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ABSTRACT ;

A set of hypersonic aerodynamic characteristics has been obtained for the
Gemini re-entry module by a least squares curve {fit of the appropriate
ground test data to equation forms which are based on the related flow
phenomena and simulation requirements:' Correlation of flight test o
and (L/D)T with predicted values based on the curve fit set of characteris-~
tics is satisfactory in the low @ range (less than 8 deg) but deteriorates
with increased e This deterioration is shown io be due to differences in

the flight and predicted values of CN and C .
Mref
Based on these results it is concluded that current hypersonic ground test

facilities produce Gemini B afterbody aerodynamic forces of questionable
accuracy due to their lack of total enthalpy simulation. This deficiency

can result in differences of 10 to 15 percent between predicted and flight
measured trim characteristics. Further refinement of vehicle aerodynamic

characteristics can be achieved only through use of flight test data.

It is recommended that the sensitivity of Gemini B system requirements to
tolerances in predicted aerodynamic characteristics be established through
appropriate systems studies and, if warranted, the existing NASA flight test

data be re-examined and applied to the refinement of these characteristics.
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NOMENCLATURE

angle of attack, deg .
ial f ffici S F./ nDz
axial force coefficient; A q v

3 .
. L nD
pitching moment coefficiert; Mref/q -7

. nD?
normal force coefficient; FN/q -
stagnaticn pressure coefficient behind a normal shock
diameter, ft

center of gravity lateral offset, in.

altitude, ft

total enthalpy, Btu/lb

constant

lift /drag ratio

Mach number

dynamic pressure, lb/ft2

free stream Reynolds number based on vehicle diameter

Reynolds number behind normal shock based on vehicle
diameter

velocity, ft/sec

denotes trim
denotes free stream
denotes Newtonian
denotes afterbody

denotes forebody
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{. INTRODUCTION

The hypersonic aerodysmamic characteristics of the Gemini re-entry ‘ “ndule
must be known to some acceptable level of accuracy for purposes of system
design and operational planning. The NASA Gemini characteristics were
initially established by ground facility tests in 1962 (Refs. 1 and 2) and were
later modified by GT~2, =3. and -4 flight test data. The Gemini B aero-
dynamic characteristics w .re independently established in 1965 by a least

squares curve fit of the test data of Ref. 3 to power series in M, and (.

It is well known that curremnt ground test facilities lack total simulation
capability of the re-entry eavironment (Ref. 4). This, combinsd with
unknown sting effects and tl. - transient character of hypersonic test shots,
raises the question of the accuracy of aerodynamic characteristics based
wholly on ground facility data. Furthermore, the data scatter of hypersonic
facilities is large. These factors combine to impose severe pewnalties on
vehicle design and /or operational capability when the system \s subjected to

dispersion analyses.

Motivated by thes< considerations, a re-examination of the predicted hyper~
sonic aerodynamic characteristics of the Gemini B re-entry module was
undertaken with the objectives (1) of defining a consistent set of mimimum
tolerance aerodynamic characteristics based on ground facility test data,
and (2) attempting to draw conclusions as to the capability of predicting

f l-scale aerodynamics from ground facility tests by comparison ' ith

available flight data.
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2. FLIGHT AND GROUND TEST FLOW SIMULATION

The velocity~altitude plots of GT~2, -3, -4, -5, HST and estimated
Gemini B full and zero lift abort boundary re-entry trajectories are shown
in Figure 1. These trajectories serve as a qualitative definition of the
Gemini operational v-h envelope. The corresponding boundaries for free
stream Reynolds number Re,, , Reynolds number behind a normal shock
Re; ., total enthalpy Ho. and stagnation pressure coefficient behind a
normal shock Cp , have been computed using the real gas tables of

Ref. 5 and are sh'é’\%’é in Figures 2, 3, and 4.

A comparison of these flight boundaries with wind tunnel test values is also
shown in Figures 2 and 3. The data represent the major wind tunnel tests
performed on the NASA Gemini and Gemini B re~entry module (Refs. {
through 3 and 6 through 14). A list of these tests and their Mach number,
Reynolds number, and enthalpy ranges is presented ir Table I. Reference {4,
although not a Gemini configuration. is included in Table I as it is geo~
metrically similar and provides data in a Mach number range unavailable
elsewhere. It is seen from Figure 2 that in the hypersonic range, Re; s
not simulated even though the test and flight values of RemD may be matched.
This disparity is a direct consequence of the low Ho levels of ground test
facilities. At the higher Mach numbers, test section H  is an order of

magnitude less than flight values {Figure 3).
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3., AERODYNAMIC CHARACTERISTICS CURVE FIT

Curves of the Gemini re-entry module hypersonic aerodynamic character-
istics have been fitted to those force and momenttestdata of Table Iwith Mach
number 6.8 and greater by a multiple linear regression least squares tech-
nique. In this procedure, the aerodynamic coefficients were assumed to be
of the form

n n n
Ca * zaigi: Cn ® zbigi; Cm_ ¢ Zcigi (1)
=0 i=0 ¢ i=0

where the g; are independent variables and the a., bi’ and c, are the partial
regression coefficients determined by the least squares fit. The g; cannot
be arbitrary if the curve {its are to be meaningful, they must be chosen
from a consideration of the physics involved. The following section dis-
cusses the g used and the basis for their selection and presents the resul-

tant curve fits.

3.1 GENERAL CONSIDERATIONS

The Gemini re-entry module is shown in Figure 5 along with the notation used
in this study. Restricting the range of interest to moderate angle of attack,
say la] < 30 deg and Moo > 6, it is clear that Newtonian theory is applicable
to the forebody and the Mach number independence principle is applicable to
the over-all vehicle. The latter combined with the assumption that the flow
solution is unique for any Moo requires that test data for similar configu-
rations form a clearly defined variation with Moo and that this variation be
a weak function of Mco which approaches a limit uniformly as Moo - . The
fluid properties behind the bow shock serve as the boundary conditions for
the flow about the vehicle. The afterbody wake flow is therefore properly
correlated with RHD while the forebody flow field is essentially viscous
independent.

-l‘.
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3.2 EQUATION FORMS

3.2.1 Axial Force Coefficient

It is assumed that CA varies smoothly with @ and is little affected by
changes in afterbody flow geometry. Furthermore, C, is restricted to
be an even function in @ by axial symmetry. Newtonian analysis applied

to Gemini type forebody geometry yields

2
C = C (k, -~ k, sin" ) (2a)
Ay TP 1T

or

. 2
CA /CA = 1= kz/k1 sin o (2b)
N Na:O

where kl and k‘2 are functions of forebody geometry. Correlation of Lhe
hypersonic test data of T ble I shows close conformity to the sinza variation
of Eq. (2b) with (kllkl)/(kzlkl)N~ 0.9 £ 0.2 over the Mach number range.
Pressure data of Table I show that for Mco > 7, the afterbody contribution to
CA is less than 2 percent. Accordingly, the equation form chosen for the
CA data curve fit is

-‘ "1 : 2
Cp=Cp llg+aM " +a,M )-(a;+a,M_ +a.M_ )sin“al (3)
max
where Cp is a piecewise linear approximation of the operational boundary

Cpmax (Fringtx’;e 4). The rational functions in Moo account for the possible
variations of k, and k2 with free stream Mach number, their forms being
obtained from a consideration of the similarity laws governing hypersonic
expansion flow.

o~l 3-
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‘Both fore‘body and afterbody contributions to CN and Cm are assumed R
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k3.2.3 Normal Force and PitchinLMoment Coefficient

present. The foreshody contributions are expected to vaz?)?fsmoothly with o
while the afterbody contributions may show variations in form due to
changes in wake geometry with @. Such variations might be expected at
o~ 13 deg when the afterbody starts to see the oncoming flow and at

o ~ 35 deg when the bow shock impinges on the aft section. Total Cl and

C are restricted to be odd functiens in @ by axial symmetry.

Mypaf

The forebody contributions as given by Newtonian theory are

c = CP k3smdcosc¥ (3)

C . = CP k4sin01cosa (4* .
refrn max

where k3 is a function of forebody geometry, and k4 is a function of forebody

geometry and moment reference cemter location.

The functional form of the afterbody contribution cannot a priori be dete. -
mined. In the absence of adequate separated flow theory, an empirical
approach was taken based on the limited afterbody pressure data available.

It was assumed that the incremental circumferential pressure distribution
over the afterbody‘ can be approximated by one which is self-similar, that is,
a function of azimuth angle only. With our using the test data of Refs. 15
and 16 to define this distribution and the data of Table I for the variation

of the windward ray pressure distribut!/™=\ with @, a numerical integration

was performed to obtain the afterbody ¢ ,aiributions CNAB and Cm . )
The results are shown in Figure 6 7~ Moo =10, 13, and 17, reisg ;
!
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Curves have been fit to the computed points of Figure 6 ucing equations of
the form

: i3
C = k.sinacoso + k,sin’o (5)
) Npp 5 s

Cm = k.’sinorcoscy + kssin(no') + kg.sinsd (6)
refAB

The functional forms of Eqs. (5) and (6) were arrived at by inspection of

the data and the desire to maintain consistency with Eqs. (3) and (4). The
sin(na) term of Eq. (6) is included to account for the inflection of the Cmref
data around o ~ 15 deg. The value n = 10 is used for the curves of AB

Figure 6- . i

., A buildup of estimated total CN and Cmr consisting of Newtonian forebody
contributions, Eqs. (3) and (4), and the afterbody contributions defined by
the Moo = 17 curve of Figure 6 are shown in Figure 7. The Mach 15 test
data of Refs. 2 and 3 are also shown for comparison. Correlation appears
quite good considering the approximations underlying the estimated buildup.
Of particular interest is the nontrivial contribution of the afterbody to total
estimated CN and cmref and sin(na)-like behavior of the test data, clearly

present in the C data and to a lesser degree in the CN data. The

m
ref

sin{na) term is therefore considered necessary in a comprehensive analytic

description of both C,y  and Cm .

AB refAB

Based on the above considerations, the equation forms chosen for use in

the C., and C curve fit are
N M ef
-1 -1 .
Cy = Cp [(bo +tbM_ +b,M_)+ (b, + boM_ + bgM_)sinacosa
max
-1 . -: . 3
+ (b9 + blOMco + b“Mm)sm(na) + (b12 + blBMm + b“Mm)sm o)

(7)
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C = CP [‘(CO + ciM:xf + CZMoo) - ’(c6'+‘c7'M;: +'c8Moo)sinozcosa

-1 . -1 .3
+ (c9 + CIOMoo + c“Moo)-sm(na) + (c12 + C13Moo + c14Mw)sm o)

(8)

where as in Eq. (3) the rational functions in M00 account for possible varia-

tions of the ki with free stream Mach number.

3.3 GEMINI RE—ENT'RY MODULE AERODYNAMIC
CHARACTERISTICS

A multiple linear regression least squares technique has been used to fit
Eq. (3) and Eqs. (7) and (8) with n = 10 to the applicable test data of Table I.
The value n = 10 was chosen as that integer 4 < n < 15 which yielded a
minimum for the standard error of estimate for CN and C of The resul-
tant set of partial regression coefficients a, bi’ < is listed'in Table II.
‘'The aerodynamic characteristics defined by Table Il are presented graphi~
cally in Figure 8 and numerically in the Appendix and are considered to be a
consistent estimate of the Gemin_i re-entry module hypersonic aerodynamics

from a statistical and physical standpoint.

The low Mach number data of Ref. 9 are also shown in Figure 8 and Table III
for completeness and the data for Moo = 30 are included to facilitate inter-

polating in the range 25 < M<J0 < 30. Note, however, that this region of

maximum Moo shown in the v-h envelope of Figure 2, corresponds to h >
260,000 ft where the assumption of continuum flow begins to break down and
predictions based on transitional and free molecular flow theories are

required.
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Table II. Partial Regression Coefficients and

Aerodynamic Characteristics

Curve Fit

14 14 | 14
Ca Pmaxz 2;8;> Cn Cpmax Zo b;g;s Cmref y Cpmax gb ©i8;

: 3 5 ¢ 8

0 0. 736501 -0.042360 0.027106 1

1 | 0.800452 0.190849 -0.163643 M}

2 0.0066785 0.0016558 -0.0008677 M,

3 0.094915 0 0 sinla

4 |-4.074827 0 0 M_! sina

5 [-0.0364345 0 0 M, sinla

6 0 0.153436 -0.034520 sin@cose

7 0 0.646552 0.841380 M} sinocosa
8 0 -0.0010756 0.0033979 Mco sinocosa
9 0 0.040932 -0.006345 sin(10c)
10 0 -0.173935 0.089669 M:! sin(10a)
11 0 -0.0014653 0.0002452 M, sin(10a)
12 0 1.093180 0.030490 sin3a
13 0 -4.767849 0.928086 M} sinda
14 0 -0.0336268 0.0003128 M sin3«

1,735 +0.0160 M_ for M_ = 10
Cp 1.862 +0.00334 M_ for 10 < M__ s 24
max

l.942

>
for Moo 24
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4., AERODYNAMIC CHARACTERISTICS -S’I’ATISTICAL PROPERTIES

The statistical properties of the least squares cur#e fit of Section 3.3 are
summarized in Table IIl and Figure 9, Table III presents the summation of
the residuals and standard error of estimate of C CN’ and Cm of about
the regression plane and the correlation coefﬂcxents PC,Cw' PC rC and
PC NCmo. ¢ The differences in sample size are due to using data ‘ref
points in t%e analysis which did not always consist of CA’ CN’ Cm m_ o ¢ triplets.
The 99.7 percent confidence limits as computed by the method of Ref. 17 are

shown in Figure 9 in carpet plot format as a function of Moo and o,

o . A A A1 £ A 0
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5. CORRELATION WITH FLIGHT TEST DATA

5.1 TRIM AERODYNAMICS, a AND (L/D)¢

The predicted trim characteristics ap and (L/D) based on the aerodynamics
of the Appendix are compared with flight measured values in Figure 10 for
the GT~2, -3, -4, -5, -8, ~10, «11, and -12. Also shown are the predicted
values for Gemini B based on the data of Ref. 3. With the exception of
GT-5, Figure 10d, the predicted curves of both @y and (L/D)T tend to
underestimate the flight measured values. A cross-plot of these data are
shown in Figure 11. Here, @r and (L/D)T are plotted versus lateral c.g.
oifset e for the two cases, M = 16 and 22. The flight values shown are
frfm a least squares fit of the Figure 10 data to equations of the form

_ 22 klM}n All data of Figure 11 are corrected to the longitudinal c.g.
1 R

position, Xc = 136, to permit comparison on the basis of variation in e alone.

The flight data with the exception of GT~5 fall into bands whose widths cor-
respond to a = 0.1 in. displacement in e. The GT=~5 flight data points fall
about 0.1 in. to the right of the data bands. The re~entry c.g. positions

of the NASA Gemini spacecraft were obtained in postflight analysis by
weighing the recovered capsule and correcting for deployed chutes, water,
blankets, crew, propellant, etc. It is not unreasonable that this procedure
can, on occasion, result in errors of the order * 0.{ in. Therefore, it is
suggested that the anomalous behavior of the GT~5 flizht data in Figures 10d
and {1 is the result of an incorrectly estimated re-entry ¢ and that a more

probable value is of the order {.42 in.

The predicted trim characteristics are also shown in Figure 11. Those
based on the Ref. 3 data underestimate flight measured o, and (L/D)y over
the total e range shown while those of the present study although lying within
the data band in the low e range also underestimate oo and (1../1)).r in the
high e range, the error increasing uniformly with increasing e.
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5.2 RE-ENTRY TRAJECTORY IMPACT POINT

Computed re-entry trajectory impact points are compared in Table IV for .
trajectory simulations using both the Gemini B predicted trim characteristics
and those of the present study. In part (a) of Table IV, three design re~
entry conditions with zero and full lift are shown. The impact points based
on the trim characteristics of the present study always fall uprange of the
Gemini B predictions. This behavior is attributed to the higher C, of the
present study for the zero lift cases and a lower (L/D),r for the full lift

trajectories.

A comparison of actual and predicted impact points for the Gemi‘ni B HST
flight is presented in part (b) of Table IV. The separation conditions used
for the trajectory simulation are those reported for the test article in the
postflight analysis (Ref. 18). The computed impact point based on the
Gemini B predicted trim characteristics is 28 n mi uprange and that
based on the present study is 84 n mi uprange of the actual HST impact
point. These differences are consistent with the relative values of (L/D)

T
shown in Figure 11 for the postflight estimated e of 2.09 in.

5.3 AXIAL LOAD FACTOR

The predicted values of axial load factor for the GT-2 and GT-5, Ref, 19,
which are based on the aerodynamic characteristics of Ref. 3 have been
modified to reflect the larger predicted CA of the present study and both are
shown in Figure 12 with measured {light data. It appears from these results
that tailoring CA to the operational boundary Cp of Figure 4 provides a

max
more satisfactory correlation of estimate with flight data.

fa

- 39-

i S, A & kR, Lk




LSS e 2 Wi g

“ W ., 4 * 2 * L
¢
A 3

®
8~ T€ L2871 pa301paag juasaig
w 8¢~ 6L°2881 paidipaag g uiwan
H i
m --- ‘1161 g 08°1- SLS‘¥2 Tenidy :
¥
| (1w w) (1 ) uon1puocd 124, 158, BENE
i Joxagg 0wcm~m IF1Y
3o
60°2 = @ 61°SET = X 1SH g mwwan  (q)
2711 0°L68 2°806 g L)
. . - & [ 4
g z- 6 c5L 952 otom ,,,3 r4 000°'%2 000°S£9 !
M 6°5- ¥°LSS € €95 1ng o
- F- % - < '3
G 1- TS 9 8% oxo P 09°% 000°22 000909
: Z2°€- € ¥2¥ . S°LZ¥ mg -
M =Y L o [ ¢
0 1- 9-18¢ 9 -28¢ o107 PI9L"S 000°07 000°SLS
a8uey v pajoipaag juasaxg po31o1paag uoIpuod > A310019A apnuNy
‘ g uiwan Y 198, sa8ody 2280dy .
o8uey
m 0%6 "1 = 2 02°S€F = X suo1jlpuo) udisaq 0D (%)

uolje[nwilg Axojdafea] -Af 219721




A\
¥ \
N\
4 Y
:a
&
x
S o |
- g
o O  FLIGHT TEST DATA |
S ~ = PREDICTED, REF. 3 Tl
I ommemere PRESENT STUDY
>
<
8
> =TT S Q @E
/ g N
Ny
-
4
0 | |
) 8 12 6 20 4 28
. FREE STREAM MACH NO. M,
!

Figure 12, Axial Load Factor

-41-‘

e WLy #;_,WH o AR s 2




T DRI i A A S L

6. DISCUSSION OF RESULTS

A set of hypersonic aerodynamic characteristics has been obtained for the

e S L e I,

Gemini re-entry module based on an examination of the flow phenomena

involved and the application of a least squares curve fit technique to the

g

available wind tunnel test data. Comparison of flight data with predictions
based on these characteristics shows varying degrees of correlation. It is
considered that the aerodynamic characteristics of the present study are a
good representation of the existing wind tunnel test data and it is unlikely
that any additional wind tunnel tests will alter these results to a significant
degree. If the flight test data is considered valid, then clearly a fundamental
difference exists between the aerodynamic characteristics of the small-scale

] Gemini test models and the full-scale flight articles.

‘ It has been shown that a serious d~fficiency in Ho simulation may result in

; Cy and Cmref test data of questionable validity. To identify further the

. simulation deficiency as the probable source of error between predicted and
flight performance, the sensitivity of the trim charac’E/e‘;istics to small
variations in the aerodynamic coefficients has been examined using the GT~-2
c.g. position, M00 of 22, and the aerodynamic characteristics and 99.7 per-
cent confidence intervals of the present study. The results are summarized
in Table V and clearly show the large sensitivity of o and (L/D)T to small

variations in C as well as the moderate sensitivity of o
Mref T
in Cy;e

N

Differences in test and flight CN and C, ¢ may result from sting interference
re

effects as well as lack of ablation and total enthalpy simulation. All those

to variations

possible error sources manifest themselves in an altered afterbody pressure
- distribution and would have an increasing trend with higher @ as shown in
Figure 6. This is of particular interest since the observed divergence of
. flight and predicted characteristics with increasing e, Figure 11,is in reality

a divergence with increasing o,

. o
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. It is, therefore, considered that the set of wind tunnel based aerodynamic

e e e i

characteristics and the set of flight measured trim characteristics are each
self-consistent but that there exist small variations between these two sets
which are due primarily to differences in flight and wind tunnel values of
CNpp 2nd Cmref_AB' Furthermore, since these differences are due to basic
limitations in wind tunnpel capability, they can only be resolved by application
of correction factors obtained from flight test.
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7. CONCLUSIONS

A curve fit of the appropriate wind tunnel test data and a correlation of ;
estimated performance with flight values have been performed for the ’
Gemini re-entry module resulting in the following conclusions:

a. The afterbody contribution to Cyy and C,,,  is not negligible and
is Reynolds number dependent, ref

b. The hypersonic aerodynamic characteristics of the Gemini
re~entry module based on wind tunnel test data and for ¢x| <30

deg are adequately described for continuum flow by equations
of the form

. 2
C, = Cp [A1 + A,sin o)
max
CN = Cp [B1 + stinotcosa + B3sin(100) + B4sin3a] .
maXx
G =Cp [C +C,sinxcosc + G sin(100) + C4sin3a]
ref max

"where the A;, B;, C; are rational functions of the form
Ai= (a1+azMa°1 + a3My), where the aj are constants and Cpmax
is based on the GGemini re-entry trajectory operational v-h"
envelope. '

¢, The sets of wind tunnel and flight data are each self-cunsistent.
Lack of close correlation of these sets is attributed almost

wholly to differences between test and flight vaiues of CNA‘“B and
cmrefAB'

d. The inability of presently operational ground test facilities to
simulate flight valuzs of total enthalpy preclude further wind
tunnel testing as 2 method of refining the existing set of Gemini
hypersonic aerodynamic characteristics. Refinements may be
achieved through acquisition of new and more intensive examina~
tion of existing flight data.
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8. RECOMMENDATIONS

8. It is recommended that the sensitivity of Gemini B system require-
ments to tolerances in predicted aerodynamic characteristics be
established through appropriate systems studies.

o sbanm

b. If the results of (a) indicate that further refinement of predicted

characteristics is warranted, it is recommended that the existing
NASA flight test data be re-examined and if found adequate in extent
and accuracy, that it be used as a basis for development of a set .
of correction factors to be applied to the estimated aerodynamic !
characteristics of the present analysis. This will require a review . ‘
of present flight test data reduction techniques and development of
I‘ new ones if found inadequate,

. -0 It is further recommended that in the planning of future test flights

of the Gemini B series, greater consideration be given to the

. acquisition of data required for the definition of the vehicle aero-
dynamic coefficients as well as to @ and L/D.
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20000000F~02
0,600000000-02

«30000000E-02
‘.'oo

" l...'."'-.z
2.800000007 02
2,00000000¢ 292
3 Af o
€4
1 .....'..”.Cz
1.00000000C=02
1. 70000000702

» -
1.30000000¢-9>
1.20000000r =02
1.00000000a8=02
:.oooooooa:-o:

MACH MO, = 1.3

e

1.730000000-01
L 50000%00L~01
1020000000701
1,260000042-01

M -
$,. 70000000802
T, 700000807 02
5.88000000¢-02

S T0000000e-02
4, 300000007002

2.300000008 <02
2. 20000000¢ <82

. -§
1,00000000¢2 02
1.500000007 30
Lo dosettot~-a2

oF « 9

14 I”C“O" -4
1. 00000000¢ <02
0, 00000000003
0, 00000800820

LD

GEMTIN] AERONYMAMIC CMARACTERISTICS
MACH RO, = 0.93

N

1.55000000£-01
1.40000000€01

1.10000000E~01
,.50000000E=-02

7.00000000£02
6,50000000¢-02
5.500“00”’ -02

4,800000008-02
3,50

SENTNT AERONYMARIC CHARACTERISTICS

]

2.15000000g-0)
1.90000000L 4}
1,65000000€~¢)
1.480000008-0)

.
1 5000000L =01
9,000000008-02
0,00000000¢-02
S,.000000008-02

Nl ]
$,80004000802
3.300050001 <02

1,00000000¢ =02
$,000000048-8)

+30000000¢~8)
*1,a00000000-02
=2,00000000¢-02
=3,30000000¢-02
«1.900000008 02
. L]

Ca
1.190 Ee 00
1,208000008+00
1.220000008400
1 .23!00..0!000

1.29%0
1.300
1300

«30800000E+00
1.30500030E¢00
1.30500000E400
1,30500000E00

IO TS

90000E+00

Ca

1.29500004808
1.20800000800¢
1.20000000E+ 00
1.2900000004 00

[T
1.315000008 00
1.325000008 000
1.33800800¢ 00

e [ rgn
1.3%0000008 <00
13990008080 0¢
1. 2000000000 00

T
1.308000008 s 00
1.270000008 <08
1.20500800¢ 200

lg 2.000000008-02 3.00000000¢ =00
B oidldiintad 2.00000000¢ 02 Iom
2.600000008~00 2.000000008-02

1.900000008-02

. 9000800
1.30000000¢489
1.,340000008 0 8¢
1:.300000008 02

i 00008 + 80
1308000008 00
1.30080800¢ 8¢
1220000308000
1. 320000008+ 00
1.310090000 8¢

B R L

A R S G

ot e
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i APPENDIX (Sheet 3 of 11)

r e et

P SEWTIN] AERODYNANIC CMARACTERISTICS
WACH W0. = 1.6
A ALPuA CHREF (-] ca
} » 1,010000002201 1,390000002400

2 1.76000000801 1.1 nooo
28 1.68000000€01 10620
4] 1.58000000€-01
26 &8

1.540000008+00
1,545000008+00

5756
1 J.O““OIOM

; 4,500000000-02 1,503000008000
: 3.800 1.505000008+00
. 1.99000004L+00
1 .“0“...'0..
: *90
. 1 o““.“u‘.‘
: 308080

SENTN] ACRONYNAMIC CHARACTERISTICS

1,50000004400

WACK WO, « 1,98
H ALPMS [< 14 (] (<)
» 1.74000000¢-0) 3.90000000¢~0} 1.40800004L 00
9 1.7208 J.68900000E8) 1.~mmo¢m
28 1.078 J.a%0000408+0) 1,030000008
(] ] .uuon«-n 1 .uonuu-n

3. 25000000000
«900000008 0}

o8¢
|.uunn¢on
1,810000008+00
1.930080008 <00

R
. T «00000000€ =81 . L4
1.020000008 «9} 1. 75000000101 1,000000008 02
13 9,30000000¢~02 1o 18C 000080} 1. 000000008+ 00
12 8,400000008 00 9,00000000¢ 82 1.008000000 00
Rd

i . 10000 ) Seeeatel-82 K7
9 ,200000008<92 . 000000008-02 l.muou(on
; [ 4, 10000000822 3.40000000¢~02 1.600000000+00
: 1 s.auunn-u $,00000000¢-02 1. 00000000800
{ 0 "o t30000000¢-02 To00000600t o b0
. A 1.ve000000t-0? 1,50000080002 1, 000000vel e 00
3 3 1. 70000000¢02 1. 00000000 ~02 1.60000000L+00
i ? 1.30000000¢~02 $.00000000¢-03 1.67000000¢ 00
H 2 7.00000000¢-8) 9.000000008~0) 1.000000008:00
i ° ., .. 1.600000008 00
:
i
i
H
: -53-

PRIt m e

R

e e ki i




i e g e e

10

O N W SO OND

ALPNA

S~ o

APPENDIX (Sheet 4 of 11)

MACH 10, = 2,58

CMREF

1,28000000¢8+01
1,23000000€-01
1:19000000€=0}
1,15000000F<01
-
+09000000E~01
1.04000000E«01
1,01000000E-01
9.060000000E=02
9,4 -
21000000080
8,800000008=02
8,500000008-02
8,200000008-02
7,9 -
+600000008=0
7.,30000000E02
6.90000000€=02
$,60000000€-02

|
«50000000E-0
8,30000000¢-02
4,80000000€=02
;.30000000!-!!

3.700000002002
2. 0. 4E-02

1.3
7.0'00000.!-0!

MACK MO. w 4.86

CHREF

O, .

$,00000000¢=0)
1.30000000F=02
1,800000000 =02
l.;ooneooo:-o:

090080008 =02
3,300000008-02
3,00000000E=02
:.0000000.!-0!

9-0..00.00(-.2
$.300000048-02

(134
4,500000008-02
[ LT

-
7230000000802
7.300000007 92
T.00000800¢ =02

.
loO?lQ..OO!OOI

GEMINT AERODYNAMIC CHARACTERISTICS

CN

2,850000008401
2.70000009E201
2,55000000E=0]
z.ogooooooz-ox

+2%000000£+0
2.10000000£<0
2,000000008=0
1.90000000€=0

+75000000€=0
1.osoaooooz-o
1.580000002=0
l.ogooooooz-o

1.25000000€~0)
1,20000000E+0)
1.10000000!'01
loOﬁOQOOOOE'Ol

.00000000!'0!
8,00000000E~02
7.00000000E=02
go!OOOQOOOI'Oz

d
4.50000000E02
4,00000000€=02
3.00000000€~02
2,000000008-02
1,50000000E-02

SEMTNI AERONYNAMIC CHARACTERISTICS

CN

ol

2.00000000¢02

2.80000000£02

3.000000000<02

:.00006000!-02
-

«00000000E~02
$.500000008-~02
,00000000E~02
.-900ﬁ00.0(°02

.5000:000"02

L4 I
l-l"’...’!"l
.3 [ L Ol'

1.3800

+ 734
l.l|0000'0!‘0|
1.05400000E -0
2,10000000¢-9)

1}

1.330000002400
1.390000008¢00
1.37060000€+00
x.zooooooozcoo
(]
1.43000000€¢00
1.44800000800
1,46000000E+00
1.47500000E+00
49 (3
1,50500000€+00
1.5i5000008+00
1.530000008400
1.:*oooooo¢ooo
&

1,56000000E+00
157000000800
1.97500000E000
1.58500000€00

1.39500000€<00
1,60000000€+00
1.00800000E00
1.0)000000!000

00000 0 0
l..l!o'i.o!olo
1,61800000E+8¢
1.81306000E+00
1.,015000008+00
1,618000008+00

CA

1.61530000€+00
1.615000008400
1,61640000%00
‘34013000008000
1.61200000C400

1.,6007200008400

0
1.8950200008+00

. 900L+00
1,52280000¢-09
1.509400008 404
1,0990000080 00

(]

*99
1007500008+ 00
1.02900000€< 00
1.011200008 08

3‘8.000.(

1. l!..'..llo..
l.ll.l.'.l(o..
1. 209000008000
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APPENDIX (Sheet 5 of 11)

GEMIN] AERONYNAMIC CHARACTERISTICN
MACH NO. = 7
ALPHA CHRFF CN Ca
0 1.,00000000F=03 *3,200000006-03 1.62600000€+00
1 6,60000000803 4.50000000E=03 1.62500000E+00
2 3 1,11000000F~02 1.22000000€°02 1,62650090E400
3 1,59010000€-02 1,99000000€-02 1.62300000€+00
2 z.o;onoooot-oz g.vooooooot-oz 1,62130000€+00
[} - - .
2,80000000E-02 4,22000600E-02 1,61500000E+00
{ 3,14000000€-02 4,90000000E~02 1,61200000E+00
8 3,45000000F02 5,50000000E-02 1,60800000E+00
9 3,740000006=02 6,1000000nE=02 1,6n02300008+00
10 4,01000000E=92 6.65000000€-02 1159680000€+00
I +€8000000E=02 +20000000E~02 1.5%9000000E+00
12 4,50000000£-02 7470000000E=02 1.58220000E4+00
13 4,70000000E02 8.20000000£~02 1,57400000€+00
bt 4,90000000€=02 8,75000000E~02 1,56439000€400
15 s,gooooooog-g; 9,20000000F~02 |.E§§ngggn;ogg
<28000000F =07 7.68000000E-02 1,54250000€+00
17 $,48000000F=02 1.02000000E=01 1,53020000€00
18 5.69000000E=02 1.07200000€~0] 1.51700000€¢00
19 §,90000000F =62 1,12200000E=~01 1.50300000E+00
20 6,]18000000F= - o8 .
21 6,40000000F~12 1.24000000F~01 1,47200000E+00
2> 6,69000000¢F-02 1,30000000E~01 1.45670000E000
23 6,98000000E07 1.37200000E~01 1,43980000E400
24 T,29000000E=02 1.44500000E~01 1.42180000€400
1;F.______.____;;&n92222as:nz______1;s11nQnnn::91______1.saanannn:gsn.
20 +94000000€=02 1,60000000E~01 -1,38370000€+00
21 8,30000000E=02 1.68500000€+01 1.,36370000€+00
28 A,690000008=02 1.77800000€~01 1.34250000€400
29 9,10000000€=02 1.AT000000E~01 1,32130000€400
30 9.50000000E=02 1.96800000E~01 1,30000000E400
GEMIN] AERODYNAMIC CMARACTERISTICS
MACH NO. = 10
ALPWA CHREF cN Ca
4 3,300000007.03 =1,n5000000e-02 1.0001 0000700
1 8,20000000€=0) =1,R0000000E<0)
2 1.20000000€=02 T.A0000000¢=03
b} 1,090000008-02 1,420800¢08-0>
A !.o:oooooov-o! 2,500000008-02

+200000007-02

1 3.13000000€002
L] 3,01000000€-02
9 3.70000000¢ 02
30 L -
+20000000F =02
1w 40800000092
1 4,630000000+02
1N 4,010000008-02

«190000008 ¢
3t $.390000007.02

. (I
5 §,020000008.02
23 0,08000000¢-52
2 :."QGO.OOC-OI

4 €

sl 0,308400000.02
P 8.070000008-02
» 0,100000008-02

4,90
.8

[1) 1
100000000001

«02800008L =01
1.70200000¢~01
1, 700080008 ~0)
100290000701
1. SR80 0n00L-01

4,1%0000007-02
008 =02
a00E=02
6. 23000000¢8~02

+480008008~0P
7,950000007202
§,080000008+02
9,000000008-02

1.,030000000 00

1.019790008 00
1.011000008008
1,001900008 ¢80
1:991000048 00

1,509100048 00
1.94750000¢ 00
1.90020000¢ 00
15300000080 00

L ]
1.60700080¢ ¢
1.0T12000000
1.69400004¢ 00

. * 84
1.00300800¢€ 00
1. 38470000200
1. 00004000080 80
1. 300900000000

R L e —

ot e e S




APPENDIX (Sheet 6 of 11)

GEMTINT AERONYNAMIC CHaRACTERISTICS

MACH MO. = 12
ALPaa CHREF cN cA
- 68810000E+00

4 5,80000000F=03 -I.ISooooooE_gs }-6.1100005‘00
1 9,80000000F=03 =2,80000000 1 68650000E00
2 1.37000000F =02 7.00000000F=023 1'ososoooo€000
3 1.73000000F =02 1.58000000E~02 1168179000E500
y 2,06000000F=02 2.42000000E%02 °

46 - = o
2.75000000F =02 4.05000000:-:2 §':Z::33::§:o:

7 3,04000000F=02 4,85000000E-02 1.611200000!000
8 3.33000000F=02 5,50000000€<02 ).QSOZOOOOE‘M
H 3'°°°°°°°°E-°§ o a2000000E 00 ~264880000F ¢
0 3,88000000F=0 . - s
5 T S T
12 4,35000000E=0 . - 1.62210000E400

3 4,54000000F=02 8.,48000000E~02 .
1ﬂ 4,74000000F=02 9.00000000E=02 }.:;laooooe:oo
15 4,92000000€=02 9.45000000E~02 1-5”9-!“-“5-—9-“-‘”“:.“
16 S.onooooooe-o; :.:Egg:gggg'gf 1:51010000E0°°
P 60N0000F =0 N
ié ::fzgngooos.oz x:uesooooo:-ol "323%23325233
19 $.61000000€~02 l.ltzuooons:g} {-535 0000F 0
2 slgoono:oos~o§ 1'533832225101 125207000000
BT 6,02000000€=02 o2 a 1156520000 +00

6,27000000E-02 1.31500000E=01 . .
§§ 6.49000000E=02 143800000001 :-::;;gg::g::ﬂ
2 6.75000000€-02 1.45000000F~01) .AGS o0
2 7,02000000Ew02 1,8220 2 1837700008 500
FId T.35000000F~02 1.aosoooooc-°} 119800008400
2 7,70000000F02 1.69000000F 0 1 a0098800E 00
28 o.oeonooooc-o: 1{700000005' 1 138180000E 500

) 8,44000000E«0 . ° %
§2 8.86000000E%02 1.98000000E -01 1,36230000€¢

GEMINI AERONYNAMIC CHARACTERISTYCS
MACH NO. = 14
ALPNA CHRer cN CA

[ C.2TT2127r.03 ~1.0851219n802 1. 702769248400

1 9.09410952¢€0) *1,799000%48=0) 1.70233640E+60

2 134727301 Fug2 6.98184047€~01 1.70100838800

3 1,70000835¢.02 1.90207% 02802 1.69903480¢ < 00

& 2.00200802¢.02 2,40%01137-02 1090153452009

704087¢. } 8924 .
BRI 4.016010] 70002 1.08793927¢+ 00

1 2.99222003002 4,761038¢%¢C 02 1,00201703¢C 000

8 3270445300802 5.4T6431807~02 1.07049921 8009

9 3,34)072308 .92 0. 1906042V <0 1,009378872.09

2] (] - -

1 4,02381230C-07 T.30004081E+02 1.08339%¢C .00
153 4,330 7002 7.957.0000¢-0p 1,0601 50840000
33 4,4401200800.42 8,494103¢03¢~02 1.630199) 98400
n 4,430027082.02 9.08023040E =02 1.6234198) 8008
2 $.811210 08 0
13 4,98542008¢-02 9. 902470%0C-02 1890767 135¢ 00
11 $.15072001092 1.0°020970+9) 1.30000)148¢
18 $.22078448¢.42 1,09000870¢ =81 19723106000
1y $.30910%007.92 R 2 Ty [T 3Y 1.989%970118.00

&1l 1. 28161390801 [ X8 Ti208 00
% 0L09400003¢ 202 1310102030 0) 1. SUISIT0AE 00
13 $,22028002¢ <02 1.3738938aL~01 L.49821 0852400
h 0,872002907 .02 1e00100%0at0) 1078500t .09
L
[¥] Lebl 1.994081 29841 1.04227210E 080
7 ?:QlilQJOV'-OI l:ov'aaov:!.ox 1,923379%e¢ ¢ 89
20 7, 70042033¢ 62 1371001 27¢ -0 1.000501708000
» A, 1002002002 1.0005270 10} 1,38010217¢C.08
© 0.55030002¢-00 1.97140A708-01 1303008092
«56-
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APPENDIX (Sheet 7 of 11)

MACH NO, = 15

CHREF

64112A0200E«0)
9.65174U16E=0)
1,31600781E«02
1.60082137€=02
1.996R8376F«02
63275¢-
2.63315828¢€<02
2492947319802
3,2097208AE-02
3.47318090€-02
9824366
3,95016148E<02
4,16529145F02
4,366R4468E-02
4,55694440F=02
4 STIF -
4,91336161E<02
S, 08579040AF 02
5,23880494F =02
5,03504478F02

«81861413F <02
6.02473039€-02
6,250458376-02
6,49518960¢-02
6,7607207)8«

04849433502
7.3592558n0E<02
7.69317508¢-02
8,00981000F =02
8,42811501F02

MACH WO. = 16

CHRer

S.760A60080840Y
9, 25420773¢43
1.27222074¢02
1.61300%80¢C-¢2
l-“‘;t"!'-.!

2809300478202
3.14779000E-02
3400000008002

466 =42
4, 101071%C-00
. NI712008-02
40000310802

o, 0037 4
3, 027%4930¢ .00
$.2010 0000802
$,31921073¢-02
-

$.947a 280802
o.190003708-02
S.uieariaerer

7.00290202¢-02
T.609209300 202
1.997081 9802
0., J00701 002 02

GEMINT AERODYNAMIC CMARACTERTSTICS

CN

*9,22508906£-03
=T 170372T6E~04
7.72563359€=01
1.603874T9E~02
2,416A8910€(2

3,96570%22¢€-02
4,694219438-02
$,38088722F02
6.04767799€-02

7,261 789518402
T.82004120E702
8.35259204E=02
0,861940864E-02

9.03769451E~02
1.03179688F=01
1.00032200€~01
1413012462€~01

1,23862575E-01
1:29476125€+0)
1.35700498€-0)
1,42380688E+0]

9 T4
1.573133732=01
1,65597388E-01
1.76430840€-0)
1.038244982~01
1,93738084E~01

SEMIND AERONYNAMIC CHARACTERTISTICS

N

=7.57T00AY9E~0)
9.63640013¢<00
0.64041 7988593
1:061434902-02
2.4614{0600-02

. W0
4.43739907¢=07
$.311%0042¢-02
$,953e80148~02

]
210970134082
T.A00491032-02
0. 227304 04802
0, 730084248-02

Bil 13802
10019991432 +4)
1.40873 1001
1.11009720¢-0}

. )]
1. 20IR1 74 TE <)
1.34300%08¢0 ¢
1.409003008 0

» [}
1,631 19300}
1.7)9a08 7301
1.60097%4 3¢~01
1. 903801 0828}

CA

1,709764018¢00
1.70934002¢€00
1.70807170Ee 00
1,70595844E000
l.:g!oo:ivtooo

1.69458348¢400

1,6891288484+00

1,68285304€400

1.61510:6a£ooo
(]

1,6591 1963E 00
1.64970325E00
1.63948762E¢00
1.428449312400

1,604205118600
1,59099874L40n
1.57709073¢+00
1.,56249799€¢00

1,53133024€¢00
1.514793228 ¢ 00
1,497647372¢00
x.:vnusn:.oo

1.04276931C¢00
1.02300000E400
1.40386134E000
1438320537000
1.36242087€00

CA

1.71770480E+08
1.71724% 3¢+ 00

1. 713793108000
1. 710788042900
L O
[ 1 g.l1]
1.6904903%08 « 00
1,09%0008098+ 00
1,00278470¢ 400

iy 34 o8
1.09007803 « 09
1,008403042 ¢80
1,63012041C+00

. 162eL+00
1,995020608400
1.80120101 809
1.906303088+ 09
. ()
1i1T3110uL 00
m.
1.001e8dhet. 00

9!
» +H L
1423201208 ¢ 04
fieeteadtneees
1202004008+ 09
‘.“”“'"".

[
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APPENDIX (Sheet 8 of 11)

OENINT AERONYNAMIC CHARACTERTSTICS

cN

=5.74500664E~03
2.00791321E+03
9.70973387E~09
1.73111064E=02
2.47661280E~02

3.90801193E-02
4,58779947E=n2
5.20095574E~02
5,00682269€-02

7.03699415€-02
7.58492433E02
8.11175429€-02
8,62136703E-02
S (XYY
9,60805783E=02
1,00960906£-01
1.058084952€-01
1,10914079€-01
1.21520473E=01
1.272265%32=0)
1.33251952€-01
1.39646088E~01
864 4

-
1.53662389F 01
1,413200326-01
1.0941972¢9€+01
1.779%0047E~01
1,86002436£+01

N

*3.76420034€<0)
3.592001438~03
1.09083500¢+02
1.813404077~02

MACH MO, = 17
ALPNA CMREF

o $.2510115%¢.03
1 8,72999845¢03
2 1.21800875¢€a02
3 1.5572323%¢-02
4 1,88834083£402

) 87556 7F =
+91652708€<02
T 2.010100368402
8 3,08B37002r <02
9 3,35073882¢<02

10 3, 4)49F =
3,828081976+02
12 4,00647383¢-02
13 4,24791000F02
1k 4,06010300F 02

15 4,62413536F«
4,80200392¢-02
17 4,97691917€-02
18 $.15202130F02
19 $.330%272%¢-02

20 63385k
J « 71042009502
22 8,917789335-02
23 6,14022392F02
24 6,380012116-02

25 6,630A7739
<180 TISTF 202
21 7,21831399¢.02
28 1.53974047F =02
29 7,8819449% .02
0 8,24391782¢-02
SENINT AZRODYNAMIC CHARACTERISYICS
MR M0, - 28
ALFWA CHRer

° 4,616792648-0)
1 8,106047132-0)
? 1.18674993¢ 02
e 1.09721 007802
l.it‘ct!:tc-l!

L 1

«4093]) -39
‘ l'”!“,.!'..
3,038000012-02
3. 29937192802

« 700 =00
3.90871 280202
4. 20000000800
4,29040150¢ 02

=)
619300780302
S.1180000% 202
S.20881

8
717097804 g 02
T eonv8101E-00
T.630%073¢82
0. 10707098¢ 02

2.5230800n2~02

«AOARGIBAE~02
4,95610002¢~02
$.10294 780092
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GEMTINT AERONYNAMIC CHaRACTERISTICS
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i GEMINT AERONYNAMIC CHARACTERISTICS

I WACH N0, = 21 !
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GEWTIN] AERUIYNAMTC CHARACTEATSTICS

MACE NO. = 25
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