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SUMMARY ANALYSIS OF THE GEMINI
ENTRY AERODYNAMICS

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

SUMMARY

A presentation of the aerodynamic data derived in 1967 from the anaiysis 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, VI, 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 questionable 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
air density precluded the determination of this coeffic.ent from the flight data. Appar-
ently, the angle-of-artack data are accurate to +1.0°. Although the lift-to-drag ratio
is not affected as severely by the various uncertainties as are the force coefficients, a
comparison with the wind tunnel data indicates that the flight-generated lift-to-drag
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.

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
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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/se02
2 2

ANR resultant normal acceleration, Az + AY

-m
Ca axial-force coefficient, —

9, 8
Ch drag coefficient, 9_1‘_2_5-_19193
q, S
c.g. center of gravity
C,, lift coefficient, _l_tt_t_igcg
Qg S
-m Az
CN normal-force coefficient, —
Qe S
| )

CNR resultant normal-force coefficient, CN + CY

m AY
Cy side-force coefficient, ——

q, 8
d maximum body diameter, feet

h altitude, feet
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L/D

Uft-to-drag ratio, CL/ ChH

Mach number

spacecraft mass, slugs
dynamic pressure, lb/ft2

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 {reestream 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 (tig. 1)




an total angle of attack, degrees (fig. 1)

B sideslip angle, degrees (fig. 1)

Y | flight path angle, degrees

9 longitude angle, degrees

© pitch gimbal angle, degrees

p air density, slugs/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

I reé:::s to either inertial measurement unit or body-mounted accelerometer

P relates to misalined inertial platform reference system

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

o relates to freestream ccnditions

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 {8 geparated from the

entry module after retrofire, the adapter does not intluence the entry aerodynamics,
as {8 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 is 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 |8 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 signal for drogue-
parachute deployment.

Entry Control System Section

The entry control system section is 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 hy eight beryllium shingles.

The entry control system section houses the fuol and oxidizer tanks, valves, tube
assemblies, and thrust-chariber assemblies for the entry control system. The section
is 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 [rustum of a cone. It is joined at its small end
to the entry control system section and at its base to the adapter assembly. 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-diametar 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
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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 i8 a 80-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 b,
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-
guence. 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 module is provided with the capability of controlling the entry
trajectory (ref. 2). The asymmetric center of gravity (c.g.) trims the module aerody- v
namically at an angle of attack a that provides a lift vector for maneuvering (fig. 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 balliatic-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
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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-
proximately 300 nautical miles downrange and 50 to 60 naatical miles votal crossrange.
The greatest amount (80 percent) of range-control capability exists during the approxi-
mately 2.5 minutes that are required for the module to descend from 250 000 to
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 mi<sion 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.

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 path of the entry module intersects the ref-
erence trajectory, a constant roll rate of 15°/sec is initiated to place the spacecraft
into ballistic entry. This rolling motion is interrupted periodically to command such
lift as is required to place the vehicle back onto the reference trajectory.

The command logic planned for the Gemini II, III, and IV missions was based on
a zero-lift reference trajectory. On the Gemini VII to XII missions, a command logic
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.

Modulated Entry Mode

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-lift
or constant-bank-angle trajectory. The magnitude of the bank angle is determined by
the stored downrange capability of the module. If the downrange component of range to
target i8s equal to the predicted half-lift range, the module maintains a constant bank
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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 haif-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
lank 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 m'issibn (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 ¢A.

‘ 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 began to com-
mand the necessary bank angle to guide the spacecraft to the target. Afte:' several
minor corrections, the control system maintained a near 0° bank angle (maximum lift)
frcm 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 serodynam-
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 reports and NASA documents that are not avail-
able on a goneral basis.

| ORI i 4 s e G o e




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 Il 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 freestrcam 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 rrange of 26.2 to 2370 was in-
vestigated. The angles of attack ranged from 165° to 180° in 5° increments. A
6. 7T-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 missions 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.
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Onboard measurements. - Because the required data were generated during the
communication blackout, 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 6, roll ¢, and yaw y

4. Earth relative velocity VE

5. Flight path angle ¥
6. Spacecraft azimuth o

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.

It 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 mission 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).

11
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Air density data.- When possible, sounding rockets were launched in the general
entry area to provide the basic maasurements 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 II, IO, V, VII,
X, XI, and XII missions.

The Gemini I mission was a launch-vehicle test and no planned entry was con-
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 only 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.

12
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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 1.odulations) 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 IIT) 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 feot 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

13
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caused by averaging is zero and, because of the large magnitude of acceleration

(~150 ft/sec”), 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 measuremerits 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}_ﬁ_t_ug. - 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 attenipts 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 interjectea at this point as a result of the inability of the best estimate of tra-
jectory to define the altitude to less than a 3000- 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 density. - The data measured by sounding rockets up to the maximum sampled
altitude of 180 U%O 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.

Wei% 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 effect 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 coniplete 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 aT) are functions of the vehicle vel-

ocity compcnents 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 system to the corrected inertial
platform axis system, is based on estimated platform misalinement data (fig. 7). The

final ratrix (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 ratio is based on the relationehip of the lift coefficient CL to the
drag coefficient CD.
surements that are provided by the IMU or the body-mounted accelerometers.

These coefficients can be computed from the acceleration mea-

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
coefficlents 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 lift and drag can be calculated as functions of CNR’ C A’ and

a The resultant aerodynamic coefficients C, and CD’ relative to the airstream,

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

FLIGHT-DERIVED AERODYNAMIC DATA

The aesrodynamic data that were derived from the analysis of the entry flight data
are presented in tables IV to X. These data include the following parameters: elapsed
time since retrofire, angle of attack, yaw angle, aerodynamic roll angle, total
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angle of attack, axial-force coefficient, normal-force coefficient, side-force coeffi-
cient, total l‘fi-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 III 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 XII, respectively. The plotted wind tunnel data are based on the re-
sults of Series I wind tunnel tests as modified by Gemini II and III flight data.

A large amount of data scatter 18 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) results 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 ar to highly
questionable for CNR’ discussed as follows.

Total Angle of Attack

The only important uncertainties concerning the ar 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 asrodynamic data indicates that the calculated @ values are accurate to +1. 0°,
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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 I 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 uncertainty 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 @ and by the estimated
accelerometer uncertainties that affect CNR ard C A However, it can be demounstra-

ted, by placing representutive 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 resuit 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
s8in QT + ? (o] ] ﬂ,r
A,

NR
cos a.r + —q- 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 @, on the calculations of L/D is 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 tunel data (tigs. 10

to 14), the flight-generated L/D values are consistently lower thun were anticipated
by wind tunnel test results. In the data representing the Gemini XI and XII flights
(tigs. 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 LP) in tt
Gemini VIII and X comparison (figs. 11 and 12), the L/D v=lues 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 @

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 A, measure-

Y
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 tunne! tests.

CONCLUDING REMARKS

Inadequate apacecraft 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. However, the accuracy of the lift-to-drag data s greatly
impaired by the resuiltant normal-force coefficient uncertainty. The total-angle-of-
attack data are considered relatively accurate and their correlation with the wind tunnel
data is of 2 more quantitative mature.

The significance of the data connined in this report is in terms of providing ref-

erence material citing the problems und ~esults of the subject analysis rather than of
providing information of a direct or utilitai*an nature. A complets 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 1. - SUMMARY OF GEMINI ENTRY PARAMETERS

* Time from Rehtive
400 000 ft Relative 1 & bt path | Maximum | Maximum
Gemini velocity at dynamic
mission to drogue 400 000 ft angle at load factor, pressure
deployment, 1t /sec » | 400 000 ft, g 2’
sec deg Ib/ft
I 8414 24 302 -2.87 9.9 657
m 575 24 054 -1.05 4,3 272
\'g 449 24 378 -1.66 7.1 414
vin 800 24 408 -1,30 5.4 359
X 518 24 481 -1.74 5.5 400
X1 581 24 381 -1.40 5.8 407
Xn 543 24 353 -1,56 6.2 425
2pilot parachute.
§
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TABLE IV, - SUMMARY OF AERODYNAMIC DATA FOR GEMINI Il

T-T,, 4 B, o og c ¢ Cy UD M s
sech deg deg deg A N Y o o

‘6US,.2 164,09 =187 «5,51 166,02 =1.07 i 0.01 { n.no0 .208 28,2 2.11AE=n7*
607,6 165,76 2,18 | 8,38 188,62 ' 0,001 ' 0,008 ,2609 24,9  2,M04E-07
609,9 164,33 '-3,37 {-1,3 166,33 0,008 0,008 ,268 24,6 . 2,K01E=07
612,58 163,88 3.00 10,26 183,60 0,008 <n.056 ,287 24,3 3,02%€-07
1618.9 . 168,38 . «0.,13 -0,8%5 18,30 0,000 0,000 ,209 24,0 3,366E=07
617.2 161,86  0,A3 2,83 ' 141,88 0,007 0,002 ,370 23,7 . N.721E=07
619,6 - 161,96 "<0,33 1,00 181,98 .88 0,010 0,020 ,337 23,8  4,225=07
l622.0 168,45 0,23 0.8  1ee.ee  -y.%3 0,018 0,008 ,293 23,1 w.761E-07
626,85 . 168,92 -1.A0  ~6.6% | 164,82 ~-1.8 0,020 0,000 ,292 22,7 8.329E=-07
1626,9 148,98 2,16  «7,98 ' 1AN,80  -9,83 0,016 0,010 ,208 272,84  %,776E-07
1629,2. 168,99 0.3%6 1.35 168,99 1,8 0,028 ~0,036 L2607 22,1  #.%00E=n7
l631.6 165,27 1.7% 6,60 168,17 -1.88 . 0,028 0,000 ,249 21,8 7.05AE-QY
i638,0 164,30 1.n0 3,54 168,27  -1,%8 0,020 «N.N10 ,2% 21,4 ° 7.921E-07
1636,8 163,50 1,78 5,86 183,81 | «1,87 0,028 <N,010 ,249 21,1  AR.AJAE=07
1638,9 163,96 1,08 8.79 163,00 | =1,8¢ 0,026 0,005 .269 20,7 9,A01E-07
‘ew1,2 163,01 ;. 0,78 2,41 183,00 1.88 0,028 0,002 ,2A9 20,2 . 1.081E=0
683,86 - 163,30 20,35 <1,1A 163,30« «1,83 0,022 0,003 310 19,8 1.18RE-0%
[648,0 163,97  =1,12  «3,91 163,93 «1.66 - 0,026 0,008 ,377 19,4 1,299€-0¢
(68A,8 165,49 «0,63 -2,50 165,84 -1,069 0,026 =N,n03 ,2A9 19.1 1.880E=0%
(60,9 166,17 =0,08 0,17 44,47  =1,70 . 0,026 0,007 .292 18.8 _ 1.%87€-0n
653.,2 166,10 0,28 0,97 166,09 1,88 0,030  N,003 ,230 18,4  1.782E=0A
655.,6 166,00 0,72 2,88 165,98  =1,68 0,028 0,008  ,213 17,9  1,932€=0f
658,0 165,30 1.3 3,29 168,28 1,69 0.030 0,00y ,212 17.%  2.161€=04
00,5 168,22 1.49 5,27 168,16  =1,70 0,030 0,001 2% 17,1  2,83%=0p
662,9 163,71 0,02 0,07 163,71 -1 .M 0,033  <0,00% 206 16,7 2.722E-nt
665.2 ., 168,82  <0,99 -3, 144,39  ay.67 0,032 0,003 ,288 16,3  3,097€=0%
667.6 168,71 0,70 -2,585 148,60  «y.ab 0,036 «N,N002 ,301 15,9 3 ,897E=0r
670,0 168,58 <140  oh,77 168,51 1,63 0,034 0,002 ,2A3 15,8  Y,AB1E=ns
672,35 166,51  <0,08 <0,1F  1AK,51 1,59 0,038 0,002 .205 16,7 ., 32AE-00
[ern.o 166,89  «0.02 =1,78 186,88 of.m¢ 0,036 0,003 ,275 14,3  §.796E -0#
677.2, 166,25 1.10 8,87 166,21 =1,%9 0,038  0,00% ,206 13,8 8,33AE.06
679,04 165,89 1.58 6,27 168,81 1,47 0,038 0,002 L1890 13,3 «,954E=0f
le82,0  .165,58 1.32 .12 168,50  «1,60 0,038 0,002 ,206 12,8 A,.T7OAE~nf
688,35 164,83 0,89 3,20 168,01 =1.89 0.03¢ 0,003 ,278 12,3  7.72%€-0n
680,99 164,43 0,80 1,89 166,82 <180 0,082 «0,003 ,240 11,4 A, O4NE=0R
1689,2 . 183,78 «0,71 2,49 183,77 1,82 0,082 0,003 ,278  10.8  1.%917E-0%
1699.6 168,33  <0,16 =058 148,38 1,48 0,050 0,n06 ,292 10,2 1.162€=0%
6Y8,0 165,13  <1,10 4,89 165,00 1,87 0,088 0,033 ,277 9,6  1.29AF-0%
696,85 167,77 «0,27 187,76 =1, 70 0.082 0,002 ,2u2 8.9  1.830€-0%
T69R,9 169,01 =1.A2 168,90 1,70 0,082 40,008 ,208 8.3  1.,5TAC=0%
V1.2 169,99 o .01 169,99 1.7 0,082 0,008 L1849 7.5  1.73€=0%
703.6 170,38 1.% 170,28 1,67 0,032 0,000 ,1%7 7.0 1.927€-0%
706.0 170.7% 0.a8 170,76  «1.87 0.030 0,007 .1V 6.6 9.190€=0%
(708,8 170,60 0,80 170,89 «9,87 0,022 0,002 ,ia 6.1  2,519C=0%
17109 170,82 1,48 170,81 =1,% 0.022 0,008 ,1A2 8,6  3,A00F<0%
713.2 170.10 0.78 170,07  =1,88 0,026 <0.07% ,173 5,2 . Y.169-0%
1718,6 170,83  <0.10 170,83  =1,81 0,028 0,001 .179 8,8 V., %E-08
[ 708,0 172.288  <0,09 D 172,88 «1,87 | 0,018. 0,082 ,1a? 8,3 3,99¢-0%
720.8 171,66 0,73 171,63  «1,87 0,018 0,002 ,168 3.9 4,80AL<08
I782,9 172,29 ° 1,00 172,17 1,89 ! 0,022 0,00% ,las 3.6 a,AT2E-0%
(788,2 172,88 0 «8,97 178,81 _a1,89 9,018 0,008 .87 3,3  &,372ge0%
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TABLE V. - SUMMARY OF AERODYNAMIC DATA FOR GEMINI I

a, 8, *a. . I C c / M P
deg deg deg d(:rg A N y 0 © ®
170.24 -0.nA -0,4h 170,2A -1.31 ¢.08 004 127 ?23.8 2.%500E=n7"*
171,66 0,96 6,5 17,72 ~1,u) 0.02 n,n1 .161 23,6  2.601E=-07
169.A6 =0,3A 2,14 169,87 -1,42 0,01 n,n} 171 23,6 2.,R09E=07
171.96 1.59 11,30 172,12 =-1,% V.03 0,00 116 23,2 Yo 025E=07
171.0n «0./3 -4,0) 171,10 1.3 0,02 N, 00 lu5 23.0 3.192€-07
172.38 . 0,79 5,90 172,842 -1.32 0,02 0.n0 «120 22.8 Y. 364E=07
170.63 0,13 V.76 170,68  «1,u% 0,03 n.no 189 22,6  V.AO0NE=n?
172,07 0,45 4,69 172,10 1,48 0,03 0,03 Jd16 22.6 3.721€=-07
171,03 2.u8 15,6% 171,36 1,50 0,03 n,n2 o118 22,2 1,969E=07
171.0) -1.37 -8, 74 171,13 =1,4) 0,02 n,n} 140 22.0 4,22%€=-07
171.82 1.56 10,78 171,97 -1,85 0.02 0,01 128 21,8 4,889E=-07
172.9% 2.00 16.82 173,23 =187 0,02 0,01 106 ?1.6 ®.A2UE=07
169,83 =0,9A =5,87 169,87 -1,89 0,02 0,01 o161 21,4 8,900€E=07
172,63 1.12 8.70 172,72  =1.%0 0.02 0,01 JA17 0 21,1 8, 188E=DT7
172,84 1.92 15,56 173,14 -l,88 0,02 .00 109 20,9 S.87AE=07
169,33 0.60 3,14 149, 3% -1,46 0,02 n.n2 o176 20,7 5. 77RE=07
173,93 =0.A0 =7,5# 173,97 =1,%3 0,02 0.0l <091 20,4  A,084E=07
176,36  =0,A0 =8,14 178,42 =1,% 0,02 nen1 0A% 20,2 A,80NE-n?
170,86 1.6% 10,24 170,98 -1.5%5 0,02 n,ng 187 20,0 A.T720E=-07
171,79 1,26 8,66 171,88 =1,81 0,02 ' n,n2 126 19,7 7.094E=n7
171,79 0.0 8,22 171,81 =1,%6 0,02 0,02 o126 19.5 7+ 390E=07
171,36 0,98 6,21 171,61 =1,87 0,02 0,:1 JAM 19,2 7,921E-07
173,92 0,18 1.7 173,92 -],h2 6,02 n,n1 092 19,0 , A.281€-07
171,38 «0.,A6  =5,64 171,82 =1,8) 0,01 0,00 «1%0 18,7  R.649€=07
172,11 172,12 =1,8) v,01 0,n1 128 18,8  9,216E=07
173,18 173,20 1,40 0.03 N,n} 106 18,2 9,608E=07
172,13 172,10 =1.%9 p.02 0,n1 Jd1e 17,9  1,000E=06
172,26 172.27 -t,h1 0,01 0,01 1M 17.6 teNAIE=04
173.37 173,37 =1,.61 0,02 0,01 o113 17,4 1,102€=-0¢
171,70 171,72 =1,A2 0,03 Neni 126 17.1 1.16AE=0A
173,61 173.6%  =1.63 0.01 neng «095 16,8  1.21NE-06
172,32 172,33 =1.0% 0,02 N,no o112 16.5 1. 258E=04
172,80 172,80 =1,63 -0,01 0,01 113 16,3 1.322€-080
172,62 172.68 =1.08 0,02 n.n2 .108 1. %RE=-00
172,86 172,88 =1,6d 0,02 0,01 o107 1.880E=04
173,38 173,08 =1,41 0,01 f.n0 108 1.%12€=06
171,90 172,03 =1 .08 0,02 Nen} 126 1.61% =00
172,37 172,58 =1.6% 0,02 0,00 o112 1.5068€=00
173,96 1,63 ' «15,6u 176,18 -1,87 0,02 N, 00 «0Re 1.782€=04
173,70 2.12 19,60 178,07 =1.6Y 0,01 n.nt <098 tA22E=-00
. 178,27 2,33 23,9% 178,764 =-1.43 0,03 0.01 «070 1.908E=n¢

176,18 2.2) 35,82 170,86  =1,62 0,02 a,n1 080 2.01AE=08
172,78 1,57 . =12.47 172,98 =1,A2 0,02 0.n0 o2 #.102€=n4
175,87 “1.29 + =lo,86 17%,6% -),hl 0,02 0,01 076 2,190E=00
176,66 ol,88 - «28,51 176.99 =101 0,02 n.no +080 2.M0E=0p
171,91 6,82 =1.83 0,01 0.01 .1%s 2.83%=00
173,63 9,10 =1,68 v,01 n.n} o118 9. 82AF=04
175,62 «20,9% 1,08 0,02 0,00 «060 2,637€=04
170,59 13.58 1.6 0,02 n.nl 168 2. 74RE=06
171,10 12,78 =1,83 0,02 0,0l o168 . M50¢anr
171,82 -8, 7% 1,61 0,08 0,01 o108 Ve 13VEan
173,26 -11,10 ol,.61 0,02 0,00 1 Yo MPL=06
178,07 12,5% -1,.863 0,08 0,03 092 A, MAC=A
173,83 10,68 173,98 -,h2 0,02 0,01 «0%0 Y ABAEene
17,72 5,00 178,78 =1.61 Y. 900C~00
178,02 8.3 176,20 al.Al 8.200€=00
178,19 8,07 178,21 1,01 4,887¢=00
178,18 20,08 176,00 =1,3) 8, 780¢=0A
178,09 =3,93 =1.63 8,06 M =00
1%, 10,40 o] .59 LY L CT 1Y
17, 3.61 178,18 ofohl L CTT)
17, " 3. 70 170,90 ol A) A 2008-04
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TABLE VI. - SUMMARY OF AERODYNAMIC DATA FOR

GEMINI V
T-Tp, a P ®
. P, O ¢ Cy C ‘
sec 069 geg deg deg A N Cy UD M, Re Rey Po
4N NA 165,46 7,0  2%,7 164,07 =1.484 ,NT79 -, 0F>
52,80 1666 6.1 2600 155,46 ~1.491 J04 AN Mo il WS R bt e
s 167.5 5.1 22,7 1A%.6 =1.497 .NT4 —.N28 183 2A.8 .%5ens L4701 | L72937-08
T3 16N% A1 19.% 1870 -Lifny 072 014 I1ae 2R3 L60ens L46en3 .7930%-18
JERTh 1600 202 15,9 168 1805 071 L079 L1327 28,2 esfene senen LA7677-08
. =Lle . . . -
teicls ere fla wls dary Dilies lnis Si0ar T1ae gmie L7sens sEaeny L1na17-07
122:::: ::Z:z ‘.: :.: :::.: -{.::; ML L0108 o1es 278 L8dens 166603 11827207
2 =Y bl -1 . “le N (o] . .
1011070 18602 106 =603 166:1 —1.480 .0a% 017 120 oar s L1vens PSS A Il
12“.0' 16642 =1.8 cbeb 1AB,1 =1,482 ,N9N 048 177 28.0 1208 .90003 .16";1-:7
1016048 1667 =17 ~5.6 18848 =1.492 056,071 175 20.7 T1iens Lomeny S17776-07
17.8.9 16Te6 =02 ~eQ 147,64 =1,498 ,N38  ,N1p .1!;" 27'3 'u.ns .nm« 'lo :A
:gn.?’; :::.; ;'f ‘:.2 }::.: ~1.€07 .086 .000 1TA 26.R L14ens L1104 .;ﬂ::Q:;;
. . . . e3 =1.%92 048,006 L1748 26.4 ,° T 216F
1726,08 1680 1.6 7,6 1579 =150 .0se Tng e 2wl et c1asne iiireecnr
}’,:.u 167.3 .2 27 187,13 =1,408 LORS  .A20 186 25.9 .14e08 L14eN4 '22,';:::;
1-{1""‘ 16701 =100 =5,8 167.1 =1,496 .07A .06l .158 26.2 .19605 .15en6 .28201-07
131 16706 «1.3 6.2 18T.R =1.699 1061 J0NS 147 26.0 L2308 18604 43270917
1015.70 169,01 =oR  =6ub 1690 =1.508 .046 o036 188 27.1 +26e05 20004 o 34RE3-27
1739,98  168.9 =e2 =8 168.9 =1.%96 .080 .08 147 26,9 . 2RenS T3e04 e ot
1049,65  168,1 =~1,1 =5,N 148,0 =1,500 ,044 .07 ,1A} ae:a, '5«('5 'zum. . 00"'-”
174298 187,746 22,7 167,77 =1,490 ,NT1 061 ,1s1 ie 3 .nms .zsna"u”;-m
104533 D8R3 ar 21 1AM -1o501 L083 L6320 I Daena l3vene lesines
104747 3?1' 3 .? 2.8 169.2 =1,506 080 019 V%4 25,8 ,36eNS .;cml.':nha-nr
M.'- A 1 o8 =ed  «1,5 149,4 =1,506 ,N82 ,020 747 25,49 ,37ens .;2onl. SA217=N7
T P “e8 22,7 1696 =1.517 .N6A .01 .142 20T .4ne08 L35406 ,43101-77
10349 169,848 3.5 1690 1,508 161 L0272 (16A 25,4 L4108 37408 L8787 -7
i”q.’; 169,9 b 2.0 149,37 =1,504 ,08% ,N26 140 T5,2 L4%eN%  _ANeNE '1761;-‘)1
1239.70 {:::: -:; -7.: \li:.: -:.;g: .::n Y061 L1685 2%.1 L4GeN8 L4a3eNs . TARIE-NT
. 9 =1, . 3
1N64,45 169,64 s 1.4 169,64 =1.807 .n4s :2;: :}:: ;:'{ '::::: .:;::: *ornanonr
1986008 16001 =02 <12 15901 —1057% i08e. 003 1147 a8 L6pent L98ens L19108-08
169,33 169,37 .4 15903 10500 1030 L03a L1en seim Leaers Les0e 1omvemns
107170 1aes o8 1695 ~1.813 104% - o024 180 2arA L Trers L6eene 118e7-78
1e14.00 180,61 169,46 =1.518 A48 .A% L16A 26,5 ,7ReA% ,40eNa ,12626=N4
172,40 183.) .4 169, =1.818 .A%1, ,029 .150 2408 .81e0S .75¢04 ,11701-4
"".” }6..: 0 169,88 =1,519 L0717 041 ,]4% 24,4 ARenS ,AleNs ,14826-08
141,33 ‘:9. 5 169.7 1,521 4062 .029 J164A 24,1 .946n8 L87e06 ' 4 149R1 =04
tom. e 18 Y 1698 =14823 L0352 o032 163 24,2 .1NeAA %% ,17387ang
16880 N8 o2 170,68 =1,528 ,011 A7 (174 24,2 11604 L1040% ,1AR71-14
‘“.ﬂ.os 189.9 o2 1599 =1.%97 1082 LAY 130 26,1 L1260 11408 2033714
‘0:\.3: l1°o° -t 1709 =1.8346 (N%8 L0710 129 23,9 ,1%ra L2408 .21.7.-"6
lan"m 17064 2 170,46 =]o%27 529 032 L1933 27,6 ,T3eNa L13eAS 27331904
gesan 170,843 1798 =1.841 N4 010 .13 N6 L16eh8 .13eN8 | . 24983-n
'Iuﬂ.: 170,7 =02 1797 <1057 LM% L06Y 1197 2N L1%ens Tleent | 24700206
“g;.:. 178,87 s V7906 =1.%80 .00 JA2R (135 23,2 V4ens ,14enS | 20mana0p
110290 170,38 -u3 17900 =1.809 JAIY .A47 L1328 23,0 ,17ens L1TeAR | 31117-08
haoamr o 17,7 =1,887 (a5 011 133 22,7 ,1Mef6 ,1ReNS ' ,1310%ung
1107.77 170,09 .2 177909 =1.86% 2031 .0%% 131 27,4 .19ens .19eN8 . 17160-04
;ll{g.:: 170.9 2 1709 =16%79 077 A3 131 22,1 ,L18e% .imns‘:ﬂnt-ne
I 17,7 .1 170,7 =1.976 037 N30 (120 21,8 (20406 ,21¢78 ,3028R-74
114 ma .3 17161 =1050%- 030" o024 L1238 21,8 21404 22008 41A76=Np
117,83 170,93 17900 =1.590 .30 oA 174 21,3 .2%n4 L26en% L44808<NA
1119,7060 171,12 o2 171,08 =14594 017  OIR (128 21,1 ,2%rs .iuos"nsov-nb
122,08 1712 ,2 17102 ~10800 0020 .0VT 174 20,8 L28e4a L7740 L ALUAA-N4
}:::.:z l;l.ﬂ o b 17,0 -I.A‘\‘_."!’ o032 120 20,7 L2400 L 20eN% :5505”06
128,00 1 17101 =1.812° 0027 036 128 20,2 (24608 ,INeNS ,T721A-N4
129,39 1.2 2 17107 =1.8707 (031 033 '.124 19,@ 27608 32408 ,6N204-Np
117 171, =1 17000 =14826 .N38  ,04A L1264 T, A (29608 o36eN8 . 63624=R4
,}: N 171, L8 17102 =162 2n2% o073 133 10,8 .36 .IRenS _7r481-n¢
edS 17000 -02 179,0 =1.626 N8 046 ",128 10,8 ,V44r8 (6]eNS ,748%6ans
110,08 17,8 4.4 179,80 =1.6%8 ,010 .08n 127 TIMers 244008 LAGATI =24
1141037 170,7 =00 =o2 1797 =Veb20 (N4 039 124 1 230606 .47408 ,e%020-n4
l“,::.;; 1:‘." ceh edl 17000 =10636 040 oAIN . 2126 B8 L47eN8 ANGAS . uAZ6A=Ab
1aes00 1,:.2 el oo 1712 NS LON0 (122 18,7 L4956, (35008 ,1r98A=08
114848 1, b =2 =1,0 17,4 N34 030 L1190 18,4 (40006 30005 11474208
3% l'l.! .0 o3 171,2 081 038 121 18,0 .5he04 63008 ,12)89-0¢
"gq.vﬂ ‘,h" =8 -eﬂ 1M.) eV J03A 120 17,7 5%04 67009 ,19278-08
114370 l'l.: ol $e 1718 oNIS (032 12V 17.% ,S58eRs (72008 ,1428A=AS
Heases }1}.' =e? =144, 17,7 AW J0A1 V1IN GRE SR04 L TTH0T L18577-08
. o  wal o142 17,7 1,688 (N33 (AGT 110 1A, .A2004 . 0%NS 16600008
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TABLE VI. - SUMMARY OF AERODYNAMIC DATA FOR

GEMINI V - Concluded

T-T a B %, a
R’ ' L 4 T, C C C M Re Re p”
sec deg deg deg deg AN Yy UD Me Y
"1182,9% 171,91 L0 02 17149 =14AT1 (N3 ,03% o11% 16,3 064406 ,9140% ,1821R-08%
174%5,3% 171,80 1 e 1T1,A =1,67% .029 032 117 18,9 (Thefs L9Me08 ,19734=08
147,70 1717 2 163 1707 =1,677 036 (008 120 15,8 (T4406 ,1Venh (2133438
1170,08 17,8 =,n e 1T1eA =1,804 NV (0% 11 15,7 (7TeRA 11006 ,230M) =05
1172.4% 171,17 on o2 17,7 =1,480 038" 034 L1185 14,7 ,A2eN4 12608 ,25153-0%
1176.95 171481 =02 =148 17%,4 «1,408 N1’ ,048 Le110 144 L 89408 14006 2703405
1177.3%° l"l.!: o7 403 17143 ~1.A78 L0852 (071 4129 1441 ,97¢04 ,1850086 ,309N4=N5"
1179, 70 171, oh o6 171.3 =1,674 ,061 <033 o117 1% 7 ,10enT 17008 ,34750-08
110208 1712 o7 408 171.2 =1,670 062 4031 o113 13.3 .116C7 ,194N08 3752408
1194,45 171,46 . .9 a8 171,84 =1,6A8 o088 L0386 o111 12,8 (12007 ,20e06 ,41110-08
116,95 171,0 ! 1,% Se6 17009 =1 480 LAT1 L0181 .118 12.4 13607 22006 ,4551%=08
11989,33 110.9! 2e2 136 . 1706, 1,654 L0808 =,018 o113 12.0 . ,13¢07 724408 ,5%0123-0%
1161, 70 nl.o] 202 15.2 17145 ~1.8%9 079  LO0K LiN1 11,5 L14e6NT ,270086 ,%54720=0%
1194,00 1720 246 17.7 17146 =1,655 ,000 =¢N02 09 17,1 15607 ,29¢08 ,%9710-3%
1164,4% 172,01 2.3 1€.1 17107 =1,6951 N85 L0146 o093 10,86 418007 31406 L6491R-0%
179R,9% 17183 2,0 130 1712 =1,643 089 024 097 10,1 16007 .33e06 ,T7088A-DS
1201633 17102 109 1109 171,0 «1,837 073 014 112 97 ,17¢N7 ,15+08 ,77162-08
1263,70 171,0 ! 2,1 131 170,7 <=1.632 L073 L0177 o114 9.3 VYA4CT ,38eN8 ,A3717=28
1206008 171,21 Y.8 115 171N =1,430 4089  ,L,013 o120 A8 L1087 ,4Ne06 ,97184=09
1208,4% 171,272 1.% Se® 171,01 =1,820 4081 NI 114 8.4 18607 ,47eN6 9672405
1210,9%  171.3 ' 1,7 1068 171,2 <1,627 063 L0300 (112 0e0 219407 L444N5 ,10456-04
121%33 17,7 1.7 1166 171,84 =1,477 (057 L0320 108 7,6 19607 (4708 ,11280-04
121970 17107 " 148 1244 171,88 =1.625 082 020 JIAT 7.2 2007 5000 1220404
1210,00 17129 . 2,0 138 171,77 1,624 o087 o094 (INT 4,8 21107 (53406 1316104
1291,4% 171,80} 2,1 14,8 171,68 1,477 (N8R 021 109 A.b L 214NT 57606 ,14207=04
122249% 17149 2,2 159 (71,8 =1,421 (N1 (029 119 4,1 21407 (43008 ,1939A=04
122%.33 172,83’ 2.4 170 172,0 =1,622 ,055 L0729 L1119y B¢7 22007 L6A¢NE L,18844=N4
1327.79  172,%° 2,7 19,4 1710 =1,820 o066 o014 ,17 S.4 22007 LT4eDA L1M108=94
1210,9% 1733 ' 4,1 Teb 172,2 «1,6%4 (NT4 =,ONT D27 A, ] ,2%07 ,ANeNs ,19717-04
1232,4%  17%.3 &, 4009 1TV A =1.832 LORS - ANT (NRA 4,8 234NT LAANA ,21469-04
12%,R3 176427 47 ' 5142 174,10 1,87 (NT79 =, (27 081 4.8 24407 ,06404 ,9342%-N4
121733 177,70 4ol £103 1793 =14631 4071 =,0% 0% 4.2 2%FT7 11407 ,29%65-04
V2, 7N 1786 Jeh  ABT I 17A,1 =1,826 oNOT =.026 (026 4,0 (25¢C7 ,12407 2782704
1242,0%  180,0 %2 86,7 1768 1,620 oN8] «,027 ,N20 N, 7 244F7 %3407 , 3046904
17246048 =179,5 342  SC. 6 174.8 =1,287 .043 -1 . N1T 3,0 L4717 180T ,41912-04
1244003 =178,5 2,9 17,2 178,77  =2,202 035 =,026 .N24 3.8 ,4NeAT ,204NT 460404
1249,33 =178,0 362 12.e7 1742 «14292 o039 =¢027 0% 3,3 (4707 (22407 ,499%9-04
1251470 =177e4 %02 12%.9 1759 =1.302 4036 =e024 019 3,0 ,3NNT (24497 9367604
1254400 «176.9 3oV 132,0 178,35 =1,311 (N3} =,024 ,Nan 2eM o3%CT (27407 (S7024-04
12964458 =177¢3 307 12649 175,83 =1,320 0453 =028 L0390 2,6 30407 ,30407 ,62321-04
129903 =177,2 4¢3 1225 174,99 =1,320 088 =034 066 2,4 IReNT 34407 ,67107=04
120103% «177,2 406 12107 174,6 =1,3%6 049 =,03] ,030 2,2 (38¢CT 30407 ,72013=04
126370 =176,4  4eb  129,1 174,73 =1,344 030 =021 088 2,1 (38407 ,43¢07 ,79269-04
126600 =17641 46 130,9 174,0 =1,350 <038 =321 ,073 1,9 V20407 49407 ,86122-04
1200045 =175,6 4,6 133,99 173,46 <~1,3% .03 =.022 0N Je8 <30T (57407 ,93020-04
127083 =174,8 404 136,80 17%,2 =1,364 <033 =019 ,000 1.7 .4MCT 65407 ,10241-0)
1273433 =173,9 " 401 146a1 172,7 =1,375 <020 =013 .104 1,6 40407 (76407 ,11136-09
1275, 70 =173¢0 44 144,77 172,53 =1,387 o039 =023 ,000 1,4 40007 ,86907 +11938-03
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TABLE VII. - SUMMARY OF AERODYNAMIC DATA FOR

GEMINI VII

T-Tp, @, .8, -® . Gy,
seE‘R deg deg 'de‘; deTg CA N y UD Me  Re Reyp P

Y . 1459009 16608 =102 =8e4 164.5 =1,478 147 =091 o743 32.6 ,5947% ,39eN3 ,TN4A2-NAe

: 1501095 16408 =03 =1.N 166,81 =1,680 138 013 173 30.7 .61en4 .39¢N3 . TnK12-08
1503, 89 | 145,4 0% 200116541 1,400 080 044 194 29.6 .SReN4 ,39401 . TAAAZ-9n
uos.’ro'uo.o 1.6 a.rllu.* =10497  =e016 (028 277 20,2 ,6)404 ,42403 ,TA4A3-Ng
. : TH1101 [ 1600 10A  £.5 1678 1,500 114 008 134 28.1 .64604 ,47403 .28444-08
. . 1514.07 . 160.0 106 6.5, 1679 =157 114  .N18. . 1%, 20,2 . ASeNs . ,%10N3 . ,92842-08 .

- 1914420 167,58 o8 Me8{167.5|=14497 093 . = 011 787 2744 ,7Nen4 54401 .9AT7BA-08
- 1519,17  166,6 o2 0811645 ~14492 (N34 =004 270 27,1 69614 (8%eNI  048T8=08
¢ 1i.53] 18508 -0 “1.3[ 165,68 | <1.40%8 1033 0% .273 27.8 e T86NA (60403 | (1007207
. 15230721 16404 =08 =201 18444 | =1,877 088 <=,008 (230 28,1 ,96eN4 70603 ,12672-07
1925000116403 =03 =101 1643|1477 071 =,048 220 28,0 ,10eN8 75603 ,11821-07
1520.00  16%.1 ol 051 188,1  «1,482 L0884 =,N%6 208 7.0 ,1NeNS ,TTeNI ,1199)-07
1530.19 ' 186,4 o6 2.9 165,41 «7,490 0208 27.8 11405 81403 ,14044-07
1533,39 ' 168,3  141 2,2 1a8,3 ] 1,902 0157 20,4 L1468 L0040 1786107
153551 ' 168.6 1,0 4.9 148,86 | =1,503 " 172 288 S1%enS  v1ens | ,10807-07
1937,69 160.0 6 1,0 /169,0]| 1,300 0207 2R.T L16008 12404 ,21279+N7
1939,082° 16649 o2 1.1 166.9 | =1,49) o0 0218 29,0 L 1ReN% ,V3ens L 2332797
1343003 1698 =1 =03 14,8 =1.688 (062 006 o279 28.7 .20¢0S ,laens 2578207
1948,20 16444 o2 09 184,41 =1,49) " (NA0 «,010 o213 28.9 ,22¢N% ,'8¢04 L200AR-NT
1547432 16746, o7 3,2/ 1876 | =1.498 025 =,023 195 2R,8 ,2%NS ,'7ens ,L30108-07
1792, 71 168,% 9 4,3 160.6'-1.502 €037 o016 o177 27,9 ,2%¢N% ,194n4 ,34037-07
1594, 07 167,2 06 2,7 1472 21,498 05T L0048 L1AT 27,8 L 2Me0S 20408 ,38232-07
1967.00 166, R Deb V64,5 | 2144917 N85 014 290 37,4 27408 21408 ,37624-07
1599017 16740 102 242 1877 =1,496  (NST =,000 (191 34,9 (PTeNS 31404 .3IATTEAT
1561033 18803 1e% 7031 180,2[ 214901 082 <013 (172 26.8 28678 ,22¢n4 . 41744=07
1564,32 168.9 o3 146 18A:9 1,304 (N2 0% L1T9 26,6 L1708 24608 ,44398-97
1548,60 16705 =le6 <801 ' 167,4 ' =1,407 (040 L0310 A9 26.4 INeN% 28008 ,4A41€-0T
1SAR, AN 14AL8  =oA =2,6  144:0 =1,401  AK3  [AAT 20N 2802 126Nk . 37en4 . 4AT7SaAT
1970,99 16742  1e4 5.9 18701 =1,498 N84 «,021 189 28,0 ,4eP% ,IReAs .e)2aR=N7
1574419 189,84 143 7,2 160,% =1,807 N3N =,Nn14 .17TF 7849 LeNE L A0eNE 8834407
i TSTACIL 144,85 o B =4e) [ 18RS =1.%03  (NIT 018 L1TA 3%, 7 ITenS 12404 ,RANGE-9T
\ 1578,45 16701 =102 =503 187,0 =1.494 N60 0N% 149 28,8 ,39eNS ,106N4 LANRIA-1T
1501.%9 167,1 06 2,5 187,11 ' =14498 086 =,0N9 (TA9 3T, 8 _4neng 10404 ,53401=37
T1503.79 1693 1eh oS 149.7 =1,308 022 =,072 4149 25.8 .44eN8 _38eN4 .49027-97
1595,91 ' 168,30 =,7 164,07 =1.5% 038 N11 L1722 25,4 L47eNS  .41ef4 , Te3R4=07
1528,05. 16701 =05 =240 167e1 ' =14494 058 (006 (109 20,4 ,40eP0 47604 . 77847-07
1780.19 " 167,0 of 303 1670 21,494 (054 =,00% L1937 28,3 ,&140% 44008 LAT204=07
159338 149.7  =¢1 =03 1697 =1.%00 (019 <,A00 148 25,0 ,A%N8 ,47¢0s .8A337-17
1595.,51 168,7 N o 1 1A% 71 21,804 038 =, 00 ,TTY 24,9 ,55¢N5 49404 , 9032407
198765 16704 106 To0 14731 =1,498 1 052 <,017 ,187 24,8 ,S8enS .52404 .945TA-07
1869,70 ' 168, 146 6,4 ' 167,9! =1,8n3 ' =009 L1A0 24,7 L8647 ,E3eN4 L,9A158-07
T1602,99 1691 =06 =343 1691 ! =1,513 ,023 (019 172 24.% 62608 87608 . 104AE-06 ,
14€%.11 " 1677 143 6.1 147,41 =1,200 L =e 016 JINE 24,7 54008 ,30eN4 L 1NA4A=06
1607425 168,0 140 48 1679 | =1.513 (068 =,0°3 <193 24,2 ,66005 L51608 .11276=08
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1 159939 " 1689 =42 =1,2 180,91 =1,%22 ' « 03 o001 4173 24,1 L6808 44008 1178838
1412,5¢ 18745 =1.817 NS0 =, 04% 174 24,0 T7FS 58606 .V 2524=04
. 1614,460 5116071 14825 (038 =,0011 174 23,0 74608 ,T16na , 1301 %04
- , 16Y4, A0 , 169,46  =1,%32 «02A o016 4768 23,4 L THeNS  (TVeN4 L 11423-04
<L 1610, 9¢ 160.3 =1,529 N30 =.000 197 23,4 ,T4en8 ,T4eN4 ,13710-n4 -
o .. 162,18 149,0  =1,%19 N28 oNIT 183 3, ,A0605 794N ,14403=N4
: ' 1624,264 169.3 =1,543 (N3l =,01% Y46 23,1 LAZenS  ,A1ene ,1%083=n§
g 1624, 40 167.8 . =14535  (AS0 =,NY14, (182 22,9 ,E%FE Aaens ,VR4ARong
1639, %) 1681 =1454%  ,NA3  ,0N7; 182 22,9 RReAS 88004 L14717=ng
1691, 72 1A9,0 =1,350 o027 =,0%5 | 439 23,1 .9640% ,9%efa ,1784e.0p

16030 J168,8 14909 4090 =.0M | 5145_20,7_,20000 _ .72003 . a1)96-86

1¢33,04 160,01 =1,839 044 .0A5 (183 29,3 ,10ePr4 ,1AsNN ,[RsAt=Np
‘. 1433, 97 =1a943 (017 =,A271 .949.2%,% 11404 11408 _19ANNaAg
" " 1409, 11 “UeSM 062 4033 o1V 23,3 L1206 (11400 L 211]9-94
. 641,277 =1e5%9 034 =oN23] 4180 23,4 ,L12¢N8 12400 22782274
S 1A4%,4n =1a540 020 =, 001, 172 23,9 L13eR4 L13eAR [ PV4nTang !
T . , 1448,53 =1,931 ,09% -.O‘H' T3 P34 a0y vaen8  24v44e
I T 1644, 7 17%1 =1,843 008 <, 000 ] (172 23.0 1408 ,reent 2a%44-ns
o T 140,07 168:1 =1,940 082 =,011 4178 23,1 ,1%50r8 .140N8 ,24584-04 '
Lot 1692, 97 169,58 =1,549 025 =.009| .'AT 22,9 ,V%5en6 ,18008 ,:72AA=NA
oy 1499,1° 1609, =1,540 046 ,003' 168 22,8 ,1%A"4 ,15en5 ,27443-¢ .
e e 1439, 31 VST =14560 L0206 <4N0S 168 22.% LV6eR6 16008 20348204 \
K 1640, 4% 168,7 =10397 L0606 =¢018 180 22,3 .1Aera. (14e0% ,3A28R-n¢ :
1642,97 168,9 ©1,561 (0%  A25 169 20,0 V44ne L1660 ,30747-9¢
16¢7,07 160,% =1,506 731 0028 181 21,8 L'7e% L0003 «3V50R=04 ¢
o 1670.n¢ 1689 =1.372  ,038 =.009/'5184 21,7 10078 10008 ,344¢3-28 H
’ : 187812 1690 =1,978 .02 ,0%) 12199 246 J10006 L1905 ,35434-0¢ H
1617, 4Y 168,7 1,902  ,006 012 o184 21,0 19004 .20008 ,30840-A¢ f
1479,60 1603 =1,800 051  ,012] 140 21,2 20004 21603 . ,3%462-"¢ k1
1481, 72 168,84 =1,509 020 <, 03! 145 20,9 2004 21403 « 60021 ~06 2
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TABLE VII. - SUMMARY OF AERODYNAMIC DATA FOR

GEMINI VIII - Concluded

T-TR, ur,
¢ Cy Cy UD
Soc feq A N Y RQZD Poc
1687.07 %8 - : .
1699, 20 s Tltaer thar TUhar tiee Ca22008 62018204
1681,32 160.7 -1.608 028 .6MI o164 | 423608 44380-06
1693,39 169.0 10811 2020 .0t '-}“ T o260M8 L48101-06
1696, 31 169.6 -I:GM 042 -.62: "53 . 929408 4762908
1701.9% 168.8 -1.697 "m soae !’ ) | 028408 ,48790-n4
17€3.22 Tescs —1o61e ‘o018 —sols!sray 029403 434342-06
17¢6,20 1earo ~1o614 2083 -un2e i161 129008 W AATIIIos
et e ey e s s e
XL ! - . q 32e - a=N8
1712, 74 }:2:; -‘\':;; '3?3 2021 0148 19,0, 020008 434008 -#8894-06
1714, 90 17002 <10631 2041 -u0 "e14S 18,9 ,30008 36008 698705
1710.99 169,58 ' =1.624 4076 «028 o142 103 432008 30403 ,74202-06
1720, 2% 1608 -1'026 o“’ *00s «138 14,7 ! 35604 42405 _A1974-06
172218 170.1 ° -‘0.’, '.QQI -.ng" a154 1006 | 437606 L4408 ,07316-16
1724.9)3 169.8 10833 2081 -o.|-l“,‘ll-3 o3RO 47408 ,S1ON9-06
1727, 10t 1044 SREFPHIERFAIEE MO L BRI PO S Dbt
1720,88 17002 =1o86l 444 -obf-l!! 17.0 ' 4306 53403 1091609
1731, 90 170.1 =1.863 4099 -'m;:'"‘ +94398 ,11083-n3
1734013 1770 “loaea on3e —s0f, ilee +30¢40% 1139902
171731 1y Thieen toa Ttamsltle 067008 ,12786-08
1719,4¢ 17007 =10631 047 s00n| 14 +65405 1294408
171,92 169:8° 30688 1083. so02!.1e7 058408 1181708
1743, 7Y 17000 | <1654 o046 =400 2 P o T140% (14307-08
1746, 09 170.9 | 10657 “S028 -‘oo"\ elen «754A%  ,14940-05
1760.04 el Cirtes o3 Tehaeilias + 81408 " 14308-0%
172293 S Bt 1A ot SIS s - D +88478 1704808
1793.49 17709 | o10e7e lo3n e MR 286408 1734108
1750, 91 LSO EN LA S H S R 289408 1748803
:"0"? 17008 210858 o082 eofnY ‘e +19478 " 204003
763,88 . e a19008 (21349-00
1768.74 A B SIS e it S+ S 11608 ,2259n-08
1747, 79 17104 =10a72 2038 AR 1 [ e12608 L 23541-08
1770,80 17008 'I.CM ‘ore 00" o120 12408 2414408
1778.73 1hee Chebs 2047 -1017 o108 , e13008 . 25763-04
1777,62 17100/ S1ias8  .088 =008 -:‘M 215405 3100808
1780,64 17108 =1 8e0 983 —oo11 ' . !‘ Ce1640A ,N7973-0¢
1782,6 17907, c1oese o081 .o“n 16 o17404 ,38840-05
1784, 78 17008 ¢ =1oeet aey o -"}, L a19e06 ,386n0-0%
1784, 97 Ine) Cieear ones  so17 .12 o ety
170319 Ine3-Tlieds lomn lone iix2 e ety
1702,2¢ 17101 =1.640 o036 L0180 132 «24408 . 81484208
179434 17103 —1.638  .038 -.016 132 s20404 ,34026-09
1794.56 17008 10622  .nee —u81) -;3 226008 5982408
HAMMH 1700 ey .mg0 078 o129 e hrerecns
0Nt. 08 - «32¢ o T18V4aNg
18098 :;,‘:2_}-:;: -g:'.‘ :-gg: o122 34006 L T707=NS
18%4.19 1706 “heese  oA%0 —s001 o417 136004 ,43197-08
1009,17 1700 <1o620 L0850 -.017 1 435008 00933208
Lajumt samiets
N - . i
\‘l.:lo 17947 =1.431 4042 =001 .09 " aaTene 1142404
1018, 08 _e30ene 1236304
182t.92 «%0006 (13742-04
1022, 99 «81004 1407004
1828.97 «190%0=04
102794 + A1) bene
1039,97 1977894
1032, 90 2226106
1019.10 o 20400N4
1090, 28 11007 (24773204
1049, 48 o 1Ve07 ,INTOT=DA
1042,% «19007 3441004
1048, TV 015007 ,37943-04
1647.00 10007 L41088-04
1040, 022007 4012004
105210 229007 ,919%6=04
105eede 020087 5840904
i i dnes
9 93 . « 7299004
1043.40 1732 2.9 201 | 000007 (604407 ,79040-04
165,70 1707 | o9 1.0 2.0 [ 041007 (51007 (4T017-04
1719 11,7 10 109 | 043007 (50007 ,90027-94
1e? ' 040007 (74007 ,11010-09
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TABLE VIII. - SUMMARY OF AERODYNAMIC DATA FOR

GEMINI X

T-1 a 8, 4
R’ 3 . ) . C C c

147118 1679 =7,0 30N 164.2 =1,.500 «,NN1 047 214 33,6 +376% o&T7enT (RA2AA-NA®
1474027 16408 =4,4 17,7 164,3 =1,480  ,NNK N8R 238 1IN, T LA8eP4 ,440N) ,T79945-00
1476042 163.9° =141 =35 1830 =1,4H8 L1184 040 211 31,4 JAReNs .S4eN) 06548238
148,88 16140 2.7 A, 1616 =1,487 161 .012 214 1.2 ,9eN4 ,%QeN2 ,1M400.47
1460671 116148 640 1746 1A% A «1,4%6 100 ~,0%0 247 IN G ,10enT 48607 1147797
1407, 89 :162,9  T.9, 24,5 141,84 =1,447 037 ,L001 ,398 0,7 1({eNS (79692 1783007
148609716606 5.3 2149 185,85 =1,400  ,08% o, 100 179 10.9 146~T (A660 ,*S4TR2NT
TARAL 26 14RA 3,0 T4e9 T68,4 =1,504 (042  LONT (175 A1 L V4eNS . 0NeNT  ,]16254=07
1490,42  160,™ 141 £.17189,6 =1,808 064 =N V11 29,8 ,V4erK _9FeN1 L |T2V8.AT
1492,54 168,7 o 169 168,77 =1,5N4  (N24 =,007 182 29,3 15478 ,1NeNA VATRT=NT
495,77 163542 =07 =29 16%2 =1,403 ,A14 031 230 28.R 16478 ,124N4 ,2N043207
1497,93 163.3 21,4  =4,6 1833 =1,470  .N4S < N1l 24T A7 ,18e78 13604 ,22AK4-7
1500010 16341 =141 =36 1631 =1,4A8 121  (NI2 219 27,5 17608 ,17eR4 ,214%6.ny
15€2,27 163%.0 1.8 o7 V64,0 <1,4R1 196 L0N5 ,202 27.8 194N 14eNa ,PREBN.AT
1504,43 167,6 44,2 10,9 WNT9 =,020 973 27,86 (204R5 V7604 .27526-07
15€7.62 '169,6 2.9 1% JOIR =048 (187 27,1 21805 ,17ena ,AN143=07
J15C9, 78, 167,77 =,1 =t 01T =,030 100 27.8 24603 ,18eN4 3343097
1311.95. 144,35 =1,6 =9%9 NT1 L0N6 227 27.4 (246N% ,INeNA L 3A20R-NT
1514,99 116% 3 =6 =1.9 N9 02N 231 2T % L2%NS L 71eN4 ,390A1-AT
917,99 (1475 2.e 1.8 oNTA . NIQ L1707 27,0 370 24eN4  L433%3=)7
1919,46 1170, 1.6 L1 . D29 =uN2? L1480 26,7 L1608 ,25e04 ,4%9%7.47
1221.47 169.) el o7 1693 =1,808 0N =P8 174 2A,3 (I2eP%  _240N4 ,47929=AT7
192% 76 18%.7 ol o3 165.7 =1,406 o029 0N .24 24,2 LMeerS ,20eN4 . 5181R-07
1926.97 164,99 2.4 Be7 1AA,7 =1,4R7 L0809 =,070 ,217 75,€ ,JAeNT 144 .58227=47
1529,12 16840 1a3' 603 48,7 =1,504 .N66 =,015 ,1%3 2%,9 3905 ,3VeNd ,4NAYI=AT
1971.27 170.7 2 1.0 70,7 =1,812 ,01% WONA Y 184 RN L4378 38004 AASRO.NHT
153% 4% 1487.9 2.0 3 167,80 =1,8A0  ,ANG  ANA 209 7.4 L4915 L I0eN4 L40382-97
1576041 16%.9 2.8 9obh 184, «l0A1 097 =,047,199 26,4 4ReNT L 42eN4 ,TAND-NTY
1820,77 160,7 =03 =lo6 168,77 <1,904  ,N6)  NNL . 184 2%, 4 (%2enS ,4%eNa 8Y784-1T7
1940,9 179,83 . 2,4 170,58 =1,812 090 176 .169 PB4 LT4eNT  4PeN4 ,47%37-07
154703 "167:6 3ol 179 16Te2 =1,490  ,A0A =,047 V@7 25,4 ,SAeAS ,%1004 ,€24NE=NT
1546019 16802 =1e1, =4¢) 166,27 =1,409 N1 N1 L1748 29,7 L4NNR. (84004 L1NNG2NA
1248,3% 149,9 3 169 169,09 1,509 ,NAT 015 ,143 28,0 ,64en8 ,Ggers 10544204
1990440 14907 2,6 13,4 189,00 21,807 AN =,A24 177 74,7 ,64¢RS _5Ne04 ,1191¢un4
1292,481 16%5,9 eh ' 1aT7 16%9 =1,497 089 <,N1IN 290 24,8 (656Nt . AYeN4 V62128
1795,70 167,80 1,7 oNAS 013 148 24,Y LTINS LATe04 ,!122)6=Np
1£27,94 169,88 2,9 oNIE = NTR . ITY Ja.N L, T4e08  TRNG L1 2804=N)
15A%,00  167,9 ot 026 =,0%F 212 23,7 (TSNt [ TreNs ,]73NTang
1562,76 166,7 o’ WOTT B8 ,1A1 23,.% 77N . 75404 . AN2aNg
1964,40 148,59 1,8 WOAT 024 179 33,4 ANENS 79474 L 1481A-NA
1367,59 166,99 =1, o041 2082 ,197% 27,1 L, BTeNS AGeNL 1871404
1969.77 ;67,7 2,4 oDOA =, 08 174 3,4 ,9%nNS J1ATAZ-NA
1371.6% 49,9 o0 0027 =,017 ,144 2%.4 ,90enS 17507238
1574.00 160,64 b 4021 L0272 ,IA% 23,4 L1178 1934008
1677,190 140,2 =40 0% «,0NT L1484 24,1 oV)erA 02180718
1579,32 160,46 V4 oNL 013 16N 13,8 ,1Vens C 922301294
1881,4% 147,64 1.6 oNOA =, N33 17T 23,0 ,14eng «237AYeNg
180340 0047 = P14 VT 23,0 L1400k BLIEIITLTY
1966, 79 08N 2,000 183 29,0 ,VAeDA S RIRT PY.1Y
1548, 92 NN 010 171 23.7 .V4ens

1591,00 N30 0N) V04 PR LVeers

1843,23 o088 «,N08 179 73,0 L tAeDA «2€7A8.04
1864,39 N1 (NAN 1AS 22.84 V607 JINTAY =4
1560, 9¢ , NIQ =, N7 148 27,4 176N o317
148060 o012 (0N LIAT 22,1 LV17eM4 374,308
02,8 oNES  BIA L1TH 22,0 L1T7eNA PRAATYYEY.TY
1404,4) . MG AGH L1179 21,6 LVTVeng PRTSALYSYY
1a608,18 . . <089 <~ AYT4 1TV VT V0eCH L YYL ) PYS
1811, 20 MY =, 001 187 1.3 18N PEEET T TY
1012,4) AR0 L0081 ve 2.8 ,CNena IR LTIT N
1619, % oNED =084 177 1,V lens LTI PY.TY
1617, oBAG L0140 21,3 NMeng YLIRZLTY
1619, 08 N6 =, 0N L1848 2N, (Pleny LT
1437,0% oNRG =017 LT3 2Y,N L22ene « 4840404
1025, 2y oI6R  J12P L1AA IN,0 ,2%eN4 YL LT LYY
1627 3¢ 031 =48R 47T 2NT 2200 477194
1629.40 oNSL =eNIA 10 29.4 ,%%fa «4052¢-0¢
16N Y «O0AL =eN1d LTTT YAY 2Tems +40477-04
1414, 09 o8 <010 199376-%
1634, 90 o032 =024 ALY TLTY
1639,9¢ 088 (AN 246470004
e, " 089 170 19,0 J20ema 9909408
1044, 27 Sal 1687 <1014 (006 =ebid 1% 14,8 2% LI R
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TABLE VIII. - SUMMARY OF AERODYNAMIC DATA FOR

GEMINI X - Concluded

T-TRI u' 1 .A' orl C c C
UD Mo R Rey P,
sec deg deg deg deg AUNOYY e 0 '°
1846026 1676 =e2 =le) 47,6 =1,801 o091 2156 16,4 ,24008 (30009 ,gAsnn=0s
1649,30 179,46 o3 Teh V70,4 =1,626~e0¢b 133 19,0 ,24678 ,3NeNS | 490 7na04
1691,20 teM,0 o7 o) 160N <1,600 ,005 L0148 ,10,1 27606 310N 4124108
1423.27 167.4 1,0 o2 1A7.3 1,801 .NAC 2143 10.9 27076 (32405 ,47413-0A
14%4,18 169,00 6 1.9 180,00 1,819 078 ~,A%4 143 18,7 ,28en8 (33008 _4apAR-"4
1458,14 16%6 =o0 “00 168,58 1,617 oM07 <, N02 121 VA6 2R0AA (340NT [ 4ARNG-N4
1463,18 147,90 o3 202 167,90 1,400 087 < 050 L1473 18,1 29006 IAeNR 7147606
17 85,96 o7 Bo 169, 1 1,478 N1 =063 152 7,0 3008 IT740% 73747219
1667, 74 =eb =248 1697 =31,A18 oNT2 «,017:,763 17,9 32006 4040% ,TRAQ4-N$
1670, 98 2 «® 187.3 <1,6n7 Ta176 17e8 ,34008 o4700%, 93774208
1879,07 1e1 o6 170,46 =1,647 Pe148 17,2 (39608 (43408 A4T770-NA
167%.¢6 168,7 .9 4.7 16A,7 =1,89 Te139 1701 L35606 o A5eNRT  pesraang
169,59 170,7 1.0 11,1 177,88 =1,8%) 11T 1606 L3T006 LINEIT . L a04AR=NS
182,07 168.,9 o6 30N 162,75 =1,428| 'e140 18,7 ,41ens . 95eNS | (1000409
160503 160,46  =¢2 =1,1 18R,4 =1,629 1el%0 18,8 ,4%AN4 (97408 1137v.n8
1£07,20 170,93 ) 3086 17,8 1,897 'e158 A4 L 4%509A .AYens! y2712q.n8
1608, 36 160,77 1.6 Vo 1698 =1,640 o040 =,020 1% T6e4 4974 ,A500S  [12443-08
1482,%0 16A,% 1,3 ed 188,0 1,401 (088, <A1 L1808 14,0 ,T1ens  ARNR | [y apnsa0n
166404 169,30 8.2 189.2 =1,6AT7 o035 2,014 L1564 TE T 9160 TLeNT [1e3n1-nd
1886000 170,35  1e3, 7,90 170,46 =1,488 o033 <, 080 116 15,8 ,8%Na ,T4e0% ,14A12-99
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Figure 1. - Relationship of w.erodynamic angles and coefficients to
budy axes. ;
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Figure 2. - Gemini entry module configuration,
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Definition of axis systems Transformation  Relationship
of systems
Geodetic system
Z; passes through the body c. g., .
positive toward the geodetic center | Coodetic North
of the earth.
Xg is positive northward, Xg (north)
Y. compietes a standard right-hand i
;- oﬁhogonal system. K idast)
2 . )
‘.' '/ YI
’ - Mean
Earth-centered inertial system equator
X, is in the equatorial plane, positive
! Earth's mean

toward some inertial reference point.
{Greenwich mean time was used in the
Gemini Program for a selected flight
event.)

Zy is positive toward the south pole.

rotational axis

Y| completes a standard right-hand Xp
‘ orthogonal system. %
Y|
Inertial platform system Mean
(local Korizontal inertial system) % equator
Zp passes through the body ¢. g., Earth's mean
positive toward the geodetic center rotational axis
of earth,
Xp Is in the orbital plane.
Yp completes a standard right-hand | |
orthogonal system. The alinement error
relstes the corrected
Trac -~ platform system o
the misalined platform
system,
. Sody system _
Xg passes through the geometrical
center of the spacecraft, positive
] foward the small end.
2y Is positive toward the bottom
(relative to the crew) of the
SPACCran,
Y@ compietee » standard right-hand X, Y Z-Ansol
| Orthogonal :ystem. orthogonal rerence system.

Figure 7. - Axia system definitions showing transformation relationships.




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 7) (cos @)
'} .

I nput:

| Spacecraft relative

velocity, flight path
angle, and azimuth

system to the misalined inertial plat-
form axis system:

Tizp

. relative to the
EG) e (VE) (cos v) (sino) geodetic
wE]G | - (VE) (sin

Calculate the transformation matrix to go
from the geodetic axis system to the earth- Input:
centered inertial axis system: 2'3:::53'::“
Tea! ecory
Calculate the transformation matrix to go
from the earth-centered inertial axis Input:

i nertial platform
position

1!

Calculate the transformation matrix to go

Tcs

from the misalined inertial platform axis Input:

system to the corrected inertial platiorm Estimated gimbal

axis system: angle misaline-

Tr2¢ ment data

Calculate the transformation matrix to go

from the corrected inertial platform axis Input:

system to the body axis system: Inertial platform
gimbal angles

k!

the geodetic axis system to the body axis system:
Vs E] -+ (Tcas) (Tec) (Trzp) (T621) [v

Transform <pacecraft velocity components to the airstream from

& GJ

8
.

body axis system components:

o un’i(Y)

etan Y
e
OA'un'l (—:-)

1 W

.T.m —

Calculate the asrodynamic angles from the resultant

Figure 8. - Aerodynamic angle program flow diagram.
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Transform the |MU platform accelerations
Ay, Ay, and A, to the body relative I nput:

IMU accelerations
accelerations AA, “N' and AY v

Calculate the force coefficients relative to
the body axes based on MU or body-
mounted accelerometer data

Note: V = velocity, W = spacecraft
weight, S = aerodynamic reference

area
W) (A
(s)
" (P! (v.02) 151 I nput
= Air density deter-
(W) (AN ) mined from either
C. - i sounding rocket
N, data or axial-force
(12 (P, (V .,.,z) (S) equation using
flightdataVv, W,
w (AY‘) andS.
C »

ey ()

where | is IMU or body-mounted
accelerometer data

Calculate lift and drag force coefficients:

) )

o () re) () ) | e

uo, * cLl /Co‘

Figure 0. - 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 asrodynamic
data (a.r and L/D) with Gemini VIII flight asrodynamic data.
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Figure 12. - Comparison of flight-modified wi:1 tunnel aerodynamic
data (a.r and L/D) with Gemini X flight aerodynamic data.
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Figure 13. - Comparison Jf 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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