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SUMMARY ANALYSIS OF THE GEMINI

R PRI AT < ST T Y

ENTRY AERODYNAMICS

-
ey ',',..

By Arthur Miles Whitnah and David B. Howes
Manned Spacecraft Center

SUMMARY

A presentation of the aerodynamic data derived in 1967 from the analiysis of flight
data for the Gemini entry module is made. These data represent the aerodynamic char-
acteristics exhibited by the vehicle during the entry portion of Gemini V, viI, X, XI,
and XII missions. The entry vehicle configuration, entry modes, flight data sources,
data uncertainties, and aerodynamic analysis method are discussed.

; The resultant values for the normal-force coefficients are of uestionable relia-
! bility as a result of accelerometer uncertainties. The necessity of using an assumed
axial-force coefficient (derived from wind tunnel data) in an analytical determination of
M , air density precluded the determination of this coeffic.ent from the flight data. Appar-
N ently, the angle-of-artack data are accurate to +1.0°. Although the lift-to-drag ratio

o 1 is not affected as severely by the various uncertainties as are the force coefficients, a _
{ 1 comparison with the wind tunnel data indicates that the flight-generated lift-to-drag )

1 ratios were consistently lower than were expected. This effect, in part, results from

instrumentation uncertainties that affect the accurate determination of the normal-force
coefficient.

INTRODUCTION

-

The purposes of the Gemini Program were to insert a two-man spacecraft into a
semipermanent orbit around the earth, to study man's ability to rendezvous and dock
with another orbiting vehicle, and to demonstrate a subsequent safe return of the space-
craft and its occupants to the earth. Eleven entry flights of the two-man Gemini vehicle
were conducted during the period from April 8, 1964, through November 15, 1966.

e Ll R e

One of the specific objectives of the Gemini Program was the development of the ! !
controlled entry techniques that are required for landing in a predicted touchdown area.
The planned entry modes and the maneuver control program were based on anticipated
spacecraft aerodynamic response as formulated from the results of wind tunnel tests.
Subsequent flight results and poor targeting success indicated that inaccuracies existed
in the aerodynamic data derived from these tests. To facilitate improved target accu-
racy and to further develop wind tunnel techniques, a more accurate determination of
the aerodynamic characteristics of the entry vehicle was attempted by means of a study




of the flight data and additional wind tunnel tests. This study resulted in an improved
definition of the aerodynamic characteristics of the Gemini vehicle and in improved
techniques for the analysis of both flight data and wind tunnel data. These improved
techniques may prove to be valuable in future evaluations of this type.

The purpose of this report is to dccument the calculated aerodynamic data derived
in 1967 for the seven Gemini flights from which adequate flight data were available.
These data are presented in tabular form. A description of the Gemini entry vehicle
and its entry modes; the origin, availability, and reliability of the flight data; a de-
scription of the analysis technique; and a comparison with wind tunnel data are included.

SYMBOLS
A accelerations, ft/sec2
2 2

ANR resultant normal acceleration, Az + AY

-m Ax
C A axial-force coefficient, —

q, S
cp drag coefficient, Z38 force
q, S
c.g. center of gravity
CL lift coefficient, _li.ftics
Q. S
-m Az
CN normal-force coefficient, —
Qe S
| )

CN’R resultant normal-force coefficient, CN + CY

m AY
Cy side-force coefficient, ——

Qe 8
d maximum body diameter, feet

h altitude, feet
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L/D

Iift-to-drag ratio, CL/CD

Mach number

spacecraft mass, slugs
2 2
dynamic pressure, 1b/it

maximum dynamic pressure, lb/ft2

Reynolds number based on d
Reynolds number behind the normal shock based on d

aerodynamic reference area, ft2

elapsed time since retrofire, seconds
time of retrofire, seconds

transformation matrix relating corrected inertial platform axis system to
body axis system

transformation matrix relating earth-centered inertial axis system to
misalined inertial platform axis system

transformation matrix relating geodetic axis system to earth-centered
inertial axis system

transformation matrix relating misalined inertial platform system to cor-
rected inertial platform system

X, Y, Z body axis components of freestream velocity, ft/sec
velocity, ft/sec
earth relative velocity, ft/sec

earth relative velocity in the geodetic axis system, ft/sec

spacecraft weight, pounds
axes of an orthogonal reference system
angle of attack, degrees (fig. 1)




am total angle of attack, degrees (fig. 1)
B sideslip angle, degrees (fig. 1)
Y | flight path angle, degrees
. 9 longitude angle, degrees
' e pitch gimbal angle, degrees
p air density, slugas/ft3
o spacecraft azimuth as measured in a clockwise direction from true north,
degrees
| ; ¢ . roll gimbal angle, degrees
¢ A aerodynamic roll angle, degrees (fig. 1)
v yaw gimbal angle, degrees
Subscripts
) _ AN relates to spacecraft body force components
: ; B relates to the spacecraft body reference system
. C relates to the corrected inertial platform reference system
' | % G relates to the geodetic reference system ,
SRR I recll:::s to either inertial measurement unit or body-mounted accelerometer
1 P relates to misalined inertial platform reference system

X, Y, Z relates to axes of an orthogonal reference system

o relates to freestream ccnditions

;
i

¥

GEMINI ENTRY MODULE

. The Gemini spacecraft consists of two major structural assemblies: the entry
module an- the adapter (ref. 1). The adapter consists of the equipment and retrorocket
sections and joins the entry module to<he launch vehicle. The adapter contains the pri-
mary oxygen supply, the retrograde rockets, and the major components of the electrical,
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propulsion, and cooling systems. Because the equipment section is jettisoned before
the time of retrofire (TR) and because the retrorocket section is geparated from the

entry module after retrofire, the adapter does not intluence the entry aerodynamics,
as is discussed in this report.

Tne entry module (fig. 2) is shaped like a frustum of a cone with a slightly tapered
cylindrical extension projecting from the smaller end. The length is 151. 88 inches
(fig. 3) and the maximum diameter i3 90. 00 inches. The diameter of the forward
(smaller) end is 32. 30 inches. The weight of the moduie 1s approximately 4800 pounds.

The three primary sections of the entry module are the rendezvous and recovery
(R and R) section, the atmospheric entry control system (formerly known as the re-
entry control system (RCS)) section, and the cabin section. The entry module also in-
cludes the heat shield and nose fairing and has no protuberances that significantly affect
the entry aerodynamics.

Rendezvous and Recovery Section

The R and R sect’on forms the forward part of the entry module and is attached
at its base to the entry control system section. The R and R section I8 shaped like a
tapered cylinder and has an external surface of beryllium shingles that cover an inter-
nal structure of titanium alloy.

The R and R section houses the rendezvous radar equipment, the docking system
(on spacecraft 8 to 12), and the parachute landing system. This section is separated

from the entry control system section by a pyrotechnic device at the signa) for drogue-
parachute deployment.

Entry Control System Section

The entry control system section iv located between and joined to the R and R and
cabin sections. It is cylindrical in shape and consists of a titanium alloy primary
structure that is covered by eight beryllium shingles.

The entry control system section houses the fucl and oxidizer tanks, valves, tube
assemblies, and thrust-chariber assemblies for the entry control system. The section

1s equipped with a parachute-adapter assembly on its forward face for attachment of the
main parachute.

Cabin Section

The cabin section is shaped like a frustum of a cone. It is joined at its small end
to the entry control system lcctlonandumuutothoadlpuruumbly. The cabin
pressure vessel is constructed of welded titanium {ramework, sidepanels, and bulk-
heads. The outer coaical surface is covered with René 41 beaded shingles for heat pro-
tection, and the large-diametsr end is protected by the heat shield. Three equipment
bays are provided in the space between the pressure vessel a.d the outer shell. The




inertial measurement unit (IMU), which provides the onboard flight data, is localed in
the left equipment bay. Access to the cabin pressure vessel is provided by two struc-
tural hatches.

The cabin section provides a hospitable environment for the crew and a central
control for the various spacecraft syster.s. Housed within this section are the follow-
ing spacecraft systems or major portions thereof: environmental control, communi-
cations, guidance and control, instrumentation and reccrding, sequence, and ~cientific
experiments. In addition, the cabin contains necessary components of the electrical
system, the cooling system, the pyrotechnics system, and so forth. The cabin section
is equipped with survival equipment, emergency escape mechanisms, aft parachute
bridle, and a hoist loop.

Heat Shield

The Gemini heat shield is a 90-inch-diameter segment of a 144-inch-radius
sphere. The ablative heat shield consists of a phenolic honeycomb core filled with ar
ablative silicone elastomer. This shield is bonded to an unfilled honeycomb substruc-
ture that is attached to a titanium support ring. The entire assembly is encircled +,
a fiber edge-ring adapter and is bolted to the large end of the cabin section.

Nose Fairing

The nose fairing is a cylindrical, fiber-glass-laminate cover that is attached to
the forward end of the R and R section. The fa'ring is jettisoned during launch just be-
fore spacecraft separation.

ENTRY MODES

The Gemini spacecraft is maneuvered in space by the use of an orbital attitude
and maneuver system located in the equipment-adapter section. This svstem is used
to place the spacecraft in retrograde position (fig. 4) in preparation for the entry se-
quence. Then, the entry control system onboard the ent:y mudule .8 activated and the
equipment-adapter section is se-ara‘ed from the entry vehicle. Next, the retrorockets
are fired sequentially, after wh.ch tne retrorocket-adapter section is jettisoned from
the entry module. Then, the vehicle is rolled into a predesignated entry attitude.

The Gemini entry mocule is p: ovided with the capability of controlling the entry
trajectory (ref. 2). The asymmetric center of gravity (c.g.) trirms the module aerody- v
namically at an angle of attack @ that provides a lift vector for maneuvering (tig. 5). '
Maximum lift in a vertical geodetic plane is obtained by ho'ding a zero-bank attitude ,
throughout the entry. By rolling the module continuously at a constant rate, the lift
vector is rotated continuously around the flight path to produce a net lift of zero that
resits in a ballistic-type entry. A 90°-bank-angle attitude also produces zero lift in
the vertical geodetic plane. However, in this attitude, the lift vector is directed later-
ally with a resultant effect on crossrange targeting. Thus, by varying the bank angles




‘ to the right or to the left, the lift vector can be used to furnish both downrange and
crossrange corrections for control of the entry trajectory.

The range-control capability or touchdown "footprint" of the entry vehicle is ap-

xy proximately 300 nautical miles downrange and 50 to 60 nautical miles total crossrange.
The greatest amount (80 percent) of range-control capability exists during the approxi-
g mately 2.5 minutes that are required for the module to descend from 250 000 to

y 170 000 feet in altitude. Accurate control commands and accurate spacecraft response
: during this critical period are essential.

To demonst. ate controlled entry required by the micsion objectives, two different
entry control methods were developed for the entry module: the zero-lifting mode and
the modulated-lifting mode. For each mode, a reference trajectory guidance metnod
is used in which the state variables along a reference entry path are precomputed, and
stored values are used by the guidance program to control the spacecraft onto the nom-
inal reference path or to establish a new trajectory to reach the target. The computer
begins to provide these guidance commands in the form of required bank angles at an

acceleration level of 0. 03g (1.0 ft/secz). These computer-commanded bank angles
either may be maintained manually by the pilot or automatically by the control system.

i A R

Zero-Lifting Entry Mode

The zero-lifting entry mode is based on a zero-lift (ballistic) reference trajec-
\ : tory. The command logic controls the spacecraft lift vector to guide the module onto
a zero-lift trajectory that terminates at the target point. If no crossrange errnr exists,
a maximum-lift attitude is maintained until the reference trajectory that coincides with
the target point is reached. When the flight !)ath of the entry module intersects the ref-
erence trajectory, a constant roll rate of 15°/sec is initiated to place the spacecraft
L into ballistic entry. This rolling motion is interrupted periodically to command such
g lift as is required to place the vehicle back onto the reference trajectory.

P el o

The command logic planned for the Gemini I, OI, and IV missions was based on
. : a zero-lift reference trajectory. On the Gemini VIO to XII missions, a command logic
N was used that involved a similar reference trajectory but that was improved by the ad-
' dition of a Coriolis correction equation to decrease the crossrange error. The greatly
improved targeting accuracy of these latter flights was attributable to the guidance logic
that was designed to be relatively insensitive to the spacecraft aerodynamic coefficients.

Ay o e

Modulated Entry Mode

g ‘{ The modulated entry mode is based on a half-lift reference trajectory that termi- '
‘ nates near the center of the range-control capability. The command logic does not at- .

tempt to maneuver the vehicle onto the reference trajectory but commands a

modulated-lift trajectory that has the proper longitudinal range to reach the target.

Deviations from the reference conditions are used to predict the correct constant-1ift

or constant-bank-angle trajectory. The magnitude of the bank angle is determined by :

the stored downrange capability of the module. If the downrauge componeat of range to :

target 18 equal to the predicted half-lift range, the module maintains a constant bank

;
i
i
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angle of 60°; if the downrange component is greater than the predicted half-lift range,
a more shallow bank angle is commanded; and, if the predicted half-lift range is
greater than the downrange component of range to target, a steeper bank angle is com-
manded. The resulting crossrange error is corrected by reversing the direction of
bank when the crossrange error is equal to the crossrange capability of the module.
The command logic for the Gemini V, VI, and VII missions was based on a half-li‘t
reference trajectory.

Representative Trajectory Data

Certain entry parameters of the Gemini XII mission (which are typical o all
flights) representing that portion of the trajectory from 300 000 feet to guidance termi-
nation are shown in figure 6 (the zero time line corresponds to a 300 000-foot space-

craft altitude), These parameters include dynamic pressure q, flight path angle v,
Mach number M, altitude h, Reynolds number Re, Reynolds number behini the shock
RezD, and roll angle dh

. The Gemini XII entry was conducted in the automatic mode using entry guidance
logic. From 400 000 feet until guidance initiation, a constant 45° south bank angle was
held. At approximately 18 seconds, as shown in figure 6, the computer be gan to com-
mand the necessary bank angle to guide the spacecraft to the target. After several
minor corrections, the control system maintained a near 0° bank angle (maximum lift)
frem 80 to 168 seconds with a consequent decrease in the flight path angle. At 168 sec-
onds, a constant roll rate was initiated and maintained until 215 seconds, when an ad-
ditional positive downrange correction was commanded. The direction of roll was
reversed at 230 seconds and again at 270 seconds to provide crossrange corrections.

A slight reversal was commanded at 224 seconds to command additional downrange ca-
pability. Spacecraft guidance was terminated at 346 seconds. The perturbations in
Mach number reflect changes in the entry environment (temperature).

A summary of the entry parameters for the seven flights for which the azerodynam-
ic characteristics were computed is given in table I. The parameters include time from
400 000 feet to drogue -parachute deployment, velocity V at 400 000 feet, flight path

angle at 400 000 feet, maximum load factor, and maximum dynamic pressure EM AX®

WIND TUNNEL DATA

The dynamic and static stability characteristics of the Gemini configuration were
investigated by means of a wind tunnel test program. There were five separate phases
in the development of these data. The first three phases, designated Series I, II, and
IO, were conducted by the hardware contractor. The fourth and fifth phases were con-
ducted by the U.8. Air Force Arnold Engineering and Development Center (AEDC) and
the NASA Ames Research Center (ARC), respectively. The Gemini wind tunnel data
are contained in hardware-contractor reperts and NASA documents that are not avail-
able on a goneral basis.




Series’I Tests

The Series I tests resulted in the basic aercdynamic data for the early Gemini
flights. These tests were conducted in three different wind tunnels to include the re-
quired range of flight Mach numbers. The wind tunnels used and the respective Mach
number ranges tested were the McDonnell Douglas Polysonic Tunnel, 0.5 to 4.86; the
Langley 11-inch Hypersonic Tunnel, 6.86 to 9.67; and the McDonnell Douglas Hyper-
sonic Impulse Tunnel, 15, 20, ard 25.

The basic hypersonic data involved large uncertainties, and the derived values
were later considered questionable. Data from the McDonnell Douglas Hypersonic
Impulse Tunnel had excessive scatter because of tunnel instrumentation that was inad-
equate to define the test Reynolds number and severe vertical vibrations of the test
model as a result of starting flow shock. These data indicated the presence of a Mach
number effect and the absence of a Reynolds number effect. The Series I data were im-
proved by a comparison with the aerodynamic data of the Gemini II and III missions to
produce the flight-modified wind tunnel data used in this paper ior comparison.

Series II Tests

Dissatisfaction with the Series I test results led to the development of improved
techniques of data acquisition and model design in the McDonnell Douglas Hypersonic
Impulse Tunnel. The contractor-sponsored Series II tests were conducted to assess
these improvements in tunnel capability. These tests were conducted using a 9-percent
test model at a single Mach number (15) with the angle of attack ranging from 150° to

180° in 10° increments only. A range of Reynolds number per foot from 5500 to 80 000
was investigated.

Again, data scatter occurred, resulting from vertical vibration, and the analysis
was complicated further by the limited angle-of-attack data. The Series II data indi-
cated the presence of a Reynolds number effect in that the normal-force coefficient
CN and axial-force coefficient C A did not foliow expected trends.

Series III Tests

The Series III tests ware initiated by the U.S, Air Force Gemini B Program.
These tests were conducted in the McDonnell Douglas Hypersonic Impulse Tunnel using
the same test model as was used in the previous tests (with minor alterations to the
umbilical fairings). A new support system was provided to eliminate the vibration
problem, and an electronic filtering system was installed to aid in the elimination of
data scatter. The tests produced data for Mach numbers 15, 18, and 22 for an angle-
of-attack range of 152° to 180° in 4° increments. A freestrczm Reynolds number
per foot range of 26 700 to 143 000 was investigated. The test analysis did not indicate

a Reynolds number effect, but a significant Mach number effect for the axial-force co-
efficient was shown.




Arnold Engineering and Development Center Tests

At the time, the Gemini spacecraft was the only lifting vehicle for which both
wind tunnel and flight data were available for comparisor. The contract wind tunnel
operator at the AEDC recognized this comparison as a potential means of improving
the AEDC wind tunnel performance and requested an opportunity to conduct Gemini
tests. This request led to the testing of Gemini models at the AEDC. These tests
were made in the Von Karman Gas Dynamics Facility Tunnels L and F for Mach num-
bers between 6.89 and 20. A Reynolds number per foot range of 26.2 to 2370 was in-
vestigated. The angles of attack ranged from 165° to 180° in 5° increments. A
6. 7-percent model was used in Tunnel F and 0. 5- and 0. 75-inch models were used in
Tunnel L.

The correlation of these data was based on a Reynolds number that would exist
behind a normal shock in the test section. This method resulted in improved data in

which a Reynolds number effect on the normal-force coefficient and the pitching-moment

coefficient was indicated. This effect appears to become a consistent full-range trend
if proper consideration is given to variations in center-of-pressure values.

Ames Research Center Tests

Freeflight tunnel data were developed for the Gemini module at the ARC. These
data were obtained at a Mach number of 14, a freestream Reynolds number per foot of
96 000, and a 12 000° R stagnation temperature. The Reynolds number was varied by
changes in model size. Trimmed flight at various angles of attack was provided by an
offset center of gravity.

The data indicated that there is a considerable reductior in the lift-to-drag ratio
(L/D) at lower Reynolds numbers for a given angle of attack. The data accuracy is
questionable, especially for model sizes of 0. 25 inch or smaller.

FLIGHT DATA

The basic flight data are composed of both independent measurements and analyt-
ically derived parameters that are based on the interrelationship of certain of these
basic measurements. Various problems, mechanical and analytical, precluded the
gathering of complete data for each of the 12 Gemini flights. The aerodynamic analysis
of the Gemini entry vehicle could be conducted only for those miasions from which ade-
quate flight data were available; the reliability of the analyses, when conducted, was
dependent on the relative quality of the available flight data.

Data Sources

The basic components used in evaluating the entry aerodynamics include on-
board measuremerts, radar data, air density p data, and weight and balance
measurements.

B AR bt rtiae e L
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Onboard measurements. - Because the required data were generated during the
communication blackoutf, the data used in this analysis were coliected and stored in the
onboard recorder. These data were furnished to the recorder by the onboard computer
and consisted of the following information.

1. IMU accelerations A
2. Body-mounted accelerations
3. Platform gimbal angles pitch 8, roll ¢, and yaw Y

4. Earth relative velocity VE

5. Flight path angle ¥
6. Spacecraft azimuth ¢

The recorded onboard measurements were submitted to a postflight smoothing
process; the measurements were curve-fitted to provide the refined data that were used
in the aerodynamic analysis. The basic measuring device for determining these data is
the Gemini IMU. The IMU contains a gimbal-mounted stable platform upon which are
mounted three miniature integrating gyros and three pulse integrating pendulous accel-
erometers. The stable platform provides a gyro-stabilized three-axis orthogonal ref-
erence system, acceleration signals generated by the three orthogonally mounted
accelerometers, and angular sensor monitoring of angles between spacecraft and plat-
form axes. Accumulated accelerometer counts for each reference axis were furnished
to the onboard computer as output pulses that represent incremental velocity. These
output pulses were averaged in 2. 43-second cycles with a 0. 1 fps read-out resolution
te produce net velocity values for each time interval. The values obtained were de-
veloped by use of the computer to provide spacecraft velocity, flight path angle, and
spacecraft heading. The three platform gimbal angles that represent spacecraft atti-
tude in relation to the inertial reference frame also were furnished to the computer by
the IMU.

1t should be noted that the configuration of the spacecraft instrumentation that
provided these onboard measurements was not planned to facilitate an aerodynamic
analysis but was designed to perform the primary miesion of spacecraft guidance and
control. The significance of this fact will be borne out in later discussion of data ac-
curacy and its effect on the aerodynamic analysis.

Additional onboard measurements were furnished by three body-mounted struc-
tural accelerometers. Before the Gemini V mission, the acceleration data used in the
aerodynamic analyses were measured by these accelerometers.

Radar data. - Tracking stations of the NASA Manned Space Flight Network pro-
vided the necessary azimuth, range, and angular height measurements, from which the
radar version of the entry trajectory was calculated. This information was used to
evaluate and correct the flight-generated data (spacecraft velocity, flight path angle,
and spacecraft azimuth) to construct the best estimate of trajectory (BET).




Air density data.- When possible, sounding rockets were launched in the general
entry area to provide the basic measurements for determining freestream air density
P,» The maximum altitude from wiich density was measured by these rockets was

approximately 160 000 feet. Density estimates for altitudes higher than 160 000 feet
were derived by means of extrapolation of the sounding rocket data.

An analytical technique, independent of sounding rocket data, was used to develop
density data for some of the later Gemini flights. This method is based on onboard ac-
celerometer sensings and the known axial coefficient as derived from wind tunnel tests.

Weight and balance measurements. - Spacecraft weight and center-of-gravity data
were measured by vertical and horizontal alinement fixtures that incorporated three
electronic load cells as weighing devices. These data were furnished by the spacecraft
manufacturer before the flight. Inflight changes in weight and final postflight weight

data were determined analytically. The postflight center-of-gravity data also were
computed.

Available Flight Data

Of the basic flight parameters, onboard measurements furnished by the guidance
and control system are of primary importance in the analysis method used in this re-
port. Sufficient guidance and control data are available from the Gemini I, II, V, vil,
X, XI, and XII missions.

The Gemini I mission was a launch-vehicle test and no planned entry was coa-
ducted for this flight. The guidance and control data for Gemini II, although usable,
were of less than desired quality because of timing uncertainties. An attempt to adjust
these uncertainties on Gemini III data had questionable results. The Gemini IV guidance
and control data were unacceptable as a result of a malfunction in the onboard computer.
Similarly, an onboard tape recorder malfunction precluded the retrieval of these data
for the Gemini VI, VII, and IX missions.

The other basic parameters of flight data (radar, weight and balance, and air den-
sity) are available for all flights except Gemini VIII, from which unly guidance and con-
trol data and weight and balance measurements could be obtained. This mission
terminated in a secondary recovery area in the western Pacific, and a consequent lack
of sounding rocket measurements and adequate radar data precluded both the determina-
tion of air density data and the development of radar corrections for the best estimate
of trajectory. A summary of the available flight data and the relative quality of the data
recorded for each flight are given in table II.

Data Accuracy

Various uncertainties are attendant to the basic parameters that were used in the
aerodynamic analysis of the Gemini flight data. An estimate of these uncertainties,

their origin, and their effect (if any) on the calculation of the final aerodynamic data
are discussed as follows.
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Body accelerometers. - The alinement of the body accelerometers on the space-
craft is not exact and an error of 5 to 20 arc minutes is possible. The full-scale un-
certainty and the telemetry (pulse-coded Liodulations) uncertainty of the accelerometers
contribute to a potential +1. 28-percent error that is equal to +0. 2816¢g for the X axis
and +0. 0768g for the Y or Z axes. These uncertainties had a serious effect on the de-
termination of the body coefficienis and the resultant lift-to-drag ratio for the flights
(Gemini II and IM) in which the body accelerometers were the primary sources of accel-
eration data.

Inertial measurement unit accelerometers. - The uncertainties in accelerometer
measurement, as discussed in the following paragraphs, have little influence on target-
ing accuracy or on the performance of any other task that the IMU is designed to accom-
plish. However, these uncertainties introduce a significant potential error into the
calculation of air density data and the normal-force coefficients, which severely ham-
pers the determination of aerodynamic characteristics of the Gemini entry vehicle.

The data measured by the IMU accelerometers are more accurate than the body accel-
erometer data, and there is no significant misalinement of the accelerometers relative
to the stable platform. The actual acceleration sensings are accurate to + 0. 04 percent;
however, the resolution threshold and the method of averaging accelerometer counts
produce data uncertainties that hinder the determination of the aerodynamic force
coefficients.

~ The read-out resolution of the IMU accelerometers limits the recorded measure-
ment of any velocity increment (representing acceleration) that is smaller than the
quanitizing increment (0.1 ft/sec) divided by the time interval (2. 43 seconds) over
which the velocity was averaged. Thus, the minimum sensed acceleration that the ac-

celerometers can record is 0.1 ft/sec + 2.43 seconds, or 0.0412 ft/secz. Therefore,
when the entry module first enters the atmosphere, the order of magnitude of the accel-
erations is such that accurate accelerometer readings are unobtainabie. Because the
accelerometer uncertainty is directly related to the magnitude of the sensed accelera-
tion, the degree of uncertainty caused by read-out resolution for each of the three ac-
celerometers is dependent on the orientation of the IMU platform with regard to the
total acceleration vector. For a typical Cemini entry trajectory, the uncertainty in the
measurement of the spacecraft axial acceleration at 300 000 fest is 6 to 8 percent.
However, the acceleration uncertainty at the same altitude in directions normal to the
spacecraft X axis can be as high as several hundred percent, depending on platform
orientation and spacecraft acceleration at this point on a given entry.

The magnitude of the acceleration uncertainties resulting from read-out resolu-
tion is reduced as the acceleration increases. However, an additional accelerometer
uncertainty is introduced at this point in the trajectory by data averaging. By means
of the onboard computer time cycle, the IMU accelerometers provide average velocity
increments for 2. 43-second time intervals instead of actual point-to-point acceleration
measurements. These averaged velocities are not necessarily representative of the
acceleration at the end of the measured time interval, especially when the acceleration
is increasing or decreasing rapidly. For a typical Gemini entry trajectory, the maxi-
mum uncertainty in axial acceleration measurements caused by data averaging is esti-
mated to be approximately 5 percent. As the point of maximum acceleration is
approached, the time rate of change of acceleration approaches zero. Therefore, at
the point of maximum acceleration, the uncertainty in axial acceleration measurements
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caused by averaging is zero and, because of the large magnitude of acceleration

(~150 ft/ secz), the uncertainty caused by read-out resolution is negligible. The net
result is that the uncertainties in the measurement of axial accelerations become
smaller at the lower end of the hypersonic range. The uncertainties caused by data
averaging in acceleration measuremerts normal to the spacecraft X axis are influenced
by platform orientation in much the same way as are the uncertainties caused by read-
out resolution. Typically, low magnitude and oscillatory sensings along the Y and

Z axes produce large uncertainties in these data.

The acceleration uncertainties introduce a potential 50- to 200-percent error into
the determination of the normal-force coefficients for a typical entry. The apparent
effect of these uncertainties on the calculation of the lift-to~drag ratio is to bias the

data toward values that are somewhat lower than actually undergone by the vehicle dur-
ing entry.

Because of the large uncertainties associated with the air density data provided
by sounding rockets, the axial accelerations are used in conjunction with the wind tunnel
derived axial-force coefficients to develop usable air density data. These data have a

potential error of 6 to 12 percent as a result of the acceleration uncertainties mentioned
previously.

A}.Li_tm. - The resolution of the gimbal angles by the IMU has an uncertainty of
+0.004" . This slight uncertainty has no significance in relating the stable platform to
the spacecraft body. However, an uncertainty in the relationship of the stable platform
to the local horizontal inertial reference system is caused by platform misalinement.
This uncertainty is introduced before retrofire when the pilot attempts to aline the plat-
form with the local horizontal. The exact value of this alinement error cannot be cal-
culated but can only be estimated by comparing the guidance and control data with the
radar data in the development of the best estimate of trajectory. An additional uncer-
tainty is interjected at this point as a result of the inability of the best estimate of tra-
jectory to define the altitude to less than a 8000- to 5000-foot uncertainty range. A
resultant uncertainty of approximately +1.0° in platform alinement was estimated for
Gemini missions up to Gemini IX, and an uncertainty of +0.5° was estimated for the
remaining flights. This potential error affects the angle-of-attack calculations, intro-
ducing an uncertainty in angle of attack and sideslip that is equal to the alinement
uncertainty.

Air densig%. - The data measured by sounding rockets up to the maximum sampled
altitude o 0 feet have an uncertainty range of 5 to 10 percent. The uncertainty
in the extrapolated data for higher altitudes was 15 to 20 percent. In addition, the
sounding rocket data were not extrapolated horizontally to convert the density data from
the sample area to an adjacent point on the entry trajectory. The uncertainty in the al-
titude, as furnished by the best estimate of trajectory, results in an additional density
uncertainty of approximately 3 to 5 percent per 1000 feet of altitude error for a total
additional density uncertainty of 10 to 15 percent. These potential inaccuracies in the
calculation of the air density have a significant effect on the determination of reliable
body coefficient data that preclude an accurate correlation with the wind tunnel data.
The density uncertainties also have a significant effect on the calculation of the
Reynolds number.
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The alternate technique for calculating density, based on onboard accelerometer
sensings and the known axial coefficients of the body, had a maximum apparent uncer-
tainty of 6 to 12 percent, as previously discussed. This method was used on the
Gemini V and succeeding flights io provide density data for the calculation of force
coefficients. A shortcoming of this technique is that, because axial coefficients are
assumed, only normal- and side-force coefficients (CN and CY’ respectively) can be

determined from the analytically derived density data.

Weight and balance. - Weight data are based on preflight measurements as modi-

fied by postflight estimates of spacecraft weight loss that, in turn, is basedonhardware

expended, remaining consumable liquids, and so forth. The degree of uncertainty in
this weight data is unknown, but it is not believed to have a significant efiect on the
calculation of body coefficients or the angle of attack, especially when compared to the
potential air density error. The uncertainty concerning the location of the center of
gravity is approximately + 0. 25 inch along the X axis of the spacecraft and +0.1 inch
along the Y and Z axis. Although this uncertainty has no effect on the calculation of
flight aerodynamics, it does hinder the correlation of flight data with wind tunnel data,

making it difficult to determine if a lack of correlation is the result of poor wind tunnel

data or the c.g. error. A summary of the estimated data uncertainties for the Gemini
flights that have been subjected to the aerodynamic analysis is given in table III.

DATA ANALYSIS TECHNIQUE

To exercise accurate guidance control during entry, a complete understanding of
the maneuver response of the spacecraft is required. This response is dependent on
the aerodynamic properties exhibited by the vehicle as it passes through the upper at-
mosphere. A determination of these properties can be made by a data reduction pro-
gram that uses complete information describing the spacecraft attitude and all forces
that acted on the vehicle during the entry.

The maneuver response of the entry module is controlled by the vehicle lift-to-
drag ratio. The purpose of the analysis described in this report is to compute the
resultant lift-to-drag ratios that are generated by the entry vehicle at the varying
angles of attack and velocities calculated for each 2. 43-second increment of recorded
entry data. The basic analysis technique was formulated by the Gemini hardware con
tractor at the request of the NASA. Modifications to this technique were made as
needed during the course of the evaluation program.

Computation of Aerodynamic Angles

The aerodynamic angies (a, 8, ¢A’ and a,r) are functions of the vehicle vel-

ocity compecnents relative to the airstream as measured in the body axis system. To
comgute these velocity components from the available data, it is necessary to first
calculate the earth relative velocity in the geodetic axis system VE (G). The basis

for this calculation is the spacecraft relative velocity, flight path angle, and azimuth
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as provided by the best estimate of trajectory. Then, the spacecraft total freestream
velocity vector can be transformed from the geodetic axis system to the body axis
system by a series of four transformation matrices.

The first matrix ( TGZI) relates the geodetic axis system to the earth-centered
inertial axis system (fig. 7). This transformation is based on the spacecraft trajectory
position as provided by the best estimate of trajectory. The second transformation

( TIZP) relates the inertial axis system to the misalined inertial platform axis system
(fig. 7) and is based on recorded platform alinement data. The third transformation

(TPZC), relating the misalined inertial platform axis gystem to the corrected inertial
platform axis system, is based on estimated platform misalinement data (fig. 7). The

final matrix ( TCZB) relates the corrected inertial platform axis system to the space-
craft oody axis system based on platform gimbal angle data (fig. 7).

The aerodynamic angles can then be calculated from the components of the total
freestream velocity vector. The aerodynamic angle analysis program is illustrated in
figure 8.

Computation of Lift-to-Drag Ratio

The lift-to-drag ratic is based on the relationsghip of the lift coefficient CL to the
drag coefficient CD. These coefficients can be computed from the acceleration mea-
surements that are provided by the IMU or the body-mounted accelerometers.

The first step in this computation is the transformation of the IMU acceleration
data from the inertial platform axis system to the body axis system. Then, the force
coefficients C A’ Cy, and CN relative to the body axes are calculated from either

the IMU accelerations or the body-mounted accelerations. The resultant normal-force
coefficient CNR can then be determined by computing the square root of the sum of the

squares of CN and Cy.

The coefficients of 1ift and drag can be calculated as functions of CNR’ C,, and
aT. The resultant aerodynamic coefficients CL and CD’ relative to the airstream,

can be compared to determine the lift-to-drag ratio. A flow diagram illustrating the
force coefficient analysis program is shown in figure 9.

FLIGHT-DERIVED AERODYNAMIC DATA

The aerodynamic data that were derived from the analysis of the entry flight data
are presented in tabies IV to X. These data include the following parameters: elapsed
time since retrofire, angle of atiack, yaw angle, aerodynamic roll angle, total
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angle of attack, axial-force coefficient, normal-force coefficient, side-force coeffi-

cient, total 1'*i-to-drag ratio, freestream Mach number, Reynolds number, Reynolds
number behind the shock, and freestream air density.

The complete evaluation technique was not as fully developed during the analysis
of the Gemini IT and ITI data as it was for later flights. Consequently, the resultant

aerodynamic parameters are less accurately defined and Reynolds numbers are not
available for these two flights.

A comparison of the flight-generated aerodynamic data (L/D and and aT) with the

flight-modified wind tunnel data is presented in figures 10 to 14 for Gemini flights V,
VI, X, XI, and X, respectively. The plotted wind tunnel data are based on the re-
sults of Series I wind tunnel tests as modified by Gemini IT and T flight data.

A large amount of data scatter is present in the higher Mach number range
(Mach 24 to 32). This scatter in the an, data results from the lack of aerodynamic

trim capability at lower dynamic pressures. Similar scatter in the L/D data is caused
by the previously mentioned lack of trim capability combined with the effects of read-
out resolution and averaging on the recorded accelerometer data.

The relative smoothness of the Gemini V data (fig. 10) rcsults from the use of a
more sensitive rate-damping control mode during the entry portion of this flight. The
spacecraft stabilization and control system was in the ''rate-command'' mode with a
0.5%sec rate-damping deadband in pitch, roll, and yaw compared with the normally

used ""entry'' mode that has a rate-damping deadband of 2.0°/sec in roll and 4. 0°/sec
in pitch and yaw.

DISCUSSION

The Gemini aerodynamic parameters presented in this report represent the best
data that can be calculated from the inflight measurements. The degree of reliability

that can be placed on each of the basic aerodynamic parameters (a,r, CN’ Cy, C A’

and L/D) is dependent on the various flight data uncertainties and their influence on the
aerodynamic derivations. This reliability ranges from acceptable for @ to highly !
questionable for CNR’ discussed as follows.

Total Angle of Attack

The only important uncertainties concerning the L calculations are the gimbal

angle uncertainty caused by platform misalinement and a potential error in flight path

angle. The flight path angle uncertainty is considered to be negligible, and an analysis
of the aerodynamic data indicates that the calculated @, values are accurate to 41, 0v,
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Force Coefficients

The large uncertainties associated with the air density data obtained from sound-
ing rockets necessitated the use of analytically derived density data in the aerodynamic
calculations for all Gemini flights except Gemini II and III. The use of these data pre-
cludes the determination of C A values from tne flight data. However, the C A values

derived from wind tunnel data for such blunt-nosed configurations as the Gemini vehicle
have been demonstrated to be reasonably accurate, and the C A values presented in
this report are believed to be reliable.

The accuracy of CN and CY calculations is greatly impaired by the large un-

certainties in accelerometer data and by the 6 to 12 percent uacertainty in the calcu-
lated density data. The expectedly small normal- and side-force coefficients result in
low magnitude accelerometer sensings (along the axes that describe these coefficients)
that consequently fall in the range of the most significant accelerometer uncertainties
resulting from read-out resolution and averaging. The resultant uncertainty in CN

and CY can be as high as several hundred percent, and little confidence can be placed
in the CNR values thus obtained.

Lift-to-Drag Ratio

The L/D is influenced by the assumed uncertainties in aT and by the estimated
accelerometer uncertainties that affect CNR ard C Al However, it can be demonstra-

ted, by placing representative values into the equation for L/D, that the total contribu-
tion of the CNR uncertainty to L/D values is less than 20 percent for a worst-case

situation, and this uncertainty does not necessarily result in an error of like magnitude.

By expressing the force coefficients in the equation for L/D in terms of the as-
sumed C A and the estimated air density equation, the equation for L/D is reduced to

L/D ?)

A
NR
8in GT 3+ ? cos GT
* A,

NR
cos a,r 3 -E(_ sin a.r

from which it can be seen that L/D is not affected by the assumed C A’

The effect of the +1. 0° uncertainty in @p. on the calculations of L/D 1is approx-

imately 10 to 15 percent. This uncertainty is biased in one directior or another for
each flight depending on the trigonometric effect of the platform alinement error for the

particular flight.
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Comparison of Flight Data with Wind Tunnei Data

As can be noted in the comparison of flight data with wind tu-nel data (tigs. 10
to 14), the flight-generated L/D values are consistently lower thau were anticipated
by wind tunnel test results. In the data representing the Gemini XI and XII flights
(figs. 13 and 14), there is substantial agreement between the flight @, and the wind

tunnel @ but the flight L/D is lower than the wind tunnel L/D by approximately

0. 05. Although the flight am is somewhat higher than the wind tunnel a0 in tt -
Gemini VIII and X comparison (figs. 11 and 12), the L/D values are in general agree-
ment instead of being higher, as would normally be expected. The Gemini V compari-
son (fig. 10) shows that where the flight am is slightly lower than the wind tunnel s

the flight L/D values are correspondingly much lower.

The lack of agreement between wind tunnel am and flight-generated an for

flights V, VIII, and X is apparently a result of the misalinement and c.g. uncertain-

ties. It is believed that the effect of read-out resolution on the AN and AY measure-

ments produces consistently low CNR values. The effect of this CNR error is to

bias the flight-generated L/D to values that are both lower than actually undergone
by the spacecraft and lower than anticipated by wind tunnel tests.

CONCLUDING REMARKS

Inadequate zpacecraft instrumentation and other deficiencies in data gathering
techniques combined to introduce uncertainties that severely compromised the quality
of the flight-derived aerodynamic data. The analysis program that was used to calcu-
late these data was somewhat deficient in that the total effect of these potential uncer-
tainties wis not anticipated completely. Improvements in instrumentation and data
gathering and a comprehensive error analysis are essential to any future program of
this type if more accurate resultant data are to be obtained.

The correlation of the resultant normal-force and axial-force coefficients pre-
sented in this report with the wind tunnel data has little significance except in a qual-
itative aspect. The lift-to-drag data are less sensitive to the accelerometer uncer-
tainties than are the force coefficients, and the data generally follow the same curve
as the wind tunnel data. Howéver, the accuracy of the lift-to-drag data is greatly
impaired by the resultant normal-force coefficient uncertainty. The total-angle-of -
attack data are considered relatively accurate and their correlation with the wind tunnel
data is uf a more quantitative mature.

The significance of the data connined in this report is in terms of providing ref-
erence material citing the problems und vesults of the suhject analysis rather than of
providing information of a direct or utilitay‘an nature. A complete cognizance of the
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problems encountered in this analysis should provide the basis for improvements in
systems and programing that will improve future analyses of this type.

Manned Spaceciaft Center
National Aeronautics and Space Administration
Houston, Texas, November 17, 1972
951-15-00-00-72
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TABLE I. - SUMMARY OF GEMINI ENTRY PARAMETERS

2 * Time from Rel#tive
’ 400 000 ft Relative | 4;ht path | Maximum | Maximum
Gemini velocity at dynamic
; mission to drogue 400 000 ft angle at load factor, pressure
deployment, ft/sec | 400000t g 5
sec ec deg 1b/ft
i 3414 24 302 -2.87 9.9 657
. m 575 24 054 -1.05 4.3 272
v 449 24 378 -1.86 7.1 414
; VI 800 24 403 -1.30 5.4 359
5 X 518 24 481 -1.74 5.5 400
. XI 581 24 381 -1.40 5.8 407
| ; X1 543 24 353 -1.85 6.2 425
A 2
"k Pilot parachute.
?
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H
i
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TABLE IV, - SUMMARY OF AERODYNAMIC DATA FOR GEMINI II

N Cy U M, P

10,01 | 0,000 ,208 25,2 2,131KE=n?*
0,001 ' 0,008 ,249 24,9 | 2,304E-07
0,008  N.N0R ,265 24,6 - 2,601E~07
0,008  «n,05% ,207 24,3  3,025€-07
0,000 0,000 ,249 24,0 3,364E-07
0,007 0,002 ,320 23,7 . 3.721E=07
0,010 0,020 ,337 23,4  6,22%-07
0,018 M,N04 L2903 23,1 &,761E=-07
0,020  0.000 ,292 22,7 %.329E-07
0,016 0,010 ,294 27,4  %,776E-07
0,028 ~N,N3¢ ,2A7 22,1  €.800E=n7

- 0,028 0,000 ,249 21,8 7,056E-QY

10,020 0,010 ,2% 21,8 ° 7,921€-07
0,028 0,010 .249 21,1  A,AIGE=Q7
0.026 0,005 .269 20,7 9.RO1E-07
0,028 0,002 ,2/9 20,2 . 1,081E-0%
0,022 0,003 ,310 19,8 1,18RE=-0S

“ 0,026 0,008 ,327 19,4  1,299E-0F
0,026 0,008 ,209 39,1  {,840E=0%
0,026 «0,007 .2%2 18,8 . 1.%87€«0¢
0,030 1,003 230 18,4 1.7ePE-0f
0,028 0,008,213 17,9  1.937E=0r
0.030 «0,003 ,212 17,5  2,161€-05
0,030 0,001 2% 17,1 2,&3%E-0¢
0,033  afn0N ,206 18,7 2,722E~0¢

N N T -TR, a, sr OA' dg'
| R deg deg deg
: . ‘6US,2 164,09  =1,67 | os,51 166,02
607,6 165,76 2,98 | a3 148,62
609,9 164,33 " -3,37 (e1,31 168,33
612,85 163,88 3.00 10,26 163,60
1614,9 164,38 . «0,13 - =0,4%5 ' 164,38
617,2 161,86 0.A3 2,53 ! 161,88
619,6 - 161,96 '«0,33 1,00 141,98
'622,0 164,45 0,23 0,80  1A8, 46
16208,5 . 168,92  =1,A0 6,68 | 164,82
1626,9 168,98 2,16 27,98 ' y1ae,.80
. 1629,2, 164,99 0,36 1.,3% 168,80
l631.6 165,27 1e74 6,60 165,17
:630.0 164,30 1.n0 3,54 166,27
636,85 163,50 1,74 5,86 183,41
1638,9 163,26 1,06 4.79 183,00
‘eu1,2 163,01 0,78 2,81 163,00
683,6 - 163,30 «0,35 1,18 343,30 -
. [645,0  163,97  «1,12 3,91 . 143,93
. 648,85 165,48  w0,63 -2,50 165,84
650,9 166,17  «0,08 -y,17  :eg, 37
653,2 166,10 0,28 0,97 ' 146,09
655.,6 166,00 0,72 2,88 165,94
658,00 145,30 1.9 $.29 165,28
660,85 164,22 1,49 9,27 168,16
. L 602,9 - 163,71 0,02 0,07 183,71

665,2 , 168,82  <0,09 3,83 158,39 0,032 0,003 ,2A3 16,3 Y.097E-0%
TT66T.6 164,71 «0,70  =2,5% 188,60 ef.4b 04036 «NeN02 301 15,9  %,&97E-0f
, 670,0° 165,858 1,40 o877 188,51  e1.63 0.038 0,002 ,L2R3 15,8 Y, ABlE-DK

672,58 166,51  «0,06 0,30  1A6.51 e9.%9 0,038 0,002 ,203 18,7 . 32KE-0F
[67‘.9 166,89  a0,.a2 «1,7% 186,48 NS 0,03 0,003 278 18,3 8,796E -0¢
{ . 677.2. 166,29 1.10 8,87 166,21 -1,%9 0,038 0,00% .206 13,8 S,33RE-0¢
\ 679,46 165,89 1.58 6,27 145,81  «t,%7 0,038 0,002 ,190 13,3 %,958g-0n

: 1682,0 . 163,58 1e82 5,12 168,50 1,60 0,038  N,N02 ,206 12,8 &,Y0AE~0#
688,85 164,83 0,A9 3,29  t68,81 ~1,.%9 0.036 0,008  ,29% 12,3  7,72RE<0r

T } 686,99 168,83 0,00 148,82  «1,80 0,082 0,003 ,2640 11,84 A, WNE=0

' Lol (689,2 . 163,7A 0.1 163,77 =),62 0.082 0,003 .278 10,8 1,917€-0%
) i 1 691,86 166,33 0,16 148,338 -1,A8 0,080 0,006,202 10.2 1.162€=0%
’ 6Y8,0 165,13  =1,19 165,08 «1,A7 0,088 0,033 277 9,6  1,29AF-0%

’ 696,85 167,77 0,27 167,76 =170 U082 0,002 ,202 8.9  1.03AF<0%

' (698,90 169,01  <1,.a2 168,90 =3, 0,082 0,008 ,208 0.3 1,.57RE=0%
A T01,2 169,99 o .01 169,99  =3,71 0,082 0,008 189 7.3  1.730Eaps
! 3.6 17,0 1,36 170,28  o),67 0,032 0,000 ,.1%7 7.0  1.927€-0%
o . ' 706,0 170,79 0,88 170,78 =1,.%7 0,030 0,002 .1V9 6.6  2.19Nf0%
; (708,58 170,60 0,80 170,80 3,87 0,022 «0,n02 .3a& 6,1 2,819C-0%
: 1710, 170,52 1,08 T 170,81 ) N 0,022 0,08  ,1a2 $,6 2,A0%en%
} 713.2  170.10 0.78 170,07 1,88 0,026 0,001 L3173 8.2 - Y.169E=0%
: |718,6 170,83  ~0.10 170,83  =1,8) 0,022 0,001 LI79 8,8 V,%0E0%
B [708,0 172,28  <0,00 (172,88 3,87 | 0,018 0,000 ,147 8,3 3,%9¢-0%
o S780.% 171,66  «0,73 171,63  =1,.87 0,018 0,002 ,L1e8 3.9 ,.008E=08
. : i 02,9 172,28 21,00 7,26 172,17 =1.8%9 ! 0,022 0,008 ,iun 3,6  a,A728<0%
H (TES.2 .  A7R,0A «8,87 e7,38 172,81 a1,.89 _0.018  oinon a7 3.3 8. 972¢-0%
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TABLE V. - SUMMARY OF AERODYNAMIC DATA FOR GEMINI I

*A ' c

i d“r A S & UD Mg A,
=0.,4k 170,28 3,3} v, 04 0,04 27T 23,8  2.%0NE~07
6,56 171,72 ~1,4)3 0.02 0,01 J161 23,6  2.,601E=07
2,14 1/9,87 -t,u2 0,01 fen1 171 23,4 2.A09~p07
11,30 172,12 =t,% V.03 0,00 116 23,2 1,025E-07
-4,0) 171,10 -1.,38 0,02 o,no o145 23.0 3.192E~07
5,90 172,42 1,32 0,02 . 0,00 #120 22,8  3,364E=07
0.76 170,63  «1,ub 0,03 0,00 139 22,6  V.AO0NE-07
4,69 172,10  «1,u8 0.03 0,03 Jd16 22,8 N, T721E-07
15,65 171,36  «1,%0 0,03 0,02 I35 22,2 %,969E-07
=-8,74 171,13 =1,43 0,02 0,01 140 22,0 4.22%E-07
10,7% 171,97 <1.45 0,02 0.01 J128 21,8 4,u80E-07
16,42 173,23 «) .47 0,02 0,01 106 21,6 4,h20E=07
=5,47 149,87  «1,49 0,02 0,01  ,161 21,4  &,900E-07
8,70 172,72  =1.%0 0,02 0,01 W17 21,1 %, 18uE-07
15,56 173,14 =168 v,02 000 109 20,9 &, 476E-07
3,16 169,385  =1,.up 0,02 0,02 L1776 20,7 S.776E=07
«7,56 173,98  =1,83 0,02 0,01 091 20,4 #.08uE-07
«8,16 178,42 =1,% 0,02 n.01 WOAN 20,2  K,40NE-0T
10,26 170,9r  =),%% 0,02 0,01 87 20,0 K,720€-07
8,6 171,88  =1,a1 "' 0,02 ' 0,02 19,7 7.05AE=-n?
4,22 171,80 =1,% 0,02 0.n2 19,5  7.396E~07
6,21 171,81 =-1,%7 0,02 0.3 19,2 7.921E~07
1,70 173,92  «=3.82 0,02 6,n1 19,0 . n.2818=-07
“5,66 171,82  «1,8) 0,01 0,00 18,7  AR,649€-07
1.69 172,12  «1,.83 v,01 0,01 18,6 9,216E=07
=4,60 173,20 =1.,R0 0,03 n.n1 18,2 9.604E=-07
6,49 172,10 =1,.%9 p.02 0,01 17,9  1,000€=nk
0.8Y 172,27 ~1.A1 0,01 n.n1 17,6  1,061E=06
1,83 173,37  =1,61 0,02 0,01 17,8 1,102€=n¢
4,17 17,72  =1,A2 0,03 f,01 17,1 1,16RE=0%
6,28 173,65 =1,A) 0,01 fona 16,8  1,210E~-pk
2,88 172,38 =1.8% 0,02 n.no 16,5  1.25E=0h
0.36 172,80 =1,a3 -0.01 0,01 16,3 1,322€«06
3,52 172,66  «1,.ke 0,02 n,n2 16,0  1.M6RE=06
8,12 172,80 =1,Ad 0,02 0,01 15,7  t.eenE=08
10,58 173,858  =1,A1 0,01 n,00 15,8  1,812E=06
«10,86 172,08  =1,.h8 0,02 f.nt 15,3 1.,61%=00
»11,8% 172,58 =1.R) 0,02 0.0n0 19,0  1,A88E=06
15,64 178 QR =1 ,67 0,02 n,00 18,8 1,747E=00
19,60 178,07  =1.8 0.01 0,01 18,5 1.A27€~04
23,95 178,704 =1,A) 0,03 0,01 14,3 1,908E=n¢
38,82 17A. 86  =1.A2 0,02 n,01 14,0  2,018E=0h
=12,87 172.9%  «1,p2 0,02 a,no 13,7 2.107€=ns
*10,46  178,0% =1.A) 0,02 N0l 13,8 9,190ga08
25,51 176,99  =t,8) 0,02 LY. 13,2 2,M0NE=0p
6.82 171,97 =1.83 0.01 0.0 12,9  2.,83%-0r
«9,10 173,51 =3,.64 v, 01 a0l 12,7  2.820E~0r
=20,9% 175,91 =1.4A8 0,02 0,00 12,8 P.857C-04
13,80 170,0%  =1.4Y 0,02 nonl 12,1 9,788E-04
: 12,73 170,31 =1,6) 0,02 .01 11,9 »,980¢an¢
=8.7% 171,58  «i,AL 0,02 0,01 11,6 $,13%a00
e11.40 173,30  =i,A} 0.02 0,00 11,8 3, MPEaps
12.5% 176,21  «1,Ad 0,02 o0l 11,1 3, MAgens
10,83 173,98 =1,A2 0.0? 0,01 10,9 Y, AA6L<ns
8,00 176,78 =1.A) 0,02 0.00 10,6  Y,96Nfensp
8,34 178,20 =1,A) 0.0? a0l 10.3  #.207C«00
4,07 =461 0,02 0.n1 10,1 &,880F-0¢0
20,08 =1.43 0,02 A,00 9.8 8. 782C«04
3,93 -1.83 0,02 0,00 9.8  8,08%=0p
10,50 178,11 «).%0 0.0) 0,01 9.2 8,020L=04
3.01 178,18 =i1.6) 0,02 .08 9.0 8, A0M-00
[ 19} ] 3,78 170,98 «1.4) 0,00 .00 0.7  A2808-04
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TABLE VI. - SUMMARY OF AERODYNAMIC DATA FOR

GEMINI V

: T-T & B. ep, 0. ¢ ¢ ¢ Reyy P
T sec deg  deg deg de; A "N by UD Mg, Re 2D o

v . S9N NA 165,46  T,0 25,7 166.0 =1,484 NTO =,0F3 L3219 28.0 .4lene .314Nn3 | »5550%-n8e
. OS2.85R 16606 B¢ 26440 1554 <1491 069 =030 21T IB.E L 496N6 36401 L44570-08

S94,05 167,85 5,7 22,0 166.6 =1,497 ,NT& =,N2A L1R1 2A.5 L5608 47401 ' L72037-n8
C9T,13  168,8  4,1 10,5 147,90 <1,503 0T L0180 .1hé 28, 3 L6004 L4be03 . T70108-7g
€99.77 169,10 3,2 15,9 168,8 -1,805 _A71 (73 «132 2842 J6%¢0% L4ReN3 ,ATEPT-0R
ICA2,00 168,80 2,9 14,1 1606 —1.506 068 0RO 157 28.0 . T1e0% 53491 .QRATA=NR
. 1074, 50 187,9 .M FaS 147,77 <=1.499 ,069 «,032 1485 27.6 75606 .58eN3  ,17612-07
. 1006,95 187.4 3 1eS 16706 <1497 (A81 (016 144 27,6 83406 ,66403 ,11%21-07
1009,32  186,6 =146 =8,4 166,85 ~1.402 076 .M43 .170 28.) .00en4 ,744N3 L17333-47
IN11479 18602 <146 =643 156,1 =1.489 087 017 189 20,2 ,11¢M6 . A34A3 .]140F0an7
1014000 16642 =146 ~8e4 166,1 =1,489 100 045 17T 28.0 12478 ,90403 .18342-07
\ INTA4% 18607 =147 =5.6 16606 ~1.492 056 071 175 27,7 .13¢05 .984eN1 .17776-A7
17.8,0% 187.6 =42 ~e? 1676 =1,498 N30 078 187 27,3 ,14405 1147 «19147-27
1021433 168,3 1,2 €aN 1468, ~1.5N2 064 ,000 178 26.8 16405 11604 ,20339-N7
1723,70 1685 201 101 168,33 =1.%12 048 004 178 26.4 L14ens 12404 «21654=n7
1n26,nr  148,0 1,6 Te6 157,98 ~1,500 066 ,ANG L1AS 26.1 15408 13406 ,33299-n7
R 177R, 4% 1673 «? 7 157,73 <1,498 085,020 144 95,9 ,144Nn5 ,14eN4 ¢ 2512807
. 173,95 16741 =1a%  =5,8 167.1 ~=1.49% 078 ,081 ,148 26,7 190§ 16404 2020207
. 1713,y 18749 =143 8.2 167.R ~1,409 _06% NS ,)1KT 24.9 02%en8  L1B406 , ,202799-97
INI5L 70 1691 =R =deh 189,10 =1,508 046 N34 155 27,1 26405 20004 ,36863-07
1139,78  168,9 -,2 =eB 168,90 ~1.%574 N8N 04 140 28,9 L 2ReNS 274Nk L4NDIA=NT
1049445 188,1 =1,! =500 1680 <14300 ,084 037 1A 26.5 ,29+N8 ,24eNé a4311%-07
1742095 167¢7 =08 22,7 187,77 =1.498 A71 041 141 26.1 L314N8 25496 ' .64267-17
1045.13  14R,3 o 2e1 16R,3 =1,501 L0863 ,N32 L1809 PR.9 ,3240% ,27eN4 L493°'7-07
1047,77 182 7 30 169.2 ~1,506 L0%0 010 V86 I5.M ,34eN%  296N4 ' 532 TRNT
11%9.148 1 oen =3 a1,8 1494 <1,506 ,N8? NP0 ,)47 25,8 37408 L3204 L 8A217-N7
1n8, .45 1e9e6  =¢8 =27 1696 =1.577 .9%A .01 162 2%, 7 .4nens «3%54N6  ,43101-177
1N%4,9%  149,8 ) 3.8 149,80 1,508 .91 002 L14R 25,4 L4A24NS 3704 L8787 N7
1957.33  189,3 '] 200 169, =1.504 08¢ _A24 ,)140 I%,2 L4ReNE  L4NeN4 P TP6R4=0T
1799.70 1690 «e8 =25 169,10 <1,505 A58 043 145 25,1 40408 L4360k . TARI4=AT
1C52.N8 164%,9 .2 Tad 149,99 21,509 (134 027 149 25,1 ,53+NS WbTENA L BAY TARYT

M . 1044,4%  169.4 s 204 189,84 =1,807 (046 JND1 L1%2 25,1 .TANS ,R1a06 ,93%021-nT
» 1744495 16091 =02  =14N 159.1 =1.598 N5 087 ,147 26,9 ,6260% 858408 ,10)0N-04

s 109,33 1891 o4 203 149, <1450 050 001 160 24,8 ,6A¢rS ,50604 L10874-16

' b 171,77 189,84 o Jel 18904 ~1.813 L06 - 028 180 24,6 LTINS  b8eNh ,11877-Ng
: . 107400 159,4 ol 07 180,4 =1,518 048 0% L16R 24,5 ,TReAE L404N4 ] 247K=N%

{ 1CT4, 4% 169, . 201 16943 =1,818 ,AK1 |, ,029 ,15N 24,5 ,81ens . 784n4 ,1370)-ng

191,08 ja0,8 o0 ol T69.8 =1,519 ,037 ,nal 143 24,4 JAANS LALeNd ,)14n2p-ng

1081,3%  169.7 o8 200 1697 =14521 042 029 140 26.% ,96enS ,B7eN4 ' 14N N4
1083, 77 149,54 o3 205 1694 =14923 L0852 ,037 143 26,7 10604 044N «173%72N¢

L
[N

-

R X NE{TLLEER LM ] 2 09 170,85 <1,598 A3 0T (1% 24,2 L11eN4 L1008 ,1amAleng

- 1NeR, 45  169,9 o2 1e? 169.9- 1,537,057 A% 130 24,1 .12478 11408 ,20317-n4

y i 1090,9%5 170,98 =, =eh 1799 <1,834 (A% 010 120 23,9 L1%ra ,'2e05 L 21A2A-98

; ) 1063, 3% 170,48 o Ted Y7746 <) 837 529 013 L,1%% 24,8 L1305 ,13enS , #2333%an4

i 1068, 70 170,% o) Te® 17% % 210841 064 .00 L1V YN, 4 (14408 13608 | 2405104

i TCEALOA  170,7  =a?  «1.A 17,7 1,847 A% 041 L1327 23,7 ,18eng 168 | 2a704a0p

. 14 TUI0%A% 17808 T L8 T, 6 T8 <1850 TLATRT L0280 J138 21.2 J1Aens o1hen8 |, 2aR0Ya9s

(- ' 1102.9% 170,80 «,1 e 17,0 =180 A3 042 (1IR30 17448 L1TeNR | L 3T11T=08

. F 110%5,3% 170, %] To® 1707 =1,557 A8 AV 131 22,7 ,1Rsefs ,TReNS ' 131A%Ng

N ' ) ‘ 1107, 77 170,9 .2 Tef 17%9 =1,%61% 031 0% 131 22,4 L1978 ,'9sNS 1814004

o 1110,N080  170,9 2 169 1709 =148570 (A0 (A3 (131 22,1 (1847 2%¢N%  ,I7114ang
B 1112.4% 170,7 ol o3 17,7 =1.876 037 030 (120 31,8 2% L2105 ,V028a-np
- 1114,48 1711 [} 200 17101 =1458%. ,030 "' (034 128 2%, 8 21608 22408 [41AT6=Ng

1717%.%%  171n,9 o) 260 1779 =1.590 (N33 N8 L9174 21,3 L2%Ns L 24ent 2448804

1119,70 1711 2 18 171,0 =14594 037 ,NIR L1708 21,1 ,2%rs ,2%¢0% ' ,47807-n8

. o . 1122.70 17,2 o2 148 17042 ~1e80% 020 037 L1764 27,0 2807 ,27eN8 ,8114AA-N4
- . 1126443 171,90 ') 203 17140 =14A% ,A37 032,120 20,7 28074 ,204N% 8445704
et . 112495 171, .3 T1e® 1710V =14612 o027 (R34 128 2002 (244N4 ,INeNS ,T721R-N4
e, T 1139,3) 1712 o? Tod 17142 =1.8%07 833 .A33' 124 19,8 L2708 ,324R8 L 4A204-N8
o . 1IN, 77 17,9 -, =é 171,0 =1 N33 040 (174 «29008 34003 _4858%wN
NI 113,08 171,)3 L) .3 11,2 W28 aN?3 J11Y 18,0 L3308 JINeNS 7995V )

PEEEE 1134,48 170,09 <2 21,0 173,90 oNI% L0460 T ,128 T9,A Y4004 ,eleN% L T708%8un4
P 11v0, 8% 170,84, ek 174,0 019 08N 127 10,4 ,3MeT4 44008 LALNTI =4

e b 1141,3% 170,77 =,n w2 1747 oNA4 03¢ L12A 19,1 (3%enp L4TeNS 904 2ean ‘

s . N 19437 7Y =, ael 171,0 040 (NI 124 YR L4004 LENeNS L GA24ANG 1

o038 L0380 (122 1R.T 48606, 193408 L 1r48R-08
N34 (038 (110 1R,4 (40006 30003 ,11474-08

L 2081 034 121 18,0 JSAeNd L43eNS ,]12383a00 ;
- 13630 17103 =08 w00 1713 _ef39 L034 129 17,7 (5304 57408 ,1%278-08 :
185,70 1718 0 * 178 o138 (032 L12Y 179 .8%eMh 72408 ,149h4-n8 .
TISRAR 71,7 w02 <1oh, 171,7 10681 A 061 110 4,0 %0608 77607 1937708 ;
114248 17107 wg2  ohe? 170,7 =1o0A8 oANY  LAGD 11D 14,4 82004 . 8%08 1448008 |

17162 =1 web 171.2
1704 =2 =1,0 17,4
171.2 «0 - o9 17V,2

*-08 INDICATES AN EXPONENT OF 10-8
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TABLE VI. - SUMMARY OF AERODYNAMIC DATA FOR

GEMINI V - Concluded

T-1 a B 9, @
PO ) AT, ¢ Gy Cy UD M, Re Re Poo
sec deg deg deg deg A N Vv UD Me 20
"1162,9% 171,90 o0 02 171,99 =14AT1 (N31° ,03% L1151 16,3 644086 ,9140% ,1821R-05
1165,3% 1710 L1 o5 17108 =1,675 .N29  ,032 117 : 18,9 , 70606 ,9R40% ,19724=08
147,70 170,77 " 2 Le3 1707 =1467T7 035" 020 ,120 115,85 (74608 ,11406 2133435
1170,08  171,8 =40 el 17148 =146R4 N (036 (11X 15,1 LTTeNA 11406 2308308
1172.48 171,17 o0 02 171,77 ~14689 ,038' 034 115 14T ,LA24N4 ,12406 ,2%5153-N%
117495 171,81 ~p2  -1,8 1704 =1,6A8 ,nél  ,048 L o110 14,6 09408 14408 2783405
77,33 17,3, o7 403 171,33 «L1aATS 4052 (0114129 1441 97408 15408 ,309N4=nS
1179,70 171, oA Job 17143 1,674 061 4037 L1172 13,7 L10e07 (17408 ,34150-0%
11€2,080 171.2' o7 408 17102 <1670 4062 o0 o113 13.3 11407 L1906 ,37824-08
1194,43 17144 o9 Jeb 17144 =1,6A8 N84 L0386 o111 12,8 (124NT ,20e06 L41110-08
11248,95 17,0 1,% Seb 17009 =1 64N LAT1 o018 i a11% 12,6 13407 ,22¢06 ,488]%ans
1199,33 170,91 2,2 13,6 . 1774, 1,654 084 =014 o117 12.0 . ,13607 ,24608 ,50123-Nn%
116,70 171.8 ’ 2.2 1502 17143 «1,A%9 079 o00% ' 4iN1 11,3 14407 ,27¢06 ,34720=05
1194,00 17240 " 208 177 17146 =146%55 o080 =e0N02 N9 17,1 ,18+N7 ,29406 85971008
116645 172,01 243 1€.1 17107 1,681 o085  .014 .003 10,6 o15607 ,31en6 6491008
1998,97 17168 2,0 1340 17142 =1.66) 089 L0264 oNAT 10,1 16607 .33eN8 . TNEEA-D3
12016337 17021 109 1149 17140 =1,637 073 014 112 9,7 17407 ,38e08 ,77162-N8
1263,70 171,00 201 131 1707 <1,632 073 o017 o116 9,3 1ACT ,38en6 LA3717-08
1706408° 171,21 1.8 119 17100 <1.430 L0890 L6013 L1710 A8 L 1RNT L4NeN8 o 97NBH=DY
1298,45 171.2° 1,% Se9 170,01 =14629 (061 N1 L1146 8.4 LTENT 47406 ,98724-08 ,
121095 17163 ' 1.7 108 17102 =1,627 4063 030 o112 8.0 19407 L44enk 1045804
T21%33 17147 147 1144 171,64 =1.827 ,AST 010 .I1NA  Te6 L190NT 47606 ,11208-04
1215707 170,77 148 1264 17145 =1.625 082 028 L1107 7.2 207 ,5ne00 ,12208~04
1218,08 1719 . 2,0 1368 171,77 «1,624 (N8T7 (024 10T §,8 2107 93406 1318304
J270,4% 171,81 2,1 1445 1704 «1,8%7 (AR ,023 100 A4 2TeRT 57enk 1420704
1222.9% 171.,9 2,2 18585 71,4 =1,A21 ,A81 L0290 108  £,1 21407 ,43406 ,1539A-n4
122% % 172,3°' 2,4 171 172,00 =1.622 (N85 025 101 8,7 22407 ,6AeNA ,18644=Db
1827.70 172,30 267 194 17148 =1,620 086 .OTA L1N1 5,6 (27607 ,T6e0h ,IR10A=N4
1210, 1783 ' 4,1 168 172,2 «1.67¢ (NT4 =,0NT 192 8,1 2307 .RNeNE ,19717=04
1232,4%  17% 3 4, AC9 1TV A =1.832 LORS o NNT NRA 4,8 (23407 LAReNA ,21460-N04
1224,83 76,21 407 ' H107 174,09 w1874 LATO =, 007 .N8Y 4,8 (24407 LQ6408 ,2362%-N4
127,33 177,77 4,1 €103 1783 =14631 407 =02 NV 4.2 ,2%PT 11407 ,25585-04
T2I9,70 17806 308 68,7 1 178,1  <1,828 oN6T 4026 L0786 4,0 L2577 12407 L27A27-04
1242, 1800 3,2 06,7 - 17660 1,620 NKY1 =097 A0 1,7 P4erT (V3407 ,10489-N4
1244448 179,53 3,2 664 1T7A.8 =1,287 L0433 «efNI ALY 3,9 L4007 18407 L41013-04
1244003 =178,5 2,9 11702 176.7 - =1,202 035 =,026 026 3,6 .4NeNT 20097 4604104
1249,33 =176,0 342 1207 176,72 14292 038 =027 00 3,3 ,4ne07 022407 ,499%9-04
1230070 =177:8  3a2 12%.3 175,90 =1,302 +036 =e024 010 3,0 39607 24407 ,83676-04
1254,08 17609 347 132,8 1793 =1,311 o033 =026 ,N4A 2,8 ,3%CT ,27+07 ,57824-04
1296445 =177.3 307 12649 179,85 =1,320 048 =008 L0190 2,4 38407 30407 ,62321-04
1299083 =17702 403 122,85 174.9 =1,320 046 =.034 088 2,4 38407 34407 ,6710°=04
1261437 «17702 446 12147 1746 =1.3%6 049 «,031 030 2,2 38407 30407 . 7291304
1263470 =176e4 404 L2901 174,93 =1,344 03 =,021 .088 2,1 38607 ,43407 ,79269-04
1206408 =17641 4086 1309 178.0 =1,350 o038 =,921 ,073 1,9 ,186FT7 49407 ,86172-04
1200045 =175,6 46 133,9 1736 =1,3%6 4036 =022 0K 1,0 I%CT ,STe0T ,93820-04
1270A3 =17448 &4 1358 17%.2 =1,364 033 =019 ,000 1.7 4MCT ,63407 1024109
1273337 173,80 " 401 1461 1727 =1,375 <028 =.015 ,1064 1.6 40407 76407 111360
1275, 70 17308 4.4 144,7 172,53 =1,387 008 =,029 ,009 1,4 ,.60007 (86007 ,1]1938-03
A

i

Ly




TABLE VII. - SUMMARY OF AERODYNAMIC DATA FOR

GEMINI VIII

T-Tpe O, .8, .9 Of,

: ¢, €
; $6C deg deg deg deg A N Yy UD Mo Re Reyp A
o . 1659,09 16608 =152 =408 16405 =1.478 187 =001 143 32.6 ,A0snh o39e03 LTn4RZonme

.

1901096 164,88 =,3 1,1 166,081,489 138 .My 173 IN.T 616N L3940 ,TINEI2.0R
1503,09) 145,4 o8 2.0 168,46 ’ “1e4R4  L080  ,A4e L1946 20.5 5904 ,39471 . TNaAt.9p
1508, 78 | 16646 1.6 6,7 l 16605 [ =14497 - =4014 (028 220 20,2 61608 ,42403 «T64A%-N8
. N 181,90 i 168,0 1.0 €8 . 167,88 «1,8np o118 006 134 28.1 L88404 47403 ,A%444=08

> . 1510.ﬂ7i 1600 144 6.5 167,99 ~1.519 114  .018..138. 28,2 ,4Gens . «%1403 - ,97442-08 .
- 1914420 : 1678 o8 1,8 1675 | ~1,497 093 «, 011 (187 27,8 ,70404 ,56403 29678008

: 159,37 ! 18646 o2 o5 16448 =1,492 054 =,008 200 27,10 L e8G4r4  ,8%4N3 - L NSTE-NP

¢ '\!2’1..‘3' 165,6 =.3 «1.3] 168,58 I =1.69%  .037  ,0%4°.223 27.%5 78404 50403 | ,1NAT2=NT
15230721 16604 =06 «2,1 {.184,4  =1,477 ,088 =s004 L2380 28,1 L9641 ,TNENY ,12672-07

1925,081 16403 =03 =1,1] 16403 <1.477 071 -,0as ,220 2R.0 ,10e08 L7540 ,13521-07

1528.00  165,1 ol o3 16%.1  ~1.482 L0884 -,n%5 208 27,8 Lo 10en5  ,TT4NY L12901n7

153010 16844 08 2.5 166,41 =1,490 D41 =,026 208 27.8 ,11enS @403 «14964-07

l'!!!-!O" 168.3 1,1 fo2 | 16%.3 | =1.802 0S8 =,ONT 14T 28,4 .T4eNS L, 904N + 1786107

T1535,51 7 168.6 140 4,9 188,8] <1,503 ' 043 <.0na 172 28.5 T L1808 Lv1ens | ,10807-07
1537,69 168.0 08 N0 1690 | «1.500 003 «,009 ,207 28.7 .18605 12404 2127907

1939,027 16849 42 140 16629 =1,493  ,018 ~=.011 .218 29,0 J1mns T340k [ 23327-07

1343,03 16%,8 =.1 «.3! 145,80 «1,488 ,062 ,008 ,279 28.7 « 20808 L144ns  ,2%78%2.07

194920 164,4 o2 09 184,41 21,490 N80 <,010 L2137 28,9 ,22¢n8 V8404 2004097

1547,32 167.6. o7 242 147,56 =1,498 025 «,N21 L1086 2R,8 L2305 ,'7tens «30108-07

1292, 71 168,% o9 43016841 =1.502 4037 <4016 17T 27,9 ,254NS .19¢n& ,3409T-07

1%54,07 167,2 00 2.7 1ATe2 | =1,495 L0857  L004 187 27,8 L 2Merk  ,20en4 0 16232~07

1767,00 184,83 of 004 1655 =1,491 7 086 014 290 37,4 27408 21406 » 3762607

182017 167¢0 1.2 9,2 ' 167.9 =1,494 ,N8? =, 000 19 38,9 (7408 214084 ,INTT9.NTY

1961,33 166.3 1,85 7,3 ! 160,21 =y,901 082 o019 172 24.8 20408 22404 ,A1N44=0T

1564,52 168,9 o3 1.8 188,80 a1.304 (N4 0% 179 26,8 .38 028006 ,44308-97

1544,60 167,85 «lo6 <) 167,84 ' 1,497 L0840 030 109 2644 S840 26406 4AR1TC07

15AR, AN 14A,8 =ah ®),8  14A.% =),40% N8y N7 20T ALY LV2eNR LDT70A4 L 6ATTIREAY

1871,99 147,2  1a4 85,9 tAT.1 =1,49% %4 *efN21 J1RT TALN L V4ePR [ DAIAL L S1248NT

1574019 149,84 1.3 1,7 169, =1,907 090 <,014 170 ?%e0  JN8eNE A0eN4 L %83A4-NT

i 1576011 148,5  =ofl =4e) ' 16R.S  =1,%0) L0537 P15 L1784 2R, T L374PS (12404 ,8RAG09-97

[N 1878,45 1671 <142 =8.3 167,0 =1.494 060 00 <109 28,8 ,30en8 _v24ns La4NREN-NT
1501.%9 167,1 o6 24571471 1,498 (056 =,0N9 LIA9 25,8 _4neng Axens «61801237

© e b

) T1503.79 149,3  1eh  £,5 189,27 1,808 L0022 =022 4149 25,5 L44075 L3847 .50027-97
. 3 1305,91 ' 168,30 =07 =3,8' 10,8 ~1.508 .08 o011 L3172 25,4 ,4Tens ablers ,T43%4-07
L 1528.0%. 16701  =o5 =249 1671 =1,494 .0%58 .0ns 1A9 IR, 4 49008 L4704 , 7784707
, % 1360,19° 167.0 of 303 167,00 «1,494 056 =008 L1097 26,7 _K140% 44408 «R120A-07
i H 1593,38 149,7  =¢1 =,3 189,7 «1,%00 e019 <,NNN L1588 28,0 L4308 L4704 8833297
K g 1598,51 168,7 N o1 1 189,7! «1,808 038 =008 Y73 24,9 ,854N5 ' 49404 L INI26=NTY
5 199765 1676 1.6  Ten ' 187,30 =1,498 082 “e017° L1807 24,9 58005 92404 ,948TR=0Y
. ' ! 1889,70 ' 18R, 1.4 6.6 167,9! ~1,9Nn% | eDAB « NN L1AD 4.7 860N L R3eA4  ,9A1SR-NT
' R} "1602.99 1691 =6 =3, 16%1 ! =1,51% ;0023 (D19 LN1T72 24,% 62408 87404 L 104A8=08 R
’ . 14C8,11 " 167e7 1,3 81 VA% A [ <1, 809! 083 =, 016 106 24,3 ,A4008 ,804n4 ,1N08A=04
2 ] 1607.25 168.0 1,0 4,8 167.9] 1,813 o044 =0 183 24,2 L8665 41408 1127608
‘ 1409,99 ° 168,9  =.2 «1.2'188,9] <1.%72 " ,031 «ONY . J173 24,1 ,69¢0% ,44008 1178898
1512,5% 167,90 2,5 11.9  147.8 SlaSTT N80 < 041 174 24,0 L T%0T  L4R004 .1 2S26=04

. 1614, 60 1 1080,7 03 BeN [ 180,7( ~1,825° 038 =,001 174 23,8 ,T4en8 eTlens 1301804
N (16%6,R0 169,84 =,7 =3,9 169:4 =1,532 L0208 016 ,'68 23,4 ,Thens ,PYens « 1742308
¢ 1618.9¢ 160, 8 3.0 168,1 1,529 N30 =008 L1990 23,4 ,Taens eTheN4  ,117)0anp
o .- 162%7,15 169,1 «=1,% =1,¢ 189,0 ~1,%40 .28 NI 143 23,1 ,R0408 ,7eens «14803=n4
- ' 1624,24 169,84 1,1 S8 169.3 ~1,54) N3l =a01% Y48 23,1 L@2478  ,a1ens ,1%083-n¢
. 162%.40 147,35 1,3 ¢.9 187,85 «1,318 eNE8 « NYS, L107 92.,9 ,EWPE  ,Neeny VReAR.ng

N,

1639, %) 169.1 =1,94% N4 WON3: 182 22,9 ,RReNS 804N « 1491 7=Np
161,72 149,0  «1,%%0 o020 =, 048 | o¥95 291 .98¢0% ,9%ens «17848.08
1433, 8¢ 109,84 =1,%39¢ «044 «0AS LIRS 20, ,1%P4 1NN RLITAELTY
. ¢35, 97 189,2 =1,%4) ¢O1T =, A7 ,%48 . 3%, % ,1lenA L1108 o 1943 %ang
- - 1439,11 167.8 =1,8%} 062 0093 o173 23,3 L1240 ,lle0® « 2111994
. 841,27 168,80 -1,5%9 036 =023 4188 23,4 ,120M4 12408 2 22302=1p
1A4%, 40 148,72 1,540 PR =00 | VT2 29,5 ,1%eR4 13408 e PWNTang '
T , 1644, 5Y IQN.O. 1,811 «0%8 -,0Mm , DARLEEESTY SEPS LT LTS L PY,T RS TY Pven oy
. vy L 1644, 78 1791 =1,%88 MY antn! (172 23.0 L140m DL XL L LY YEL.TY
T 1490, 87 168,11 =1,%49 0032 2,011,178 29,1 ,196P8 ,14eAS v 24884=04 N
18972, 97 169,9 1,549 ,029 -, 009 ,.°A7 22,90 oV180Nn4 15008 ,27288=94
" ; 149%,.10 160,.9 ; =1.949 LYY 0003’ (168 22,8 1% "5 L1503 2 2784%-%
. i 1494, 31 169, 7 «1,840 026 =oN0S 148 22.9 ,'0¢7% L V6em « 2934820 A
1640, 40 168,77 =1,387 0048 =019 Y8R 22,3 ,YAery, ALIL S L)1 I8 1Y ;
14 42,97 108,90 «},90 NN oNTT . (149 22,0 LV04NE L1608 L 30747-94 ;
667,07 168.0 <1,806 L2851  ,02% .141 16003 3359008 ;
T 1470, 7¢ 149.9 =1,372 038 <=,049 /' 18y R ITILLTY H
- : 187812 189,0 =1,978 «027 .onl o198 «350%4=0% H
107,47 169,7 1,902 000 012,144 «18040-24 H
1870,00 160,35 «1,990 L0851 o012 1 100 sl 20T k1
180,72 169,421,908 000 «,003! .15 60821 ~04 3
1603, 84 168:8 =14509 _ 4000 =00 | ,148__70,7_,2000 (22408 4110606 E:
|

%+ 08 INDICATES AN EXPONENT OF 10 .-




TABLE VII. - SUMMARY OF AERODYNAMIC DATA FOR

GEMINI VIII - Concluded

»

e

RICL Y

B A g

T-TR. G, uTu
1687.07 169,98 169,58 =-1,6n2 8% 144 2006 422408 4201804
1609,20 18%,) 1683 =1,594 «N21 | 4144 Ce 21808 1 133408 L 44880-08
1641.32 169.8 160, 7 =1,808 20N% . 148 022408 1 L2448 L4A101-08
169339 169,9 189,90 «1,811 PLITIISLY [e22008 . 425408 4762906
1696431 169.5 1694 =1,610 o021 187 022008 ,25408 L48799.05
1701.33 188,53 188,58 =1,697 ETIINTT ‘.zwmI.znos *5%342-06
173,22 169.9 169.9 =1,810 ' - 018,153 Le260N6 ' 429008 9874708
1706028 1691 189.0 ~1,614 N2 L1861 025006 o3N408 ,59123-06
17C0.48 169,2 169.1 , 1,818 ~en02! 4783 Te28eP8 32403 L62978=N4
171,90 170,2 1701 ; =1,827 «021 ' 148 e 29806 L3408 AS504-06
171276 170,0 169,9 ' =1,427 - 0NT! 148 Te30606 36009 60883085
1714,90 170,4 17,2 «1,631 =026 142 (32606 L3MeNS 74782408
1710,99 169,83 169,85 ' «1,624 <003 L1138 35608 LA2408 _A1974-06
1720,2% 16,4 169.8 -1,624 ~.008 . ,136 03760 64008 ,BT316=Np
172238 170.1 170.1 ' =163 017 o144 W04 47405 ,C1099-06
174,53 169, 9 169,9 -1,839 «019' 180 040006 49405 ,98465-04
1727,73 189, 149,84 ' =1,630 «018 ' 193 43608 83408 1081408
1720,8% 17,2 170,2 =1,861 #002 ,184 45406 ,%4308 1178308
1731, 98 170,2 170,1  =t,64% =018 | 4192 84408 884N 113%0-0%
1734.,13 170,0 170.0 =1,444  =e02] | 4149 47606 (69408 ,12754-09
1737.3% 170,93 170,33 =1,889 «00Y | 180 49406 LA8+08 ' ,12944-0%
1799,4%  170,1 170,1  «1.,651 <008 | 144 51004 68408 ,13817=n8
1741.50 149,8 169,80 =1,451 #0002 ! 147 53008 (TT40R ,14307-n8
174%. 7% 170, 1700 ) =1,654 =eN] | L7408 285eN8 LTSNS _14940=08
¢ 1709 | =1.6487 -e000 | (148 288608 ,01008 1430008
170,46 | 1,089 ~oN0B | L144 eblens 85498 1704508
170,7 | «1,869 -e018 142 «8N4NG L8648 ,1T7341-N0
178,90 ' <1,678 o018 ,138 +4N6NA  ,89408 1708403
170,68 ' =1,872 «000 | L138 eATera L1048 2040208
177,84 =1,489 “efAY 134 cABIOA ,174A8 L21349-0R
170.0 | «1,871 -s02% ,128 o70008 11408 ,22%50N-08
171,00 | =9,8080 023,110 73408 12006 , 2344108
1714 «1,872 =008 ' 128 eT260A° (12408 2414408
1700 =1.861 74404 L1300 . 29753-08
1704 =1.668 :elT604 18408 ,31008-08
171,08 «1,438 91408 18406 3797308
1719 " =1.8%9 e 93608 L1TeNA ,I8840-N8
179,7 ., 1,484 e 9%0N4 10004 ,3IRENC-0%
1799 =1,6% 10477 " 70004 ,41%34-08
1706097 1713 713 =1.047 017 126 «118AT 22608 .44RT4-03
1789,13 171,85 17,3 =1.448 <000 L1132 12077 J240n8 ,%1484en8
174%,28 " 171,2 171,01 =1,640 018 L132 130T 20406 5402608
1704.30 171,13 1719 =1,830 ~e014 130 e13AT 20408 ,50824-08
1794.%6 170,68 170,08 =1.492 “a013 L1349 eT4sPT L20408 4374708
17¢9,73 171,0 1710 =143 020 123 18407 ,32408 ,TI0V4ng
1011, 88 171,13 171,10 =1,620 ~027 4122 TeTRICT 34608 ,TTANT-NS
1009 71,4 179,64 " <1429 -s008 121 16007 (364NA ,RI197-08
1876,13 17144 1714 -l.l" 00t L0117 e1T407  ,38006 , 00089208
180e,1Y LatRSAT L4100 L 9RY6N-0S
191%,14 [+106F7 143408 L10301e04
1814,17 19PT 47408 V142404
1014.10 Te2MrY .uuuo + 1238904
1019, 00 e 2eny ne
1031,.02 22007 .qu
1022, 99 'a270CT L8000
1029, 97 «P4004 (VALY 4e0s
1027,9 01606 19778-9%¢
1039, 07 «908A 2278104
102,99 10007 7440004
1015,10 211407 2677949
1090.2¢ 13607 ,3A707-04
1049,48 13007 30410008
1062,98 +18007 3708304
LIS ) +10007 4100800
1047, 08 222007 , 4012008
1009, 0y .tsoov 9959604
un.u 2 « 9860308
.uom +6I770-04
+30007 ,77900-04
N1l s 80007 04007 ,79440-04
009 .IM‘ s 41007 951007 L8741 7=04
- | 109 | 43007 (50007 ,90027-04
050 _ =08 _.uo 17 c4800T (74007 L11010-0%

B AR T ol




TABLE VIIL. - SUMMARY OF AERODYNAMIC DATA FOR

GEMINI X

T-To. a8, @, CoC c ;

' C

| st g g g wh A O Ov UD Me R Ry P
16710158 167,9 =7,0 «3C.0 164.2 =1,.87n =efNT | L0067 214 336 JITEN LETeNT  LRA2AA-08*
167621 16408 =4,8 =1%,7 164,3 =1,480 008 068 ,238 0.7 684N4 . 44enI « 7994500
1476,42 18377 =14l =3,5 1830 =1,4880 118 040 ,211 31,4 ABeN4 .Séend «9654%238
YATA,58 16140 2.7 8. 181,68 ~1,487 (161 .012 214 5.7 .94eN6 L %QenA e1ns0197
. 1480,71 116108 6,0 1746 16%R 1,658 100 ~,088 267 30,0 10" L48403 +19477-07
. 140289 1182,0 7.0, 24,5 11,4 =1,447  ,037 ,001 ,396 N7 L17eN% L7992 .12830-07
1485,00°,168,4 5,37 2140 185,85 <1,600 088 = 10N 179 0.9 .146AT L A6601 LY 84TR-AT
TAARL2E 1ARLE 3,0 | 14,9 164,4 <1,804 042 LONT T4 A1 L146R8 LQ0eNI .16384-A7
‘ 1480,42 189, 1,17 €,) 169,86 -1,808 064, =.NTA 131 20,8 ,14erR . oFend BRsALELY]
1492,%4 148,7 Y 109 1807 =1,504  ,N24 <,0NT L1807 29,3 18478 ,90406 S ATEN=7T
V495,77 16542 =47 =209 1652 =1.687 016 091 ,230 28.8 16678 ,17408 ,2n063-07
1497,93 16343 =14  =Acb 16303 <1,670 068 ~,AI1 247 PA.T L18e~8 . 134n4 .22884-07
157,17 1831 =1,1 =16 1631 =1,489 L121 oM L2993 27,85 LTRSS L13eN4  (P14%EnnT .
13€2,27 16%,0 1.0 Se7 164,9 <-1,6A1  L19A  LONS ,202 27,8 L19¢N8  ,14ena , PERON.AT
1504443 167,86 6,2 18,) 167¢0 1,498 070 <,0290 173 27,6 20008 11404 .27528-07
15€7.62 169,86 2.9 %8 189.2 <1507  ,01% ~,048 $V87 270 «2)008 L1706 ,AN143.07
,15C9.78, 167,77 -, =eh 187,77 <1,498 (017 «,030 100 27.8 L244N8 ,194N4 ,3341€.97
1911495, 144,8 =1,6 =%.9 164,46 =1,478 AT WONG L227 27,4 L 2AeNR 90404 L3R20R-NT
1514009 11633 =e6  =1.9 1833 =1,679 o091 020 .231 27.% L2%NE L31ens L30MAI-AT
TEITLI0 1AL 2.a 139 1871 ~1,497 AT L 018 170 27,0 L3RR .24ens  L4N383onT
1919.46 11703 1.6 $e3 1701 1,510 020 —,N22 140 26,7 (31605 ,T54N6 ,4%0TI.47
1221442 189.) ol o7 1693 1,506 009 =,P19 L1764 2A,7 (3%ePS L2804 ,47919-n7
192%. 76 16%.7 ol 3 165,77 «1,408 028 0N0 234 24,2 LI344PS  ,2AeN4 518107
1926.97° 184.9% 2,4 Be7 186,7 =1,407 089 =,078 ,247 35, @ 3ANK  _Y1aN4 . S8227-4T
152917 168,80 103 6.3 Y47 1,504  .086 =015 ,193 24,9 .39¢08 .33eNé L81532-97
191,27 170,7 .2 1a0 Y70,7 =1,812 L0195 L0048 194 2r,N L43e7% 38604 ,AS8%0-07
153943 167,90 2.0 $a3 187,88 =1,990  ANR  ANR 309 IN.A L4%eNS L 30eA6 ,49387-97
18%6.41 16%,9 2.8 Sed 164, 1,401 L0072 =042 ,199 0.4 L4AENS 42474 ,TAANI-AT
TS30,77 16,7 =03 =leh 1807 —1,804 N8  ,NNL. 188 24,4 .R2en8 _aSens A1TR6-NT
1840.97 170,83 b 2e6 170,58 =1,812 098 /T8 169 I%.A L%4eCS  ,4ReN4 ATEIIoNT
154%.93 "187%.6 3.1 129 187,72 <1,490 000 ~,Me? ' ,107 2%,4 58NS 81404 s 9240¢=NT

LY 1546019 188,27 =is), =6.3 188,27 =1,4R9 108 N1 174 28,7 L4%NAR. REA4 | ANGR-AR"
1249,3% 1089,9 o3 1e9 169,99 1,508 ,N47 015,143 26,0 86408 RBers 105444
L] 1950.40 169,7 2,8 T34 149,00 1,807 AN = N24 177 74,7 LFAeAS  _A0s04 ,11010-0A

' 1292081 165,88 o4 ' 1.7 16%9 <1,497 0880 .010 .39 24,8 (8SHNC 83406 .1 82026

: 1745, 7¢ 1e7  _Ta® 'AT.7 <1507 (0AS 033 1S 24,7 L THCS ATeNs ,12238eng
1227, 98 %27 019 <, A1RI 171 Da.A L T4s0E  TAeAL 282604
=1e%17 L0266 «.0'% ,2A2 23,7 TNt 7r.A4 L, (730704
-1.517 L0717 .ﬂ’t?.]l! 33,8 JTTeNS ., 75404 ,'rAV0a9p
S =le%34 J0AT 4,029 174 334 LANENS [ TeeNA 1431004 .
=1.928  L041  ,042 197 27,1 ,BTeNS _AGsAs ,1R714unp
=1a891 o064 =018 174 3,4 L9308 91404 1474294
1,840 027 =, 011,148 29,4 L904N% ,040N4 1748723
=149%4  L021  ,022:.%A% 23,4 ,11eR4 ,1Ne08 183408
=1e931 L0038 =, 087 144 24,1 LVYer4 170 [2154%.n¢
“1ef21 010 013 100 13,8 LI1%NA 12408 3730194
=1e510 064 =, 033 178 23,0 14674 L1347% _237AT.Ap
=1e32A L0607 =oP14 170 20,0 14008 14eNS 3833894
“le314 L0800 <.N00 1A 23,8 VAN0A  L150A% 27V %Aeny
AN 01D LLTT 23T JV9eNE LVTRNR 2782394
o929 NNY (108 2T LVeeRE (18e0C  2me18.08
o086 «oN0A 178 TI.A LtANA LTAeNT  2070p.n4
oNIL JAAN 1A 22.8 L1607 18N INTLY 04
sNSA =, N7 L1408 29,4 L1T0N4 L1Tent _31TA%.9p
o012 JOIN IRT 2.1 LV17eA4 L1VeNt 3245304
WNAS NI 1T 22,0 L176PA  L1RAR 3N4ALNA
NG LARN 1T 1.4 LVTeNg L1848 147VA.9%
2090 <, ATA 1TV 21T L1ReCA LYOeNT a4 03.ng
ST =, 0A1 LIAY P13 LIMAR ,P00AK 170940
oA%0 A0S L1YE 1.6 JTANNA 21  teeSeeny
N2 =ABA 17T 1,V L Uens L2200% ,4nARS.A4
o040 LOOL 148 1,0 Plang L 27eAR _gPe17.ng .
ofAR6 0N L1088 21, 1004 LTVAT 4383408
oDRE «,007 L1T7Y PV,A L2207 L2Vens
B LEPF L1AA N0 21604 240n8 |
s031 =yAAY 4T PALS L2267 29408 47070
oNS1 <oAIA IR 29.6 L9004 29048 _ 4p82t-08
«OA1 =eA14 177 PA.Y (2Te04 20003 ,40477e0p
o188 =010 V67 20,7 29008 ,PTeNS 393739
o037 =eN2S (18] 20,0 29408 ,20008 4348004 i
0084  (FIT 170 10,0 (25004 L0003 84470004
00837 JF T L170 16,0 L2000 (P00 _gR094-08
1044027 100,3 1,7 Sol 1867 =1,014 L0020 =020 194 18,9 29074 20488 ,9404%.04
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TABLE VIII. - SUMMARY OF AERODYNAMIC DATA FOR

GEMINI X - Concluded

T-Tp,

o €A Oy Cy UD Mo R, Reyp p
1440,24 16746 <1,801 o001 <,0%9 .136 19,4 .24e08 ,30408 ,8ae&nans
1649, 10 YT 4 1,626 =e0ch =,057 4133 19,0 24078 30408 | _g907n04
1851.29 N ~1,80R 005 «,061 ,164,10,1 ,2%ng 231608 41241206
14%3,20 14723 1,801 oNAS <, 086 ,143 18,9 27678 32408 ,§7413-064
169,18 N =1.819 078 <A (143 107 28608 ,I3eNS  _g4igan-4
1859,14 169,58 ~14617 oN97 «,002 ,12) V8,6 20008 ,344NS  sasneang
146%,%@ S S1ANR 09T < 0FA L1473 1A.T L2008 384N 71474.0p
1 e3.% 10478 oN21 —,063 L1852 VTR 30008 LITeNS _ 7374v.9p
1647, 74 =3eA10 oNT2 <017 983 17.9 32008 40408 , TRa2e-np
1670,08 16703 «1,607 074" «,N23:,174 17,6 ,34006 ,4740%, «8377%98
167%,07 ~le84T7 JONA, =034 ,148 17,2 L3308 L4305 ,34770-N4
187%. 6 =14639 JO0AS <,072 .110 17,1 ,35¢1n6 .48eN%°  gap1R.ng’
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Figure 1. - Relationship of werodynamic angles and coefficients to
budy axes.
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Figure 2. - Gemini entry module configuration.
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Figure 6. - Entry parameters for a typical Gemini mission (Gemini XII).
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Definition of axis systems

Transformation

Relationship
of systems

Geodetic system
Z;; passes through the body . g.,
positive toward the geodetic center
of the earth,

Xg is positive northward.

Y completes a standard right-hand
orcihogonal system.

Earth-centered inertial system
X) is in the equatorial plane, positive
toward some inertial reference point.
{Greenwich mean time was used in the
Gemini Program for a selected flight
event.)

Zyis positive toward the south pole.

Y| completes a standard right-hand
orthogonal system.

Earth's mean
rotational axis

Inertial platform system
{local horizontal inertial system)

Zp passes through the body c. g.,

positive toward the geodetic center
of earth,

# Earth's maan
rotational axis

p4
Xp Is in the orbital plane. !
Yp completes a standard right-hand | |
orthogonal system. The alinement error
: reistes the corrected
Teac |-~ platform system o
the misalined platiorm
system,
Sody system :
Xg passes through the geometrical
center of the spacecraft, positive
foward the smali end.
2y is positive toward the botiom
(relative o the crew) of the
SPACCTaN, %
Vg complete a standard right-hand X, Y, 2~Amsof
| orthogonal _ystem. orthagonal rekrence system




Calculate earth relative velocity in the
geodetic axis system:

Note: u, v, w =X, Y, Z body axis
components of freestream velocity

uEl (VE) {cos ) (cos o)
vE(Gl el. (VE) {cos ) (sino)
W

), - (vE) (sin

I nput:
| Spacecraft relative
velocity, flight path

!

Calculate the transformation matrix to go

centered inertial axis system:

from the geodetic axis system to the earth- |

angle, and azimuth
relative to the

geodetic

I nput:

Tea
|

Calculate the transformation matrix to go
from the earth-centered inertial axis
system to the misalined inertial plat-
form axis system:

Tiep

Best estimate
of trajectory

I nput:

!

Calculate the transformation matrix to go
from the misalined inertial platform axis
system to the corrected inertial platform
axis system:

Te2¢C

I nertial platform
position

Input:
Estimated gimbal

!

Calculate the transformation matrix to go
from the corrected inertial platform axis
system to the body axis system:

angle misaline-
ment data

I nput:

Tcas
k!

Inertial platform
- gimbal angles

Transform spacecraft velocity components to the airstream from
the geodetic axis system to the body axis system:

Vet m - (Teas) (Tp2c) (Tiap) (TGZI)[ ]

vE( G

?

body axis system components:

« "} (f)

8 w‘-l v
e

4 un’! (1";)

.T- m'l‘ Vzu’ ﬂz

Calculate the asrodynamic angles from the resultant

Figure 8. - Aerodynamic angle program flow diagram.
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Transform the IMU platform accelerations
A,. Ay, and A, to the body relative Input: )
X'y T2 IMU accelerations
accelerations A, , A,,, and A
A' N Y
Calculate the force coefficients relative to
the body axes based on IMU or body-
mounted accelerometer data
Note: V = velocity, W - spacecraft
weight, S = aerodynamic reference
area
W) (A
()
c A" 2)
i v.f) s input;
= ( « Air density deter-
w) (AN) mined from either
i sounding rocket
Cy* data or axiai-force
b w2 ) (v.,z) (S) equation using
flight data v, W,
W c\(i) ands.
c .
Y
b ey (V) (9
. 2 2
CNR, " oSy, *CN
i i i
where i is IMU or body-mounted
accelerometer data
Calculate lift and drag force cosfficients:
* [Con \[cosa) + (C, \fsina )
" () (o) * m) (e
c C ;l':’“h
. sm.) (c )cns ) ght total angle
0, ("“t)( VAN Ll of attack
Then calculate tift-to-drag ratio:
uo, « o /co‘

Figure 9. - Force coefficient program flow diagram.
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Figure 10. - Comparison of flight-modified wind tunnel aerodynamic
data (aT and L/D) with Gemini V flight aerodynamic data.
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Figure 11. - Comparison of flight-modified wind tunnel aerodynamic
data ( TandL/D) with Gemini VIII flight asrodynamic data.
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Figure 12. - Comparison of flight-modified wi:d tunnel aerodynamic
data (a.r and L/D) with Gemini X flight aerodynamic data.
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Figure 13. - Comparison of flight-modified wind tunnel aerodynamic
date (c.r and L/D) with Gemini XI flight aerodynamic data.
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Figure 14. - Comparison of flight-modified wind tunnel aerodynamic
data (a.r and L/D) with Gemini XII flight aerodynamic data.
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