = 3.87 to ¥ = 1.23. The STS-5 asrent sonic booa
signatures were measured by microphones placed aboard a ship located near tha ascent
focal zone approximately 71.67 kilometers {km} east nf Cape Canaveral, Florida and
were generated at a flight Mach number of 2.57. These pressure signatures were
recorded on analog magnetic tape and were analyzed using standard data analysis
principles. These measured results, i.e. pe=2k sonic boom overpressures levels,
are then compared with estimates based on wind tunnel data of lefs. 6 and 7 using
the best estimate of trajectory (BET) post flight data along with the appropriate
measured meteorological data using the extrapolation procedure of Ref. 1.

ANALYSTS METHOD AND PRESSURE INSTRUMENTATION

The theoretical prediction technijue employed in this analysis is the so called
"Thomas Program”. This prediction technique is a semi-empirical method that requires
definition of the near field signatures, detailed trajectory characteristics and the
prevailing meteorological characteristics as an imput. The near field signatures de-
fine the vehicle configurztion in terms of chape, Mach number, and altitude; i.e.
angle of attack, roll angle. This analyticai procedure then extrapolates the near
field signature, using the best estimate of trajectory (BET) post flight data as well
as the meteorological data acquired in the vicinity o the measurewents, from the
flight altitude to an altitude consistent with each measurement location. The details
of this technique are described fully in Ref. 1.

An integral part of this prediction method is, of course, tke near fieid signa-
tures. These gignatures, in effect, define the source characteristics of the vehicle
under consideration. These near field signatures have been acquired thrcugh wind
tumnel testirg -for both the STS Orbiter entry conditions as well as the Shuttle ascent
conditions. These data are contained in Ref. 6 and 7. For the STS ascent configura-
tion, the effeet of the exhaust plumes (Space Shuttle Main Engine and Solid Rocket
Booster) 1s gignificant and this "plume effect” was rodeled and is included in these
near field signatures characteristics. Post flight trajectory data for both assent
and reentry was used in the theoretical analysis and was based on the nest estimate
of trajectory (BET) data. A detailed description of the BET data used is presented
in Refs. 8 and 9.

Meteorological data was acquired for STS-1 entry from Rawinsonde observationms
near the ground track (station 2) which was located $3 km from the landing site.
These observations were taken approximately 3 hours before and during STS-1 landing
on April 14, 1981. Measured values of temperature, wind direction, and speed as a
function of altitude were obtained. These results are given in detail in Ref. 8.
Balloon data were obtained up to an altitude of about 28,062 meters. Atmospheric

data above 28,062 meters are based on a Global Reference Atmosphere obtained from
the National Weather Service.

1278

S s A s w4 5 AT B i i A



Y

¥

For the STS-5 ascent conditions, Rawinsonde and Rocketsonde observations were
taken at the Cape Canaveral Air Force Sta:ion, FL along with lccal climatological
data (surface tecperature, relative humidity, surfsce wind and direction) obtained
from the Shuttle landing facility at the Kennedy Space Center, FL and station No. 2
(USAF- LCU ship) positioned approximately 71.67 km downrange from the launch site.
These atmospheric soundings were taken at 52 hrs., 25 hrs., 13 hrs., 5 hrs., 1.5 hrs.,
and 1 hr. before iiftoff on November 11, 1982. Measured values of windspeed and
direction, temperature, dewpoint, and vressure were merged *ogether from Rawinsonde,
Rocketsonde, and surface data to give 1 sounding profile for altitude from the
surface to approximately 36576 meters. A detailed description of these results
are provided in Ref. 9.

The sonic boom data acquisitiion svstem ntilized for the Space Shuttle STS-1 reen-
try and STS-5 ascent sonic bcor pressure measurement program is commercially avail-
able and is similar to that used in measurements of aircraft sonic boom signatures
{Ref. 10) and for measurements ctaken during the Apollo 16 and 17 sonic boom measure-
ment programs (Refs. 1l and 12). Thase systems consist of pressure transducers,
Dynagages (oscillator detector cirzeuits), signal conditioning amplifiers, FM magnetic
tape recorders, and satellite tire code receivers. Specifically, the pressure trans-
ducer is a commercially availsble condenser microphone with a high frequency respomse
to 10 kH, when used with the mc.iel DG-$05 Dynagage system, with the low-end irequen-
cy response of approximately -5dB at 0.01 Hz. A photograph of a typical data acqui-
sition system !s shown in Fig. 1.

Fig. 2 depicts a block diagram of a typical instrumentation system for sonic boom
data acquisition. Typically, each measurement station recorded six channels of over-
pressure data, a time code signal, and voice annotation. The output of the micro-
phones was routed through appropriate signal conditioning amplifiers which allowed
various sensitivities to be obtained for a range of preselected leveis. This is a
precaution necessary to allow for uncertainty in the prediction method or anomalous

overpressure levels caused by unusual atmospheric, vehicle maneuvering or other
focusing conditioms. -

STS-1 ENTRY CONFIGURATION AND MEASURFMENT DESCRIPTION

The STS-1 Orbiter Columbiz was launched from the Kennedy Space Center, Florida on
Aprili 12,-1981,-at an inclination of 40.3°. 1The mission had a duration of 2l davs,
and’ the '0Orb{ter Columbia reentered the earth's atmosphere over the mid-Pacific Ocean
betveen Guam and Hawaii. The Columbia landed on the dry lake bed at EAFB approxi-
mately 81.49 km_downrange of the reentry interface which occurred at an altitude of

R

1213207 .

A schematic of the STS-1 Orbiter Columbia (descent configuration) whose sonic
boom levels were mesasured during entry is shown in Fig. 3. The Orbiter Columbia is
a lifting vehicle capzble of maneuvering and landing much lika an airplane by using
its control surfaces which ars augmented by a reaction control system. As such,
during its atmospheric flight, it is capable of flying at angles of attack as aigh
as 40 degrees and rolling about the velocity vector to +70 degrees. Columbia has an
overall length of 32.7 meters and had a gross weight at entry interface (121 951.2
meters alti 'de) of 90 720 kg during the STS-1 mission.

Sonic boom measurements were made at eleven stations (locations) along the reentry
ground track and are shown in Fig. 4. 1In order to define these locations, a pre~-
flight S15-1 sonic boom analysis was periormed based on the final pre-flight
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predicted STS-1 Operational Flight Profile fcr & nominal entry into FEAFB. ‘This
analysis defined the theoretically desired locztioms for the eleven sunic boom
stations, shown in Fig. 4., by a circled number (0-10) and located near the entry
ground track shown as a dashed line. The predicted overpressure levels at those
locations were used to set the six signal conditioning amplifiers at each station.
Selection of the recommended measurement station locations was based on several con-
siderations. Since the primary objective of the sonic bcom measurement program 1s
to verify the theoretical technigue used to predint sonic boom overp 2ssures (Ref. 1)
the station :.ocations were distiibuted across the flight Mach number ramge for which
wind-tunnel-measured pressure signatures exist in order to - ify the near field
data base. Consequently, the layout of the measurement ste ns or this flignt was
designed primarily to confirm the longitudinal trend of ove ressure level with Mach
number and seccrdarily, the laterai trend of overpressure v i Mach number in the
area of expected high overpressures. The majority of the station locations was
selected to capture cverpressure in the region of maxizum predirred overpressure
level which occurs in the immediate vicinity of the EAFB lake bed. This selection
critenmia.also has the advantage of locating the measurement stations in the part of
the entry ground track least affected by atmosphere and trajectory dispersions, thus
maximizing the probability of obtaining useful data.

€TS~1 ORBITER ENTRY RESULTS AND DISCUSSTION

Six measurement channels were made at each station location. Five e located
in the ground plane and one was placed at a simula’ad ear-level position; i.e. 1.5
meter elevation. Each of the six measurement channels were ranged differently (cali-
brated) in anticipation of the possible variation of levels about -the nominal or
predicted level. In the discussion that is to follow, only the primary ground level
measurement (chamnel 1) and the ear level position measurement (channel 5) will be
presented. All measurement s.ations were near the nominal or predicted level and con-
sequently, these channels provide the most sensitive and better quality measurement.

Selected sonic boom signatures (instantaneous pressure time history) for Orbiter
entry at Edwards are presented in Fig. 5a through 5h. These results are rlotted for
a .8 second time period and ar> given in Newton/ (zeter)2, (N/m?) for each of the
eleven measurement stations. The energy arriving at a given ground location, origi-
nates at a specific region along the flight path; i.e. Mach number. For stations
which are located generally below the flight path, the Mach number at which the
energy origimates; ‘decreases as the Orbiter approaches the landing site. With de-
creasing "MacH qumbé’, fhé decrease in the duration of the sonic toom signatures are
to be expected. This is evident in Fig. 5a through 5h when comparing station Q with
station 10; i.e. Mach 5.9 with Mach 1 23. Also evident in these figures is the
effect of the difference in arrival time betwsen the incident and reflected pressure;
i.e. delay time's at the car level measurement.

All measurements were inspected for any other type of signal events for a period
of 2 minutes before and after the sonic boom arrival tize of the signature presened
in Fig. S5a through 5h. Only measvrements at stations #4 (Camron Canvon) and station
#9 (North Edwards) show the effect of a small reflected wave arriving after the pri-
zary sonlc boom wave. Analysis indicate that these waves (¥'g. 6 Is presenced as
an example) are due to reflections from near-by hills rather than from the direct
. propagation of energy from a different region aloug the flight path. The peak
positive and negative sonic boom levels and th: duration for each location are
summarized in Table I. :
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Detailed analysis of the rise time of each signature at each measurement station
has also been conducted. A typical example of the rise time is presented in Fig. 7

for a 50 millisecond time internal for both the ground plane measurement and the
ear level position measurements for starisn

-
L S-Sre Sy Y

The distinct differe~ce in arrival time between the incident and ground raflected
wave is clearly evidenc; i.e., the reflected wave is delayed in time from the in-
cident wave, i.e., delaytime, 5. Because the ground plane and ear level position
measurements were located at slightly different positions with respect to the sonic
boom wave front, the arrival times at these positicns were slightly different, as
can be seen. For consistency, the sonic boom arrival times at each location are

determined using the ground plane measurement (channel 1) and are also summarized
in Table I.

Estimates of the ground reflection factor can be made with the aid of the ground
plane and ear level measurements. Under simplifying assumptions of a plane wave front
that is uniform over these two positions and because the incident wave (at the ear
level position) s separated in time from the reflected wave, reasonable estimates
are possible. It can be shown, that if the ground plane measurements are divided by
the ear level measurement and if the results are restricted to the time intermal
diving when only the incident wave is present (in the ear level measurement) then
the resulr will provide reasonablv estimztes of the reflection factor; i.e., Rg.
This operation was performed at each measurement station and the results are also
presented iu Table I. A typical example for statiom 7 is presented in Fig. 8. The
ear level measurement had to be shifted in time before the ratio was performed to
account for the slightly different arrival time at the ground plane and ear level
location. The reflection factor estimates were obtained by averaging the reflection
factor time signal over the latter position of the signals, see Fig. 8.

The duration of the Orbiter entry sonic boom signatures are quite long. They -
range from 375 milliseconds at M = 1.23 to 700 milliseconds at M = 5.87. Because of
these long durations, the predominant energy of these signatures occur at frequen-
cies well below the normal hearing range of the human auditory system. Spectral

analysis of the STS-1 reentry signatures have been performed and typical results are
presented in Fig. 9 through 11.

When performing spectral analysis of transient signals, such as the sonic boom
signature, energy spectral density (ESD) functions should be used instead of power
spectral density (PSD) functions normally employed in analyzing stationary random
signals. The spectral analysis results presented are typical of those at the other
locations. In Fig. 9 and 10, this analysis is presented for a maximum frequency
range of 2500 Hz. The rapid decay of energy wich increasing frequency is clearly
evident in these results. Also, the effect of the ear level microphone (channel 5
in Fig. 10) elevation is clearly evident. This height introduces additiomal lobing
in the frequency spectrum. The analysis bandwidth resslutions in these spectra is
1.22 Hz.

Fig. 11 is presented in order to show in more detail, the characteristics of
the lower frequency portion of the spectra; i.e. below 100 Hz. The analysis band-
width here is .244 Hz. The low frequency character of the STS-1 sonic boom signa-
tures is clearly evident with the peak frequency slightly over 2 Hz and the charac-
teristic 6 dB/octave roll off of these type of signals.
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The sonic boom signatures for all ground planz measurements are delineated in
Fig. 12 in "iso-time history" format. The complete character of the STS-1 Orbiter
entry sonic boom time histories is vividly illustrated.

As indicated earlier, the technique described in Ref. 1 was used to extrapolate
the near field overpressure signature from flight conditions to the ground level.
The process of identifying both the initial near field signature and the trajectory
state, Which correspond to the ground overpressure measurements recorded at a given
station, is iterative in nature. It consisted of a search on both the trajectory
state and its corresponding field signature which were systematically varied until
the conditions of the ground wave intersection point and the station leccation are
matched. Table II is a summary of the results of this search and shous for each
station the pertinent trajectory conditions, signature ray angle, and the measured
and predicted overpressures. As can be seen, the comparison between the measurczd
and predicted levels are good. The predicted overpressure distributions as a func-~
tion of lateral distance from the ground track for two selected Mach numbers are
shown in Fig. 13 and 14 along with the measured results. Again, the comparisnns
are good. Complete description of these 5TS-1 results ara contained in Ref. 8.

STS-5 ASCENT CONFIGURATION AND MEASUREMENT DESCRIPTION

A schematic of the STS-5 launch vehicle (ascent configuration) whose scnic boom
levels were measured during ascent is shown in Fig. 15. The launch vehicle consists
of an orbiter, an external tank, and a booster made up of two solid rocket motors.
The solid rocket motors burn in parallel with the orbiter main propulsion engines
and are separated from the oribiter/external tamk and burnout {~ 48000 meters alti-
tude). Thereafter the orbiter main propulsion engines continue to burn until the
orbiter is injected into the required ascent trajectory. The launch vehicle con-
figuration consists not only of the elements depicted in Fig. 15 but also of the
exhaust plumes generated by the orbiter propulsion system and the solid rocket
motors. These exhaust plumes have a significant effect on the ascent sonic boom
characteristics. The STS-5 vehicle was launch on November 11, 1982 from launch pad
39-A at Kennedy Space Center on a five day mission with subsequent orbiter landing at
the EAFB dry lake bed in California. The launch vehicle has an overall length of
56.3 meters and had a gross liftoff weight of 2036422 kg.

Nine measurement stations were planned to be acquired during asceat of STS-5.
The pre-flight location for these measurements was determined by a procedure similar
to that described for the STS-1 entry measurements. The data acquisition system was
to be deployed aboard ships at these locations. These measurement locatizas were
selected primarily to acquire sonic boom overpressure characteristics in the STS-5
ascent focal zones from near the ground track out to lateral cut-off.

At the time of launch, due to the high sea state conditions off-shore and the
restricted ship size only ship number 2 could be deployed to its preplamn=d loca-
tion and comsequently only data at this station was obtained.

STS-5 ASCENT RESULTS AND DISCUSSION

As indicated above, data was acquired only at one station locaticn during STS-5
ascent; 1.e., station 2. For this ascent configuration, no ear level mzagurements

were made, consequently all channels for ship number 2 location were placed in simu-

lated ground plane position.
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Ship number 2 was located 71.67 km down range and the sonic boom energy which

arrived at this position was generated at a flight asceat Mach number of 3.57 and
a flight alritude of 34186 meters.

shown in Fig. 16. The det2il signature characteristics recorded at ship number 2
position is Sresented in F.g. 17. The measured positive peak overpressure level

is 175.2 N/a“ psf. As can be seen, this signature exhibits multiple pezks aund it
has the long slow recovery in the expansion part of the waveform which is associated
with launch vehicles with large exhaust plumes. The multiple peaks are c-nsistent
with the ascent signature obtained in the focal region during ascent of zZpollo 17
(Ref. 12) and is typical of that associated with sonic boom near focal z-nes in
general. The third peak in the signature (Fig. 17) is believed to be ca=sed by
energy arriving at this location that originated earlier during the fligkt than

the energy which caused the initial peak. Because of the acceleration and curvature
effects of an ascending vehicle, the sonic boom wavefront tends to become folded,
thus generating the multiple peaks (see Ref., 13). In general, with increasing
downrange distance from thz focus, the separation between the first and third peak
will tend to increase. The separation between first and third peak is omly 1.3 sec,
which is another indication that ship number 2 was very near the STI5-5 ascent focal
zene. The exact nature of the third peak 1s under further study to veriZy these
observations. It is not clear as to the origin of the second peak and iz is also
under further study. However, because of the folded nature of the wavefront in this
region it is probably associated with dispersion of the energy from the mearby

focus or ar overhead focus.

Ascent (launch vehicle) signatures do not have the classical N-wave type of sig-
nature typically associated with fighter aircraft or the Shuttle Orbiter configura-
tion, for example. This long duration waveform and its slow recovery is =z direct re-
sult of the effect of Space Shuttle's exhaust plumes. The N-wave type signature re-
sults from bodies (vehicle) with distinct termination from front to rear, which is

not the case for launch vehicles. However, the first initial rise time Is consistent
with N-wave type signatures.

The ship locatio~, along with the predicted ground overpressure at ¥ = 3.57, is

Using the extrapolation method >f Ref. 1 with the BET post flight dzta and the
measured meteorological data, the predicted sonic boom overpressure level at ship
mmber 2 is 148.4 N/m2. This compares favorably with the 175.2 N/m2 level that was
measured. The initial portion of the predicted waveform is also shown iz Fig. 17, and

as can be seen, the comparison is very good. Complete description of thesa STS-5 re-
sults are presented in Ref. 9.

CONCLUDING REMARKS

This paper presents sonic boom pressure signatures recorded during the entry of
the STS-1 Orbiter Columbia and ascent of the STS-5 Space Shuttie. During STS-1 entrw,
peak overpressure 1eve1§ were recorded at eleven measurement stations ané they ranged
in level from 33.16 N/m“ to 114.91 X/m?. Predicted peak levels and durarion of the
positive portion of the N-waves using a semi-empirical technique correlated wcll with
the measured data. Analysis of signature characteristics showed that the ground .
reflection factor varied from 1.83 to 2.09. A reflection factor of 1.9 was used for
predictions. The frequency analysis of the STS:l signatures showed that the peak fre-
quency of the orbiter during entry is on the order of 2 Hz.
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Also, comparison of sonic boom levels predicted and measured at one station lo-
cation during ascent of the STS-5 Space Shuttle Mission was presented. A peak over-
pressure level of 175.2 N/m? was measured during ascent generated from an zltitude
of 34086 zeters at ¥ = 3.57. 1In additicn o this initial peak, two other peaks of
lower intemsity were also observad. The signature was not a simple N-wave in shape,
however, it exhibited a rapid rise time and number of intermediate shocks which are
associated with the near focus boom region resulting from the curved, accelerating
flight profile of the STS-5 launch vehicle., The predicted overpressure level of the
sonic boom signature utilizing semi-ampirical techniques correlated well with the
measurement. Folleow-on work will include detailed signature analysis of the measured
data and further study of the origin of the additional peaks.
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STS-1 SONIC BOOM OVERPRESSURE CHARACTERISTICS
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ORIGIRAL PAGE iS
OF PCOR QUALITY

TABLE II

COMPARISON OF PREDICTED AND MEASURED OVERPRESSURT LEVELS

STATION FLIGHT TIME FROM MACiH ALTITUDE RAY+ RAY TRAVEL FREDICTED RECORIED
ENTRY INTERFACE NUMBER (m) ANGLE TIME AP Az

(SEC) {DEG) (3£0) {N/m2) {N/m

0 1338 5.87 39337 -8.5° 129.7 35.91 33.:¢
1 1431 3.94 32876 -11 111.5 28.26 58.2;
2 1462 3.41 30401 -2 101.3 55.88 44 33
3 1491 2.97 27893 +10 92.1 54.44 54.5%
4 1527 2.39 24953 +2 82.6 71.58 76.62
5 1556 1.98 23054 -4 79.4 27.48 78.5L
6 1573 1.76 21552 -4 75.1 35 114.9:
7 1596 1.45 19447 g 73.0 52.98 93.82
8 " Tisgs 1.45 19447 -36 90.6 5.0 86.5¢
9 1600 1.40 19103 +30 83.9 80.63 108.::2
10 1616 1.23 17770 -6 76.5 37.43 89.0c

*Positive left of groundtrack
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Figure 1.- Typical sonic boem data acquisition system.
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as recorded at station 4 during STS-1 reentry.
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Figure 8.- Typical reflection factor time history of sonic boom signature
measured at station 7 during STS-1 reentry.
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Figure 9.~ Energy spectral density analysis from stacion 7 ground
level microphone during STS-1 reentry.
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SUMMARY SESSION: INTRODUCTION

The final afterncon of the Shuttle conference was devoted to overviews and
ymmaries. The session opened with an invited paper by Mr. Robert G. Hoey of the
ir Force Flight Testc Center. Mr. Hoey is Chief of rhe Office of Advanced Manned
shicles, and his office conducted an examination of the flight data that paralleied
id frequently supplemented the NASA study. Berduse the pilots’ reacticns to the
ahicle flying quzlities were not discussed in the contributed papers, Major Steven .
agel of the Astronaut Office at Johnson Space Center was {nvited to present that
ffice's viewpoint, particularly for the approach and landing phase when the vehicle
5 flown manually. The third and final {nvited paper was by Dr. Milton A. Silveilra,
ssistant to the Deputy Administrator, NASA Headquarters, who rresented remarks con-
erning the Shuttle Orbital Flight Test program from a NASA and Project Office mznage—
ent perspective.

In the final wrap-up to the ﬁeeiing, the chairpersons of the technical sessions

ere asked to prepare comments on significant results presented at the conference.
his session was taped, and the comments were transcribed and are included here. Tte

hairpersons and their sessions were:

Ascent Aerodynamics I — Mr. T. E. Surber of Rockwell Intercacional, Space
Division ’

pscent Aerodynamics IT - Mr. B. B. Roberts of Johrson Space Center
Entry Aercdynamics I - Mr. J. C. Young of Johnsor. Space Center

Entry Aerodynamics IT - Mr. D. C. Schlosser of Rockwell International, Space
Division

Guidance, Navigation, and Control -Ib;: k{AJ. Cox of Johnson Space Center
Aerothermal Environment T - Mrs. . B. Lee of Johnson Space Center
Aerothermal Eqvironment:II - Dr. J. Bertin of the University ot Texas at Austin
_(Dr._Bertin was gnable to attend this summary session; his co-chairman,
Mr. E. V. Zoby of Langley Research Center, spoke for him.)

- Thermal Pfotection - Mr. H. E. Goldstein of Ames Research Center

: Mgasurements and Data - Mr. E. R. hillje of Johnson Space Center
| 1 | i 1
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