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FOREWORD

The present study was undertaken by the Convair Division of General
Dynamics under NASA Contract NAS9-14095 and this report covers work
undertaken from 15 May 1977 through 1 May 1978. The contract monitor
was Mr., Barney Roberts of the NASA Johnson Space Center, Houston,
Texas and the author wishes to acknowledge his very valuable assistance,
direction, and contributions to the successful completion of the study.
The test data was obtained from models designed, built, and tested by
Rockwell International personnel at NASA Langley Research Center and
at Arnold Engineering Development Center. H. Dresser, J. Daileda,
and J. Marroquin of Rockwell were most helpful and cooperative in pro-
viding test data and reports which greatly assisted in the completion of
this study. Mr. D. Kanipe, NASA-JSC, also greatly assisted m provid-
ing test data and corrections for Test IA148, which is the primary source
of data for the mated Orbiter plus tank.
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SUMMARY

This is the final technical report and 1t documents the work performed through
1 May 1978 under NASA Contract NAS9-14095.

The Space Shuttle Orbiter has forward-mounted and rear-mounted Reaction
Control Systems (RCS) which are used for orbital maneuvering and to provide
control durmg entry and abort maneuvers in the atmosphere. RCS control effec-
tiveness is critical to Orbiter flight performance and safety. The subject of
this study is the effect of interaction between the RCS jets and the flow over the
vehicle in the atmosphere.

Earlier reports from this study have documented the analysis of test data on the
rear-mounted RCS units on the Orbiter alone and the resulting prediction tech-
niques developed from these data.

This report documents the continuing analysis of the data for the rear-mounted
RCS on the Orbiter alone, particularly m the examination of yaw angle effects.
The report also documents mated tank-plus-Orbiter jet mteractions resulting
from combmations of forward and rear-mounted RCS units being fired prior

to external tank staging, The primary RCS correlating parameter used for the
mated data is a single-jet momentum ratioed to free-stream momentum,

An analytic model 1s also presented for computing RCS interactions for all con-
trol combinations used for mated vehicle coast.

Xvi1
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INTRODUCTION

The Space Shuttle Orbiter has a large number of reaction-control jets clustered mto
three groups of controls, as shown i Figure 1-1. The group mounted in the nose of
the vehicle consists of four yaw, four pitch-up/roll, three pitch~down/roll, and three
translational thrusters (not meluding the vernier thrusters). The two rear-mounted
groups are contained on the Orbifal Maneuvermg System (OMS) pods of the vehicle and
consist of four yaw, three piich-up/roll, three pitch-down/roll, and two translational

/CIMS ENGINE

PITCH UR/RGLL

) _vaw
Fraciy /
R THRUSTERS

PITCH DOWN/
. ROLL
THRUSTERS

AFT FROPULSION SUBS /STEM \

{ONS/RCS POD) 4
£o7
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Qaa
A -
\
/
/

R

“% % /--‘
/ e===""" ™ YAW THRUSTERS
\‘-_.___-.A‘ /-

FIXED PITCH UP/ROLL
THRUSTERS

FORWARD RCS MODULE
Figure 1-1. Reaction control subsystem elements.
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thrusters per pod. These RCS units are used to provide orbital maneuvermg conirol,
control durmg entry, and control during staging. Orbifal maneuvering control is out-
s1de the scope of this analysis.

The rear-mounted RCS uniis are required to provide control durmg entry until the
aerodynamic control surfaces have sufficient effectiveness to assume full control of the
vehicle. This entry case has been analyzed m detail m prior work on this contract and
that work 15 presented m References 1 through 4. Both forward and rear-mounted
RCS units are used during coasting flight to separate the Orbiter from the external tank
in normal and abort staging maneuvers to stabilize the mated configuration and to sepa-
rate the Orbiter from the tank. In addifion, durmg abhort the RCS units are used to pitch
the vehicle up to enfry attitude and to control it until aerodynamic control 1s established.

The studies performed mm References 1 through 4, mcluding wind tunnel data on the
present baseline Orbiter, have shown that the control eifectiveness of the RCS system
18 appreciably changed by the presence of air flow over and around the vehicle. These
RCS/flow interactions have acted n directions such that the net RCS system effective-
ness 1s much lower thap the thrust moments alone, and it is erifical to flight safety
and performance to know what causes the induced RCS/flow mteraction moments, and
to develop methods to predict them. These are the basic purposes of the studies con-
ducted under NASA Contract NAS9-14095. Reference 1 was the fmnal report of the work
performed on this contract through April 1977 and documented the data analysis and
analytic model development for RCS flow mterference prediction for the entry case.

This report extends the analysis presented m Reference 1 o the RTLS case for
the rear-mounted jets and also mcludes mvestigated effects of yaw angle. In addition,
test data for the mated Orbiter and tank have been analyzed and are presented. This
report contains seven major sections:

Section Title
2 Test Data Summary
3 Yaw Angle Effects on Rear-Mounted RCS Daia
4 Rear-Mounted RCS Control Effectiveness Durmg RTLS
5 Forward-Mounted RCS Control Effectiveness
6 Mated Configuration Data Analysis
7 Tank-On Incremental Effects
3 Conclusions
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TEST SUMMARY

2,1 CONFIGURATIONS AND REFERENCE DIMENSIONS

2.1.1 ORBITER CONFIGURATION, Figure 2-1 presents the Space Shutfle Vehicle 102
Orbiter configuration used to develop the Orbiter-alone data base defmed in Reference 1.
The geometry of the model 1s defined m detail in Reference 7. The model was sting-
mounted m all tests, m an arrangement stmilar to the AEDC VKF Tunnel B mstallation
shown i Figure 2-2. The presence of the sting (Figure 2-3) prevented full simulation
of the vehicle base geometry during all rear-mounted RCS tests. However, the major
features were maintained as much as possible. Possible effects of stmg mounting were
shown m Reference 3, but no further daia have been obtained to clarify this issue.

All Orbiter data used m this report are referenced to an axial location of 65% of
body length and a vertical water line 25 mches below the fuselage reference lme shown
m Figure 2-1. In full scale vehicle dimension

a. Vehicle nose Stafion 238

b. (X) Moment reference center Station 1076.7
c, (Z) Moment reference center waterline 275
d. {Y) Moment reference center butt line 0

All data used 1 the analysis were reduced fo coefficient form usimg the Orbiter
wing area as the reference area, the wing mean aerodynamic chord (c) as the longi-
tudimal reference length, and the wing span (b) as the lateral-directional reference
length,

Be Spep=S,; .= 2690 £t (249.9 moeters?)

c

39,587 ft (12.06 meters)
c. b

78.058 £t (23.79 meters)

2.1.2 MATED CONFIGURATION. The configuration shown 1n Figure 2-4 {Orbiter
mated with external tank) was used to develop the data base. The external tank desig-
nated Model 70-OT 1s defmed m Reference 7. The model test designated TA148, which
forms the mated configuration data base, was tested with the balance in the Orbiter

on the sting mount shown m Figure 2-2 and the external fank attached to the Orbiter.

All mated-configuration data presented m this report are referenced fo an axial
location 58.8% of body length aft of the Orbiter nose and on a vertical waterline 102.2
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inches below the fuselage reference line. The reference location 1n full scale dunen~
sions relative to the Orbiter coordinate system 1s:

a. Moment reference center station = 993.64
b. Moment reference center waterline = 297.8

c. Moment reference center butt Iime = 0

Al] data were reduced to aerodynamic coefficient form, using Orbiter wing area
as reference area and body length as the reference length for all moments.
= 2 2
a. Sref 2690 ft= (249.9 meters<)
b. ¢ = 107.53 £t (32.774 meters)
c. b = 107.53 £t (32.7%774 meters)

2.2 RCS DATA BASE

Data from all RCS tests conducted on the Space Shuttle have been provided to Convair

by NASA-LBJSC for compilation and analysis under this confract. Reference 1 presents
a summary of all of the data except test IA148. This data base was obtained primarily
at zero yaw angle, except for a limited number of runs on tests MA22 and 0A169. The
effect of yaw on the rear-mounted RCS data was computed using MA22 test data, because
the OA169 data did not include low angles of atiack.

2.2.1 MA22 TEST PROGRAM SUMMARY. The rear-mounted RCS test designated
MA22 was performed at the NASA Langley Research Center Continuous Flow Hypersonic
Tunnel (CFHT) where 1f carried the test number CFHT 118 (Reference 5). The test
was performed at a nommal Mach number of 10.3 usmg a 0.01 scale model of 1398
Orbiter to obtain six-component force and moment data using a cold gas simulation of
the RCS exhaust flow. The major test varimables mcluded:

a, Tunnel dynamic pressure (g = 125 and 150 psia)
b. RCS chamber pressure (POJ = 0 to 700 psi1a)

C. RCS control direction (pitch up, pitch down, yaw)
d. RCS nozzle geometry

e.  Number of RCS nozzles

f. Elevator angle (0, =+10°, 0°, -30°)

g,  Body flap angle (SBF = +13.5°, 0°, -14.25°)

h. Combined RCS conirol directions

1. Jet off repeat runs

3. Yaw angle (£3°)



2.2.2 JA148 TEST PROGRAM SUMMARY

The test designated IA148 was performed at the Arnold Engineering Development Center
von Karman Facility Continuous Flow Hypersomec Tunnel B where it carried a facility
test number V41B-TOA (Reference 8). The test used the 0.0125 scale model defmed
below and was performed at a nomimal Mach number 6.0, The prmmary purpose of

the test was to provide data for Shuttle "Return to Launch Site" abort separation maneu-
vers from the external tank. The test thus mcluded data of the forward-mounted, rear-
mounted, and combined forward and rear-mounted RCS units firing both with and with-
out the external tank atfached to the Orbiter. The portion of the test analyzed in this
portion of the sfudy was fthe tank-onmated configuration data. The prmcipal test
parameters for these runs are

a. Yaw angle (-4, 0, +4°)
b. RCS combimations

c. RCS chamber pressure {0 - 1550 psia)

Data were taken at angles of attack from -14° {0 -12.5° and the nominal test condi-
tions were

a. M, = 5.89
= T90°R
h. 'I’OI

C. Q& = 100 pst

d. RB,=1x108 i1

A gsteel model of the Space Shuttle Orbiter was used for this test using the prelimi-
nary lines for vehicle configuration 102 as the baseline, This configuration 1s shown
m Figure 2-1 and defined mn detail m Reference 7. The model contained an internal
force balance and was sting-mounted through the base region of the Orbiter, as shown
in Figure 2~2. The Orbiter main engine nozzles were partially simulated on the base
of the model, as shown in Figure 2-3. Dummy nozzle holes were used to siumulate the
furthest aft side-firing nozzle and all vernier nozzles on the OMS pods. The external
tank model used for mated Orbiter/external tank tests mm QA169 and for tank separa-
tion tests m 1A22 was also uged for this test.

Twenty-seven RCS thrusters were simulated on this model. These mclude nine m
the nose and nine m each of the two rear-mounted Orbifal Maneuvering Systems (OMS)
as sketched 1n Figures 2-5 and 2-6 and locations given mn Table 2-1, The RCS simula-
tion awr-flow was ducted up the support sting and entered the model through a flow-
through balance. The balance flow was then ducted to three plenums within the model:
one in front to feed the forward RCS thrusters and one for each of the rear OMS pod
agsemblies. All nozzles within a pod are connected to the plenum and can be operated
1 any combination through nine ports which are plugged when a given nozzle 1s not

2-3



bemg used on a particular run. Individual nozzle geometry is fixed and the primary
test variables are numbers of nozzles operating i a given direction, thrust direction,
and combmations of nozzles. The nozzles were all metric (thrust measured m balance
loads) when the flow~through balance was used. The nozzle simulation parametsrs are
given mn Table 2-2 for the nommal RTLS case.

2.3 DATA REDUCTION PROCEDURE

The test data from all tests were reduced mnto body axis force and moment coefficients
(Cxr €ar Cms Cos Cpy Cy) with the RCS thrust forces and moments removed. The
MA22 test data were obtained with non-metric RCS jets and reduced directly from
measured balance data, since the RCS jet thrust was not mcluded mn the measured
balance loads. ‘The IA148 data obtamed with the flow-through balance had metrie jets
and these data were reduced at the wind tunnel by removing thrust effects using wmmd-
tunnel statie calibrations of measured thrust effects, as defined in Reference 8.

The net result 1s that all data receiwved from the wind tunnel represented the basic
vehicle aerodynamic forces and moments plus any induced loads resulting eifher from
RCS jet immpingement or from changes fo the vehicle flow caused by the RCS jet plumes.
Therefore, the meremental mduced effects are computed by removing the basic vehicle
characteristics from the jet-on data:

AC =C -C (2-1)
M, M 3 MO
where
ACM = mduced force or moment increment
i
CM = measured force or moment coefficient with jet on
]
Cym = measured force or moment coefficient with jet off
(o]

Angle-of-attack differences between the jet-on data and the jet-off data were
accounted for by passing a third-degree polynomial through the jet-off base data with
the nearest mean value angle~of-attack data as the midpoint of the curve fit, and the
interpolation i1s made to the jet~on angle of atiack. Interpolation of the baseline jet-off
data was used since this method results m the same base value without regard to nozzle
used, jet pressure, or possible jet-on angle-cf-attack effects. Difference data was
generated and analyzed for all six force and moment components.

The analysis of Reference 1 broke the tofal induced jet mcrement mio an mimpimge-
ment component and a flow mteraction component. The wind tunnel data for the rear-
mounted RCS units were corrected for predicted values of jet mpingement m the wind-
tunnel as defined n Reference 1. The mated data from test 1A148 were not corrected
for jet mpingement, smce the data of test OA169 (Reference 6) showed very little
mpmgement effects.
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The nozzle flow parameters were corrected for model nozzle discharge ccefficients
m the same manner as described m Reference 1.

Table 2-1. Test IA148 available RCS thruster locations.

Thruster Full Scale, m.*

No. XO YO ZO
113 362.819 -69.538 373.634
115 350.542 -14,091 413,244
116 335.982 -63.481, 356.600
123 364.814 -71.484 359.508
125 350.524 0.00 414,231
126 349,971 -67.581 357.543
135 350,542 14,091 413,244
136 335.982 63.4381 356.600
146 349,971 87.581 357.543
215 1542.00 -132.00 493.56

~223 1529.04 -149,55 459,04
225 1529.04 -132,00 498.56
226 1531.52 -115 28 452,40
233 1542.00 -149,55 459,04
238 1544.56 -114.490 430.72
243 1516.00 ~149.55 459.04
245 1516.00 -132,00 498.56
246 1518.56 -115.92 425,52
315 1542.00 132.00 498.56
324 1529.04 149,55 459.04
325 1529.04 132,00 498,56
326 1531.52 115.28 452,40
334 1542.00 149.55 459,04
336 1544,.56 114.490 430.72
344 1516.00 149.55 459,04
345 “1516.00 132.00 498.56
346 1518,56 115.92 425,52

*XO, Y 0’ Z 0 referenced to Orbifer coordinates.
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Table 2-2. Summary of simulation parameters for RTLS abort simulation.

Free Flight

7.5 pst

6.6

0.68 x 108
0.00171 psia

Protoiype

152 psia
4873°R

1.3

22

iz

72.62 m2

4,0

0.547 psia
3.01 Ibm/sec

Wind Tunnel

93.6 psf

6.0

1 %106
0.02579 psi1a

Model

771.0

520°R

1.4

12.5

12.01°

0.01470 mn?
4.174

4,039 psi1a
0.02099 1bm/sec

Symbol
A, Eree-Siream Conditions
Dynamic Pressure q
Mach Number M
Reynolds Number* Rg
Ambient Pressure P,
B, RCS Jet Characteristics
Chamber Pressul"e P,
Chamber Temperatire Tc
Average Speeific Heat yavg
Expansion Ratio €
Nozzle Lip Angle Gp
Exit Area Ag
Exit Mach Number MJ
Exit Pressure P}
Mass Flow Rate ﬁlJ
Momentum -~ Ju}
Thrust TH
C. Jet to Free-Stream Parameters
for Smgle Nozzle (Spor = Sying)
Thrust Ratio —TH
4 Brer
7y B My
Momentum Ratio
y P, M_S
Pressure Ratio PJ /P
Plume Shape (6.)

*Reynolds number based on Orbiter length Lor
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839,71 1b 1.637 1b
870 b 1.696 1b
Full Scale Free
Flight Simulation
0.04312 0.04312
0.02075 0.02098
355.2 156.5
56.3° 44 ,4°

b= 107.5 ft.
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Figure 2-1. 139B Orbiter configuration.
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Figure 2-3. OA169 sting mount.
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YAW ANGLE EFFECTS ON REAR-MOUNTED RCS DATA

3.1 INTRODUCTION

The rear-mounted Reaction Control System (RCS) interaction models presented m
Reference 1 were developed from zero yaw data only. The assumption at that fime
was that yaw angle effects were small and could be added as merements if later analy~
sis showed measureable effects. A yaw data base existed m a himited number of runs,
as follows

Test Yaw Angle, Angle of Attack,
No. deg deg

MA22 -3, -3 -10 o -35

2A169 +4 +15 to ~45

The MA22 data were used because they represenied a more complete set 1n terms of
meludmmg different numbers of nozzles, nozzle directions, and because they mmclude

the more critical low angle~of-attack range. This section presents this analysis of yaw
effects on the rear-mounted RCS mteractions for the Orbiter alone Mated configuration
data are presented in Section 6 of this report.

—

3.2 YAW EFFECTS ON REAR-MOUNTED RCS INTERACTION

Data from Test MA22 at plus and mmus three degrees yaw were compared to the zero
yaw correlation models for rear-mounted RCS. The data meluded pitch-down RC3,
pitch-up RCS, and yaw RCS sumulafions which were all correlated. The angle of attack
merements used to obtan these data were larger than those of the zero yaw cases and
deliberate correlations could not be made at each mnterval of the models. Sufficient
yvaw data were obtained fo check correlations across the angle-of-attack range of the
zero yaw model (-10° to 35° angle of attack).

The data set contained eight jet-off runs 1n addition to between six and nine jet-on
rung for a given RCS direction. All yaw runs were treated as a set and differences
were taken between this set and the basic zero yaw jet-off run used to obtam differ-
ences for the zero yaw models (1.e., MA22 Run 5), The differences thus obtamed
included both yaw and RCS effects., These differences were then fitted with least
square curve fits of the form:



3
AC = 2 -
C a,+a; X +a, X% 42, X (3-1)
where x = momenium ratio or mass flow ratio, depending on the data being fitted, and
the a, term represents the best estimate of the jet-off yaw increment. This fterm was
then to be-added o the-model for RCS effect to generaie the data correlation plots.
However, the correlation that was actually plotted was the curve:

AC =2 + (AC

0 a ) (3-2)

vaw RCS ORCS

where the intercept of the RCS model was replaced by the yaw effect intercept rather
than bemg added to 1t. When the missing term 1s taken into account, most of the
apparent effects of yaw on RCS effectiveness disappear. It was decided not to replot
all of the data, since the difference 1s small on most plots and represents a shift of
the entire curve.

3.2.1 PITCH-DOWN RCS INTERACTIONS, The data set contained three jet-on runs
each for Nozzles N49, N79, and N83 (Reference 1 defines nozzles) which were com~
bined with eight jet-off runs for a total yaw data base of 17 runs at +3 degrees yaw and
17 at -3 degrees yaw. The momentum rafios varied from zero fo a maxrmum value of
approxmmately 0.09. All three nozzle sefs were located on the left side of the model.

3.2.1.1 Normal Force Increments. Figures 3-1, 3-2, and 3-3 show represeniative
samples (at low angles of attack) of the effect of yaw angle on the normal foree correla-
tions. Most data are well within the zero yaw correlation and there is no discernible
effect of yaw. It has been suggested that the data with yaw be mcorporated mio zero
yvaw dafa base and a new correlation and root-mean-square error be generated., How-
ever, smce each basic curve was generated using 117 to 150 pommts, an additional 18
pownts which are within the basic data scatter are unhikely fo change the curve signifi-
cantly. It was decided that the resulting change was not worth the effort required to
obtam it,

3.2,1.2 Pitching Moment Increments., Figures 3-4, 3-5, and 3-6 show the good corre-
lation between yaw data and the zero yaw equations for pitching moment, showing that
vaw does not affect the RCS pitch mteraction.

3.2,1.3 Rolling Moment Incremenis., Figures 3-7, 3-8, and 3-9 show that yaw angle
does change the rolling moment with no jets on. However, when the correlation is
adjusted {o the new value of rolling moment due to yaw, the data correlate very well
with the zero yaw curves. The correction on the mtercept for the -10 degree correla-
tion (Figure 3-7) will bring all data pomnts within the 2-s1gma error boundaries.

3.2.1.4 Yawmng Moment Incremenis. Figures 3-10, 3-11, and 3-12 present the incre-
mental yawmg moment correlations induced by pitch-down jets. There were large
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differences which at first glance made 1t appear that there might be effects due to yaw
angle. Further analysis showed that these differences were due to the missing inter-
cept term discussed previously, and dashed lines were added ic these plois {o show
where the true correlation line should appear. When the curves are corrected, no
yvaw effects are apparent,

3.2.1.5 Siude Force Increments. The side force mcremental data shown 1n Figures
3~13, 3-14, and 3-15 also appear to have some possible yaw effects in them. When the
predicted curve intercept 1s corrected, the curve is brought into close agreement with
the data and no yaw effects are seen.

3.2.2 PITCH-UP RCS DATA Data were obtained on three different pitich-up nozzle
sets mounted on the rght side of the vehicle, These were N78 (one nozzle), Nb2
(two nozzles), and N82 (three nozzles), where all nozzles had the same geometry as
defined in Reference 1. Three runs were obtained with each set at different supply
pressures which, combined with the eight jet-off yaw runs, gave a total data sample
of 17 points at each angle of attack.

3.2.2.1 Normal Force Increments. Figures 3-16, 3-17, and 3-18 present the normal
force correlations at the -10°, 0°, and +10° angles of attack. Most data are well within
the zero yaw correlation 2~si1gma error band and no consistent trend of yaw effects 1s
seen at erther positive or negative yaw angles.

3 2.2.2 Pitching Moment Increments. The piichmg moment merement data presented
i Figures 3-19, 3-20, and 3-21 show no effect of +3 degrees yaw.

3.2.2.3 Rolling Moment Increments. The lateral-directional data from prich-up jet
operation exhibited a peak value at low angles of attack, and four models are required
to describe the data at low angles

a. peak value

b. angle of attack of peak value
c. below peak value

d. above peak value

These data are dependent on the angle of attack where the peak value occurs as well as
on the jet exit momentum ratio. Data were only obfamned at -10°, 0°, and +10° angle of
attack for the yaw cases, so independent checks of each model were not possible. Thus,
the data correlations shown for all lateral-directional data were done at a constant
angle of attack and contamn all four analyfic model parts on each, Figure 3~22 presents
data primarily m the below-peak-value range smce the peak value at ~10 degrees occurs
at a momenhun ratio shghtly greater than 0.09. The dafa of Figure 3-23 present three
pomts for the above-peak-value range while the data of Figure 3-24 are all above the
value of the rolling moment, The data presented m Figures 3-22, 3~23, and 3-24

show there are no yaw effects on the low angle-of-aftack rolling moments due to RCS

jet operation,
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3.2.2.4 Yawmg Moment Increments. The yawing moment increments shown 1n Figures
3-25, 3-26, and 3-27 were correlated in the same manner as the rolling moments de~
scribed 1n the preceding section. No yaw effects are evident in these data, as was
shown 1n the other lateral-directional ingrements. _

3.2.2.5 Side Force Increments. Figures 3-28, 3-29, and 3-30 present the side force
increments correlated in the same manner as the rolling moment data. No yaw effects
are evident in these data, as was shown n the other lateral-directional increments.

3.2.3 YAW RCS INTERACTIONS. Yaw effects on yaw jet mnteractions were obtained
from datz usmg two different yaw jet sets mounted on the left side of the model. The
nozzle set designations were N51 and N85 and they differ only 1n the number of RCS
nozzles being smmulated; N51 contains four yaw nozzles while N85 contams two yaw
nozzles. Reference 1 defines nozzle geometry. Three different supply pressures
were tested with each, and the total data base 18 represented by 14 data points (8 jet-
off} at each angle of attack.

3.2.3.1 Normal Force Incremenis. Figures 3-31, 3-32, and 3-33 present sample
correlations of the effect of yaw angle on the normal force mnduced by yaw jets. The
data for the -3° yaw case tend to fall outside of the plotted houndaries of the prediction.
However, when the error i mtercept 1s taken into account all data fall around the zero
yaw curve.

3.2.3.2 Pitching Moment Increments. The pitching moment merements data are shown
in Figares 3-34, 3-35, and 3-36. Most of the dats are within the 2-sigma error band
except for the data pomnt at the highest mass flow ratio tested. This pomt 18 high for
both positive and negative yaw and i close agreement with the data points used m the
zero yaw correlation, so no effect of yaw 1s evident,

3.2.3.3 Rolling Moment Increments. Figures 3-37, 3-38, and 3-39 present the rolling
moment inerements at £3° yaw compared fo the analytic models for angles of from -10°
to +5°. All data appear to agree with zero yaw model with the exception of the pomnts

at the highest mass flow rafio. The posifive yaw shows good agreement with the nega-
tive yaw pomnt, however, and no yaw eifect can be determined.

3.2.3 4 Yawing Moment Incremenis. The data shown 1n Figures 3-40, 3-41, and 3~-42
are very mteresting simnce there does appear to be a definite effect of yaw angle on RCS
mmteraction. The positive yaw angle resulis in a decrease in induced yawing moment,
while a negative yaw angle resulfs in an 1ncrease. This was the only case of measurable
yvaw effects on the RCS model for Orbiter alone. The changes which come from yaw
effects are not meaningful n the total RCS effectiveness, since the mmduced yaw compo-
nent 18 small relative to the thrust.




3.2.3.5 Side Force Incrémenté .— f;gﬁres-3—4§,- 3~44,‘ and 3-45 show that the side force
data indicate a small decrease i RCS effectiveness at positive yaw angles. The negative
yaw angle data, however, tend to remam within the 2-s1gma scatter of the zero yaw model,

3.3 CONCLUSIONS

No significant yaw eifects were found and it appears that the zero yaw models are ade~-
quate for non-zero yaw cases.
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Figure 3-15. Yaw effects on pitch-down RCS side foree
at 0 to 5 degrees angle of attack.

3-19



=
2
&= _—
2
[._-I .Lot.“ [ YO .
= B Bn L.uﬂ'é\ﬂuug; s,
E ::I!C:tz :lo..,.‘a
g =040 T aeiesba
z ‘l""‘l.. ::,:::::"?tt‘ LTV
P | e W
<
E =083
H
=
ﬁ - 120
g [] 0390 o400 HCHEHIL‘}SEEEND q500 1000
=
B=+3°
PLOT SYMBOLS
a error = -. 01020 * B =0 MODEL
0 . B=0+2¢
+ CURVE FIT CF DATA
# DATA
L—J Q40
Q
K
Q
=
g ° -
<ﬂ t‘"no
3‘ “‘@"‘ 9&
2 B ool
£ il 1 TR
g - wo . B 5 Horas T
3 S
5 o
=
=
o
O =120
4] 0zfa [TT1] agna assd inag
E HOMEMTUR RatIQ

Figure 3-18, Yaw effects on pitch-up RCS normal force
at -10 degrees angle of aitack.

3-20



;ﬂ [ 1]
]
&
=
]
3k
*itt,
E :'zé::: :a‘.!n; 5
v "%, Ty
m AL ".,""’. “‘9’009 ooou“,a’
g - g0 i i T Ll idads CLSTTUREIN DIV Prre sanen
MAIITT Frvraaes.]
é ey LT .
E - asu
g
=
& s
- 420
S, g 0200 0400 Gean G800 tocs
E HEHENTUM Ratlo

c
B=+3 PLOT SYMBOLS
* B =0 MODEL
a, error = -, 00216 . B=0=20
~ CURVE FIT OF DATA
s DATA

=
T we
4=}
o
=]
i} "
teq,
S L m :
) .
= 5 3:::.‘ e
O iaattr44ad LI FONR
z *lrangy, + Terray,,
o b 1 TN “'”nu re44s o
L P — e’r"‘""“"
=1 T htannd L ERETO
5
=
g -8
o
(-
E - 120
5 G200 cado 0804 i90o

Figure 3-17. Yaw effects on pitch-up RCS normal force
at 0 degrees angle of attack.



By we
Q
@
o
ki iaes:
. soptlen oo
:g » Jg:.;,‘émn'gﬁ::::t' ottty
L2 Y
E ”&u: ﬂtittuﬁ!n;u«
, ML ITTYS v
m 3 '....ooaudotho
o | C'.l .'ttl.::
S 040
3
4
i -t
S
=
% - I“n 0Z00 0489 7500 anse -
MOHENTIH AATIO

]
B=7+3 PLOT SYMBOLS
* B =0 MODEL
. B=0=x20c
+ CURVE FIT OF DATA
o DATA

a_error = -, 00018
0

o4t

Perrtigeiee
o ""h :'ﬂ"' Reseruen; !,
L

Ty,
’90..,@ il T S
*tes

iy
lt;g " hisl? PV
Tr ot tes h
*»
Pang, aeny, il P
*

’.‘"
trees, Thee,

= d8g

- {20

g gzog C490

B=3°

9803
KONENTIM RATIO

INCREMENTAL NORMAL FORCE
:
3

Figure 3-18, Yaw effects on pitch-up RCS normal force
at 10 degrees angle of attack.

3-22



2
g dun
Q
=
&)
8 .
O
£
[N
i porssneafsaeen i BT
E T b esasaialaseSres fetiprons mm.t"f.*@nu TPNY Tiett e AT ks i
=
=
K
o
D - 040
E ] o208 Ja00 Roﬂﬂﬂfugs%gﬂo osgy jocq
B=4+3°
PLOT SYMBOLS
a error =.00207 * B =(0 MODEL
. B=0+20¢
B = CURVE FIT OF DATA
E ¢ DATA
E cao
Q
=
]
% f40
E
oy
=1 N N N R U N VO W
% ! ,,%m .&wu%uunn-utaﬂln-vuutnﬁnn-ut PTITITIEl iz..... -
A i
=
=
S
E e 241 o400 qaca 1900

o5qu
HOMEN lunsnno
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Figure 3-23. Yaw effects on pitch-up BCS rolling moment
at 0 degrees angle of attack.
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Figure 3-24. Yaw effects on piich-up RCS rolling moment
at 10 degrees angle of attack.
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Figure 3-26. Yaw effects on pitch-up RCS yawing moment
at 0 degrees angle of attack.
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Figure 3-27. Yaw effects on pitch-up RCS yawing moment
at 10 degrees angle of attack.
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Figure 3-29. Yaw effecis on pitch-up RCS side force
at 0 degrees angle of attack.
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Figure 3-30. Yaw effects on pitch-up RCS side force
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Figure 3-31. Yaw effects on yaw RCS normal force
at -10 to -5 degrees angle of attack.
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Figure 3-32. Yaw effects on yaw RCS normal force
at -5 to 0 degrees angle of attack,
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at -10 to -5 degrees angle of attack.
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Figure 3-35, Yaw effects on yaw RCS pitching moment
at -5 to 0 degrees angle of attack.
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Figure 3-41, Yaw effects on yaw RCS yawing moment
at ~5 to 0 degrees angle of attack.
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Figure 3-42. Yaw effects on yaw RCS yawing moment
at 0 to 5 degrees angle of attack.
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Figure 3-43. Yaw effects on yaw RCS side force
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REAR-MOUNTED RCS CONTROL EFFECTIVENESS DURING RTLS

4.1 GENERAL

The estimated control effectiveness of the rear-mounted Reaction Control System (RCS)
durmg reentry was presented in Reference 1, which showed the most critical cases
occurred at the highést dynamic pressures. This section extends the analysis of the
control effectiveness of the rear-mounted RCS to the flight regime which may be en-
countered 1n the return to landing site (RTLS) abort maneuvers usimg the analytic pro-
gram described in Reference 1.

The RTLS flight regime 15 1llustrated in Figure 4~1, which shows that the angles
of attack are much lower and the dymamic pressure 1s higher than the reentry condltmqs
analyzed previously.

The analysis was limited to two control cases* (1) symmetric pitch down, and
(2) combined pitch down and roll, since they represent the most critical problem at

low angle of attack.

4.2 RTLS FLIGHT CONDITIONS

Figure 4-1 presented the reaction control system utilization and the representative
flight conditions over which this maneuver may be performed. These conditions were
used to define the velocity in 25,000 ft inecrements from 175,000 to 250,000 feet. The
1962 standard aitmosphere was used as the nommal flight conditions at each of the four
altitades. The 1976 standard atmosphere (Reference 9) was used to define the seasonal
maximum, mimimum, and 2-sigma extremes at these altitudes. These data, shown in
Table 4-1, were used to compute the effects of atmospheric uncertanty at a nommal
Mach number of 8.

4.3 SYMMETRIC PITCH-DOWN RCS

Figure 4-1 shows that four-jet aft pitch control 1s to be used through the coast and
prtch-up phases of the RTLS staging maneuver. The symmetric two-jet-on-each-side
piich-down RCS control 1s more critical than the pitch-up case, smce the impimmgement,
interation, and across-the-base cross-~coupling terms 1n the prediction model all act
1n opposition to the thrust moment. Thus, this study concentrated on the four-jet
symmetric (two on each side) pitch-down case.
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4.3.1 EFFECT OF ANGLE OF ATTACK, Figure 4-2 presents the normal force and
pitching moment amplification as a function of angle of attack for a nominal Mach num-
ber of 8 at 200,000 feet, standard day conditions. Control amplification 1s defined as
the total control force or moment divided by the thrust force or moment, so that a value
of one representis no mterference effects, while a value of zero is complete cancellation.
The pitching moment 18 mnsensifive to angle of attack, while the normal force data are
dependent on angle of attack up to five degrees. The {wo-sigma error curves show

that there is no problem using the rear-mounted RCS units to obtain pitch control at
any angle of attack. The two-sigma error band for normal force shows, however, that
the rear-mounted RCS units may not generate any usable translation force to separate
the Orbiter from the tank at angles of attack below -3 degrees.

4.3,2 EFFECT OF ALTITUDE. Figure 4-3 presents the effect of aititude on sym-~
metric pitch-down control amplification at zero angle of attack using a Mach number

of 8 and standard day conditions. The control amplification 1s not sensitive to effects
of altitude when approached in this way. The expansion of the error envelope at lower
altitudes is due to the fixed values of two-sigma error coefficients in the analytic model
and the decreasing size of the thrust coefficient terms as dynamic pressure mereases.

A more realistic way to look at the effect of altitude would be to assume consiant
velocity at the start of RTLS coast, since Mach No. 1s a function of atmospheric tem-—.
perature. Figure 4-4 shows that the control amplification is still msensitive to altitude
using this approach,

4,3.3 EFFECT OF MACH NUMBER. Figure 4-5 shows that control amplification 1s
essentially independent of free-stream Mach No. at constant altitude and angle of attack.
The expansion of the error boundaries at higher Mach No. represents the effect of
mcereasmg dynamic pressure.

4.3.4 EFFECT OF DYNAMIC PRESSURE. The preceding analyses show that, within
the RTLS range of flight conditions, the principal parameters are angle of atfack and
free~gtream dynamic pressure. Figure 4-6 shows that the only apparent effect of
dynamic pressure is the expansion of the error houndaries for the symmetric pitch-
down case.

4,.3.5 EFFECT OF ATMOSPHERIC VARIATION. The atmospheric varation data pre-
sented in Table 4-1 were used to generate the data shown m Figure 4-7, where nominal
lines are drawn for the various atmo—sphenb conditions assumed. The data appear
msensitive to atmosphere variation 1n the altitude range for RTLS separation maneu-
vers., The moment data show sensitivity only for the very high dynamic pressure cases,
while the force amphification shows it only at the low dynamic pressures.

4.3.6 EFFECT OF REYNOLDS NUMBER, The worst case Reynolds number extrapcla-
tion described 1n Reference 1 was applied fo data used to generate Figure 4-3, and
Figure 4-8 presentis the results. Reynolds number has no apparent effect on the control
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moments generated by the pitch-down RCS; however, the worst case effect 1s sirong
on the transiation force generated by the controls.

4.3.7 SUMMARY, It appears from these data that the confidence in useful rear-
mounted RCS pitch control is high throughout the range of RTLS separafion maneuvers.
Conversely, the confidence m obtainmg useful translation forces is low, since control

is sensitive to the angle of attack and there 18 some possibilify of Reynolds number
effects. Increasmng dynamic pressure reduces the Reynolds number efiect but mcreases
the error bhoundaries. -

4.4 RCS ROLIL CONTROL

The control schedule shown 1n Figure 4-1 shows that no rear-mounted RCS units are
used for roll control at present. This schedule was developed based on the same wind
tunnel data as the analytic models of Reference 1. These test results show that RCS
roll control 1s a problem at low angles of atfack. Most of the test data on which this
conclusion 1s based were developed for symmetric roll cases (pitch-up plus pitch-down
RCS, used together), However, analysis of the mdividual RCS components show that
the problem is principally caused by the peak value of mteraction (between the pitch-up
jets and the external flow over the fin) shown mn Figure 4-9. Thus, this analysis had
two purposes: first, to determaine 1f useful roll control could be obtammed from the
rear-mounted RCS at low angles of attack; and second, to show ihe effects of flight
conditions on if.

The RCS component analysis was performed assuming that a combined control mput
of four pitch-down jets plus two roll jets was desired. This case was chosen because
it represents the pitch control shown in Figure 4~1. There are a number of ways in
which this total control requirement can be obtained (for a roll to the right) such as

a. Three pitch-down left, two pitch~down right, one pitch-up right
b. Three pitch~-down left, one piich-down right
c. Three pitch~down left, three pifch-down right, two piich-up right

Figure 4-10 shows that the roll control obtamed with each combination 1s very
sensitive to angle of atfack but, if the Orbiter has knowledge of this angle and can con-
trol the selection of jets for roll control, i1t is possible to mamiamn some roll conirol
throughout the angle-of-attack range of the RTLS separation maneuver.

The existence of the peak inferaction 1s shown m the negative values of roll-control
amplification for both cases which have pitch-up jets exhausting near the fin. Useful
roll control 1s obtamned both below the peak, where Figure 4-9 shows the mteraction
declines, and above the peak value of angle of attack, where the mteraction also
declines.



4.,4,1 EFFECT OF ALTITUDE. TFigure 4-11 presents the effect of altitude at con-
stant Mach number and zero angle of attack for the three different control combinations.
These data were only computed at 175,000, 200,000, 225,000, and 250,000 feet, and

1t 18 mcorrect t0 connect the curves through these points for fhe rear-mounted RCS
combinations which use pitch-up jets. The peak interaction i1s a function of jet momen-
tum ratio as well as angle of attack and, as a result, the peak may be hidden between
these computed points on these curves.

Figure 4-12 shows the relative magnitude of the error band as a function of alti-
tude. The fixed value of the two-s1gma error in rolling moment coefficient from the
wind tunnel correlation (1.e., at®=0° Cg ~ 0,00107) causes the error to grow,
relative to RCS thrust rolling coefficient priumarily as a function of dynamic pres-
sure rather than altitude.

4,4.2 EFFECT OF ATMOSPHERE VARIATION, Figure 4-13 and 4-14 present data
on the rolling moment amplification at zero angle of attack as a function of changes m
the atmospheric model presented in Table 4-1. Figure 4-13 shows clearly how the
pitch-up peak value only appeared in the standard atmosphere case at the pomts com-
puted and not i the other variations, and how dangerous it 1s not to examine all points
on the trajectory. Figure 4-14 also shows gigmficant effects of atmosphere model at
the 225,000~foot point. These effects are primarily due fo the range of dynamic pres-
sure encountered in this flight regime.

4.4,3 ROLL CONTROL EFFECTIVENESS MAPS. Figure 4-10 showed how sensitive
roll control effectiveness 1s to angle of attack, while Figures 4-11 to 4-14 demonstrate
the sensitivity to flight dynamic pressure, Reference 1 showed that the interaction
terms which are the primary reason for reduced conirol effectiveness are funciions of
jet momentum ratio defined as:

¢ C,7, P M2% A
iT17: ) (2-1)

J

2
P VP M S
In flight, everything 1s fixed except the number of nozzles (2 A.) and free-stream dyna-
mic pressure (¥/2 P Mm2 }. Thus, 1t should be possible to break the roll control models
nto parts and to obtain maps of control effectiveness on an angle-of-attack versus
dynamic-pressure plot. The Orbiter can use such plots 1 1ts control selection logie,
if the plots are computed'on board.

4,4,3,1 Pitch-Up RCS Roll Control Map. The maps suggested above have been drawn
10 determine the deadband regions. These regions are mapped where the adverse roll
control mteractions equal or exceed the roll control moment of the thrusters. Figure
4-15 shows that these regions do occur at low angles of attack for the piich-up RCS
umits. While there is an overlapping of the two-jet case with the one- and three-jet
cases, the one- and three~jet cases do not overlap, implying that some roll conirol

4-4



can be mamntained at all angles of attack mn this dynamic pressure region. Impinge-
ment effects would only occur at the lower dynamic pressures and may change the
curves around -10 degreess (lower limit of wind tunnel data).

The high-angle-of-attack models do have a deadband region but 1t does not occur
until the dynamic pressure 1s high (15 pounds per square foot). o
4,4.3.2 Pitch-Down RCS Roll Control Map. Figure 4-16 presenis a similar map of
roll-control deadbands for the pitch-down jets. The region of angle of attack at which
no useful roll component 1s obtamed 18 much more extensive than that of the pitch-up
confrol. This suggests that more roll-control effectiveness 1s possible by using
asymmetric (accepting the induced piich) rather than symmetric roll control at all
angles of attack.

Both Figures 4-15 and 4-16 show that mecreasing the number of jets firmmg moves
the deadband to higher dynamic pressures.

4.4,3.3 No RCS Roll Control Map. The regions of overlap between Figures 4-15 and
4-16 are regions where no useful roll control 1s possible from the rear-mounted RCS
umis. Figure 4-17 shows that this region 1s fairly extensive for a one-jet case, but
can be delayed to dynamic pressures beyond the RTLS separation maneuver Iimit by
usmg sufficient numbers of jets.

In contrast, Figure 4-18 presents the mlich larger regions of no roll control if
symmetric (pitch-up and piich-down) roll control 1s used. Figures 4-17 and 4-18
clearly show that use of nonsymmetrical roll RCS 1s the betiter way to go at low angles
of attack.



Table 4-1. Atmospheric varation.

Seasonal Sepncnal Seagonel |Seasonal
ATMOSPHERE M¥Enimem Maximum | Mazdmum
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Figure 4~1. RCS utilization and control surface deflection for RTLS
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Figure 4-2, Effect of angle of attack at constant altitude and mach on rear 4 jet
symmetric pitch down control amplification.
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Figure 4-4, Effect of alfitude at constant velocity on rear 4 jet symmetric pitch
down control amplification.
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down control amplification,
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Figure 46, Effect of dynamic pressure at constant altitude on rear 4 jet symmetric
pitch down control amphification.
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Figure 4-8, Worst case Reynolds number effects on rear 4 jet symmetric pitch down
control amplification.

4-13



A Cy INTERACTION

-10. ANGLE OF ATTACK 15.

Figure 4-9. Typical roll interaction increment at low angles of attack for rear
mounted pitch up jets.
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Figure 4-10, Effect of angle of attack on rear RCS roll control amphfication,
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Figure 4-13. Effect of atmospheric variation on rear RCS roll control amplification
using two jets for roll (1 piich up and 1 pitch down).
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3

FORWARD-MOUNTED RCS CONTROL EFFECTIVENESS

5.1 GENERAL

The forward-mounted RCS unifs are not used durmg reentry, nor are they presently
used alone after the Orbiter has separated from the tank during the RTLS abort maneu-
ver. However, a forward-mounted jet model would be desirable, for analysis of the
combined forward/aft RCS control combinations and for development of prediction
models for the combmation control.

There are only three runs of forward-mounted pitch jets alone during tests OA169,
1A22, and 1A148. All three runs occur within test OA169, and they provide data only
1n the high angle-of-attack range. Figures 5-1, 5-2, and 5-3 present these meremen-—
tal effects for the two supply pressures tested. These data show that the forward pitch-
up jet mcremental effect appears to go from a peak value at low angles fo an opposite
peak value af higher angles. The peak values and the angles of atiack at which these
peaks occur appear to be functions of jet pressure.

Test OA169 also inecludes five runs at the same supply pressure of four forward
and six rear-mounted jets combined. These data are shown in Figures 5-4, 5-5, and
5-6 compared to the six rear-mounted jet runs from test OA169 at the same supply
pressure. The normal force (Figure 5-5) and pitching moment (Figure 5-6) incremen-
fal data are very mteresting at low angles of attack since they show very close agree-
ment between the combined jet data and the afi-only data. Also shown on these figures
are the data that result from adding the forward-jet-only data to the aft-jet-only data.
The close agreement between the sum of the two sets of data to the combined data,
particularly at 12.5 degrees, indicates that the forward-mounted jets apparently have
no effect on rear-mounted jet merements. This 1s a very small sample on which fo
base this conclusion, but it i1s the only test data available at this time and 1s consistent
m all longitudinal data.

Based on this conclusion, the variation of forward-mounted jet mcrements with
angle-of-attack were derived from the combined jef data minus the aft-jet-only data.
Figures 5-7, 5-8, and 5-9 present these correlations and also show the forward-jet-
only data for comparison, The data scatter results from subtracting all the aft-jet-
only increments from the combined jet incremental data of test OA169. These data
were used o deriwve tentative models for forward symmetric down-firing jets at
lower angles of attack.



5.2 FORWARD-MOUNTED PITCH-UP JET NORMAL FORCE MODEL

The shape of the curve at low angles of attack was found to be best approximated.by a
sine curve raised to the third.power, and the limit of its range is the angle of attack of
thé peak value.

A -G @_25)99_) 5-1)

. 3
N NPE AK (aPEAK +2.5

where

CN is given by Figure 5-10,
PEAK

o i i -
PEAK 18 given by Figure 5-11,

and momentum ratio is based on the sum of the nozzles firing.

5,3 FORWARD-MOUNTED PITCH-UP JET PITCHING MOMENT MODEL

The shape of the curve at low angles was approximated as a square of a sine wave. The
correlation is limited to angles of attack up to the peak value.

Ac =¢C

2
s (5-2)
m m o
PEAK ( PEAK

(¢ + 10) 90.
+ 10

where

C is given by Figure 5-12, and
PEAK

o i Fi -11,
PEAK 18 given by Figure 5-11

5.4 FORWARD-MOUNTED PITCH-UP JET AXIAL FORCE MODEL

The axial force peak correlation with jet pressure or momentumn ratio i1s not clear.
The shape of the curve 15 2 cosme

Ac s = -0.016 cosine (3 & -30). (5-3)

whose limit is 15 degrees.
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MATED CONFIGURATION DATA ANALYSIS

Figure 4-1 showed that there is a period of mated orbiter/tank coast prior to the RTLS
abort stagmg maneuver, durng which the vehicle establishes the correct attitude and
rates fo ensure a successful staging maneuver. Control durmng this time 1s mamtamed
using combinations of both forward-mounted and rear-mounted reaction control jets.
The jet combinations used are determmed by three control parameters, UZCMD,
UXCMD, and UYCMD, Figures 6-1 and 6-2 show the reaction control combmations
selected by the allowable set of control parameters.

6.1 TA148 TEST DATA

Test IA148 was discussed bnefly m Sechion 2 of this report and 1s also presented in
Reference 8, Mated (tank-on) data were obtained for the nozzle combinations shown
Figures 6-1 and 6-2, where RC__ numbers are shown. Data were obtained at 0°, +4°,
and ~4° yaw for most (but not all) of the reaction control combiations tested.

Twenty-one different combinations were tested for the mated configuration durng
test IA148. Data mcremenis were taken as jet—on data minus jet~off data, with no
correction for impmgement. The jet-off runs used to determine the differences were
arhitrarmly selected from the five repeat runs at zero yaw, the six repeat runs at —4
degrees yaw and the six repeat runs at ~4 degrees yaw.

The differences between jei—off repeat runs are shown i Figures 6~3 through 6-8.
The normal Force Data show 2 maximum difference of 0,015 between jet-off runs,
while the axial force data show a scatter of 0.008 except at -4 degrees yaw, where there
appears to be a problem in the jet-off data, The pitching moment data show a scatter
of 0.004, while rolling moment data appear to repeat to 0.0005. The yawing moment
shows 1ts worst repeatibility at +4 degrees yaw and the scatter 1s 0.0015. A similar
trend 18 seen in si1de force data with a scatter of 0.005., Comparisons of repeat runs at
f= +4 tend to show a problem may still exist m the IA148 data, The runs selected for
the jet-off baselines were:

a., pB=-~4, IA148 run 171
b. B= 0, TA148 run 228
c. f=+4, TA148 run 116

All jet-~off differences were ncluded 1n the jet—on analyses at each yaw angle for each
RCS combimation.



The jet-on data were obtained at three supply pressures for each jet combination,
at angles of attack from -15 to +12.5 degrees. Selected data samples will be presented
for the following jet combinations:

a. RCO06
b. RC38
c. RC40
d. RC51L
e. RCT3
f. RC82

6.1.1 RC06 TEST DATA. RCO06 represents the six rear-mounted symmetric prich-
down jets case (similar to the analysis of Reference 1 except for the external tank) with
no forward jets firing. Data were obtammed at zero and +4 degrees yaw, but the data
presented 1n Figures 6~9 through 6-13 are for zero yaw only. The data show very small
sensitivity to angle of attack. The longitudinal data appear to be nonlinear with jet
pressure, while the lateral~directional data show some shght asymetry. This was -
terpreted to be due to a nominal +0, 2 degree yaw angle measured in the "zero yaw' data
tests,

6.1.2 RC38 TEST DATA, The jet combination RC38 consists of the four symmetric
forward-mounted down~firing jets, the six symmetric rear-mounted up-firmg jets, and
the three lefi side rear-mounted down-firing jets, all firing as a group. Data at 0, +4,
and ~4 degrees yaw are compared on Figures 6-14 through 6-19. The axial force mcere-
mental data appear to be sensitive to yaw angle and angles of attack above zero degrees.
Normal force and pitching moment imncremental data appear to be moderately sensitive
to angle of attack and not very sensitive to yaw angle. The lateral-directional data
appear more sensitive to yaw angle and angle of attack than to the different jet pressure
ratios,

6.1,3 RC40 TEST DATA. The combination called RC40 has no forward-mounted jets
firmmg but has the six symmetric rear-mounted up-firing jets coupled with three rear-
mounted left side down-firmg jets, The data are presented in Figures 6~20 through 6-25.
Most mteresting of these data are the reversal of normal force and pitching moment -
crements for a jet pressure of 1540 ps1 for the zero yaw case, compared to the two

other jet pressures. The lateral~directional data also show a trend similar to the peak
value seen in Reference 1 for the rear~-mounted pitch~up jet data.

8.1.4 RC51 TEST DATA, The RC51 jet combnation consists of:

a. two left side forward-mounted yaw jets.

b. four symmetric forward-mounted down~firmmg pifch jets.

6-2



¢. Six symmetric rear-mounted up-firing pitch jets.

d. one rght side rear~mounted yaw jet.

Data obtamned only af zero yaw angle for this combination are presented m Figures 6-26
through 6-31. The longitudinal data show moderate sensitivity to angle of attack while
the lateral-directional data show reversed trends of supply pressure at positive and
negative angles of attack,

6.1.5 RC78 TEST DATA. RCT78 consists of two forward-mounted yaw Jets on the left
side and one rear-mownted yaw jet on the right side. Tt is an 1mportant case, since the
dervation of most of the combinations not tested is the sum of RCT8 plus some other
combination. The test data are shown in Figures 6-32 through 6-37. As might be ex~
pected, this combination generates only small longitudinal force and moment increments,

which appear not to be sensifive to jet supply pressure. The largest mduced moment
appears to be the induced yawing moment,

6.1.8 RC82 TEST DATA., The RC82 jet combmation consists ofs

a. two left side forward-mounted yaw jets.

b, four symmetric forward-mounted down~firmg jets.

c. S symmetric rear-mownted up-firing jets,

d. three left side rear-mounted down—-firing jets.

e. one nght side rear-mounted yaw jet.
The data for zero yaw are presented in Figures 6-38 through 6~42, where the longitudi-
nal data show strong sensitivity to angle of attack and supply pressure, The principal
lateral~directional mduced moment 18 the incremental rolling moment. The RC82 com-

bmation could be achieved as the sum of RC38 and RC78, 1if superposition of data is
possible, This will be discussed m the data analysis section,

6.2 DATA ANALYSIS

The mated configuration data base represented by the TA148 fest data represents a
large number of data runs with different control combmations. However, the data set
for each combination was very small (three jet pressures at three yaw angles), with no
systematic buldup of nozzle combinations, and increments hetween sets of nozzles
could not be derved. It was necessary to reduce the data to obtam a form suitable for
deriving other control combinations not tested and to allow mterpolation in the data for
differences 1n flight conditions. Figures 6~9 through 6-42 present samples of the
existing data base for six different control combimmations. These figures 1llustrate the
need to smooth the data and to relate them fo the flight condition. Most of the rear-
mounted RCS data were correlated to a momentum ratio parameter (Reference 1);
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however, yaw jet data were correlated fo mass flow ratio, The equivalent nozzle
momentum ratio used in Reference 1 1s:

5
& _yBRMyTA

5 (6-1)
=38 ymeMwswing
The related mass flow parameter 1s:
1/2
1.1'13 _ {@j T A Pj (Rm TQ)] o2
B | % SpetPe \ByTj

The use of these parameters was not practical for all jet combinations tested in IA148,
smce the many different nozzles used made it difficult to define the equivalent nozzle.
Since sufficient data was not available to analyze the differences between combinations,

it was decided to use a common parameter for all sets and to analyze each set separately.
Single nozzle momentum ratio (equation 6~13) was chosen as the best parameter because
insufficient data were available to differentiate between mass flow ratio and momentum
ratio. Single-nozzle momentum ratio accurately reflects flight condition changes.

2 A
% 7 ByMy Ay

‘:’m Yo PmMg Swm-_g

(6-3)

The data presented m Figures 6-9 through 6-42 show that there are measurable
effects of yaw with the external tank on, so the data was analyzed at zero, +4, and -4
degrees yaw as separafe sefs. A quadratic least-square~curve fit was generated for
each set of data within a limited angle~of-aitack range. This data set also used the
jet~off differences in establishing the curve fif. The purpose of using the jet~-off differ-
ences with the jet-on data 1s to accoumt for run-to~rmm vamnation in the data, which 1s
included 1n all jet~on differences,

Fourteen angle~of-attack ranges were chosen for curve fitting so that two or three
test points are included in each range fo help smooth the data and to give better fits

versus momentum ratio. The ranges are

Angle of Aftack, o Data Used Angle of Attack, « Data Used
~14° ~-14,6, ~13.5 0° -1.5, 0, 1.5
-12° ~13.5, =12, =10,5 1. 5° 0, 1.5, 3
- 9 -10.5, =9, -7.5 3° 1.5, 3, 4.5
- 6° ~T7,5, =6, —4,5 4,5° 3, 4.5, 6
- 4,5° -6, -4,5, -3 6° 4,5, 6, 7.5
- 3° ~4,5, =3, =1.5 9° 7.5, 9, 10.5
- 1,5° -3, ~1.5, 0 12, 35° 16,5, 12, 13.15

6-4



The data used to curve fit overlaps by at least one pomt in each range. Because of this
overiap, linear mterpolation between angles should be acceptable between fits. No cor-
rections for impingement were made on the test data, simce OA169 data showed no rear-
moumnted RCS impingement 1 the test data. Impmgement torrections should be made for
fuil scale predictions, but will probably be very small at dynamic pressures above 5 psf.
Insufficient forward-mounted jet analysis has been made to predict 1mpimgement at this
time.

Appendixes A, B, and C present the coefficients for all zero, +4, and -4 degree yaw
angle fits, respecfively. To present all data, 5300 plots are requred for the twenty-
one nozzle combinations at three yaw angles with fourteen angle-of-attack ranges for the
six aerodynamic coefficients. These plots have been generated and examined to ensure
the reliability of the curve fits; however, only sample data 1s presented m this report.

The sample chosen 1s RC78, and the correlations in four angle-of~attack ranges
are presenied in Figures 6-43 through 6~66. These data, presented as a function of
angle of attack, were shown 1n Figures 6--32 through 6~37. The normal force merements
show their largest values at the lughest angles of atfack presented. The normal-force
jet~off (zero momentum ratio) intercept (29) 18 large compared fo the mcremental jet-
on values at zero angle of attack. This raises the question of whether 1t 15 appropriate
to remove this term when applying the data to the flight vehicle, because the term is
related to wind tunnel repeatability, not to the induced effects. The axial force data also
shows a large mntercept value and the effects of least-square curve fit smoothing are
seen 1n these samples.

The side force increments show a reversed sign between posifive and negative angle
of attack data. This trend is also seen in the rolling moment data,

Pitching moment mcrements appear to be sensifive to yaw angle, although this trend
is largely due to the intercepts (a) at +4 degrees yaw, The meremental yawmg moment
data appear to be mdependent of angle of attack and yaw angle.

In all cases shown, the least-square curves fit the data very well., The good curve
fit could be expected, since most of these curves were fit through only 18 points: nine
jet~off data and three each at the three momentum ratios tested.

6.2,1 EFFECT OF YAW ANGLE, The data from the curve fits of the RC78 case were
replotted as a function of yaw angle at constant angle of attack and at a single-nozzle
momentum. ratio of 0.02, to determime the best method of miterpolating between curve
fits for yaw angles other than 0, -4, or +4 degrees, Figures 6-87 through 6-72 present
these comparisons (where the intercept ag has been left mn the data).

A quadrafic equation would appear to be a beiter fit than a Iimear mferpolation for
most data, smce the Yzero" yaw value 15 2 maximum or mmimum value for the three
pomts available, It was pomnted ouf in Subsecfion 8,1 that the zero yaw data was
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actually obtained at a value of 0.2 degree yaw. Considering the small magnitude of
many of the increments, it 1s important to meclude this i the data mterpolation for yaw,
The proposed interpolation assumes that all three yaw merements are first computed
from angle of attack and momentum ratio, These then are used to compute the value of
the given yaw angle using equation 6-4,

2
yB=aﬁ +hB+c ¢ (B=d)
where
= ,02976 Voat 03289 y 4 -. 06266 y (6-5)
b = ,125 (y+4 - y_4) (6—6)
¢ =1,0025y,~.02632y,, +.02381y_, (6=7)

Yo = solution of zero yaw curve fit

= golution of +4° yaw curve fif

£
i

I

Y.4 = solution of -4° yaw curve fit

6.2.2 SUPERPOSITION OF DATA. Symmetry and superposition are the basic assump-
tions for generating the mteraction models for RCS control combinations which were
not tested in TA148,

Symmetry assumes that positive and negafive yaw mecrements will be the same when
the jets on the windward and leeward sides are matched. This appears to be a reason-
able assumption, buf no data exists on test 1A148 to verify it.

Superposition 15 a much larger assumption, smce it assumes that combmations of
RCS jets can be assembled by simple addition (or subtraction) of the data from two or
more other sets of control combmations. This asswmption is extensively used m filling
the mated tank-on control set data, especially the UZCMD = +1 combinations,

Figures 6-73 through 6-84 present comparison of the curve fits for RC51, RC55,
RC82, and RC89 compared with the equivalent combination using RC78 summed with the
appropriate other run. All data presented in these figures 1s for zero yaw angle. RC51
18 compared fto the sum of RC78 and RC62; RC55 is compared to RCT78 plus RC06; RC82
is compared to RC78 plus RC38; and RC89 adds RC78 with RC61.

The normal-force merement comparisons shown m Figures 6-73 and 6-74 show that
superposition over-predicis the increment for RC89, wder-predicts the merement for
RC51, but shows good agreement for the other two cases. The axial foree increments
(Figures 6~75 and 6~76) show that the two cases where forward-mounted jets are added
(RC51 and RC82) result in a sum less than the measured data; for the cases where no
forward-mounted jets are added, the sum over-predicts the effect.
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The side force comparisons 1n Figures 6-77 and 6-78 show that the combinations
which add forward-mounied jets (RC51 and RC82) show poorer correlation than the
cases where only forward-mounted yaw jets are used.

Figures 6-79 and 6-80 present the mcremental rolling moment data comparisons.
The RCB2 comparison looks much worse than that for RC51 but the difference m plot
scales accounts for this, Figures 6-81 and 6-82 show that the sum of the two jet cases
underestimates the induced pitching moment imnerement for all cases but RC82. The
yawing moment data of Figures 6-83 and 6-84 show poorer agreement when forward-
mowmted jets must be added.

It appears that superposition of jet data to buld up jet combmations works much
beti er for aft-mounted jets than forward-mounted, particularly m the later?.l—directmggl
force and moment merements. If these merements are critical in terms of RCS conirol
with the tank on, then more test data to fill m the jet combinations not tested m IA148
is very desirable.

6.2.3 CORRECTING JET-OFF DIFFERENCES FROM DATA. When the RCS jets are
off, there will be no wieraction increments, and it 15 reasonable to assume that the
curve fit of the interaction data should go to zero. The curve il expression

AC=aO+a1X-L ath2 (6"8),
does contamn a jet-off mtercept (ay) for which values were computed durmg the least-
square curve fitting of the data. This term was never zero m all of the curve fits, and
the nature and use of thig term 18 being questioned, Al of the jet-off differences were
meluded m obtaiming these curve fit coefficients, and these data represented nearly
half of the data through which the curve was placed. Thus, the ap term represents the
best estimate of the difference between the jei-off rim used fo derive jet-on increments
and the "average" jet-off run. Average jei-off run is a relative term, since the sample
size is small, but if 1s the only estimate available,

. The best approximation to account for run~to~run vamation m the test data would
be to remove agp from the curve fit expression, leaving equation 6~9 as the best fit of
the nteraction merements.

AC =X (a3 + agX) (6-9)

This in effect shifts all of the data so the curves pass through zero mcrement at zero
momentum ratio. Most curve fit expressions (Appendixes A to C) already pass very
close to zero, so the adjustment 1s small, However, the adjustment may well be
significant, since many of the induced mmcrements are small also. The largest adjust~
ment appears to occur m the § = +4 degree axial force mncrements, for which the basic
data appeared to have some problems.



This eorrection 1s particularly important to the data being summed to create new
nozzle combinations where the a( terms are added to each other 1f left in the equations.
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Figure 6-68. RC78 normal force increment due to yaw angle.
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Figure 6-69. RCT78 side force increment changes due to yaw angle.
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Figure 6-82. A comparison of pitching moment increments for RC82 and RC89.
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7 ORIGINAL PAGE 15

o POOR QU
TANK-ON INCREMENTAL EFFECTS

Figures 6-1 and 6-2 presented diagrams of all RCS control combmations planned for
use at the time of test IA148. The RC__ numbers shown 1n the two figures indicate the
control combinations actually tested during 1A148. The allowable range of control com-
mands has been streamlined, and the only commands used at present are:

a. UZCMD=0, 1, -1
b. UXCMD =+2, 0, -2 -
¢. UYCMD=5, 1, 0, -1, -3

To define the imduced RCS increments for the above control combinations, data
were analyzed for all control combinafions of test IA148 except RC42 and RC45. The
resulting tables of curve fit coefficients are given in Appendices A to C. These curve
fits do not provide RCS immecremental effects for all of the allowable control combinations
(UXCMD, UYCMD, UZCMD). Sutable methods to provide the rest of the data from the
existing data were developed. These data were built up largely by symmetric and super-
position assumptions. The methods used to define each block will be described briefly
1n the following paragraphs for each control command possible.

7.1 UZCMD =0
7.1.1 UXCMD =2
7.1.1.1 UYCMD =5 .

— - 1ErT RLC KT

FWD,

Afl

Data for this thirteen-jet combination are provided by the RC38 data of IA148. Data
were obtained at all three yaw angles and curve fits are available directly for this case.

7-1



7.1.1.2 UYCMD=1

LEIT firpl

FWp

ATE

,@
=y
LY

No test data were available for this control combination. However, data are available
for the three-jet symmetric pitch-up case (RC40) and for the one-jet symmetric pitch-up

case (RC61, Subsection 7.1.1.3). These two curve fit sets are averaged to produce the
curve fits for this combination.

7.1.1,3 UYCMD =20

LETT Ricng

Fil

AFY

Data for this combination are provided as the curve fits of the RCB1 data from test IA148.
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7.1,1.4 UYCMD= ~1

1[I RIG11

FWL

LE

No data were available for any of the UYCMD = -1 control combinations, and no simple
addition of jet combinations was available to derive this set. The approach taken was

to define a two-jet symmetric down-firing set increment by mterpolating the RC06 s1x-
jet data using an equivalent single-nozzle momentum ratio which was 1/3 of the actual
value. High dynamic pressure cases will result in an extrapolation of RC06 data back
toward the jet-off Iirit, but extrapolation in this direction 1s controlled by zero mere-
ments of the jet-off limit., The mecrements for the remaimng two down~firing jets on
the left side were generated by taking differences between RC61 data and RC37 data to
remove up-firing mcrements and derive a three-jet left side case. An equivalent
momentum ratio of 2/3 of the actual simgle-nozzle momentum ratio is used to derive the
two-jet increments, and these are added to the two-jet symmetric mcrements. The
amount of data manipulation mmvolved 1n these cases makes 1t desirable to obtain a better
set of test data in the future.



7- 19 1-5 UYCMD = "'3

LEF RIGIT

D

AR

The test data for RC06 provide the curve fits for this control combination. No data were
taken for the -4 degree yaw case and 1t must be agsumed that the yaw effects are sym-
metric. The longitudinal data (Ca,CnN,Cm) are assumed to be the same as the +4°
values, but the signs are reversed for the lateral-directional (Cy,C 2, Cp) 1ncrements
between the ~4 and -4 degree yaw cases.

7.1.2 UXCMD=0
7.1.2.1 UYCMD =5

LET] RIGINT

IW!4

AFL

The curve fits of the RC82 test data provide the mmcrements for this control combination.
Since no -4 degree yaw data was obtained for this combination, symmetry was assumed
for this data.

7-4
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7.1.2.2 UYCMD=1

1ERL RICIIE

W

Al

RC37 test data provide the curve fits to compute the increments for this combination.
No -4 degree yaw data was obtained and symmetry was assumed.

7.1.2.3 UYCMD=0
No jets are fired 1n this case.

70 1.204 UYCMD= "'1

LEFE RECHT

vl

Al

No test data were obtained for this combination, so the RC06 curve fits were mterpolated
to provide the required increments. This interpolation was accomplished by ratioing the
single-nozzle momentum ratio by the numbers of nozzles (2/6). The "effective" single-

75



nozzle momentum ratio was then applied directly to the RC06 fits. Flight cases with
high dynamic pressure may result in momentum ratios lower than those tested for RC086,
This extrapolation i1s toward the himiting case of zerc increments at the jet-off limit and
the extrapolation is in the range of the curve fit.applicability.

7.1.2.5 UYCMD = -3

This case 1s the RC06 data given 1n Subsection 7.1.1.5.

7.1.3 UXCMD = -2
7.1.3.1 UYCMD=5

LETT RIGIIE

FWI

AT

No data were generated for this combination. However, 1t i1s the same as RC38 (Sub-
section 7,1.1.1), except the three rear-mounted prtch-down jets are on the opposite side
of the vehicle, These mmcerements are derived by assuming symmetry with RC38 for the
Zero yaw case, which means that the signs of the lateral~directional data are reversed,
while the longitudinal data are unchanged. The yaw data must account for windward and
leeward positions of the asymmetric jets, which means a mirror image is assumed.
Thus, the data for -4° yaw for this case uses the data for +4° yaw for RC38, and vice
versa. The signs of the lateral-directional data must also be reversed, to complete

the interchange.
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7.1.3.2 UYCMD=1 QUALITY

LEFT RIGHT

h

Abl

This case 1s the mirror image of the UXCMD = 2, UYCMD = 1 case described in Sub-
section 7.1.1.2. The data 1s derived as defined in that section, the lateral-direcitonal
s1gns are reversed, and the plus and munus yaw cases interchanged.

7.1.3.3 UYCMD=20

LLFI Rienr

FWE

AF1

This combination 1s a mirror image of RC61 which 1s defined in Subsection 7.1.1.3.



7.1!304 UYCMD = "1

LEFT rIGUT

Ewi

afl - -
{-‘{j D0

FF »
Mrirarg

[ YY

This combination 1s & mirror image of the UXCMD = 2, UYCMD = -1 case defined 1
Subsection 7.1.1.4 and 1s derived from that data by using the interpolated RC06 case
with the mirror image of (RC40 - RC11) interpolated by 2/3.

7.1.3.56 UYCMD = -3

Thig 1s the RC06 combination given in Subsection 7.1.1.5.
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7.2 GZCMDPb =1, -1

These combinations in general differ from the UZCMD = 0 cases by the addition of two
forward-mounted yaw jets on the lefi side and one rear-mounted yaw jet on the right
side, which 1s the RC78 combination. All of the missing curve fits were generated
using RC78 combined with the UZCMD = 0 combinations.

The UZCMD = -1 combmations are exactly the same as the UZCMD = +1 combina~
tion, except that the forward-mounted right yaw thrusters and rear-mounted left yaw
thrusters are used. These combinations are all generated by removing RC78 increments
from the UZCMD = +1 combmations and adding reversed RC78 mcrements mto the
combinations.

7.2.1 UXCMD =2
—_— ORIGINAT, PAGE IS
7.2.1.1 UYCMD =5 OF POOR QUALITY]

LEMT RICHT

o

Al

The zero yaw data 1s available as the RC82 data. However, no data was obtained at
positive or negative yaw. The yaw increments were constructed as the sum of RC3§
and RC78 data. A comparison of RC82 and the sum of RC38 and RC78 is given 1n Sec-
tion 6 at zerc yaw angle.



7.2.1.2 UYCMD=1

RIGHT

FWy

AEd

This control combinaticn was generated as the sum of RC78 with the control combination
of Subsection 7.1.1.2, which is the average of RC40 and RC61, The sum of RC87 plus

RC89 was not used becanse RC87 had only zero yaw data.

7.2.1.3 UYCMD=0

RIGHT

FAiDy

Af1

i

The RC89 data provide the models for this combination of reaction controls.
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7.2.1.4 UYCMD = -1

LEIT RIGILT

fWIJ

' ‘II M .
3
These data are made up by summing RC78 data with the data discussed 1n Subsection

7.1.1.4. Thus the data from 4 test RCs are combined to generate this model, and the
reliability of the estimates must be low compared to cases where test data are available.

7.2.1.5 UYCMD = -3 -

VEFT RIGHT

FWH

AF1

The IA148 test data for RC55 are the basis of this model.
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7.2.2 UXCMD=0

7.2.2.1 UYCMD =5

_ _LEFT REGHT

FWed

AFI

RC51 test data are available to define the zero yaw angle case for this combination.
RC62 plus RC78 data must be used to define the +4° and -4° yaw cases. Section 6 pre-
sents a comparison of RC51 and the sum of RC78 plus RC62 at zero yaw.

7.2.2.2 UYCMD =1

RIGHT

EWD)

ALl

RC77 data are available for the zero yaw cases, while the sum of RC37 and RC78 1s used
to generate the models for +4° yaw.
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7.2.2.3 UYCMD = 0 OF POOR QUALITY]

1EET RIGUT

W

This 15 the RC78 reaction control combination tested 1n test TA148 and the curve fits
apply directly.

7.2.2,4 UYCMD = -1

1EFT RIGHT

EV)

Afl

The summation of RC78 with the data developed 1n Subsection 7,1.2.4 15 used to define
this model.

7.2.2.5 UYCMD = -3

This case is the same as RC55 defined 1n Subsection 7.2.1.5.
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7.2.3.1 UYCMD =5

RIGIT

FWI

AFl

A

This combination was generated using the sum of RC78 with the mirror image of RC38,

7.2.3.2 UYCMD=1

LIFT RIGHT

FyrLg

AF1

bt
Al

The requred model was obtained as the sum of RC78 with the mirror umage of the
average between RC81 and RC40,
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ORIGINAYL PAGE IS
7.2.3.3 UYCMD =0 OF POOR QUALITY

LEFI RiCN{

fwoi

Abl

RC94 data obtained m test TA148 provide the models for this control combination,

7.2-3-4 UYCMD = _1

LEFT RIGHT

Furl

AFl

This combination is the sum of RC78 with the model defined 1n Subsection 7.1.3.4.

7- 2. 3o5 UYCMD = "3

RC55 data defined in Subsection 7.2.1.5 15 used for the control selection.
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7.3 MATED CONFIGURATION INCREMENTAL EFFECTS PREDICTION ROUTINES

Subsections 7.1 and 7.2 define the methods used to generate data for all of the allowable
control command combinations. A-complete set of curve fit equations would be 25 com-~
binations at 3 yaw angles at 14 angles of attack for the 6 aerodynamic force and moment
coefficients, or 6300 curve fit equations., It was decided that a more efficient approach
would be to use the existing set of curve fit data from 1A148 and to develop a computer
routine to define the others, based on the methods discussed 1n Subsections 7.1 and 7.2.
Two subroutines, RCS and FITS, were written to perform these computations and are
listed in Appendix D. The basic operations are shown schematically in Figures 7-1 and
T-2.

7.3.1 RCS SUBROUTINE, The s1% required inputs to the RCS subroutine are shown
TFigure 7T-1. They are: ) N

a. UZCMD - yaw control command

b. UXCMD - roll control command

c. UYCMD - pitch control command
d. ALPHA - angle of attack in degrees
e. BETA - yaw angle in degrees

f. XMOM - single nozzle momentum ratio defined by equation 6-3

This subroutine performs all computations 1n assembling the required control combina-

“tions by calling the FITS subroutine to compute the inecremental values at 0, +4, and -4
degrees yaw for each individual control combination, The routine uses the three com-
mand variables to branch to the correct combination of control requrements using
UZCMD as the primary level, The proper branch is selected from the two available
branches, based on UZCMD being zero or nonzero. Within each UZCMD path, the
second level branching 1s based on the UXCMD command. Three paths exist and the
selections are made for UXCMD less than zero, less than 1.0, and greater than 1.0,
The third level branching occurs based on the value of UYCMD. Five different paths
are selected by the following critena:

a, UYCMD=5
b. UYCMD< 5
c. UYCMD<1
d. UYCMD< 0
e. UYCMD< -1

1
After selection of a unique control case (defined in Subsections 7.1 or 7.2), the sub-
routine assembles the required combination by calling subroutine FITS with proper
definitions of the RC combination ID, the momentum ratio, and the angle of attack,
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FITS returns with values of the six aerodynamic increments computed at the correct
momentum ratio and interpolated for angle of attack differences for 0, +4, and -4 de-
grees yaw. The subroutine RCS repeats these calls to FITS as many times as necessary
to assemble mncrements for the desired control combination; it also corrects the incre-
ments for symmetry and mirror image computations as required,

When these operations are completed, the merements are corrected for yaw angle
effects and are resolved 1nto true body axis output. The output 1s the incremental aero~
dynamie coefficients due to interaction between the RCS exhaust plumes and the external
flow over the vehicle for the mated orbiter-plus-tank configuration. Figure 7-3 shows
the sign convention for the following

Cs = Incremental axial force coefficient

Cy = Incremental side force coefficient 8%1%%%%5?&%8

Cy = Incremental vertical force coefficient
Cy = Incremental rolling moment coefficient
C,= Incremental pitching moment coefficient
Cp = Incremental yawing moment coefficient

Thrust and impingement computations are not included 1 these data and must be
made elsewhere to compute the total RCS effectiveness.

7.3.2 FITS SUBROUTINE, Subroutine FITS 1s used to store the existing curve fit data
from test IA148 and to provide computed aerodynamic coefficients as called by sub-
routine RCS (Figure 7-2). Three sets of tables of curve fits are stored in ¥ITS through
data declaration statements. The first set represents the zero yaw data from 1A148 and
contains coefficients for RC06, RC11, RC37, RC38, RC40, RC51, RC55, RC61, RC62,
RC77, RC78, RC82, RC87, RC89, and RC%. The second set represents the 4-degree
vaw data and contains coefficrents for RC06, RC11, RC37, RE38, RC40, RC55, RCE1,
RCB2, RC78, RC89, and RC9%4. The third set representing the -4-degree yaw data con-
tains fits for RC38, RC40, RC55, RC61, RC78, RC89, and RC%4,

4
- The data are stored in three-dimensional arravs of curve fit coefficients. AOO0,

AP0, and AMO represent the ag term of equation 6-8 for the zero, +4, and -4 degree
yaw cases. AOIl, AP1, and AMI1 are the a7 terms of the curve fit equation while AO2,
AP2, and AM2 represent the ag terms, The subscripts (for example AOO(I,IB, J) of the
curve fits are defined as:

I =1ID for determiming the RC data set to where 1t belongs
IB = Angle-of-attack index (14 values)
7-17



4 = Aerodynamic force or moment
1 = normal force
2 = axial forece
3 = pitching moment
4 = rolling moment
§ = yawing moment
6 = s1de force

The order of loading of coefficients 1s specified in the parameters JD, KD, and L.D
which specify the ID number order for 0,-+4, and -4 degree yaw tables, respectively.
The parameter AL specifies the order of tables in terms of angle of attack.

The required input to subroutine FITS includes:

a. ID - RC code number from test 1A 148
b. ALPH - Angle of attack in degrees
c. XMR - Momentum Ratio

The subroutine first computes the index number for correct angle~of-attack sets. A
linear imterpolation/extrapolation term 1s also computed to correct the data between the
angles of attack for which the curve fits are made, If the angle of attack exceeds the
range of the curve fits, linear extrapolations are made.

Subroutine FITS then computes the index for the zero yaw curve fiis and the program
terminates if the proper ID is nof found. The zerc yaw coefficienis for the six aero-
dynamic components are computed with interpolations due to angle of attack.

The index for the +4 degree data 1s then determined and the curve fit coefficients
computed 11 a similar manner {o the zero yaw coefficients. If the proper ID does not
exi1st in the +4 degree yaw table, the last value of index 1s used. This is necessary be-
cause some cases, such as RC51 and RC82, have no data except at zero yaw. This
approach allows dummy computations in FITS which are corrected in RCS where the
yaw cases are generated by summing other sets.

The index for the negative yaw case 18 computed and the coefficients assembled, 1f
the data exists. If the proper ID 1s not found, the negaiive yaw coefficients are com=
puted from the positive yaw coefficients by assummg symmetry. If this is not true, it
remains for subroutine RCS to correct the data. .
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UZCMD ——p <+
UXCMD ——{ INPUT {4—
UYCMD — 0 /0

v

UXCMD

SAME AS OTHER BRANCH

v L =3 FITs
{ uycmD |
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s
LTS

"1{ FITS ]—»
=3 FITS @

= =2 ) v? 2 ~2
| UYCMD
) = SIGALL FITS > @
= rCALL FITS @
= 0rGALL FITS | @
= 1% @
v L —==3I"""FrTS
| UYCMD |

S

CORRECT
TFOR B

v

QUTPUT
CX Ci
CY Cm
CZ Cn

Figure 7T-1. Schematic flow diagram for RCS subroutine.
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INPUT ¢
T —01/9,(XMR)

COMPUTE
o
SUBSCRIPT

v

COMPUTE
INTERPOLATION
RATIO

¥

_COMPUTE
B=01D
SUBSCRIPT

COMPUTE A, A, A,

& INTERPOLATE
FOR ¢

v

COMPUTE
B=+41D
SUBSCRIPT

¥

COMPUTE A04, Al4, A24
& INTERPOLATE

FOR &

4

COMPUTE
 B=-41D
SUBSCRIPT

v

COMPUTE AM4, AM41, AM42

& INTERPOLATE
FOR &

v

Y0 = AMHALI¥EMR+A2%XMR2

Y4 = A04+A14¥XMRI+ A 24¥XMR2
YM4 = AM4,+AM41 ¥XMBR+AMA42*¥XMR2

4

RETURN

Figure T~2. Schematic flow diagram for FITS subroutine.
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zZ7 Cz
C_ =
N z
C = -
A Cx

Figure 7~3. Body axis sign convention.
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&

CONCLUSIONS

Analysis of wind-tunnel data has shown that aerodynamic mterference exists between
the reaction control system plumes and the flow over the Orbiter vehicle, with or with~
out the external tank. These mierference terms musti be taken into account when com-
putmg vehicle control due to reaction controls, because they can be large relative to
the thrust components. The interference terms have been correlated with the nozzle
flow parameter (of which the most important 15 momentum ratio) and analytic models
have been developed. -

The present phase of the study concentrated on the following areas

a.
b.

cl

Yaw effects on RCS during entry
RTLS error analysis

Mated vehicle RCS interactions

8.1 STUDY CONCLUSIONS

a&.

The effects of yaw on rear-mounted RCS mteractions durmg entry were
found fo be within the accuracy bands of the zero yaw data.

The most severe problem durmg RTLS abort is fo maintain roll control,
but this can be accomplished by the proper scheduling of pitch-up/pitch-
dowm asymmetiric roll control,

RCS roll control can be maximized at any angle of attack or flight condition
if the dynamic pressure can be computed and used to schedule asymmeiric
pitch—up or pitch-down roll control.

Forward-mounted piich Jgts were shown fo have no interference with aft-
mounted pitch jets for the Orbiier alone.

Mated (tank-on) configuration data correlated very well usmmg single-nozzle
momentum ratio as the parameter which is used to correlate the data to

flight conditions.

There appear to be significant effects of yaw angle in the mated configura~-
tion data which were mcluded 1n the analytic model.
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g. Superposition of jet combmation data appears to work better for the cases
where forward-mounted pitch and vaw jets are not combined.

h.  The intercept value, ays of the curve fit-coefficients should be removed
when applying the results to flight simulations because this term accounts
for wind tunnel test repeatibility.

1. All mated configuration control combinations can be generated from TA148
test data, but the confidence 1s lower for combinations where forward-
mounted pitch and yaw jets are combined or where more than two data sets
are used to generate the combination.

8.2 STUDY RECOMMENDATIONS

a. A blade-mounted model should be buili with a better representation of base
geometry to evaluate sting interference.

b. A vacuum chamber fest of symmetric prich-down RCS should be performed
with a good base geometry representation (no sting) to evaluate symmetric

pitch-down cross-coupling in the base region.

c. Test data should be obtamed on mated configuration RCS combinations
not covered 11 test TAL438.
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APPENDIX A

IA148 CURVE FIT COEFFICIENTS
AT ZERO DEGREES YAW



Table Al. RCO06 Incremental Normal Force Coefficient at 8=0°.

AC=ag+ajx+agx

o ag al 3.2 ag
-i4 -. 005567 - 3.0184 10,2744 . 00400
-12 -, 005590 - 3.3973 16.5761 . 00390
-9 -. 005070 - 2.2595 38.4040 . 00420
-6 -. 005170 - 2.0011 56.0651 . 00400
- 4,5 -. 005550 - 2,2795 53.4176 . 00410
-3 -.0049890 - 2.7341 42.8578 . 00390
- 1.5 -. 005390 - 2.9763 35,7407 00340

0 ~-. 005900 - 3.2802 22,0907 .00330

1.5 -. 005300 - 3.3480 17 9108 .00330

3 -. 005170 - 3.488%9 8.9492 .00320

4.5 -. 004510 - 3.4920 8.3356 . 00270

6 -. 004750 ~ 3.5654 6. 6444 .00270

9 -, 004730 - 3.2982 25.8359 . 00260

12.35 -. 004860 - 3.2800 32.5296 . 00260

Table A2. RCO06 Incremental Axial Force Coefficient at 8=0°,

2

AC= ag+ta;x+ azx‘?'

o 5.0 al 3.2 a
-14 -.00478 - 3.7848% 43.8674 .00230
-12 -.00498 - 4,1283 56.2186 00230
-9 . -.00514 - 3.79%28 41,3972 . 00240
-8 -.00514 - 3.5113 27.5778 . 00220
- 4,5 -.00502 - 3.5557 29,1527 .00210
-3 -. 00510 ~ 3.6096 31.7841 .00210
- 1.5 -.00518 - 3.8631 33.0481 . 00220

0 -. 00529 - 3.7019 32,5776 . 00230

1.5 -. 00543 - 3.8232 35. 3675 .00240

3 -. 00555 - 3.9370 37.4011 .00230

4.5 -. 00564 - 4,0105 38.1869 00220

6 -.00566 - 4,0000 35.7784 .00210

9 -. 00559 - 3.98867 31.8521 . 00230

12,35 -.00539 - 4,1724 34.60900 .00240




Table A3. RCO06 Incremental Pitching Moment Coefficient at 8=0°.

AC=a3+ajx+ azxz
-14 -. 000909 1.4030 3.5154 . 00049
~12 -. 001068 1.5810 - 2.3386 . 00071
-9 -.000874 1.2048 12,8978 . 00087
-6 ~. 001096 . 9807 22,1922 . 00085
- 4,5 -. 001390 1.0744 19.9636 .00103
- 3 ~-. 001150 1.1039 21,1181 .Q0071
- 1.5 -, 001260 1.1101 23.3810 . 00072
0 -, 001447 i1 0815 26.0552 .00060
1.5 -.001238 1.1519 22,7509 00077
3 -. 001213 1.2571 16.3796 . 00084
4,5 -, 001040 1.3222 11.5527 . 00062
6 -, 001140 1.3257 11.0130 . 00037
9 -. 001250 1.3543 12.5760 . 00049
12,35 -. 001300 1.4327 11.2061 00037
Table A4. RCO06 Incremental Rolling Moment Coefficient at 8=0°.
AC=a4+ a;x+ azxz

o ao a4 3.2 ag
-14 -.000301 . 0022 1.1067 . 00018
=12 -.000208 -0127 .5484 . 00015
-9 -.000168 . 0288 - 4543 . 00012
~- 8 -. 000205 . 0284 - . 0365 . 00012
- 4,5 -. 000192 . 0139 . 8404 . 00012
-3 -, 000155 . 0087 1.1322 . 00011
- 1.5 -. 000147 . 0064 1.2332 . 00011
Y -.000140 L0174 . 7585 .00010
1.5 ~-. 000137 .0161 .8112 . 00010
3 -. 000131 .0213 . 6635 . 00009
4.5 -. 000154 . 0189 6446 .00011
6 -. 000167 0143 . 7566 . 00012
9 -, 000166 . 0210 .3811 . 00013
12,35 -. 000148 . 0256 . 2287 .00012




Table A5. RCO06 Incremental Yawimmg Moment Coefficient at 8=0°.

AC=ay+arjx+agx?

o aO al az [s)
-14 . 000593 . 0797 1.0710 .00029
-12 . 000401 . 0618 L2740 . 00022
-9 . 000270 . 0547 - .0430 .00019
-8 . 000306 .0109 - 1.8138 .00027
- 4,5 . 000225 . 0243 - 3.0036 . 00024
-3 . 000110 L0270 - 38.0388 .00023
- 1.5 . 000082 . 0147 ~ 2,4545 . 00019

0 . 000055 . 0078 - 1.6786 .00019

1.5 . 000028 . 0270 - .3550 .00025

3 -. 000022 . 0203 - .3781 . 00025

4,5 . 000016 .0143 - .1886 . 00019

6 . 000013 -, 0048 - 1.0545 . 00019

9 -, 000077 L0018 - .7600 . 00023

12.85 -.000183 . 0051 - 6727 . 00029

Table A6. RC08 Incremental Side Force Coefficient at B=0°.

AC = agtajx+ azxz

-14 .0014839 .2694 - 3.6540 . 00047
-12 . 000927 .3429 -~ 6.2346 . 00036
-9 . 000767 . 2822 - 1.9325 . 00048
-6 . 000738 L1197 4.7806 . 00065
- 4,5 . 000232 .1433 2.9372 .00087
-3 . 000003 .1809 1.4454 . 00078
- 1.5 -. 000297 .2634 - 2,1070 . 00064
0 -. 000382 .3357 - 4.3923 . 00075
1.5 -. 000410 .4685 - 9.9102 00077
3 -.000706 .522% - 12.2395 .00082
4,5 -. 000728 .5963 ~ 14,4898 . 00098
6 -. 000924 5873 - 18,1953 .00107
9 -. 001160 .6356 ~ 15.4348 .00126
12.35 ~. 001380 .5609 - 13.3016 .00133




Table A7, RC11 Incremental Normal Force Coefficient at 8=0°.

AC = agtagx+ a2x2

[ ao é.l az a
-14 -. 005554 .2555 - 27,2942 . 00338
~12 -, 005589 . 2220 - 25.0938 . 00369
-9 -. 005051 L2792 - 27.7104 .. 00370
-6 ~, 005153 .2608 - 27.1202 . 00357
- 4.5 ~. 005534 .3184 - 31,7682 .00339
-3 -. 004958 L2775 - 31.4307 . 00358
- 1.5 -. 005389 L2791 - 36.9901 .00364

0 -. 005918 L1176 - 35.1237 . 00387

1.5 -, 005328 . 0627 - 39,2109 . 00323

3 -.005186 - .2895 - 28,8914 . 00303

4.5 -. 004510 - .6368 -~ 17.0588 . 00329

6 -, 004771 - 1.0710 - 1.,5871 . 00270

9 -, 004776 - 1.6324 20,0767 . 00230

12.35 -. 004899 - 1.6923 25,0392 . 00209
Table A8, RC11 Incremental Axial Force Coefficient at B=0°.
AC = agta;x+ azxz

(44 a.o al a2 c
-14 -. 004733 - 1,0188 - 1.0824 . 00190
-12 -. 004940 - 1,0845 2,9413 . 00208
-9 -. 005109 - 1.0848 7.4547 . 00213
-6 -. 005129 - 1,1469 14.6263 . 00214
- 4,5 -, 005011 - 1.2058 18.1851 . 00212
- 8 -. 005102 - 1.2363 20.4603 . 00216
- 1.5 -. 005191 - 1.2352 21.5569 . 00223

0 -. 0052938 - 1,2115 22,7242 . 00231

1.5 -, 005429 - 11,1620 23.2879 . 00236

3 -, 005552 ~ .9867 18.4666 £ 00230

4.5 -. 005634 - .8003 13,1711 . 00215

6 -, 005633 - .6843 9,0189 . 00195

9 -, 005609 - 7981 11.1459 . 00214

12.35 -. 005387 - .9589 16.5190 . 00221
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Table A9, RC11 Incremental Pitching Moment Coefficient at 8=0°,

AC=3ap+ta;x+ azx‘?'

(41 ao a.l a2 o
-14 -, 000905 . 0050 9.2262 . 00028
=12 -. 001075 . 0160 10,3115 . 00068
-9 -.000834 . 0433 10.9559 . 00080
-6 -. 001088 . 0585 14.6946 . 00068
- 4.5 -.001391 . 0741 15.9073 .00058
-3 -, 301163 L0721 15,4173 . 00061
- 1.5 ~, 001285 . 0148 11,6900 . 00061

0 -.001464 . 0817 10,1017 . 00059

1.5 -. 001255 L1240 7.1189 . 00073

3 -, 001227 . 2663 .3939 . 00090

4.5 -. 0010438 .4069 - B,9787 . 00069

6 -. 001140 .5021 - 12,7204 . 00053

9 -.001236 . 3550 -~ 10.3439 . 00078

12.35 -.001288 1371 - 3.5460 .00035

Table A10. RC1l Incremental Rolling Moment Coefficient at 8=0°,

AC= ag+ta;x+ a2x2

o ao al 32 c
-14 ~. 000284 . 0845 - 6.1793 . 00035
-12 ~-. 000200 . 0022 - 2.6535 . 00017
-9 -.000165 . 0727 2837 . 00023
-6 -, 000201 . 0987 3.0307 . 00059
- 4,5 ~. 000191 .1128 4,2177 . 00051
-3 -. 000156 .1718 6.2484 . 00028
- 1.5 -. 000152 L1734 7.2070 . 00027

0 -.000144 .15186 7.2720 . 00025

1.5 -.000144 .1024 5,6168 . 00028

3 -. 000140 . 0482 3.6826 . 00026

4,5 -. 000161 . 0034 1.5613 . 00020

6 -. 000171 .0319 .4638 . 00016

9 -.000166 .0588 - 1.3208 . 00018

12.35 -, 000146 . 0109 .1199 00011




Table All. RC11 Incremental Yawing Moment Coefficient at 8=0°.
AC=ag+aix+ ag %2
-14 . 3005786 .0610 6.0182 . 00059
~-12 . 000401 .18086 . 89730 . 00028
-9 . 000270 . 2953 - 3.8297 . 00032
-6 ° . 0003086 .3200 - 7T.1635 .00091
- 4,5 . 000230 .3396 - 8.5394 . 00082
-3 . 000117 L4265 - 11,7135 . 00059
- 1.5 . 000091 L4009 - 12,0861 .00051
0 . 000064 .3466 - 11,4349 . 00039
1.5 . 000040 . 2542 - T7.7424 . 00047
3 - . 000008 .1951 - 5.4725 . 00039
4.5 . 000028 .1540 - 3.3620 . 00028
6 . 000022 .1518 - 3.1765 . 00026
9 -, 000074 L1174 - 1.0802 . 00024
12.35 -, 000182 .1631 - 2.5499 . 00027

Table A12. RC11 Incremental Side Force Coefficient at 8=0°..

AC= ag*+a;x+ a2x2

o ao 3.1 3-2 o
=14 . 001472 .0606 - 22,3510 . 00119
-12 . 000942 3172 ~ 9.7726 00072
-9 . 000777 L4996 - 1,1514 .00075
-8 . 000742 .5216 5.8984 . 00208
- 4.5 . 000223 .4903 7.1218 .00186
-3 -. 000004 .B6660 13.6677 .00115
- 1.5 -. 000305 .6108 15.3108 .00121

0 -. 000382 .5580 16.7995 . 00092

1.5 -, 000414 L4145 12,5870 . 00099

3 -. 000713 .2648 8.0022 00102

4.5 -. 000741 .0879 1.2196 . 00095

6 -, 000929 L0378 - 3.5183 . 00092

9 -.001147 . 2471 - 12.6354 . 00107

12.35 -.001364 2471 - 11,5053 .00127




Table Al3. RC37 Incremental Normal Force Coefficient at 8=0°.

AC=ag+ajx+ azxz

o ag al 32 o
-14 -, 005550 - .7482 14,6076 . 00340
-12 -. 005590 - L7955 17.0759 . 00360
-9 -.005080 - .7308 15.'7'736 . 00370
-6 -. 005190 - .5668 10,7221 . 00350
- 4.5 -. 005580 - .5718 10.9729 . 00330
-3 -. 005010 - .5993 10.8404 .00350
- 1.5 -. 005450 - .B276 9.8784 . 00350

0 -, 005960 - .5122 4,5676 . 00330

1.5 -. 006370 - 4991 2,4806 . 00310

3 -. 005220 -  .4383 - 1.1469 . 00290

4.5 -. 004540 - .539%96 - .4130 . 030280

4] -. 004800 ~ .6329 . 3167 . 00260

] ~-. 004790 - .9288 6.5481 . 00230

12.35 -.004900 - 1.0784 10,8042 .00210

Table Al4, RC37 Incremental Axial Force Coefficient at 8=0°.

AC= ag+ta;x+ azxz

(a3 ao al az o
-14 -. 004720 - 3411 2.1741 + 00200
=12 -, 004920 - L2484 - 2.1433 . 00210
-9 -, 005080 - L2274 - 3.4511 . 00210
-6 -. 005100 - 2924 - « 3260 . 00210
~- 4,5 -. 004980 - 3091 - . 7052 .00210
-3 ~. 005060 - .3297 - 1.2225 . 00210
- 1,5 -. 005140 - .39038 . 0385 . 00210

0 -. 005250 ~ L.4564 2.5684 . 00220

1.5 -, 005380 - .5059 5.6757 . 00220

3 -. 005520 - L5188 8.2839 . 00220

4.5 -. 005620 - 4722 9.2922 . 00210

6 -. 005630 - .3628 6.8587 .00210

9 -. 005560 - 1981 - 1.3045 . 00220

12.356 -.005360 - .28568 - . 0035 . 00220




Table A15. RC37 Incremental Pitching Moment Coefficient at B =0°,

AC=ag+ayx+ za.z:i:2

o 3.0 al 3.2 G
~14 -. 000916 .3042 | - 1.8987 .00025
_19 -, 001076 .3286 | - 3.4805 . 00066
-9 ~. 000881 .2927 | - 3.7715 . 00066
-8 ~. 001087 2450 | ~ 2.0979 .00071
- 4,5 -, 001389 .1986 | - .6161 .00061
-3 ~.001153 .1732 | - .5235 .00053
- 1.5 -, 001271 .1493 .2418 .00052

0 -. 001447 .1408 1.1235 .00053

1.5 ~.001236 .0562 4,6671 .00056

3 -.001209 .0292 6.8597 . 00061

4.5 -. 001037 .0343 7.5526 . 00053

8 -.001145 .1449 3.7243 . 00044

9 -, 001244 2724 | - 3.1423 . 00045

12.35 -.001286 .1540 | - ,6657 .00045

Table A16. RC37 Incremental Rolling Moment Coefficient at 8=0°,

AC=a0+alx+a2x2

o 3.0 al 3-2 c
=14 -. 000299 L0118 1.1039 . 00013
~-12 ~-.000204 .0201 - .8823 . 00017
-9 -. 000169 .0374 - 2.6594 . 00015
-8 -.000206 0471 - 3.2462 . 00012
- 4,5 -. 000190 « 0448 - 3.3877 .00018
-3 -.000152 .0293 - 3.31110 .00018
- 1.5 -, 000142 . 0002 - 2.1891 00017

0 -.000134 .0333 - . 8962 .00018

1.5 -.000132 . 0704 . 6893 . 00017

3 -. 000129 . 1086 2,5267 00017

4.5 -, 000153 . 1317 4.0353 . 00017

6 -, 000168 .1135 3.8837 00024

9 -.000168 . 0285 1.1315 . 00013

12,38 -.000148 .0092 .4028 . 00022




Table A17. RC37 Incremental Yawimng Moment Coefficient at 8=0°.

AC =ay+a;x + agx>
~14 . 000595 .0426 - 2.4734 . 00027
12 . 000400 . 0074 .3141 . 00028
-9 .000271 . 0015 2.3682 . 00024
6 . 000311 - .0040 3.0536 . 00020
4.5 . 000226 . 0055 3. 0773 . 00030
-3 ., 000106 . 0283 2. 7049 . 00028
-1.5 . 000073 .0817 . 7272 . 00028
0 . 000046 .1822 - 1.5459 . 00028
1.5 . 000021 .1922 - 4.2015 . 00025
3 ~. 000023 .2531 - 6.9912 .00023
4,5 . 000018 .2804 - 8.5817 . 00021
6 .000018 . 2547 - 8.0452 , 00032
9 -. 000072 .1391 - 4,0420 . 00028
12,35 -, 000180 .1365 - 4,0758 . 00028

Table A18. RC37 Incremental Side Force Coefficient at §=0°.

AC = ag+ta;x+ a.zx2

o 8.0 al 3.2 o)
=14 . 001433 - ,1922 3. 7487 . 00052
-12 . 000218 - 0635 ~ 2.7695 . 00052
-9 . 000758 . 0550 - 10.1642 . 00045
-6 . 000729 .0720 - 10.1003 . 00062
- 4,5 . 000229 L1144 - 11.2808 .00090
-3 .000019 . 0865 - 10.5917 . 00092
- 1,5 -, 000274 .0622 - 9.699%9 . 00073

0 -. 000353 - 0347 - 5.988¢% . 00095

1.5 ~. 000382 - L1444 - 1,2138 . 00096

3 ~. 000687 - 2730 4.7946 .00089

4.5 ~. 000722 - - .3518 10,0263 . 00088

8 -. 000923 - 2873 9.5601 . 00107

9 ~. 001159 - .0655 3.7525 .00108

12.35 ~. 001390 . 0158 1.6123 .00122




Table A19., RC38 Incremental Normal Force Coefficient at 8=0°.

AC=ag+ajx+agx?
o 3.0 al 8.2 o)
~14 -. 005684 - 4.6993 - 4,7435 .00461
-12 ~. 005697 - 4,1014 - 20,4066 . 00486
-9 -. 005182 ~ 3.2343 - 46.9895 . 00483
-6 -,005312 - 2.7922 - 61.8816 . 00433
- 4.5 -. 005675 - 2.8009 - 57,9838 .00412
-3 ~. 005081 - 2.9519 - 44,8172 . 00454
- 1.5 ~. 005507 - 2,6925 - 47,8652 . 00442
0 -. 006046 - 2.4027 - 54,9510 . 00407
1.5 ~. 005461 ~ 2.1104 - 64,6451 . 00421
3 -. 005351 - 1.8656 - 72,0058 . 00446
4,5 -. 004655 - 1.8790 - 77.0703 . 00373
6 -.004911 - 1.4736 - 80,0539 . 00410
9 -, 004882 - 1.3845 - 59.9822 . 00405
12.35 -. 005005 - 1,8763 - 29,9712 . 00319

Table A20. RC38 Incremental Axial Force Coefficient at B=0°.

AC =ay+ a1x+a2x2

[+ 3.0 a.l 32 (o)
=14 -. 004685 - 3.1929 72.1151 . 00198
-12 -. 004903 - 3.3140 77.8627 . 00208
-9 -, 006072 ~- 342727 79,8417 . 00224
-6 -. 005097 - 3.0407 T6. 7470 . 00210
-~ 4.5 -, 004975 - 3.1270 80,0081 « 00217
-3 -. 005070 - 3.2691 82.0468 . 002562
- 1.5 -. 005148 - 3.4646 86.7472 . 00226

0 -, 005258 - 3,529 86.8990 .00213

1.5 -, 005397 - 3.5695 87.5770 . 00220

3 -, 005523 - 3.6731 90.4554 . 00217

4,5 -, 005614 - 3.8175 93.5530 . 00208

6 -, (08627 - 3.9723 95.3005 . 00242

9 -, 005558 - 4,2923 96,9827 . 00240

12.35 -. 005350 - 4.6860 108.7361 00224
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Table A21. RCS38 Incremental Pitching Moment Coefficient at 8=0°,

AC=ag+ayx+ a9 X2

o ag al az ag
-14 -, 000878 - .8821 58.7431 . 000786
-12 -. 001048 - 9781 68.8020 .00111
-9 -. 000864 - L9584 75.6480 .00158
-6 -.001081 - L6718 74.9761 . 00152
- 4,5 -, 001386 - .4548 69. 7344 . 00130
-3 -.001151 -  .2b46 63.5962 . 00066
- 1.5 -.001275 - L1313 680, 0474 .00073

1] -.001453 . 0402 54.2055 . 00072

1.5 -, 001237 . 2401 47,1787 . 00110

3 -.001198 L4429 39.9040 . 00104

4.5 -.001011 4706 40.4345 . 00070

6 -.001118 5053 41,9746 00112

9 -, 001223 1,1944 22,6662 . 00202

12.35 -.001265 1.7890 3.1306 . 00056

Table A22. RC38 Incremental Rolling Moment Coefficient at £=0°,

AC = ag+a x+ azxz

o 30 aq 32 o)
-14 -, 000302 .2153 - 20,3183 . 00017
=12 -. 000209 L1127 - 15,5334 . 00025
-9 -. 000177 .0593 - 12.2394 . 00025
~ 8 -. 000205 .0056 - 95.0936 .00023
- 4,5 -.000190 - L0503 - 5.9819 . 00032
-3 -. 000156 - L0810 - 4,1138 . 00024
- 1.5 -. 000154 -~ L1017 - 3.4943 . 00028

0 -.00014% - .1223 - 2.8652 . 00029

1.5 -, 0300150 - .1891 . 3786 . 00045

3 -.000153 - .2028 1.3627 .00051

4.5 -.000190 - 0421 - 6,8380 00112

6 -. 000209 « 2333 -~ 20,2050 .00118

g -. 000197 .3919 - 25,3586 . 00085

12.35 -.000161 .1659 - 14,9608 .00051
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Table A23. RC38 Incremental Yawing Moment Coefficient at 8 =0°.

AC=ag+a1x+agx2

-14 . 000604 -  .6642 19,1720 . 00034
-12 . 000419 - 5457 13.5119 . 00047
-9 . 000296 - L.bl78 16,9238 . 00059
- 6 . 000386 - ,3718 3.6871 . 00039
- 4,5 . 000234 - 2875 - 1.1453 . 00044
- 3 .000121 - .2256 - 3.5702 . 00035
- 1.5 . 000098 - .2150 - 4,1496 . 00040
0 . 000072 - .2100 - 6.4133 . 00088
1.5 . 000053 ~ 1487 - 11,5643 .00101
3 . 000015 - L.16875 - 12,3202 . 00084
4.5 . 000075 ~  .4632 3.5392 . 00195
4] . 000077 - .B8883 25.0250 .00188
9 . 000033 - 1,0937 32.6807 .00120
12.35 -, 000171 - 7554 18.3408 . 00071

Table A24. RC38 Incremental Side Force Coefficient at 8=0°,

AC = agt+a;x+ azxz
o ao al 3.2 g
-14 . 001419 1.9817 - B88.4687 00114
-12 . 000889 1.4729 - 67.4515 . 00121
-9 000773 .T578 - 33.2048 .00118
-8 . 000698 L1700 « 2973 . 00143
- 4,5 . 000181 - L0185 9.1201 . 00182
-3 -. 000050 . 0627 3.4038 . 00211
- 1.5 -, 000344 .1740 | - 4.8729 . 00147
0 -, 000430 2095 - bH.9582 . 00155
1.5 ~-. 000449 - 0092 6.9020 . 00199
3 -, 000752 - 08615 12.9511 . 00187
4.5 -, 000807 .5572 - 15.5405 . 00334
8 -.001033 1.5789 - 60.2298 . 00388
9 -,0031230 3.0798 -113.1812 . 00288
12.35 -.001395 2,9258 -104.5850 . 00204
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Table A25. RC40 Incremental Normal Force Coefficient at 8=0°,
AC=3p+tajxtagx

o ag ay s a
-14 -. 0056692 - ,3405 -108,1970 . 00457
-12 ~. 0056658 - L9612 - 76.0450 . 00432
-9 -. 005107 - 1.1271 - 59,6023 . 00421
-6 -.005171 - 1.5023 ~ 85,5765 .00369
- 4.5 -. 005524 - 22,0617 - 8,4840 .00375
-3 -.004908 - 2.8996 32.7150 . 00448
- 1.5 -.005328 - 3.6599 73.0021 . 00437
0 -.005811 - 4.6063 115.1794 . 00452
1.5 -. 005196 ~ 5.,2292 142,9434 . 00458
3 -. 005043 - 5,9101 171.8312 . 00442
4,5 -.004363 - 56,4921 198.2057 . 00456
6 -, 004592 - 7.3192 238.9743 . 00535
9 -. 004538 - 8.7620 318.5676 . 00534
12.35 -. 004604 - 8,7760 326.1563 . 00500

Table A26. RC40 Incremental Axial Force Coefficient at £=0°,

AC=a0+a.1x+a2x2

o 3-0 al 3.2 Q
-14 -.004643 - 4,40864 135,2430 .00239
=12 -.004848 -~ 4,4599 138,1980 .00250
-9 -. 005014 - 4.3143 136.8250 . 00266
-6 -, 005016 - 4,4181 148,5670 . 00264
- 4.5 -. 004904 - 4.4246 149,5880 . 00250
-~ 3 -. 005018 - 4,2685 141.2650 .00241
- 1.5 -.005125 - 4,1364 133.0924 . 00224

0 -, 005235 - 3,9954 125,6538 . 00215

1.5 -. 005381 - 3,8479 119.7306 . 00227

3 -. 005503 - 3.5682 109,1801 .00223

4,5 -. 005597 - 3.2927 96.2587 .00212

6 -. 005608 - 38,0923 84,8517 . 00221

9 -. 005551 - 3.0300 73,9381 . 00223

12,35 -. 005348 - 3.1796 76.2553 .00221
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Table A27. RC40 Incremental Pitching Moment Coefficient at 8=0°.

AC=ag+ajx+asx

o 3.0 al 3.2 a
-14 ~. 000985 1.8971 -~ 79.9239 .00150
-1 =-.001424 1.7501 ~ 68.5937 .00171
-9 -. 000943 1.3561 ~ 46.6669 .00173
-6 -. 001136 1.1141 ~ 28,3821 . 00140
- 4.5 -. 0014381 1.0469 - 22.6991 00124
-3 -, 001203 1.0651 - 21,9548 . 00115
- 1.5 -, 001336 1.2396 ~ 28.5206 .00144

0 -. 001516 1.3714 ~ 34.0322 .00142

1.5 -.001304 1.5020 ~ 39.3591 . 00145

3 -, 0012686 1.5607 ~ 41.6352 . 00128

4.5 ~-.001081 1.5635 -~ 41,2464 . 00100

6 -. 001164 1.4271 ~ 33.4900 . 00105

9 -, 001237 L3091 ~ 43,6256 . 00092

12.85 -, 001238 .56786 12.6720 . 00036

Table A28. RC40 Incremental Rolling Moment Coefficient at B=0°.

(8] ay &y aq 3
-14 -.000285 . 0967 ~ 7.3295 . 00035
-12 -. 000197 . 0435 ~ 1.3655 . 00021
-9 ~-.000157 1471 3.7578 . 00031
-6 -, 000188 .2192 7.3733 . 00046
- 4.5 -. 000179 .2596 9.4072 . 00046
-3 -. 000153 . 3228 12,6525 .00022
- 1.5 -. 000150 .32086 13,1479 . 00020

0 -.000140 .3296 14,4470 . 00031

1.5 -. 000131 . 3674 17.3001 . 00042

3 -.000120 .5944 15.7866 . 00038

4.5 -.000141 .3879 21,0206 . 00045

6 -, 000153 .3605 20,5832 . 00039

12.35 -,000139 .1753 6.7934 . 00040

A~14
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Table A29. RC40 Incremental Yawing Moment Coefficient at 8=0°.

AC=apg+ayx+ azxz
ag aq ag o

. 000603 . 7842 37.3467 . 00395

. 000422 L6701 32.8646 . 00051
9 . 000294 .5021 30.2184 .00051
6 . 000329 . 5597 28.5948 . 00052
4.5 . 000251 .5329 27.1709 . 00064
3 . 000148 LATT3 23.7691 . 00076
1.5 .000121 L4907 22.8296 . 00087
0 . 000084 L4342 17.6498 . 00108
1.5 . 000049 . 3252 10.4379 . 00038
3 -. 000006 . 2561 5.,2746 . 00042
4 . 300035 . o071 6.1669 . 00059
8 (300034 . 3970 9.5183 .09051
9 -. 000058 - .b%g0 21.8325 . 00086
12,35 -. 000151 - .8131 36.5508 . 00082

Table A30. RC40.Incremental Side Force Coefficient at 8=0°,

AC= ag+a;x+ a.zxz

o 30 ag az ag
-14 . 001438 1.7453 71.1350 . 000928
-12 . 000878 1.5322 63.2140 . 00102
-9 . 000715 1.3576 53.2736 . 00112

6 . 000702 1.2727 45,6489 . 00108

4.5 . 000182 1.3266 47,8647 . 00158

3 -.000033 1.3829 52.1354 . 00192

1.5 -.000404 1.6959 66.4678 . 00231

0 -, 000473 1.8511 70.5720 . 00232

1.5 -.000478 1.8094 63.2682 . 00250

3 -.000748 1.6170 49,4041 . 00175

4.5 -. 000767 1.4508 36.9412 . 00144

6 ~. 000959 1,.3842 29,6366 . 00173

g -.001179 1.6065 40.4477 . 00213

12.85 -.001426 2.1316 72,8684 . 00166
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Table A31. RC42 Incremental Normal Force Coefficient at B=0°.
AC=a0—alx+agx

o ag 3.1 as o
-14 -, 005973 - 1.7214 3.0795 . 00363
~12 ~-. 005941 - 1.1254 - 14,9304 . 00428
-9 -. 005344 ~ .368%8 ~ 34,0108 . 00447
-8 -. 005310 - 5168 - 28.6531 . 00409
- 4.5 -. 005823 - .6816 - 24,8222 . 00344
-3 -, 005227 - .59%47 - 28.3864 . 00370
- 1.5 —. 005850 - 7093 - 25,8780 . 00367
0 -. 006181 - 8337 - 19,2624 . 00383
1.5 -. 005914 ~  .9244 - 20.6508 .00367
3 -. 005695 - 1.0478 - 22,8093 . 00379
4.5 -. 005001 - 1,8070 - 6.5128 . 00478
6 -. 0049273 - 2.3180 15,1888 00417
9 -.004859 ~ 3.6440 63.5295% . 00298
12,85 -, 004918 - 4,0709 76.6844 .00313
Table A32. RC42 Incremental Axial Force Coefficient at 8=0°.

AC=3agrajx+asx

o ap 3.1 3.2 o
~-14 -. 004724 - 1.3270 7.4855 . 00203
-12 -, 004879 - 1.5947 18,6567 . 00228
-9 -, 005112 - 1.5966 24,9481 . 00254
-8 -.005152 - 1.0657 15.05641 . 00297
- 4.5 -. 004990 - .9399 14.7556 . 0238
-3 -. 005015 - .9989 18.4233 . 0230
- 1.5 -.004993 - 1.0010 17,7833 . 00230
0 -. 005109 - ,9229 14,7491 . 00241
1.5 -.006213 - JT757 11.6061 . 00260
3 -. 005437 - L6757 11,9542 . 00249
4.5 -. 005501 -  .4542 6.6709 .00248
6 -. 005548 -  .2478 - L0521 . 00223
9 -.005324 - 0465 - 10.1936 .00221
12.35 -, 005009 . 0351 - 12,7473 . 00239
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Table A33. RC42 Incremental Pitch Moment Coefficient at B8=0°.

o 3.0 al a9 a
-14 -, 000956 - .,3172 13.9024 . 00027
~12 -.001115 - ,4155 17.1451 . 00085
-9 ~. 000904 ~ .6371 25,4868 . 00081
~ 6 -. 001071 - .5230 23.8739 .00115
- 4,5 ~.001457 - .4669 20.9346 00113
-3 -.001243 - .3569 20,1340 . 00067
-15 -.001432 - 4346 23.2963 .00071

0 -.001510 - .4534 23.9870 . 000867

1.5 ~-.001393 - .3827 20.7794 .00113

3 -, 001350 - .1202 11.3671 .00122

4,5 -.001153 L0701 3.6138 .00073

6 -.001191 .2214 - 4,3124 . 00070

9 -,001266 .1931 -~ 8.2420 . 00087

12.35 -.001276 . 0042 - 5.5363 .00075

Table A34. RC42 Incremental Rolling Moment Coefficient at 8=0°,

AC=3.0T3.1X+8.2X

o 3.0 al a2 a
~14 -.000216 - .,1039 . 7495 . 00023
-12 -.000133 . 0670 - 4.9961 . 00049
-9 ~.000098 .1493 - 6.7116 .00021
-8 -.000150 .1498 - 7.0722 . 00069
- 4.5 -.000150 .1156 - 5.9438 . 00077
-3 -.000114 . 0482 - 3.9218 .00106
- 1.5 -.000103 - .2084 6.0351 . 00069

0 -.000095 - .2625 6.8073 . 00049

1.5 -. 000093 - ,2011 2.2359 . 00082

3 -. 000097 - ,1107 ~ 4.0842 .00072

4.5 -, 000109 - .118% - 6.2008 . 00069

6 ~.000111 -~ .2387 - 2.5700 . 00071

9 ~.000101 -~ .5841 14.5629 . 00091

12.35 -.000094 - .3697 10.4996 . 00078

A-17

AC=a0—Lalx-=-azx

R

2

2



_Table A35. RC42 Incremental Yawing Moment Coefficient at 5=0°.

AC=ap+ajx+agx

1] apn ay ag ag
=14 . 000448 . 7032 - 8,2163 . 00040
~-12 . 000297 . 8044 - 9,1984 . 00073
-9 . 000176 .9386 - 10,7041 . 00034
-6 . 000254 .8324 - 6,42486 .G0130
- 4.5 . 000192 . 7661 - 4.9424 . 00136
-3 . 000068 . 7324 - 4.3934 . 00110
- 1.5 . 000027 1.0084 ~ 16.9976 . 00081

0 . 000018 . 9993 - 15.7634 . 00081

1.5 -, 000005 . 8241 - 5.4642 . 00154

3 -, 000042 + 6072 7.9504 00124

4.5 -. 000027 L6172 11.1481 . 00098

6 -. 000040 . 8438 2,4039 . 00111

9 -, 000118 1.3119 - 24,0534 . 00161

12,35 -, 000209 .9161 - 15.9019 . 001186

Table A38. RC42 Incremental Side Force Coefficient at 8=0°.

AC=agrajx+agX

o agp ay a9 g
~-14 . 001305 1.3036 25.86781 . 00124
-12 . 000787 1,7321 33.2175 . 00236
-9 . 000696 1.9200 31.5682 . 00068
-6 . 000752 1.5328 19,1178 . 00349
- 4,5 . 000228 1.2882 14.3354 . 00333
-3 -, 000003 1.0565 8. 8482 .00223
- 1.5 -, 000301 1,4385 31,0055 . 00230

t -, 000278 1,1499 24,9852 . 00305

1.5 -, 000274 . 6499 9.5532 . 00222

3 -, 000568 . 0782 - 12,3873 . 00122

4.5 -. 000559 . 0960 - 19,7667 . 00139

6 -.0007186 . 0315 - 12.5328 00171

9 -. 000968 . 6472 30.2161 . 00345

12.35 -.001195 .1234 9.6709 . 00198
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Table A37. RC51 Incremental Normal Force Coefficient at 8=0°.

AC=ag+a1x+ayx>

ap 9 ay c
-, 005580 4,7544 25.699%4 . 00370
-. 005590 3.7936 L1718 . 00440
-. 005090 2.6325 26.24486 00510
-. 005200 2.6336 16.3369 . 00340
-. 005560 2.6814 14,8966 . 00310
-. 004980 2.6063 14.2679 . 00370
-.005400 1.9414 33.9465 . 00510
-. 005930 1.4941 42.2310 . 00380
-, 005340 1.3960 40.4129 . 00340
-. 005200 1.4235 33.2388 .00310
-. 004520 1.8078 12.4581 . 00300
-. 004800 2,1415 10.8563 .00410
-.004810 1.3887 8.4775 . 00430
-. 004930 1.9571 35.4368 . 00390

Table A38. RC51 Incremental Axxal Force Coefficient at S=0°,

AC = agta|x+ a.zx‘?‘

ao al 32 02

~. 004710 - 2.5096 29.8390 . 00180

~. 004930 - 2.7785 43,2343 . 00200

9 ~-.005090 ~ 2.4322 35.0454 . 00280
8 -, 005140 1.5517 10.3237 . 00280
4 -. 005030 1,33165 5.8394 . 00240
3 -. 005100 1.2829 4,9126 .00230
1 -.005180 1.5236 13.1775 . 002490
0 -. 005280 1.6437 15.9405 .00210
1,5 -. 005420 1.6017 15,1152 .00220
3 ~. 005540 1.4609 10,4097 . 00210
4.5 =-. 005630 1.3538 5.5769 . 00200
1] -, 005640 1.2853 . 1568 . 00210
9 -.005580 1.6184 6.8865 . 00230
12.3 -. 005380 1,8630 15.7441 . 00220
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Table A39. RC51 Incremental Pitching Moment Coefficient at S=0°,

AC = ag + a1x+ a.zxz

o 29 a1 22 c
-14 -. 000928 .9980 36,4798 . 00060
-12 -, 001093 .9902 40,8423 .00079
-9 -, 000918 . 9595 42,1345 .00116
-6 -.001140 5455 34,1041 .00219
- 4.5 -, 001443 2468 27.2540 . 00223
-3 ~.001199 .0068 21.1097 . 00106
- 1.5 -.001314 .0912 18.4669 . 00085

0 -, 001486 .1863 14,2061 .00089

1.5 -. 001267 .3105 8.7717 .00111

3 -, 001232 .5529 - L7791 00108

4,5 ~. 001043 7168 - 6.3121 .00070

6 -, 001147 .8520 - 9,1731 .00114

9 -. 001244 1.4436 ~ 21.8684 .00212

12.35 ~. 001284 2.1800 - 47,8053 . 00086

Table A40., RC51 Incremental Rolling Moment Coefficient at 8=0°,

AC=a0+a1x+a.2x2

(a4 ao 3.1 3.2 o]
=14 -, 000300 . 0248 - 7.9325 . 00022
~-12 -, 000189 . 0385 ~ 10.2764 00035
-9 -.000153 L0780 ~ 1,7409 . 00059
-6 -.000198 .1262 2.9617 . 00022
- 4,5 -.000182 0957 1.5574 . 00028
-3 -.000152 . 0945 1.0673 . 00025
- 1.5 -.000147 <2000 5.6587 . 00056

0 -.000132 . 2508 7.8100 . 00055

1.5 -. 000121 . 2694 7.9685 . 00057

3 -. 000110 .2736 8.906686 . 00081

4.5 -.000150 .3818 16,1252 00110

6 -. 000174 L4198 21.1976 . 00072

9 -, 000130 .B6705 31.8709 . 00160

12,35 -.000137 .5629 21,5665 .00108
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Table A41. RC51 Incremental Yawing Moment Coefficient at £=0°.

AC =2y +a;x + agx®
o 29 a.l a9 g
-14 . 000613 . 3807 - 2.6558 . 00040
-12 . 000401 + 3418 1.5194 . 00044
-9 . 000276 .5558 - 6.9625 . 00039
-6 .000313 .5290 - T7.1095 . 00033
- 4.5 . 000226 .4136 - 2.2233 . 00046
-3 .000112 . 3440 . 9751 « 00040
- 1.5 . 000084 L4461 - 5.2416 . 00078
0 . 000047 L5172 - 9,9827 . 00079
1.5 . 000016 . 5408 - 10.5580 . 00080
3 -. 000039 . 5472 - 12.9732 . 00134
4.5 . 000022 .5592 - 17.5421 . 00192
6 . 000023 .5018 - 21.0702 . 00120
9 -. 000140 1,0043 - 39.6644 . 00304
12.35 -. 000203 . 9073 ~ 24,0349 . 001869

Table A42, RC51 Incremental Side Force Coefficient at B=0°.

AC = ag+a;x+ azxz

o ao a,]_ az ()
-14 . 001380 - L7034 - 29,4604 . 00164
-12 . 000905 - 1.3105 - 12.4395 00173
-9 . 000785 - 2.0179 20.2834 . 00157
-8 . 000720 - 1,9545 29.5523 . 00163
- 4,5 . 000205 - 1.7100 19.3259 . 00180
-3 -, 000025 - 1.4343 5.3184 . 00146
- 1.5 -, 000289 - 1.6014 14,1171 . 00198

0 -, 000335 - 1.8310 30.3456 » 00220

1.5 -.000333 - 2.0031 44,0938 . 00176

3 -. 000647 - 1.8629 47.8547 » 00300

4.5 -. 000697 - 1.4591 43,9149 . 00421

6 -.000901 - 1.0897 42.6916 . 00322

9 -.001023 - 1.7399 80.2853 . 00405

12.35 -, 001339 - L4031 27.7201 . 0062
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Table A43. RCS55 Incremental Normal Force Coefficient at =0,

AC=ag+ajx+ a2x2
-14 ~. 005542 ~ 2.1166 - 36,5922 . 00350
-12 -. 005574 - 1.4770 -~ 60,7751 . 00430
9 -.005033 - 5177 - 87.7490 ., 00400
6 ~. 005137 ~ .6095 | - 94.9053 . 00480
4.5 -. 005549 -  .3488 -100,4455 . 00530
3 -~. 005004 - 1.021% ~105,9124 . 00460
1.5 —-. 005444 - 1.1198 -110,9258 . 00360
0 -. 005922 - 1.4196 -102.8726 . 00390
1.5 -. 005293 - 1.7130 - 95.0049 . 00350
3 ~. 005166 - 2,1988 - 76.4831 . 00320
4.5 -. 004484 -~ 2.5802 - 59.5705 . 00310
6 -. 004745 - 2.8749 - 46.2922 . 00260
9 -, 004741 - 3.0877 - 23.9554 . 00350
12.35 -. 004880 - 3.5097 - 47.8799 . 00370
Table A44, RC55 Incremental Axial Force Coefficient at 8=0°,
AC=ag+a;x+ ag X2

o ao a-l 3.2 o
=14 -, 004779 - 5.1833 90.0296 .00230
~12 -. 004977 - 5.4600 96,4655 . 00240
9 -. 005134 - 65,2471 87.8254 . 00230
6 -, 0051438 - 4,9022 . T8.7452 . 00240
4.5 -. 005021 - 4,7642 74.9063 . 00220
] -, 005109 - 4.7010 72,6585 . 00220
1.5 -. 005189 - 4.6177 67.9980 .00220
0 -, 005301 - 4.568% 63.9737 . 00230
1.5 -, 005445 - 4.5717 62.5949 . 00240
3 -. 005571 - 4,5783 61.7848 . 00230
4.5 -. 005657 - 4.6405 62.4778 . 00230
6 -. 005663 - 4,7438 63.4972 . 00240
9 -. 0056587 - 4.9291 65,7792 . 00220
12.35 -. 005398 - 4,.8692 61.1104 . 00240
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Table A45. RCS55 Incremental Pitching Moment Coefficient at 8=0°,

AC=apg+tarx+asx
o ag aq a9 o)
~14 -.000915 . 8407 20,8669 . 00029
-12 -. 001084 . 7498 24,4986 .00110
-9 -.000894 .4581 32.7159 L 00077
-6 -. 001096 .5802 30.4675 . 00109
- 4.5 -.001391 . 6661 30.8149 . 00140
-3 -. 001160 . 7340 32,2501 .00113
- 1.5 -.001285 . 7886 33.7521 .00091
0 -. 0014539 . 8732 32.1808 . 00061
1.5 -. 001240 . 9866 27.9943 . 00069
3 -. 001213 1.0654 24,3656 . 000686
4.5 -. 0010639 1.1330 20.4892 . 00049
6 -.001151 1,1300 20, 2167 .00034
9 -.001248 1.1444 18.3773 00041
12.35 -. 001295 1.1501 14,0969 .00078

H

Table A46. RC55 Incremental Rollmg Moment Coefficient at S=0°,

2

AC=ay+ ajx+ azxz

(a4 ao al az o
-14 -, 000301 - 0725 - .1958 . 000386
=12 -.000201 L1121 - 5.4306 . 00058
-9 -, 000185 . 1759 - 5.6147 . 00018
-8 -, 000207 . 1313 -  3.2763 . 00013
- 4,5 -, 000195 . 1404 - 3.6111 . 00013
-3 -.000158 L1174 - 2.7080 . 00018
- 1,5 -. (000152 . 0680 - L8771 . 00025

0 -. 000145 - .0047 1.6111 . 00028

1,5 -. 000142 - 0584 3.2541 . 00027

3 -. 000138 - .1215 5.0397 . 00028

4.5 -.000161 - .1664 6.1744 . 00032

6 -. 000176 - L1977 6.9896 . 00022

9 -.000168 - L2100 7.1794 . 00022

12.35 -.000146 - 2485 8.9494 . 00026
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Table A47. RC55 Incremental Yawing Moment Coefficient at 8=0°.

AC =ap+ayx+ azxz

o ao a.l 3.2 a
-14 .000605 5010 | ~ 5.7196 . 00046
~12 . 000402 6432 | ~ 9.5155 . 00053
-9 . 000270 7477 | - 11.3829 .00021
-6 .000317 L6781 | -~ 8.9439 .00054 )
- 4.5 .000239 5480 | -~ 4.0384 . 00070
-3 . 000121 4577 | - .eal9 .00034
- 1.5 . 000086 4713 | - 1.3146 .00035

0 . 000056 .5561 | - 4.5834 .00028

1.5 000030 .6220 | - 6.7944 . 00024

3 ~. 000017 .6356 | -~ 6.7796 .00019

4.5 . 000020 6171 | -~ s5.8715 .00021

8 .000016 .5739 | -~ 4.3907 . 00027

9 ~. 000078 5684 | - 4.6235 .00025

12.35 ~.000189 5918 | -~ 7.5135 .00071

Table A48, RC55 Incremental Side Force Coefficient at 8=0°,

AC = ag+a;x+ a2x2

o ag ay a9 g
-14 . 001412 .2168 9.0422 . 00175
=12 . 000909 . 7810 25,6796 . 00137
-9 . 000750 . 7593 21.3023 . 00054
-6 . 000708 .4804 10.7358 .00116
- 4,5 . 000200 .1421 -~ 19,7981 .00144
-~ 3 -. 000015 .1755 ~ 11.5068 . 00124
- 1.5 ~. 000298 . 3566 -~ 15.8979 . 00138

0 -. 000358 .4994 - 17.4094 .00115

1.5 ~. 000379 7143 -~ 23.8067 .00122

3 -. 000678 .9824 -~ 31.7234 . 00117

4.5 ~. 000710 1.1879 - 36.7760 .00141

6 -, 000905 1.3611 - 39,6737 . 00143

9 ~, 001137 1.5492 ~ 42,1381 .00136

12.35 -. 001361 1.5489 -. 50.8708 .00191
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Table A49. RC59 Incremental Normal Force Coefficient at 8=0°.

AC =25 +ayx+agx?

o ao 3.1 a2 a
-14 -. 005570 - 2.1085 3.6034 . 00360
-19 -. 005620 - 1.8373 - .0624 . 00410
-9 -, 005110 - 1.5799 - 2.5153 ., 00370
-6 -. 005210 - 1.5979 6.0418 . 00360
~ 4,5 -, 005590 - 1.3838 3.6571 . 00360
-3 -. 005030 - 1.5948 14,4011 . 00400
- 1.5 ~. 005470 - 1.6699 23.3547 . 00370
0 -. 006010 - 1.68902 26.8601 . 00370
1.5 ~. 005430 - 1.5379 20,5750 . 00360
3 -. 005310 - 1.4258 17.9392 . 00360
4.5 -. 004830 - 1.5476 25,2100 . 00360
6 -, 004880 - 1.5079 30,5123 . 00350
9 -. 004820 - 1.4483 41,4581 . 00290
12.35 ~. 004930 - 1.4410 46.9635 . 00220
Table A50. RC59 Incremental Axial Force Coefficient at B=0°,

AC = agt+a;x+ a2x2

[s4 3.0 8-1 3.2 (o2
-14 -.004690 - 1.0915 - 1.65586 . 00190
-12 -. 004910 - 1.2290 5.7421 . 00200
-9 -. 005070 - 1.25083 11,5021 . 00230
-8 -. 005100 - 1.2631 19.3087 . 00210
- 4.5 -, 004980 - 1.3610 23.3715 . 00210
-3 -. 005070 - 1.4112 24,1681 . 00210
-~ 1.5 -. 005170 ° ~ 1.4020 22,6428 . 00210
0 -, 005280 ~ 1.3425 21.3935 . 00230
1.5 -. 005420 - 1.3128 22.1526 . 00230
3 ~, 005530 - 1.2704 20.6249 . 00220
4.5 -. 005620 - 1.2643 18.1796 . 00220
6 -.005830 - 1.38232 16,6111 . 00220
9 ~. 005570 ~ 1.6494 19.6903 .00270
12.35 -. 005380 -~ 2,1299 32,7565 . 00230
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Table A5l, RC59 Incremental Pitching Moment Coefficient at 8=0°,

AC = agtajx+ a.zxz

=14 -.0009186 - .5384 31.0179 .00032
-12 -.001084 - 5422 12.5943 . 00074
-9 -. 000897 - 7094 21.7107 .00100
-6 -, 001010 - .6927 28.5141 . 00037
- 4.5 -.001401 - .6210 29,3508 . 00082
-3 -.001179 - .6560 30.9176 . 00077
- 1.5 -.001302 - .5351 26.3726 . 00085
0 -. 001484 - L4095 22,0736 . 00105
1.5 ~. 001276 - .3DH96 22.1624 .00114
3 -. 001251 ~ .2493 18,9971 .00110
4.5 -. 001074 -~ .0694 13.6102 .00114
6 -. 001170 L2124 3.1605 .00095
9 -. 001245 .8333 -~ 15.40586 . 00184
12,35 ~-.001283 1.2538 - 24.7211 . 00054

Table A52. RC59 Ineremental Rolling Moment Coefficient at 8=0°.

AC = ag+a;x+ azxz

o aO al &2 c
-14 -. 000265 .0912 | - 7.8638 .00064
-12 -, 000195 - .1132 .6136 .00044
-9 ~. 000171 - .1769 4.0131 . 00028
-6 -.000209 - L1341 4,5535 . 00029
- 4.5 -. 000192 - .1440 5.7674 .00019
-3 . 000159 - .1285 5.3899 .00028
- 1.5 -, 000151 - 1149 5.2676 .00028

0 ~.000148 - .1301 6.8606 .00044

1.5 -, 000137 - .1683 9.9056 .00050

3 -.000137 - .1920 12.5894 . 00040

4.5 -. 000167 - .1638 12.6863 . 00034

8 -. 000187 - .0853 10. 6295 . 00056

9 -, 000172 .2505 | - 3.5854 . 00065

12.35 -.000140 .2441 | - 7.2666 .00050
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Table A53. RC59 Incremental Yawing Moment Coefficient at $=0°.
AC =2y +ayx+agx?
(44 aq 3.1 8.2 a
~14 . 000566 0732 5.4582 . 000865
-12 . 000391 2471 - 31,8731 . 00037
-9 . 000269 .3351 - 6.5679 . 00035
-6 . 000310 .3713 - 16.0911 .00024
- 4,5 . 000232 .3635 - 10,1175 . 00025
-3 . 000120 . 3097 ~ T7.7762 .00033
- 1.5 . 000088 .2923 - 7.8125 . 00041
0 . 0000565 .3555 - 12,3148 . 00083
1.5 . 000026 .44.04 - 18,3458 00073
3 -. 000018 .5082 - 23.4689 .00047
4.5 . 000033 4563 - 22,8080 . 00051
5 . 000041 .3456 - 19,5302 . 00076
9 -, 000069 - .1l099 1.5008 .00109
12.35 -. 000196 - .0821 5.7580 . 00054

Table A54. RC59 Incremental Side Force Coefficient at B=0°.

AC= agt+ta;x+ azxz

-14 . 001320 L1042 - 12,1507 .00210
-12 . 000879 . 7203 - 38,1822 . 00180
-8 000786 .T145 -~ 40,1938 .00100
~ 8 . 000750 - .0083 - 12.9057 .00130
- 4.5 . 000248 - .2925 -  .9554 . 00120
-3 . 000001 - 4151 3.2808 .00110
- 1.5 ~-.000293 - .5328 10.8219 .00130
0 -. 000372 - .6496 18,8359 . 00170
1.5 -.000391 - .9153 34,7440 . 00140
3 -, 000699 - 1.0593 46.5078 . 00200
4.5 -.000750 - L7174 37.6780 . 00290
6 -.000942 - .0610 17.6002 . 00280
9 -, 001146 1.0144 - 22,7489 . 00180
12,35 -.001371 1.0699 - 35,1806 .00250
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Table A55. RC61 Incremental Normal Force Coefficient at 8=0°,
AC =2y + a3 x + agx?
o ag 2y ag g
=14 -. 005545 - 1.1589 - 8.1260 .00355
=12 ~. 005590 - 1.2183 - 13.7942 . 00373
-9 -. 005065 - 8440 - 31.3342 - 00378
-6 -. 005158 - .7210 - 38.5609 . 00345
- 4.5 -+ 005539 - 9752 - 32,4354 . 00370
-3 -. 004970 - 1.1545 - 30,2976 . 00394
- 1.5 -. 005395 - 1.4815 - 22.6230 . 00345
0 -.005920 - 1.8071 - 19.5732 . 00350
1.5 -. 005339 - 1.6689 - 20.2656 . 00320
3 -. 005120 - 1.7001 ~ 22.1659 .00311
4.5 -.004514 - 1.7546 - 22,8338 .00305
6 -. 004748 - 1.9856 - 17.7099 . 00279
9 ~. 004755 - 2.2315 - 12.8547 .00231
12.35 -. 004905 ~ 2.3792 - 6.1884 . 00207

Table A56. RC61 Incremental Axial Force Coefficient at 8=0°.

AC=ay+ a;x+ a2x2

o ao 3.1 3.2 a
-14 ~. 004757 - 2.4950 21.6695 . 00197
-12 -. 004057 - 2.4940 19.7225 .00215
-9 -. 005105 ~ 2,8477 11.5808 . .00210
-8 -.005116 - 2,3568 10,8406 .00202
- 4,5 -. 004996 - 2.4155 13.6087 . 00204
-3 -. 005085 -~ 2,.5486 19.1436 .00213
~ 1.5 -. 005164 - 2.7051 24,6447 . 00214

0 -, 005262 - 2,8836 31.2412 .00214

1.5 ~. 005400 - 2.9504 34.7243 . 00217

3 -. 005535 - 2.9155 34.5155 . 00214

4.5 -, 005638 - 2.8504 33.2781 . 00205

6 -. 005658 - 2.7467 29.2659 .00199

9 -. 005575 - 2.6307 21.3351 . 00219

12.35 ~. 005372 - 2.7315 21.6981 . 00220
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Table A57, RCS61 Incremental Pitching Moment Coefficient at 8=0°.

AC=ag+ajx+agx

¢ ao a1 32 g
=14 -. 000903 . 7428 - . 6900 . 00040
=12 -. 001069 . 7883 - 1.4858 . 000786
-9 -. 0008384 6078 5.6626 . 00071
- 8 -.001088 .5968 5.1313 . 00090
- 4,5 -. 001379 .5609 6.6262 . 00072
-3 -.001148 .6103 5.8480 . 00064
- 1.5 ~. 001267 . 0087 7.1638 . 00070

0 -, 001451 . 6048 8.8185 . 00062

1.5 -.001248 . 6034 9.1605 . 0070

3 -, 001213 6101 8.8908 . 00070

4.5 ~, 001044 .6733 6.6308 . 00055

6 -.001143 7215 5.2034 . 00056

Q -.001245 .3364 - .2191 . 00044

12,35 -. 001291 . 7269 2.4494 . 00033

Table A58, RC61 Incremental Rolling Moment Coefficient at f=0°,

2

AC = ag+a;x+ a2x2

o 2, ay ag g
-14 ~. 000304 L0114 - 3108 . 00017
=12 -. 000209 . 0558 - 4,7062 . 00037
-9 -. 000171 L1235 - 99,5100 . 00023
-6 -. 000202 0672 - 7.0272 . 00030
- 4,5 -. 000188 - 0073 - 3.8552 . 00029
-3 -.000149 - 0677 - 2.0303 . 00031
- 1.5 -.000143 - ,1096 - 1,0331 . 00021

0 -, 000137 - L1398 - QT . 00014

1.5 -.000138 - L1841 . 9284 . 00012

3 -.000134 - 1965 2.3840 . 00014

4.5 -. 000158 - L2208 3.5095 . 00013

6 -.000173 - 2265 3.8937 . 00015

9 -. 000171 - L,1851 1.9303 . 00019

12.35 -,000149 - .1631 2.0002 . 00013
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Table A59. RC61 Incremental Yawing Moment Coefficient at §=0°,
AC=ap+ayx+asx?

o ao 3.1 3.2 g
=14 . 000600 - .3032 - 2.,2789 . 00027
~12 . 000404 - .3482 13.2571 . 00037
-9 . 000274 - .4088 6.0787 . 00037
- B . 000305 - .3459 3.9407 . 00042
- 4,5 . 000219 - .2636 .3012 . 00035
-3 . 000102 - L2162 - 1,1669 . 00036
- 1.5 . 000076 - ,1846 - 1.8339 . 00024

0 . 000053 - J1704 - 2,0145 . 00020
’1.5 . 000030 - .1358 ~ 3,0370 . 00023

3 -. 000017 - 0800 - 4.,94382 . 00027

4,5 .000022 - .0276 - 7.0458 00021

G . 000022 - L0375 -~ B6.8956 .00029

9 -, 000071 - ,1595 - 3.2353 . 00035

12,35 -, 000182 - .1907 - 2.9647 . 00029

Table A60. RC61 Incremental Side Force Coefficient at 8=0°,

AC = ag+ta;x+ azxz

o 30 a1 aqg g
~14 . 001437 .8729 6.0380 . 00089
-12 . 000017 L9770 -  .5678 . 00057
-9 . 000758 1.1710 - 12,3403 . 00068
-6 . 000743 1.1409 - 8.7908 .00125
- 4,5 . 300240 1.0877 - 3.6572 . 00109
-3 . 000018 . 9947 - 1.3668 . 00121

0 -. (00356 1.0003 -~ 4,4932 . 00080

1.5 -. 000389 .9880 - 5.32086 . 00092

3 -. 000693 .8996 - 3.2242 . 00094

4.5 -. 000730 . 8296 - 1.6345 . 00093

6 -, 000934 . 8145 - .7681 . 00093

9 -.001168 1.1170 - 9.54086 . 00126

12,35 -. 001387 1,2484 - 10.6891 . 00129
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Table A61l. RC62 Incremental Normal Force Coefficient at B=0°.

AC=ag+ayx+ azx‘?‘

(43 3.0 al a2 a
-14 -.005609 - 3.0971 9.5H26 . 00392
=12 -, 005628 - 2.4864 - T7.1336 . 00442
-9 -.005118 -~ 1,8918 - 29,6933 . 00408
-6 -, 005209 ~ 1.2524 - 36.8912 . 00393
- 4,5 -.005580 -  LR985 - 43. 3664 . 00375
-3 -.005018 - L9694 - 33.4187 . 00440
- 1.5 -. 005465 - 4665 - 43,2456 . 00444

0 -.005992 - .0923 -~ 50.5489 . 00409

1.5 -. 005398 . 1824 - 58.0241 . 00334

3 ~. 0052860 .3351 - 61.4943 . 00320

4.5 - 004580 . 2999 - b7.8434 . 00302

4] ~-.004831 .3821 - 51.8671 . 00331

9 -. 004828 .5908 - 36.5363 . 00338

12,35 ~. 004956 .3380 - 19,9148 . 00265

Table A62. RC62 Incremental Axial Force Coefficient at S=0°.

AC = ag+a;x+ azxz

o ao a.l 3-2 g
-14 -. 004707 - L6008 - 3.1297 .00188
-12 -.004919 - .5818 - 1.6695 . 00204
-9 -. 005079 - 4340 - 2.49%01 . 00243
- 6 -. 005094 - 2682 - . 9427 L00210
- 4.5 -. 004975 - .3256% 1.6288 . 00208
-3 -. 005070 - ,3378 - . 0642 ,00231
- 1.5 -, 005153 - L4122 - . 2457 .00218

0 -. 005257 - L3901 - 2.4719 .00213

1.5 -. 005391 - ,3952 - 2.4414 . 00217

3 -. 005508 - .4580 L7171 00211

4.5 -. 005802 - .B753 3.0885 .00218

8 -.005618 - L7204 5.4270 . 00237

9 -. 005558 - 1,0837 11.2335 . 00241

12.35 -,.005357 - 1,3984 19,7655 .00222
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Table A63., RC62 Incremental Priching Moment Coefficient at B=0°.

AC= 3-0 + a1 x + az}{z
o ag 24 a9 o)
-14 -, 000900 . 9788 32,8668 .00053
-12 -. 001062 « 9945 39.2937 .00113
-9 -.000877 .9919 45,0750 L00111
-6 -.001086 . 7260 44,1834 .00147
- 4.5 -, 001385 -5169 40.1231 . 00095
-3 -. 001161 +5012 40,2452 . 00072
- 1.5 -.001284 . 3585 34.8206 . 00075
0 -.001464 .1841 27.5649 . 00097
1.5 -.001248 . 0586 17.7316 . 00082
3 ~-. 001215 « 2465 10.63186 . 00071
4,5 ~, 001033 . 2932 9.0665 . 00047
6 -, 001132 . 3005 9,7041 .00105
) -,001231 . 9865 - 6.1537 .00211
12.35 -.001280 1.5624 - 24,9211 .00038

Table A64. RC62 Incremental Rolling Moment Coefficient at 8=0°.

A0=a0+a1x+a2x2

o ao 8.1 32 (o3
~14 -, 000293 » 0507 - 1,1771 00017
=12 -. 000200 . 0986 . 9269 . 00014
-9 -.000164 L1104 2.4335 . 00026
-6 -. 000199 L1417 4.5463 . 00022
- 4.5 -.000188 . 1436 5. 0468 . 00025
-3 -.000152 .1335 5.1813 .00018
- 1.5 -.0600147 . 1622 6.8471 .00017

0 -, 000140 . 2104 9.7479 . 00032

1.5 -. 000141 . 2860 14.2560 00043

3 -.000142 3060 16.6512 00042

4,5 -, 000170 » 2479 16,0002 . 00066

6 -.000183 . 0683 92,6091 .000786

g -.000178 . 2627 - 5,5086 . 00056

12,35 -. 000152 . 1378 - T.2821 . 00073
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Table A65. RC62 Incremental Yawing Moment Coefficient at $=0°,
AC = agp -+ 21 x + 3.215'.2

04 a.o a-l 3.2 a
-14 . 000584 . 3794 - 8.5442 . 00038
~12 . 000306 L4291 - 10,1173 . 00027

9 . 000267 L4109 - 9.1575 . 00034

6 . 000300 4970 - 12,5314 . 00037

4.5 . 000222 . 5443 - 14.6594 . 00037

3 . 000106 .5806 - 16.7991 . 00034

1.5 . 000080 .6335 - 20.3353 ~00042

0 . 000054 . 6871 - 25.5571 . 00096

1.5 . 006037 . 7470 - 31,1624 . 00089

3 ~. 000001 . 7829 - 34.0075 . 00054

4,5 . 000042 . 6470 - 31.0210 . 00081

6 . 000033 .4:049 - 21,4906 . 00090

9 -, 000082 . 0185 - 1.4873 . 00095

12.835 -, 000180 1958 T~ 1.7778 . 00092

Table A66. RC62 Incremental Side Force Coefficient at S=0°.

AC= agta;x+ a2x2
o ag aq ay o
-14 . 001435 4600 ~ 21.5453 . 00106
-12 . 000936 . 0984 - 8.4487 . 00088
-9 . 000794 - .3662 12.8843 . 00123
-8 . 000732 - .7388 32,7346 . 00073
- 4.5 . 000221 - .T833 34.9426 . 00112
-3 -, 000009 - 6798 28.6419 .00113
- 1.5 -, 000301 - .6244 24,5849 . 00078
0 -. 000377 - L7650 32,3655 00144
1.5 -, 000397 - 1.,1492 53.4475 . 00217
3 -, 000710 - 1.2898 66,5101 . 00193
4.5 -, 000750 -~ 5976 61.4044 . 00249
6 -. 000957 - .2453 37.3629 .00314
9 -.001173 1.5032 ~ 33,0078 .00248
12.35 -, 001364 1.7613 - 55.2229 .00226
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Table A67. RCY7 Incremental Normal Force Coefficient at 8=0°,

AC =2y +a)x+ agx?
-14 —. 005550 ~ 1.0488 7.0034 . 00340
-12 -. 005570 - .4556 | - 8.5892 . 00440
-9 ~. 005050 .3365 | - 24.5113 . 00410
-8 -.005170 .2006 | - 17.5255 .00360
- 4.5 . 005530 1122 | - 18.0424 .00340
_3 -. 004970 1474 | - 21.8162 . 00340
- 1.5 -. 005410 .3520 | - 29.7039 .00350
0 -. 005950 .2179 | - 22.8233 .00350
1.5 -.005370 0810 | - 18.8311 . 00340
3 ~. 005240 - .2933 | - 5.4905 .00300
4.5 ~. 004560 - L5771 1.2932 . 00350
6 ~. 004820 - .9042 9.8990 . 00320
9 - 004790 - 1.4775 17.3056 . 00340
12.35 - 004920 ~ 2.1323 95.7223 .00350

Table A68. RCT7T Incremental Axial Force Coefficient at 8=0°,
AC= ag+a;x+ a2x2

o aO a-l 3.2 a
=14 -. 004740 - ,9381 11.9082 . 00190
=12 -. 004940 ~ 1.1464 17.2930 . 00220
-9 -, 005100 ~ 1.1282 16,3720 . 00220
-8 -.005110 - .'7646 8.0755 . 00240
- 4.5 -.004990 - L7118 10.2761 . 00210
-3 =, 005070 ~ .T7441 13,0783 . 00200
- 1.5 -. 005160 ~ .7903 14,8151 . 00200

0 -, 005260 ~ .7381 12.2192 . 00210

1.5 -.005410 ~ .6848 10.3746 . 00220

3 -, 005540 - L8185 8.7135 . 00210

4.5 =-. 005620 -~ .5541 T.5749 . 00200

6 -. 005630 - .5153 7.8858 . 00200

9 -. 005560 ~  .4382 7.0192 00210

12.35 -, 005370 -~ .1868 ~ 1.4898 . 00230
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Table A69. RC77 Incremental Pitching Moment Coefficient at £=0°,

AC =2y +a;x + agx2
-14 -. 000924 .0612 3.8532 . 00039
-12 -.001081 L1077 3.3549 .00100
-9 -.000886 .2993 6.5284 .00070
-6 -.001086 - 2645 6.4159 .00099
- 4.5 -. 001376 . 1986 5.7912 . 00092
-3 ~.001148 .2102 8.0587 . 00055
- 1.5 -. 001268 .1795 7.6087 . 00059
0 ~. 001459 .1788 T.7416 . 00070
1.5 -.001249 . 1597 6.5265 . 00070
3 ~. 001222 1597 6.83408 . 00074
4.5 -. 001040 -1279 5.9983 .00043
6 -.001147 .10086 5.7149 .00033
9 -.001242 . 0087 1.1121 . 00048
12,35 -.001279 .0571 - 3.6154 . 00038

Table A70. RC77 Incremental Rolling Moment Coefficient at S=0°.

AC =ao -+ alx+ azxz

o ag aq 32 g
~14 -, 000300 L0723 - .3067 . 00031
-12 -. 000201 1117 - 6.5164 .00051
-9 ~.000164 .2439 - 9.6860 . 00020
-6 -, 000204 1793 - 6.5826 . 00030
- 4,5 -, 000190 .1531 - 5.,5139 . 00027
-3 -. 000153 . 1544 - 6.4714 . 00056
- 1.5 -.000143 1259 - T.3340 . 00067

0 -.000136 . 0550 - 6.3967 .00043

1.5 -, 000137 0804 - 1.1031 . 00045

3 -, 000135 - 2254 5.1164 .00041

4.5 -. 000165 «2624 6.9057 .00033

8 -.000178 .1631 1.5592 . 00064

9 -. 000164 1672 - 2.0020 . 000867

12.35 -.000148 . 3664 7.9512 . 00055
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Table A71. RC77 Incremental Yawing Moment Coefficient at £=0°.
AC=apgt+tagjx+tagx

o ag ay ag a
=14 . 000602 . 6345 - 7.8846 . 00087
-12 » 000406 » 7158 - 70 8857 . 00061
R . 000295 . 7978 - B8.1334 . 00026
-6 . 000314 . 7826 - 8.6520 00078
- 4.5 . 000232 .6879 - 6.3835 .00103
-3 .000113 .5376 - . 8044 . 00055
- 1.5 . 000075 4868 2.5652 . 00060
0 . 000048 5481 1.7107 .00043
1.5 . 000027 .7036 - 4.5400 . 00052
3 -. 000015 .3368 - 10,2911 .00039
4.5 . 080030 .3179 - 95.6028 . 00049
6 . 000025 . 6550 - 1.5740 . 00075
9 -, 000081 .6600 1.0027 . 00068
12.35 -, 000187 .3628 - 11,5746 . 00086

Table A72. RC77 Incremental Side Force Coefficient at §=0°,

AC = ag+a x+ azxz

o ao al 32 c
-14 -.0014710 - 1.0029 27,9282 . 00117
-12 . 000898 ~ 1.4028 34.6355 . 00199
-9 . 0007538 ~ 1.8738 26,3732 . 00058
-8 . 000723 ~ 1.1318 21.5616 00221
- 4.5 . 000211 - .8127 14,3981 . 00245
-3 -.000006 -  .3390 - 1.1345 . 00119
- 1.5 -. 000286 . 0290 - 14,9772 . 00127

0 -, 0003586 . 3044 - 24,5138 .00138

1.5 -.000380 « 2656 - 16.2668 . 00195

3 ~-. 000686 2016 - 8.1790 . 00206

4.5 -, 000738 . 3372 - 5,6641 00177

6 -. 000937 . 8684 - 28,1729 . 00199

9 -, 001126 . 9902 - 33.1208 . 00198

12.35 ~-.001378 42438 - 6.8888 . 00144
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Table A73. RC78 Incremental Normal Force Coefficient at 8=0°.

AC =ag+ayx + agx?

o a.O al a.z g
-14 ~. 005550 - .9596 16.8534 .00330
-12 ~. 005570 - .4186 3.1925 , 00420
-9 -, 005050 .3534 - 13.2736 .00420
-6 -, 005170 L1798 ~ 5,307 . 00370
- 4.5 -. 005550 . 0146 - 2.2787 .00330
-3 -. 004980 . 0849 - 7.7856 . 00330
- 1.5 -, 005420 .1898 - 11,7154 .00330

0 -. 005940 .1437 - 6.9384 . 00320

1.5 ~. 005340 - ,0241 - .9083 .00310

3 -. 005200 -~ .2324 6.4255 .00300

4.5 -. 004530 - 5207 13.5936 .00320

6 -. 004810 - .7603 20,5162 . 00270

9 ~. 004810 - 1.2165 28.5020 .00310

12.35 -. 004910 - 1.8520 27.8637 .00350

Table A74. RCT8 Incremental Axial Force Coefficient at §=0°,

Ac =ag+a;Xx+agx

-14 -. 004760 - .6452 11.6025 . 00200
-12 -. 004970 - .9155 19,2794 . 00240
-9 -, 005130 - .8696 16.5189 . 00230
-6 -, 005140 - .4709 6.5477 . 00240
- 4,5 -, 005010 - 4585 9.4310 . 00220
-3 -, 005100 - .4798 11.8525 .00210
~ 1.5 -, 005180 - .5018 13.3727 00210
0 -. 005290 - .4398 10.2946 .00230
1.5 -. 005430 - .3838 7.9513 .00230
3 -. 005560 - .3650 7.0661 . 00230
4.5 -, 005650 - .3013 4,2555 .00210
6 -, 005660 - .2373 2,0193 . 00200
9 -. 005580 - .2133 1.4406 . 00210
12.35 ~. 005390 - 1422 - 707 . 00230
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Table A75. RC78 Incremental Pitching Moment Coefficient at 8=0°,

AC =agta;xtagx

-14 -. 000924 .3912 8.7395 . 00036
-12 -. 001084 .4872 10.3710 . 00093
-9 -. 000893 .5840 11.34686 . 00070
-6 -. 001096 .5195 10.1263 . 00090
- 4,5 -.001388 «4420 9.3179 . 00097
-3 -. 001154 .4069 10.0841 . 00064
- 1.5 -, 001278 .3714 9.7128 . 00054
0 -.001458 .3635 10.3020 . 00055
1.5 -, 001247 . 3265 8.3302 . 00062
3 -. 001213 .2859 6.64186 . 00057
4.5 -. 001036 . 2283 3.4564 .00036
6 -, 001342 .1783 173379 . 00081
9 -, 001244 .2078 2.4923 . 00036
12.35 -. 001289 .1932 1.4084 . 00030

Table A76. RC78 Incremental Rolling Moment Coefficient at B=0°.

2

AcC = ao + alx + azxz

s 4 ao 24 3-2 aJ
14 ~. 000299 .0668 .2219 . 00030
-12 -. 000199 .1143 5.6114 . 00057
-9 ~-. 000164 . 2486 8.4723 . 00020
-6 -.000205 .2161 7.0853 .00017
- 4,5 -, 000193 .1882 6.2877 .00012
-3 -. 000158 .1558 5.3153 .00018
- 1.5 -, 000150 .1064 4.0110 .00033

1.5 -. 000139 . 0330 5394 . 00033

3 -, 000134 .1080 1.7356 . 00024

4.5 -, 000157 .1651 3.7652 . 006023

6 -, 000171 .1919 4,.3947 . 00016

g -. 000166 .1959 3.3725 . 00017

12,35 -. 000148 .1953 4.2613 . 00033
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Table A77. RC78 Incremental Yawing Moment Coefficient at 5=0°.
AC=ag+ajx+agx

o ag 3.1 2q o2
-14 . 000600 + 6350 - 9,1150 . 00037
-12 . 000404 .7353 - 10.2555 . 00053
-9 . 000278 .8042 - 10,3678 . 00024
-6 . 000318 L7204 ~ 7.6204 . 00050
- 4,5 . 000237 . 6379 - 5.5283 . 00073
- 3 . 000127 .5619 - 3.7685 . 00041
- 1.5 . 000089 .5553 - 4.0329 . 00023
0 _ - 000059 .5994 - 5.3682 . 00031
1.5 . 000032 .6491 - 6.5450 . 00033
3 -, 000018 6778 - 6.9767 .00021
4,5 . 000024 .6838 - 7.1026 00020
6 . 000020 . 6657 - 6.6255 . 00023
9 -. 000075 .6289 - 5.6860 . 00025
12.35 -. 000182 BTTY - 5.,7701 . 00053

. Table A78. RC78 Incremental Side Force Coefficient at 8=0°.

84 a.O 8.1 3.2 ¢ _\
-14 . 001410 - .8080 26.5169 00120
-12 . 000906 - 1.2162 34.1713 . 00180
-9 . 000755 - 1.2288 28.2557 . 00050
-6 . 000721 - .8531 16.6284 . 00150
- 4.5 . 000208 - .H268 8.2728 . 00180
-3 -, 000014 - L1530 - 1.1893 . 00160
- 1.5 -.000308 .1431 - 8.339%7 .00160

0 -, 000376 .3736 - 12,7347 . 00130

1.5 ~. 000391 .5598 - 16,9798 .00110

3 -. 000684 . 3057 - 23.1785 . 00120

4.5 -, 000710 . 9817 - 26,9223 . 00340

6 -.000193 1.1039 - 27,5101 . 00120

9 -.001133 1,1538 - 25.8705 .00120

12,35 -, 0013863 1.0255 - 22,2063 00120
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Table AT9. RCS82 Incremental Normal Force Coefficient at 8=0°.

AC = agta;x+ azxz

o 3.0 a-l a2 o
-14 -, 005830 5.6849 3.8565 .00373
-12 -.005615 4.8279 - 14.4495 .00518
-9 -. 005092 3.5777 - 45.5677 . 00476
-6 -.005199 3.3386 - 49,8544 .00363
- 4,5 -. 005555 3.6432 - 38.4284 . 00323
-3 ~-. 004973 3.7091 - 30.6438 . 00385
- 1.5 -. 005412 3.4069 - 33,1982 . 00464

0 -. 005933 3.1060 - 39,2504 .00358

1.5 -. 005352 2,9927 - 40,6527 .00323

3 -. 005212 3.0807 - 86,9642 .00302

4,5 -. 004546 3.3505 - 19,4757 . 00317

6 -.004803 3.7241 9.8117 . 00477

9 -.004815 3.3250 24,0683 .00388

12,35 -.004948 3.4172 27.5284 .00378

Table A80. RCS82 Incremental Axial Force Coefficient at 8=0°,

AcC =24 + a1x+a2x2

o 2y ay a2 a
-14 -. 004675 3.5428 22.7967 .00207
=12 -. 004885 3.6649 29.6263 .00218
-9 -. 005066 3.2246 15.5883 . 00263
-6 -. 005105 2.3603 - 11.4684 .00251
- 4.5 -, 004992 2.1396 - 17.7428 00217
-3 -.005075 2.2244 - 13.6245 . 00228
- 1.5 -.005153 2.5163 - 3.01i51 . 00246

0 -. 005244 2.7498 6.6174 00221

1.5 -.005379 2,7354 6.9461 .00229

3 -. 0055086 2.7409 8.1745 . 00215

4.5 -. 005612 2,7296 4,3388 . 00234

6 ~, 005627 2.8089 1.5672 . 00254

9 -.005415 3.1224 5.2658 .00218

12.35 -. 005342 3.3971 15.4990 . 00217
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Table A81l. RC82 Incremental Priching Moment Coefficient at B=0°.

AC=ap+tajx+asgx

(a4 aO al 3.2 G
-14 -. 000928 .4954 41.1815 . 00066
=12 -.001090 .5874 50,0041 . 00078
-9 -, 000907 . 5411 50.7334 . 00128
-6 -.001129 0751 41,7158 .00228
- 4.5 —.001419 2271 35.9293 .00219
-3 -. 001181 L4897 29,8899 .00105
- 1.5 -. 001299 . 6488 22,6784 .00082

0 -. 001478 . 7834 15,9317 . 00086

1.5 ~. 001267 . 9689 7.9627 00121

3 -. 001234 1.1961 - 1.5149 .00113

4.5 -.001058 1.3542 - 7.8714 . 00067

6 -.0011581 1.5523 - 14,9638 . 00118

9 -.001243 2.1433 - 26,5592 . 002324

12,35 -.001281 2.6870 - 43.3722 . 00080

Table A82., RC82 Incremental Rolling Moment Coefficient at 8=0°,

2

AC= agtayx+ azxz

24 ao a1 3.2 o)
-14 -.000298 . 0644 - 12,8031 .00020
=12 -. 000193 . 0981 - 13.9837 . 00028
-9 -.000157 . 0114 - 6.2004 .00050
-6 -. 000199 . 0607 - 2.4208 . 000286
- 4,5 -, 000185 .0571 - 2.9462 . 00027
-3 -.000153 . 0841 - 1.8582 . 00023
- 1,5 -, 000155 . 0807 - 3.0389 00057

0 ~. 000142 . 0382 - 7.0347 .00089

1.5 -,.000133 . 0124 - 11.3556 . 00070

3 -.000114 . 0402 - 12.2965 . 00062

4.5 -.000141 .2130 - 5.6152 .00058

6 -. 000160 . 3940 2.2652 . 00055

9 -, 000164 . 6394 14.7145 . 000864

12,358 -.000147 . 6409 19.6673 . 00066
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Table A83. RCS82 Incremental Yawmg Moment Coefficient at 8=0°,

AC =2y +a3x+agx?

o ag aq ag o
~14 . 000621 - .1033 .3913 . 00057
-12 . 000411 - 0892 3.1412 . 00072
-9 . 000287 .0576 - .1998 . 00045

6 . 000328 - 0476 4.6662 . 00050

4.5 . 000246 - .1761 10.9713 . 00050

3 . 000130 - .2367 13.4132 .00055

1.5 . 000099 - .2015 13.3893 .00095

0 . 000047 - .1495 13.0857 . 00125

1.5 . 000004 - .0684 12.8450 . 00084

3 ~+ 000059 . 0418 9.0677 . 00098

4.5 -. 000009 .2367 1.2962 .00080

6 -.000001 3945 - 5.2317 . 00058

9 =+ 000077 5772 - 13.4945 . 00082

12.35 -. 000189 .5320 - 18.7600 . 00088

Table A84., RC82 Incremental Side Force Coefficient at 8=0°,
AC=ag+ a;x+ azxz

o ao al az T
-14 .001331 ¢ « 2403 ~ 23.6123 . 00247
-12 . 000871 - 2259 - 15.8905 .00252
-9 . 000753 - ,9923 17.1409 .00148

8 . 000695 - .8903 24,0262 .00179

4.5 . 000182 - L6471 13.6612 . 00187

3 -. 000039 - L4812 4.2039 . 00139

1.5 -, 000341 - 5077 4,6611 .00124

0 -.000388 - .5h995 9.8781 .00123

1.5 -. 000386 - 7137 15,9138 .00150

3 -. 000647 ~ L6082 13,2259 . 00164

4.5 -. 0006638 -~ .4525 8.9516 . 00161

6 -. 000834 - .3878 8.7451 . 00157

9 -, 001145 - 5380 22.8626 . 00256

12.35 ~. 001378 . 6166 5.56%94 . 00629
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Table A85. RC86 Incremental Normal Foree Coefficient at 8=0°.

AC =ag +a;x + agx?

o ao 3.1 3.2 a
-14 -. 005540 - 4,8187 2.5619 . 00350
-12 -. 005570 - 4.5990 7.2313 .00510
-9 -. 005030 - 38,7247 - 4,4522 .00430
-8 -, 005130 - 4,0320 16.0168 .00360
- 4,5 -. 008510 - 4,3140 24,6113 .00380
-3 -, 004960 - 4,4968 30.8812 .00380
- 1.5 -, 005420 - 4,.3897 30,0792 . 00410

0 -. 005960 - 4,1356 25,1868 .00330

1.5 -, 005350 - 4,3690 29.5090 . 00400

3 -. 005210 - 4,7790 42,8093 .00380

4.5 -. 004530 - 5,4441 70,5732 .00320
. B -.004800 - 5.9540 101.7579 . 00320

9 -. 004780 ~ 6.2382 133.2190 .00330

12.35 -. 004920 - 5,2158 99,3000 . 00270

Table A86. RCS86 Incremental Axial Force Coefficient at §=0°.

AC = agta;x+ a2x2

o ao 8.1 3.2 o
-14 ~. 004720 - 3.6560 49,8544 .00210
=12 -. 004930 - 4,1884 7%.1854 . 00210
-9 -. 005080 - 4,1998 79.6754 . 00260
-6 -, 005120 - 3.7581 73.3386 . 00250
- 4,5 -. 005020 - 3.5644 67.7252 . 00230
-3 -. 005110 -~ 3.5190 66.5745 .00230
- 1,5 -. 005190 - 3.5428 66.7655 . 00230

0 -. 005280 - 3.7525 78.1565 . 00240

1.5 —-. 005420 - 3.7562 82,9082 . 00260

3 -, 005560 - 3.6160 80,0650 . 00240

4,5 ~. 005850 ~ 3.2973 64,5993 . 00240

6 -. 005650 - 8.1508 52,1759 . 00260

9 -. 003570 - 3.5672 57.3757 . 00250

12.35 -, 005380 - 3.8302 64,5985 .00250
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Table A87, RC86 Incremental Pitching Moment Coefficient at 8=0°,

AC=ag+tazx+ azxz
Q ag ay 2 a
-14 -. 000909 - .b69%4 41.40868 . 00038
-12 -. 001073 - 7506 49,3426 .00059
-9 -. 000880 - 1.0747 64.2508 . 00088
- 8 -, 001099 - .8418 62.7532 . 00160
-~ 4,5 -.0014086 - L6406 59,6522 . 00129
- 3 -, 001178 - L4807 54,8605 . 00103
- 1,5 -,.00129¢ - ,3738 53.1222 . 00082
0 -, 0031473 - L2bB7 49,9734 . 00080
1.5 -, 001271 - .2485 50.5131 . 00099
3 -. 001248 - 0175 42,7545 . 00130
4.5 -. 001074 .3589 27.2839 . 00161
5] -. 001166 . T480 12.6945 00112
9 -. 001244 1,2387 L4004 00193
12.35 ~. 001287 1.9571 - 17.9080 .00146

Table A88. RC86 Incremental Rolling Moment Coefficient at f=0°,
AC = ao + a.lx + azx‘?‘

o aO 3.1 az (ag
=14 -, 000302 - L1010 ~ 1.3366 .00015
-12 -. 000205 - .0699 ~ 2.6981 . 00018
-9 -. 000172 - 0003 ~ 4,62438 . 00029
- 6 -. 000207 .0809 ~  7.6066 . 00028
- 4.5 -, 000187 .0960 ~ 8.4655 .00023
- 3 -.000158 0214 ~ 5.1583 .00037
- 1.5 -.000162 .0010 ~ 5,1418 . 00062

0 -. 000159 .0274 ~ T7.5021 . 00068

1.5 -.000139 . 1264 ~ 13,8138 . 00062

3 -.000119 . 1477 ~ 16.8310 . 00077

4.5 -,.000138 - L0240 ~ 11,5739 .00102

6 -, 000159 - L.3258 .6549 . 00088

9 -. 000164 - L5813 15.4049 . 00069

12,356. -, 000151 - 4851 13.5828 . 00053
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Table A83., RC886 Incremental Yawing Moment Coefficient at §=0°,
AC =gy +a;x +agx?

44 aO a.l 3.2 o)
-14 . 000598 « 1727 - 11.9899 . 00047
=12 000405 .1996 - 8.0398 . 00088
-9 . 000280 . 3705 - 10,9254 . 00044

6 .000313 .3273 - 11.0997 |  .00052

4,5 . 000225 .1169 - 1.3554 . 00076

3 . 000123 .0501 2.0297 . 00088
- 1.5 . 000114 - 0387 8,7136 00112

0 . 000098 - ,0403 10,3760 00121

1.5 . 000045 - ,.0592 13,0880 . 00087

3 -. 000028 . 0502 8.9390 . 00084

4,5 . 000001 + 3222 - 2.,4915 . 00096

6 . 000010 . 6087 ~ 15,6540 . 00083

9 -. 000071 . 6280 - 21.3569 . 00077

12.35 - 000177 43477 - 15,8876 . 00090
Table A90. RC86 Incremental Side Force Coefficient at £=0°,
AC = agta;x+ a.2x2

o a, aq 29 o
=14 . 001380 .5535 1.2652 . 00145
-12 . 000905 <3866 - 3.0188 .00234
-9 . 000764 - L0030 - 1.1819 . 00126
-6 000721 - 1174 2,0667 .00063
- 4.5 . 000249 . 0393 - 2.2878 . 00133
-3 . 000008. - .2411 12,2214 00211
- 1.5 -. 000319 - .4320 18,4752 . 00269

0 -, 000422 -  .3330 11,7381 . 00260

1.5 -, 000403 - L1512 .908% . 00200

3 -.000873 . 0425 - 3.1385 L0013

4.5 -. 000690 L0711 - .2343 . 00205

6 -. 0008920 . 2690 - . 3587 . 00235

9 -. 001118 .4311 7.2793 00172

12.35 -,001386 L7941 2,.2089 . 00283
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Table A91. RC87 Incremental Normal Force Coefficient at 8=0°.
AC =ag + 23X + agx?
(4 ao al 3.2 g
-14 -, 005560 2,0935 18,9428 . 00350
-12 -, 005590 1.1937 53,0562 . 00420
-9 -, 005060 6564 63,5491 . 00380
-8 -, 005170 .9968 55,0068 .00410
- 4,5 -, 005550 1,1059 59.6272 . 00380
-3 -. 004990 1.1286 66,6108 .00360
- 1.5 -. 005420 1.0220 75,9542 . 00340
0 ~. 005950 1.2521 71,9523 . 00420
1.5 -. 005360 1.3453 74.1554 . 00380
4.5 -, 004530 2,6555 28.9505 . 00410
6 -, 004790 3.6797 9.8160 . 00330
9 -, 004790 4,.7243 47.5784 . 00240
12.35 ~. 004930 4,8845 45,2958 .00280
Table A983. RC87 Incremental Axial Force Coefficient at 8=0°.
AC = ag+a;x+ azxz
o 9.0 3.1 3-2 ag
=14 -, 004700 3.1948 33.4761 00190
-12 -, 004910 3.5604 48,7740 . 00220
-9 -. 005070 3.6987 59,5163 . 00230
- 6 -, 005090 3.2503 51.8905 .00270
- 4,5 -, 004980 3.125¢6 51.1080 00220
-3 -, 005060 3.1770 54,9020 .00210
- 1.5 -. 005150 3.1924 55,3801 .00210
0 —. 005250 3.1467 55,2577 .00230
1.5 -, 005400 3.,0613 54.8094 00230
3 -.005520 2,9540 53,3790 . 00210
4.5 -, 005600 2.7555 45,8075 . 00210
6 ~. 005620 2,5523 36.7917 . 00200
9 -. 005560 2,4508 29.6021 .00210
12.35 -. 005350 2.3771 27.3193 . 00220
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Table A93. RC87 Incremental Piiching Moment Coefficient at B=0°,

AC=ap+ajx+agx?

(02 8.0 al 3.2 o
-14 -. 000909 . 0076 22.8418 . 00032
-12 -, 001073 . 0978 27.9640 . 00078
-9 -.000888 . 2857 34,2912 . 00083
-6 —.901103 . 1295 33.7795 . 00118
- 4,5 -, 001403 L0177 31,7945 . 00112
-3 -. 001172 L0072 32.2043 . 00062
- 1.5 -, 001287 . 0868 29.6843 . 00071

0 -. 001464 . 1335 28,2584 .00071

1.5 -. 001247 . 3120 21,3610 . 00090

3 ~. 001222 4525 14,9017 . 000986

4,5 ~. 001042 L7597 .4615 . 00088

6 -, 001149 .8105 - 3.,3721 . 00077

9 -,001240 . 7254 - 3.7321 . 00062

12.35 ~. 001293 .5856 ~  1.8222 . 000586

Table A94. RC87 Incremental Rolling Moment Coefficient at 8=0°.

AC= ag*tagx+ azxz

o ao a.l 32 og
~14 ~. 000303 . 0340 - 8.3978 . 00023
-12 ~. 000204 .1434 - 10,1285 . 00041
-9 ~. 000165 .1815 - 10,5906 . 00025
-8 -, 000209 .1506 - 10.3791 .00064
- 4.5 ~. 000203 .1004 - 8.8890 .00073
-3 ~. 000167 . 0003 ~ 5.6685 .00108
- 1.5 ~, 000159 . 2806 5.2646 . 00069

0 -. 000151 .3108 4,0742 .00078

1,5 -, 000150 .2238 - 2.1451 . 00086

3 ~. 000148 .1615 - 7.6193 . 00060

4,5 ~, 000158 .2368 - 5.8735 . 00063

6 ~. 000159 4452 2.9510 .00071

9 ~. 000164 . 7657 20,2572 .00060

12.35 -, 000154 . 4968 11.8808 . 00060
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Table A95. RC87 Incremental Yawing Moment Coefficient at 8=0°,
AC=ag+ajx+ a.zx2

ol ao al 32 ag
-14 . 000605 .3271 - 7,1207 . 00047
-12 . 000409 .4765 - 10,8158 .00081
-9 . 000276 .6730 - 14.2682 . 00045
-6 . 000318 .5860 - 9.5735 .00115
- 4.5 . 000246 .51982 - T.7597 .00122
-3 . 000130 .5004 - 8.1173 . 00099
- 1.5 . 000101 .7611 - 19.9844 . 00064
0 . 000074 .6237 - 10,6028 . 00157
1.5 . 000050 .3743 4.1950 .991738
3 -. 000002 .1965 16.7371 .000886
4.5 . 000008 . 3600 10,8380 . 00107
6 -.000012 . 7389 - 6.,5109 . 00132
9 -.000076 1.1678 - 32.7939 » 00120
12.35 ~-. 000173 . 6555 - 17.5792 .00103

Table A96. RCS87 Incremental Side Force Coefficient at 8=0°,

AcC= aq + ag X + azxz

o 30 ay 32 c
~14 001397 .0318 26.8579 .00142
=12 . 000883 . 86750 46.2289 . 00263
-9 000739 9570 44,8698 . 00097
-8 . 000704 .5631 28,1121 . 00308
~ 4,5 . 000175 .3116 23.0807 . 00320
-3 -. 000043 . 1203 20.3832 .00230
- 1.5 -.000335 LA5TT 41.2729 .00186

0 -.000404 .0219 22.9670 00270

1.8 -. 000428 L7315 - 7.1002 . 00246

3 -. 000727 1.3388 - 31.8401 .00123

4.5 -, 000718 1.3115 ~ 28,5198 001586

6 -, 000886 . 8782 - 5.2026 00225

9 -. 001145 . 3237 35.2496 . 00241

12.35 -, 001400 1.4418 - B6.3643 . 001925
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Table A97. RC89 Incremental Normal Force Coefficient at £=0°,

AC=ag+a;x+ azxz

o 29 a.l 8.2 ag
-14 ~. 005520 - L7012 - 38,6354 . 00330
=12 -. 005550 - 0808 - 55.7759 . 00450
-9 -. 005030 L4119 - 62,2908 . 00380
- 6 -, 005180 . 1354 - 56.2765 . 00450
- 4.5 -. 005560 - 0744 - 57.0485 . 00370
-3 -, 004990 - .0028 - 65.4618 . 00350
- 1.5 ~-. 005420 - 0491 - 64,6022 . 00340

0 -, 005940 - 1944 - 60.2241 . 00380

1.5 -. 005340 - G976 - 44,2070 . 00360

3 -. 005180 - 1.0928 - 34.2475 . 00330

4.5 -, 004500 - 1.5441 - 21.8076 . 00330

6 -, 004750 - 1.7281 - 21.0061 . 00310

9 -, 004760 -~ 2.5450 .3919 . 00290

12.35 -, 004900 - 3.2956 13.2377 . 00410

Table A98. RC89 Incremential Axial Force Coefficient at 8=0°,

AC = ag+a,x+ azxz

o 3.0 a.l 3.2 a
~-14 -, 004770 - 1.2821 .3297 .00210
-12 -, 004970 ~ 1.5465 7.3438 . 00250
-9 -.005120 - 1.6528 9.8885 . 00220
-6 -.005120 - 1.3771 4,9044 . 00230
- 4.5 -. 005000 - 1.3226 5.1355 . 00210
-3 -. 005080 - 1.8741 7.5366 . 00210
- 1.5 -, 005150 ~ 1.4202 8.8805 . 00210

0 -.005250 ~ 1.4145 8.2085 . 00210

1.5 -, 005400 - 1,3877 7.8827 . 00220

3 -. 005530 - 1.3655 7.7674 .00210

4.5 ~-. 005630 - 1.3445 7.8989 . 00200

6 -. 005640 - 1.8483 7.4320 . 00190

9 -.005560 - 1,2998 4,0221 . 00210

12,35 -.005360 - 1.1160 - 2.4398 . 00230
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Table A99. RC89 Incremental Pitching Moment Coefficient at 8=0°.

AC=ay+ajx+ayx?

o an él az g
=14 -, 000913 .3912 9.6768 . 00424
=12 -. 001074 . 3699 9.2568 . 00070
-9 -. 000878 2590 9.7493 . 00080
-8 -, 001095 .9604 8.0158 . 00099
- 4,5 -, 001389 4001 9.5286 . 00113
-3 -. 001151 .4385 10.8842 . 00087
- 1.5 -. 001268 .5025 10.6732 .00073

0 -.001449 .5684 9.1770 . 00058

1.5 -. 001238 4985 12,0648 . 00060

3 -.001208 .B787 8.4329 . 00065

4,5 -.001035 L6702 4,4631 00072

6 -.001146 «-3365 - 2.3915 . 00036

9 -.001242 .8227 - 3.3854 . 00049

12.35 -.001286 .8095 - 4,8745 . 0050

Table A100. RC89 Incremental Rolling Moment Coefficient at 8=0°,

AC= ag+ayx+ azxz
[ 4 30 al 32 g
-14 ~. 000304 1.1677 - 4,9205 . 00031
-12 -.000203 .1935 - 11,5984 . 00042
-9 -.000163 2706 - 13.0417 . 00020
-6 -, 000203 <1746 - 9,5643 . 00031
- 4,5 -. 000192 « 1636 - 10,2347 « 00040
-3 -. 000155 . 1576 - 11,4287 « 00068
- 1.5 -.000142 0755 - 9.,7712 . 00049
0 -, 000133 . 0588 - 5.,1224 00041
1.5 -. 000134 .2145 1.2223 00043
3 -.000133 «o481 6.5346 . 00034
4.5 -, 0001867 . 3525 5.9170 . 00052
6 ~. 000179 .2DA8 .1543 . 00073
g9 -.000163 3271 4100 . 00081
12.35 -.000149 .2936 8.9159 . 00055
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Table A101. RCB89 Incremental Yawing Moment Coefficient at §=0°,
AC =24+ a;x + ayx?
o ag ay ag a
~i4 . 000810 - 1720 ~ b5.2911 . 00049
-12 . 000412 . 2898 - 6.4507 . 00078
-9 . 000273 .4468 - 9.1883 . 00028
-8 . 000314 L4278 - 8.5831 .00081
- 4.5 . 000233 .3095 - 3.7561 . 00094
-3 .000112 « 1507 2.9106 . 00062
- 1.5 . 000073 .1450 4,2014 .00039
0 . 000044 .2411 .3972 . 00046
1.5 . 000024 .4005 - 6.4385 . 00050
3 -. 000018 4927 - 9.4800 . 00042
4.5 . 000034 .4228 - 4,8684 . 00082
6 . 000027 . 2691 3.7794 . 00086
9 -, 000084 .4210 - . 8398 . 00077
12,35 -. 000185 + 2736 - 11.7231 . 00090

Table A102, RCB89 Incremental Side Force Coefficient at §=0°,

AC= ag*ta)x+ a2x2

-14 -.001389 . 0923 28.0028 .00120
-12 -. 000873 .3365 37.17490 . 00229
-9 . 000731 .5175 34,4778 . 00095
-6 . 000716 .3190 27.0008 . 00185
- 4.5 . 000207 .1140 13.4560 . 00235
-3 -. 000008 .5790 - 1.7578 .00130
- 1.5 -, 000281 . 8827 - 10,8831 L00144
0 ~. 000353 1.0352 - 11.4192 . 00234
1.5 -, 000383 1.0176 - 4.0520 . 00159
3 -.000695 1.0900 - 2,0186 . 00099
4.5 -, 000751 1.3283 - 11.5209 . 00173
6 -.000948 1.7901 - 31,9298 .00194
9 ~-.001128 1.6453 - 28,2280 .00194
12.35 -. 001382 1,1697 - 6.5931 . 00142
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Table A103. RC94 Incremental Normal Force Coefficient at 8=0°.

AC =2y +a1x +agx?

(s 3.0 3.1 a.z ¢
=14 -. 008550 - 1.6883 - 12.6211 . 00340
~-12 -. 005570 - 1,1138 - 31.0178 . 00460
-9 ~-. 005050 . 0057 - 66.7175 .00390
-6 -. 005160 - L2773 - 60.9514 . 00450
- 4.5 -. 005560 - .4365 - 64,7981 . 00320
-3 -. 005000 - J2474 ~ 80,8450 .00370
- 1.5 -. 005430 - L2751 - 82,4494 . 00350

0 -. 005940 - L6635 - 57.7838 . 00400

1.5 -.005350 - 1.1799 - 52,1857 . 00380

3 ~-. 005240 - 1.5848 - 43,2749 . 00350

4.5 ~-. 004560 - 1.8339 - 39.4888 . 00320

6 -. 004800 - 2.2070 - 29,9899 . 00320

9 - 004750 - 3.2625 2.1065 . 00290

12.35 -. 004210 - 3.8782 16,7458 . 00310

Table A104. RC94 Incremental Axial Force Coefficient at 8=0°.

AC =a0+alx+a2x2

o ao al a-z g
-14 -, 004760 - 1.2638 .1647 . 00210
-12 -, 004570 - 1,5039 5.8693 .00230
-9 -. 005130 - 1.2860 - 3.6043 . 00230
-6 -, 005130 - .8865 - 13.9888 .00230
- 4,5 -. 005010 - .BB686 - 11,5467 [ .00220
-3 ~. 005090 -~ .0555 - 8.7572 . 00210
- 1.5 ~. 005170 - 1,0043 - 5.3237 . 00210

0 -, 005270 - ,9598 - 8.3848 . 00220

1.5 -. 005410 -~ .8960 - 10,3927 . 00220

3 -. 005530 - L8700 - 9.7622 . 00210

4.5 -. 005630 -~ .8270 - 9.8650 . 00200

6 ~. 005650 - .8211 - 9,7838 . 00200

9 -, 005580 - .8415 - 10,9282 . 00220

12.35 -. 005370 - 7996 - 13.5472 . 00230
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Table A105. RC94 Incremental Pitching Moment Coefficient at f=0°.

AC=agp+a;x+agx?

o ao al 3.2 a
-14 ~-. 000916 .5090 3.9822 . 00027
-12 ~. 0010786 .4965 3.5699 . 00072
-9 -.000878 . 1566 13.8735 . 00093
- 8 ~, 001089 . 1667 16.0634 . 00093
- 4,5 -. 001386 . 2244 17.486% .00121
-3 -. 001150 . 2434 20,2666 . 00101
- 1.5 -, 001273 . 2887 21,9166 . 00084

0 ~-.001460 .3899 19,0883 . 00067

1.5 -. 001250 47T 16,3575 . 00071

3 -.001224 .5319 12.801%7 . 00064

4,5 -.001049 . 5842 11,3199 . 00062

6 -.001160 .6134 11,0411 . 00058

9 -, 001244 L7919 2.6223 . 00063

12.85 -,001286 . 8056 - 1.5734 . 00048

Table A106. RC9%4 Incremental Rolling Moment Coefficient at 8=0°,

AC = agtajx+ azxz

o ao a.l a2 o
-14 -,000298 - .079 1.0248 .00030
-12 -,000197 .1029 - 4.2259 . 00068
-9 -. 000160 . 2034 - 4,6041 . 00030
-6 -, 000205 L1722 - 1,6055 .00038
- 4.5 -.000191 .1874 - 2,2456 .00039
- 3 -.000151 .2073 - 38.8937 .00059
- 1.5 -, 00141 . 2000 - 5,5198 . 00048

0 -.000138 L1719 - 5.8196 . 00022

1.5 -, 000144 .1323 -~ 4,3547 .00024

3 -. 000142 . 0649 - 1.6054 . 00029

4.5 -. 000163 . 0098 .5623 . 00025

6 -, 000167 - .0163 1.1780 . 00028

9 -.000159 - .0705 1.9119 . 00031

12.85 ~-. 000145 - 2107 8.6121 . 00040
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Table A107. RC94 Incremental Yawing Moment Coefficient at §=0°,
AC=ajtajx+agx
o 3.0 al az a
-14 . 000508 . 8230 - 1.4788 . 00040
-12 . 000404 «OTTT - 5,6940 . 00052
-9 . 000274 1.0979 - 8.5397 . 00020
- B . 000318 1.0493 - 7.8640 . 000681
~- 4.5 . 000236 .9102 - 2.2685 . 00103
-3 . 000115 7402 5,1998 - 000786
- 1.5 . 000073 ST077 8.8505 . 00049
0 . 000046 L7713 6.8423 . 00037
1.5 . 000031 .8769 2.6042 « 00038
3 -. 000008 .9472 - .4248 -.00031
4.5 . 000024 9874 - 2.9624 . 00041
6 . 0000086 <9694 - 2.2798 . 00047
9 -, 000089 1.0528 - 5.,1078 .00048
12.35 ~. 000188 1.1339 - 11.2599 00072
Table A108. RC94 Incremental Side Force Coefficient at 8=0°,
AC= ag T a.x+ azxz
o 8.0 al 3-2 a
~14 . 001408 - 1.4791 6.9671 . 00086
-12 . 000891 - 1.9249 20,9558 . 00146
-9 . 000739 - 2.0244 19,5248 . 00071
-6 . 000710 - 1.7789 11,3548 . 00187
- 4,5 . 000202 - 1.2572 - T.4178 . 00235
-3 ~. 000007 -  .BB847 - 31.1743 . 00166
- 1.5 ~. 000295 -  ,3139 - 48,8694 . 00094
0 -, 000344 - 1524 - 50,6958 . 00177
1.5 ~-. 000382 - L0820 ~ 47.8968 . 00188
3 ~, 000693 .0341 - 45.3614 .00149
4.5 ~. 000717 L0410 - 39.2249 . 00184
6 ~-. 000887 .1239 - 37.5518 . 00165
9 -. 001102 - 0742 -~ 28,7946 00177
12.35 ~-.001371 - 3549 - 11.0894 . 00153
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Table Bl. RC06 Incremental Normal Force Coefficient at f=+4°.

AC=30“‘8.1X+B.2K

54 ag ay ag a
-14 . 005220 4.6744 43,2277 . 00433
-12 . 006238 4,7346 37,0045 .00373
-9 . 005558 4,5947 23.9799 . 00366
- B . 006185 4,8690 27.1566 . 00380
- 4.5 .006315 4,9066 26,3658 . 00381
-3 . 007263 5,0149 25.8730 . 00380
- 1.5 . 007289 4,8927 19,7319 . 00358

0 .007231 5.0747 24.0039 . 00398

1.5 . 005280 5.0765 24.6309 . 00442

3 . 003689 5,0952 24.5731 . 00337

4.5 . 003435 4,9489 18.3577 . 00334

6 . 004615 4.7953 9. 2469 . 00305

9 . 004626 4,5473 - . 2065 .00319

12.35 . 003967 4.6754 - 1.1012 . 00441

Table B2. RC08 Incremental Axial Force Coefficient at §=+4°,

AC=aO+a1X+a2x

o ap aq ag o
-14 . 021098 6.5925 124.4801 . 00554
-12 .021536 6.6325 123.6747 .00519
-9 . 021887 6.7439 126.2752 . 00448
-6 . 022054 6.8058 128.6940 . 00437
- 4.5 . 020724 6.6915 123.3574 . 00521
-3 . 022049 8. 7675 123.5653 . 00445
- 1.5 . 020557 6.5771 117, 3451 . 00534

0 . 021732 6.6316 117.1839 . 00461

1.5 . 020549 6.4697 111.8948 .00519

3 . 022152 6.7036 117.5858 , 00423

4.5 .021164 6.6885 117.1054 . 00488

6 . 0225486 6.9158 121.9566 .00413

9 . 022483 6.9778 118.5692 . 00419

12.35 . 022017 6.9064 115.3235 . 00434
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Table B3, RCO06 Incremental Pitiching Moment Coefficient at f=+4°,

AG=a‘0"'ﬁ.1X+8.2X

o ap aq g o
-14 .002192 1.2941 10.4615 00131
~12 . 002565 1.1952 14,4305 . 001486
- 9 . 002402 1.2263 13,6238 .00115
-6 . 002020 1.3250 9.3995 .00115
- 4,5 . 0021786 1.2963 10,1709 . 00118
-3 . 002514 1.1781 13,7965 .00118
- 1.5 . 002858 1.1084 16.9303 .00116

0 . 002851 1.0677 18.8825 . 00108

1.5 . 002225 1.1395 18.1512 .00116

3 . 001423 1.2286 ° 16.3231 00116

4.5 .001392 1.2362 16,1200 00114

6 . 001882 1.1762 18,1002 .00116

9 . 001843 1.1258 J2.5071 .00113

12,356 .001985 1.1345 19.59%920 00117

Table B4, RC06 Incremental Rolling Moment Coefficient at B=+4°,

AC=ag+ajx+agx

o a( aq ag a
-14 . 000610 . 0076 3. 0815 . 00037
-12 . 000112 . 0028 2.5089 . 00041
-9 . 000148 0274 2,913 . 00040
- 6 . 000165 . 0466 2,9205 .00028
- 4.5 . 000137 . 0444 2.7100 . 00028
-3 » 060139 + 0405 2.1921 . 00031
- 1.5 . 000097 0357 1.4373 . 00032

0 . 000080 L0317 . 7647 . 00030

1.5 . 000065 . 0363 .5172 . 00030

3 . 000105 .0382 . 2992 . 00033

4.5 . 000102 . 0528 « 5463 . 00030

6 .000163 .0780 1.8548 . 00033

9 . 000107 .1331 4,6844 . 00030

12.35 . 000056 . 0490 2.1732 . 00047
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Table B5. RCO06 Incremental Yawing Moment Coefficient at B=-4°.

AC =ag +agx + ag x2

(84 aO a4 an o
~14 -, 000484 .0796 2.6616 .00065
-12 -, 000740 . 0639 2.3862 00071
-9 -. 000720 .0388 2,4575 . 00062
-8 -, 000803 0442 2.7635 . 00080
- 4,5 -. 000797 0722 3.5048 .00062
-3 -. 000790 . 0856 3.9973 . 00064
- 1.5 -, 000722 . 0945 4,9211 . 000686
0 -.000714 .0851 4,9904 . 00087
1.5 -, 000666 . 0548 4,0032 . 000867
3 -. 000704 .0574 3.4361 L0077
4.5 -. 000694 . 0485 2.5806 . 00076
6 -, 000760 . 0641 2.8247 . 00075
9 -.0005686 .0314 1. 2200 . 00075
12,35 ~. 000667 L0721 1.4214 . 00067

Table B6. RCO06 Incremental Side Force Coefficient at S=+4°.

AC=ap-ajx+agx

(a3 agp aq 3.2 a
-14 -, 001051 3927 6.2820 . 00193
-12 -, 001793 .4519 3.8385 00210
-9 -.001205 L2730 6.2799 . 00181
- 8 -.001251 .3303 4.0269 . 001886
- 4.5 -.001270 . 3900 1.1613 . 00185
-3 -.001274 4217 1.0731 . 00189
- 1.5 -.000944 . 3788 . 9348 .00184
0 -.000816 .3624 3.4687 .00217
i.5 -.000884 .3632 5.7941 .00199
3 -, 001040 L4175 4,8197 . 00187
4.5 -, 000910 4177 4,4828 . 00176
6 -.000965 .4131 5,2604 .00184
9 -.000648 . 3565 7.9481 L00179
12.35 -, 001010 .8203 5.6932 . 00237




Table B7. RC11 Incremental Normal Force Coefficient at B=+4°,

AC=a0*a1_x+a2x2

o ag ay ag o)
14 . 005235 1.9636 18,0149 .00215
=12 . 006211 1.9650 17,1938 .00214
- 9 . 005586 1.8562 14,5108 . 00223
-8 . 006255 1.9363 18.4891 . 00240
- 4.5 . 006380 1 7496 10.2077 . 00268
- 3 . 007395 1.8312 6.8087 . 00307
- 1.5 . 007419 1.7450 2.6525 .00289

0 .007392 2.0958 4.8265 . 00281

i.5 005390 2.2831 13.8266 .00360

3 .003811 2.7236 33.4330 . 00286

4.5 . 003546 3.1360 50.4834 .00266

6 . 004741 3.5350 61.0070 . 00227

9 .004701 3 9172 71.0928 .00214

12.35 .004005 3.8249 75.0820 . 00222

Table B§. RC11 Incremental Axial Force Coefficient at S=+4°,

AC=a0+a1x+azx

o 3.0 al 3.2 o
-14 .021421 3.3921 57,0051 .00581
-12 . 021920 3.5387 65.0236 .00501
-9 .022143 3.86357 73.5529 . 00480
-5 .022290 3.5220 68,6533 00471
- 4.5 020941 3.4838 68,5907 . 00599
-3 . 022329 3.8622 83.9522 . 00471
- 1.5 .020754 3.8640 90.2840 . 00615

0 . 021933 3.9709 97.7034 . 00522

1.5 020704 3.6513 91,7892 . 00608

3 . 022346 3.5834 89.1466 . 00468

4.5 . 021328 3.1986 76.1996 . 00562

6 . 022763 3.1376 70.8378 . 00425

9 . 022743 3.0425 65.5267 . 00400

12.35 . 022223 3.0290 66.7827 . 00465




Table B9, RC11 Incremental Pitching Moment Coefficient ai f=+4°.

AC=ag~ajx+ay x2
o ao al 3.2 ao
-14 . 002172 - .0085 10.0064 . 00072
~12 .002533 - .1196 14.0529 .00076
-9 002456 - .2609 20.0757 .00071
-8 . 002061 - .1580 14.1577 . 00080
- 4.5 .002192 - .1203 11.5101 .00068
-3 .002536 - .2171 14.5725 .00060
- 1.5 . 002881 - .2443 15.9362 00081
0 . 002872 - L2750 17 3634 . 00082
1.5 . 002239 - 1702 15.2076 .00109
3 .001428 - .0573 12.1126 .00090
4.5 . 001402 . 0904 5.9058 . 00092
6 . 001708 .1801 .3914 . 00090
9 .001897 .2037 - 5.1421 . 00082
12.35 . 002022 L0514 - 1.5495 .000869

Table B10. RC11 Incremental Rolling Moment Coefficient at B=+4°,

AC=aO+a1x+32x2

o ap ay 3.2 a
~14 . 000038 2446 22,7420 . 00069
-12 . 000127 . 0161 14,3705 . 00049
9 . 000159 .1369 8.0896 . 00038
6 . 000189 2397 . 7373 . 00065
4. . 000156 .3112 4,1362 . 00061
3 . 000157 .4193 9.3915 . 00081
1. . 000103 .6059 18.7875 . 00062
0 . 000082 . 6667 22.4529 . 00053
1. . 000057 .6232 21.8633 . 00042
3 . 000091 .5065 17.4211 . 00037
4. . 000097 . 3853 12.5724 . 00032
6 . 000149 3100 3.6568 . 00039
9 . 000102 .1503 5.0148 . 00047
12, . 000055 . 0025 + 3667 . 00017




Table B11. RC11 Incremental Yawing Moment Coefficient at 8=+4°,

AC=a0—Lalx+a2x2

o 3-0 aq ag o
-14 -. 000521 - .2168 31.4568 .001908
-12 ~. 000773 .1762 17.2017 . 00078
-9 -. 000738 .3934 7 5909 . 00064
-8 ~. 000844 .5592 - 3.7881 . 00094
- 4.5 -. 000835 . 8837 - 11.7014 . 00101
-3 ~. 000838 .8496 - 19.9539 .00132
- 1.5 -, 000746 1,1180 - 33.9357 .00098

0 -.000731 1.1824 - 38.1675 . 00081

1.5 -.000668 1.0815 - 35.6389 . 00071

3 -. 000704 .8830 - 27.8028 . 00067

4.5 -. 000693 . 6840 - 20.2339 . 00060

6 -. 000757 .5510 - 15 8291 . 00083

9 -, 000568 .3008 - 9.,3168 .000586

12.35 -, 000668 . 1345 - 3.7041 00032

Table B12. RC11 Incremental Side Force Coefficient at B=+4°,

AC =ao+alx+a2x2
o a9 ay ag o
~14 -.001020 .5238 - 65.8527 . 00261
-12 -.001799 - .0894 - 41.0320 . 00215
-9 -.001182 - .6581 ~ 17.0903 .00198
-6 -. 001185 - .9325 6.1718 . 00287
- 4.5 -.001199 - 1.1698 25.7800 . 00313
-3 -.0011384 -~ 1.54692 49,6463 . 00413
- 1.5 -.000908 ~ 2.1192 84.0583 . 00262
0 -, 000912 - 2.1186 91.2201 . 00243
1.5 -. 000910 - 1.6981 78,7824 . 00252
3 -, 001080 - 1.0315 55.2574 . 00229
4.5 ~. 000923 - .4391 33.5556 . 00202
6 -. 000973 . 0648 16.3379 . 00231
9 -.000683 L7872 - 5.5313 .00160
12.35 -. 001036 9934 - 13.7311 .00101




Table B13.

RC37 Incremental Normal Force Coefficient at S=+4°.

AC=a0+a1x+a2x

o aq aj ay a
~14 . 005257 2.1850 40,9390 .00208
-12 . 006211 2,2928 46.0385 . 00224
-9 . 005593 2,1179 42.3368 . 00222
-6 . 006227 2.0597 38.51656 . 06267
- 4,5 . 006361 1,9536 35.4465 . 00283
-3 . 007379 2.0829 37.257%9 . 00260
- 1.5 . 007377 2,1364 41,5098 .00262

0 . 007348 2.2604 43,9324 . 00262

1.5 . 305365 2.0649 38.5349 . 00329

3 . 003811 1.6966 22.2193 . 00265

4.5 . 003519 1.6236 17.8328 . 00281

6 . 004688 1.7780 17.9486 . 00229

9 004721 2.2363 26.5390 . 00254

12.35 . 004032 2.8485 50,3817 . 00196

Table Bl4. RC37 Incremental Axial Force Coefficient at S=+4°,
AC=gap+ajx+agx
o ag aq az a
-14 021417 3.3937 78.8697 . 00582
~-12 021922 3.4378 79.0447 .00497
-9 . 022144 3.4491 78.6978 00476
- 6 .022302 3.4606 79.4149 . 00465
- 4.5 .020950 3.3587 T6.7630 . 00595
-3 .022324 3.5867 82.7426 . 00468
- 1.5 .020750 3.4330 78.1367 . 00605
0 . 021940 3.5398 81.2693 .00503
1.5 . 020721 3.3443 76.1977 . 00594
3 . 022384 3.5465 82.8206 . 00447
4.5 L021371 3.5282 34,9173 . 00552
6 .022813 3.7767 94,2612 L 00412
9 . 022762 3.7902 96.0678 . 00394
12.35 . 022225 3.5838 89.0360 . 004863

2

2



Table B15. RC37 Incremental Pitching Moment Coefficient at S=+4°,

o 3.0 a as a
-14 . 002156 . 1547 .9401 . 00072
-12 . 002521 .1143 1.2234 . 00081
-9 . 002457 .0815 . 5327 . 00075
-6 . 002058 L1270 - 2.2889 .00073
- 4.5 .002193 L1167 - 1.9656 .00079
-3 . 002529 . 0658 - 1,1095 . 00065
- 1.5 .002868 . 0428 .2585 . 00078

0 . 002863 .0390 - .0006 .00079

1.5 . 002246 .0780 - .5242 .00111

3 . 001460 .1738 - 3.7780 . 00082

4.5 . 001417 . 0808 .6592 . 00088

6 . 001708 . 0260 4,8406 . 00071

9 . 001881 .0321 4,7641 .00063

12.35 .002011 .0281 3.7848 . 00060

Table B16. RC37 Incremental Rolling Moment Coefficient at 8=+4°,

AC=a0+a1x+a2x

o] ag a; ay c
~14 . 000007 . 0001 1.6637 . 00013
-12 . 000107 .0715 - 2.8660 . 00029
-9 . 000144 . 1448 - 7.5628 . 00018
-6 . 000168 .1413 - 7.6883 00012
- 4.5 . 000135 .1435 - T7.7769 .00013
-3 . 000128 .1588 - 8.8139 . 00019
- 1.5 . 0600086 L1511 - 11,1002 . 00027

0 . 000082 2140 -~ 13.09871 . 00032

1.5 . 000063 +2098 - 13.6007 . 00019

3 . 000107 L1710 - 12,4028 . 00021

4.5 . 000112 L1207 - 10,2992 . 06020

6 . 000159 .0350 - 8.1702 . 00041

9 . 000119 . 0686 . 1489 .00018

12.35 . 000068 .1976 5.2578 . 00031

AC=a0~‘-alx+a2x2

2



Table B17. RC37 Incremental Yawing Moment Coefficient at 8=+4°,

AC=a0*a1xTa2x

o 3.0 3.1 8.2 o
~14 -.000480 . 0930 - 4.7222 . 00033
-13 -. 000745 0148 1.4877 . 00054
-9 -, 000718 .1028 8.8949 . 00038
-6 -, 000813 .0929 8.9739 .00035
- 4.5 -. 000802 . 0859 8.6720 .00032
-3 -, 000720 .1054 9.8709 .00036
- 1.5 -, 000716 . 1565 13,2142 00046

0 -, 000718 .1934 16.3012 . 00056

1.5 -. 000677 .1968 17,4195 . 00038

3 -, 000729 .1380 15.6595 . 00040

4.5 -. 000717 0532 11.8697 .00043

6 -, 000788 . 0936 4.8173 . 00070

9 -, 000554 L2991 - 6.6643 , 00031

12,35 -, 000682 .5346 - 16.1227 . 00037
Table B18. RC37 Incremental Side Force Coefficient at 8=+4°,
AC=ap+ajx+agx

o ag al a9 o2
-14 -,001151 .1202 7.7359 .00158
-12 -, 001885 2177 - 90,8550 . 00190
-9 -, 001251 L4284 - 24.8358 . 00164
-6 -, 001270 L4233 - 24.2318 . 00163
- 4.5 -.001274 .4809 - 25,1092 . 00147
-3 -, 001287 BTTS - 29,2187 . 00152
- 1.5 -. 000958 . 6767 - 35,4351 . 00348

0 -.000918 . 7669 - 41,4105 .00145

1.5 -. 000873 L7331 - 40,8968 . 00130

3 -, 001021 . 6583 - 36,4317 .00138

4,5 -. 000878 4615 - 26.2029 . 00128

6 -, 000921 L2278 - 11,7402 . 00203

2] -, 000850 L0651 8.9783 .00119
12,35 -.001018 . 3562 22,6220 . 00115

2

2



Table B19. RC38 Incremental Normal Porce Coefficient at f=+4°,

AC =2y +a;x+asx?
14 a9 g 29 o)
-14 . 005245 5.6018 3.2808 . 00213
-12 . 006240 5.6932 28.8734 . 00475
-9 . 005575 5.04386 24,4312 . 00304
6 . 006225 4.1350 6. 0067 .00278
4.5 . 006356 3.9506 8.689%4 .00306
3 . 007367 3.9812 6.4210 . 00277
1.5 . 007365 3.7680 14,9589 . 00269
0 - 007347 4.0600 8.9788 .00352
1.5 . 005350 4.5993 12.2773 . 00484
3 . 003767 5.38012 42,3479 .003386
4.5 . 003491 5.8291 70.6529 .00324
6 . 004638 6.0469 87,2689 .00375
9 . 004605 5.3621 T7.9067 .00363
12.35 . 003993 - 4.7252 52.3508 .00227

Table B20., RC38 Incremental Axial Force

Coefficient at 8=+4°,

AC=a0+a1x+a2x2

ao a1 a2 (02

.021533 - 1.2501 27.8151 .00611

. 022031 - 1.5533 15.8938 00528

-9 . 022255 - 1.8761 17.4719 00501
-8 . 022408 1.9243 3.8630 . 00495
- 4,5 .021029 1.6910 2.3476 . 00611
-3 . 022420 1.7930 1.0050 . 00483
1.5 . 020811 1.6434 4.1781 .00818

0 022012 1.721% . 0132 . 00531
1.5 . 020780 1.4456 7.4798 . 00699

3 . 022467 1.4845 11.5078 .00488
4,5 . 021441 1.4706 17.9033 . 00602

6 . 022904 1.9959 7.1330 00505

9 . 022852 1.2785 16.169%9 .00413
12.35 . 022306 2,.7429 19,6608 . 00470
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Table B21. RC38 Incremental Pitching Moment Coefficient at S=+4°,

AC =2y +a;x+ayx?

~14 . 002179 ~ 1414 31.1738 . 00081
~12 . 002549 - 1271 37.4057 . 001786
-9 . 002451 0472 37.7117 . 00083
-6 . 002048 - 2932 34,3483 . 00139
- 4,5 . 002176 L4723 31.6452 . 00159
-3 . 002517 . 6289 27.1863 . 00114
- 1.5 . 002861 . 8517 19.2616 . 00095
0 . 002859 - 9527 14,8745 . 00087
1 . 002232 1.1138 9.4827 . 00108
3 . 001429 1.2572 5.0337 . 00096
4 . 001328 1.4423 . 9645 . 00128
6 . 001690 1.555 3.3786 00112
9 . 001881 1.9413 14,1412 . 00128
12.35 . 002023 2.3778 30.8953 . 00065

Table B22. RC38 Incremental Rolling Moment Coefficient at 8=+4°,

AC = agtax+ azxz

(a3 ao 8.1 3-2 c
~14 . 000020 . 0052 - 23.6905 . 00035
=12 .000114 - .2094 - 14,9518 . 00034
- . 000180 - .2695 - 9,9719 . 00056

. 000189 2619 - 6.4954 . 00062

9

6

4.5 .000153 .2411 - 6.7039 . 000486
3 . 000157 . 3730 6.5674 . 00098
1.5 . 000106 .5864 10,6010 . 00109
0 . 000094 . 7830 22.4234 . 00080
1.5 . 000053 . 6688 20.3655 . 00110
3 . 000083 . 3624 9.6252 . 00121
4 . 000096 .1238 .0301 . 30056
6 .000158 . 0207 - 5,.7189 . 00055
9 . 000114 L1170 - 3.5781 . 00029
12 .000058 - 1784 1.7443 . 00056
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Table B23. RC38 Incremental Yawing Moment Coefficient at 8=+4°,

AC = ag+ajx+ azxz
o 2y 3‘1 a2 o]
~14 -, 000495 - .5209 24,0514 . 00055
-12 -. 000753 - .3140 15,1260 .00053
-9 -, 000742 - .3632 11,2175 .00110
-8 -. 000843 - L.2697 4,0306 .00078
- 4.5 ~. 000821 - L1764 2.3942 .00112
-3 -. 000823 .1475 w 10,7454 .00157
- 1.5 -, 000741 .4290 -~ 23.6209 .00148
0 -. 000731 .6089 - 34,7512 .00103
1.5 ~. 000661 .3467 - 25.5037 .00119
3 -. 000697 - 0036 - 11.0629 .00119
4.5 -.000701 - .2012 - .9073 .00088
6 -. 000781 - .1502 1.7021 .00160
9 -, 000596 .3550 - 11,9230 . 00089
12.35 -, 000878 .5023 - 21.5229 . 00113

Table B24., RC38 Incremental Side Force Coefficient at B=+4°.

Ac =a0+a1x+a2x2

o a.o 3.1 az (v
-14 -, 001045 1.8625 - L0072 . 00230
~12 -, 001788 1.1160 - L0042 . 00241
-9 -. 001512 .2901 . 0462 . 00264
-6 -.001185 - .2344 28.8833 .00241
- 4,5 -.001202 -  .6448 46.2601 . 00243
-3 -.001180 - 1.2435 81.3172 .00488
- 1.5 -, 000934 ~ 1.5737 111.2433 .00585

0 -. 000971 - 1.2873 119.0705 00476

1.5 -, 000987 - .3628 89.6955 .00424

3 -,.001182 . 7960 45,2309 .00372

4.5 -, 000973 1.7577 8.0190 . 00328
6 ~. 000996 2.4570 - 18.8935 . 00271
9 -, 0006567 3.0503 - 36.2091 . 00215
12,35 -. 001070 3.3125 - 42,3183 00142

-

B-12



Table B25. RC40 Incremental Normal Force Coefficient at S=+4°,

AC=apg+ajx+agx

o ao al az o
-14 . 005308 - 3.0102 10.0648 .00232
-12 . 006312 - 3.1493 5.8334 .00231
-9 . 005670 - 2.8858 18.4647 . 00272
-6 . 006311 - 2.9731 20.8230 . 00260
- 4.5 . 006428 - 2.9500 25.1396 . 00294
-3 . 007457 -~ 3.1238 - 28.5884 . 00341
- 1.5 . 007458 - 3.4012 - 23.5854 . 00321

0 . 007441 - 4,0005 6.6110 . 00323

1.5 . 005433 ~ 4.,3419 7.53386 . 00392

3 . 003849 - 4.7630 23.3436 . 00296

4.5 . 003570 - 5.1199 35.8109 . 00292

6 . 004748 ~ 5.4690 45,9553 .00199

) . 004708 - 5,4765 46.5630 . 00213

12.35 . 004026 - 5.1860 42,8635 . 00204

Table B26. RC40 Incremental Axial Force Coefficient at S=+4°,

2

AC = ag+a;x+ a2x2

o 30 al a2 c
-14 . 021333 - 4,6711 69,8411 00812
-12 . 021819 - 4.7478 73.5278 . 00543
-9 . 022044 - 4,8578 82,3352 . 00525
-6 .022195 - 4.8248 79.2116 . 00522
- 4.5 . 020864 - 4,8711 82,0433 . 00632
-3 . 022230 - 5.3280 101.1584 . 00520
- 1.5 . 020668 - 5.3710 109,6386 . 00649

0 . 021830 - 5.4096 113.6132 . 00572

1.5 . 020620 - 4,9859 101.3942 . 00654

3 . 022253 - 4.3888 95,2908 . 00529

4.5 . 021256 - 4,.5812 85.1783 . 006086

6 . 022685 - 4.6472 84,0265 . 00483

9 . 022663 - 4,7371 84,8359 . 00458

12.35 . 022149 - 4.7507 86.0579 . 00512
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Table B27. RC40 Incremental Pitching Moment Coefficient at 8=+4°,

AC =ap+a1x+agx?

o ag 31 2y a
-14 . 002164 . 3645 25.3087 . 00073
=12 . 002526 2501 30.4180 . 00085
- 9 . 002433 . 2008 32.96186 . 00087
-6 . 002035 L3779 24.6166 . 00070
- 4.5 002172 .3699 24,5081 . 00087
-3 . 002507 . 2535 29,0459 00077
- 1.5 . 002852 2597 29,7750 00107

0 . 002835 . 3546 26.7562 .00123

1.5 .002214 .D638 20.3967 . 00123

3 . 001401 . 7246 14,7463 . 00117

4.5 .001382 .8018 10.5930 . 00107

6 . 0016753 8219 3.0122 . 00101

9 . 001860 . 7366 8.6792 . 00091

12.35 . 002000 6065 11,7571 . 00075

Table B28. RC40 Incremental Rolling Moment Coefficient at B=+4°,

AC = agta;x+ azxz

o ao 3.1 a-2 g
-14 . 000037 . 2694 - 29,0603 . 00070
-12 . 000129 L0472 - 21,7577 . 00056
-9 . 000164 .1303 - 14,4133 . 00048
-6 . 000182 .?:106 ~ 8.,4414 . 00070
- 4.5 . 000159 2956 - 3.3729 . 00080
-3 -.000163 .4539 4.5438 00125
- 1.5 .000109 . 6260 14,7025 . 00084

0 . 000095 .6441 17.3877 . 00064

1.5 . 000059 .5514 14,5079 00030

3 . 000094 4575 10.5081 . 00031

4.5 .000100 . 3458 5, 7359 00036

6 . 000181 .2437 1.7535 . 00044

9 . 000118 .0929 - 3.0064 .00021

12.35 . 000063 . 0282 ~ bB.6603 . 00017
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‘Table B29. RC40 Incremental Yawing Moment Coefficient at 8=+4°,

AC = ag+tayx+ a.zxz

o ag aq g g
=14 -. 000523 .5363 32.5260 . 00110
~-12 -. 000773 .2149 20.9129 00073
-9 -. 000742 L0117 10.2087 . 00071
-6 -, 000848 L1700 - .1295 . 00099
- 4.5 -, 000840 «3534 - 9.9105 . 00128
-3 -. 000840 «5748 - 20,3219 00160
- 1.5 -. 000746 . 7667 - 31.8251 00106
0 -, 000726 . 6986 - 30,9485 . 00091
1.5 -, 0006864 .5041 - 24.3826 . 00057
3 -. 000705 . 3643 - 18.5328 . 00053
4,5 -. 000700 « 2155 - 12,7457 . 00051
6 -, 0007%6 0774 - 8.1758 . 00088
9 -. 000590 1737 - 22,0186 .00035
12.35 -. 000679 .1818 - . 7314 . 00026

Table B30, RC40 Incremental Side Force Coefficient at f=+4°,

AC= ag+a;x+ azx2

(s 8.0 a1 az o3
-14 -.001002 1.611s - 76.2421 -.00307
-12 -.001781 1.0321 - 51.7156 . 00222
-9 -. 001169 0.5439 -~ 28.9176 .00215
- 8 -.001163 0.2685 - 7.0226 . 002686
- 4.5 -, 001169 .0148 13.4353 .00354
-3 -.001153 LASTT 40,4272 .00471
- 1.5 -. 000879 .7318 64,2061 .00333

0 -. 000883 .46842 60.9648 .00301

1.5 -.000884 . 0680 43,4433 .00175

3 -. 003570 L0512 35.8109 . 00292

4.5 -. 000901 .9385 10.9760 .00193

6 -, 000924 1.4011 - 4,9738 . 00217

9 -. 0006823 1.9814 - 22.6163 . 00137

12.35 -.001013 1.9182 -~ 20.5202 .00124
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Table B31. RC55 Incremental Normal Force Coefficient at S=+4°,

AC=ap+ajx+agx?
-14 . 005280 4.8150 2.4523 .00216
=12 . 006258 4.8567 5.8298 .00253
-9 . 005573 4.3818 ~ 10.0820 . 00263
6 . 006253 4.7224 - 10.3138 . 00307
4.5 . 006369 4.9082 ~ 5.0124 .00278
3 . 007350 4.6939 - 15.5328 .00299
1.5 . 007362 4.3758 - 23.3029 . 00278
0 . 007341 4.3418 - 33.2162 . 00284
1.5 . 005353 4.4210 - 31.4598 . 00369
3 . 003781 4.7249 - 23.5614 . 00346
4.5 . 003518 4.9147 - 23.7162 . 00341
6 . 00472 5.4359 - 13.3771 . 00307
9 . 004737 6.1088 14,5343 . 00242
12.35 . 004046 - 6.8749 15.7228 . 00241

Table B32, RC55 Incremental Axial Force Coefficient at B=+4°,

AC= ag+a;x+ azxz
o ao al 32 g
=14 . 021449 - 3.3438 42,6487 . 00585
-12 . 021955 - 3.70679 54,6952 .00501
-9 . 022176 - 3.7233 55.4779 . 00478
6 . 022335 3.6580 51.9109 00466
4,5 . 020972 3.4578 46,5085 .00595
3 . 022350 3.4940 44,9392 « 00465
1.5 . 020771 3.1468 31.8595 . 00607
0 . . 021970 3.1872 29,6748 00501
1.5 . 020750 3.0492 24,9968 . 00597
3 . 022420 3.2888 30,0891 . 00456
4.5 .021398 3.2754 28,2754 . 00554
6 . 022850 3.5155 - 33.3243 .00418
9 . 022820 3.6500 34.6482 . 00394
12.35 . 022280 3.5602 29.1463 . 004865
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Table B33, RC55 Incremental Pitching Moment Coeff1c1e1.:1t at B=r4°,

Ac = agtax+ azx?‘

o 3.0 a.l 32 a
~14 . 002155 1.3290 15.2181 . 00070
~-12 002532 1.4099 10.8607 . 00080
-9 .002464 1.4101 11.0241 .00074
-8 . 002053 1.5636 8.T457 . 00095
~- 4,5 . 002191 1.58565 9.4942 . 00089
-3 . 002548 1.5694 11,6176 . 00086
- 1.5 . 002891 1.4764 17.1765 . 00096

0 . 002890 1.4175 20,0786 . 00092

1.5 . 002257 1,4547 18,3815 003126

3 . 001456 1.4665 17.5538 .00085

4.5 .001414 1.4816 17,5711 . 00089

4] . 001708 1.4446 19,2793 . 00078

9 . 001885 1.4867 15.7268 . 00089

12.35 . 002022 1.475% 12.8406 . 00085

Table B34. RC55 Incremental Rolling Moment Coeffrcient at 8=+4°,

AC = ag+a;x+ azxz

(a4 3.0 3..1 az o
-14 . 000008 . 2078 2.2215 . 00027
=12 . 000115 .1119 3.2450 .00073
-9 . 000156 . 0099 4.6344 . 00025
-8 . 000170 . 0622 3.4245 . 00025
- 4.5 . 000137 . 0683 2.6840 .00031
-3 .000133 . 0595 2.0110 .00031
- 1.5 . 000091 . 0860 1.8865 . 00026

0 .000083 .1362 2.7003 . 00019

1.5 . 000058 . 1737 4,1885 . 00018

3 . 000096 . 2222 5.7165 . 00021

4,5 . 000100 2671 7.2887 .00019

6 . 000155 .2991 8.3098 . 00018

9 . 000106 .1833 4.11086 . 00040

12.35 . 000054 .1039 L7691 . 00029
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Table B35, RC55 Incremental Yawing Moment Coefficient at 8=+4°,

AC =3y +ayx+ayx?

o ag al a.2 c
-14 -. 000471 .5997 -~ 5,5987 .00039
-12 ~. 000742 .6452 - 8,0863 . 00041
-9 -. 000716 . 6859 - 7.8741 . 00041
-8 -, 000800 .7379 - 8,9881 . 000486
- 4,5 -. 000704 L7421 - 9.8814 . 00048
-3 -. 000787 .7184 - 9.2643 . 00038
- 1.5 -, 000717 L7094 - 8.8760 . 00032
0 -, 000713 L7173 - 8.9006 . 00029
1.5 -, 000668 .7073 - 8.4565 . 00029
3 -. 000717 .7308 - 8,9194 . 00035
4.5 -. 000707 L7428 - 9,2010 .00030
6 -. 000777 L7700 - 10.5421 . 00033
9 -. 000587 .6961 - 8.6732 .00028
12.35 -. 000678 L6180 - 3.4571 .00044

Table B368. RC55 Incremental Side Force Coefficient at 8=+4°,

AGC=a3+a;x+agx

o ao al 3-2 o
-14 -, 001150 . 0081 2.6215 .00154
-12 -, 001903 L0416 - 1.8673 .00185
-9 -.001283 L0432 - 1,9172 .001%75
-6 -. 001286 .2948 7.8107 .00182
- 4,5 -, 001290 .2579 7.8953 .00179
-3 -,001289 L0441 1.1606 , 00155
- 1.5 -. 000961 .1418 - 5.3818 . 00160
0 -, 000933 .4373 - 14,2219 .00199
1.5 -. 000895 .7043 - 20,4025 ., 00188
3 -.001050 L9136 - 24,5607 . 00155
4.5 -, 000898 1.0260 - 26.1956 .00133
] -. 000943 1.1737 - 30.2096 .00141
9 -. 000640 1.3936 - 34.0085 . 00149
12.35 ~-. 001007 1.2786 - 26.5349 .00132
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Table B37. RC59 Incremental Normal Force Coefficient at 8=+4°,

2
AC=a0-alx—a2}:“

o aq a1 ag o
~14 . 005268 3.1708 10,3512 . 00185
-12 ~006279 2.8217 4.7942 . 00327
- 9 . 005637 2.2274 - 9,1231 . 00240
- B . 008275 2.4521 10.7544 . 00288
- 4.5 . 006402 2.5692 23.6641 .00318
-3 007422 2.7426 34.6774 . 00266
- 15 . 007411 2.7317 35,8124 . 06238

0 . 007367 3.0742 45,1577 .00316

1.5 . 005355 3.2854 49,7895 . 00402

3 .003780 3.7035 65. 0726 . 00318

4.5 . 003517 4.0272 78,7446 .00274

6 . 004696 4£.3936 94,6835 .00193

9 . 004657 4,8446 128.0453 . 00373

12.35 . 003928 4.1021 115.5795 .00373

Table B38. RC59 Incremental Axial Force Coefficient at S=+4°,

AC=a0~ralea2x2

o ag aq aq o
-14 .021502 1.0150 - 4,9112 ~00597
-12 .021998 1.3176 7.2081 .00513
-9 . 022230 1.4877 15.5867 . 00491
-6 . 022380 1.4429 14.2839 . 00479
- 4.5 .021011 1,3349 11.3165 . 00605
-3 . 022400 1.5868 19.4121 . 00477
- 1.5 . 020797 1,.6649 28.2018 . 00617

0 . 021982 1.8103 38,0954 . 00535

1.5 . 020747 1.5879 35.4782 . 00612

3 . 022423 1.4844 30,2988 . 00452

4.5 . 021397 1.1755 16.1293 . 00559

8 . 022851 1.3020 13.4806 00447

9 . 022815 1.5456 13.3592 . 00398

12.35 . 022290 1.6620 18.7461 . 00464
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Table B39. RC59 Incremental Pitching Moment Coefficient at 8=+4°.
AcC =aptajxtagx
o ap ajy an o
~14 . 002176 .4250 9, 3675 00078
-12 . 002549 3909 9.9553 . 00093
-9 . 002464 4776 16.9888 . 00077
-6 . 002065 , 4548 19,1419 . 00064
- 4.5 .002196 . 4395 19,9361 . 00082
-3 . 002637 4437 20.7353 .00083
- 1.5 . 002877 4246 22.2005 . 00089
0 . 002868 . 3692 21,6669 . 00080
1.5 .002238 . 2289 18.8007 . 00109
3 . 001430 . 0253 12.4915 . 00100
4.5 . 001404 L1117 7.4334 . 00089
6 . 001702 . 2068 3.0806 . 00070
9 . 001879 . 0050 15,0770 .001290
12,35 .001995 . 2823 10.8362 .00146

Table B40. RC59 Incremental

Rolling Moment Coefficient at 8=+4°,

AC=3ap+2a1x+agx

o g a3 ag a
~14 . 000024 . 0037 - 17.7723 . 00029
=12 . 000126 .1347 - 12.5487 . 00039
-9 . 000172 .3178 - 2,2848 . 00080
-6 . 000194 .4828 11,1520 .00103
- 4.5 . 000154 5415 17,0108 . 00079
-3 . 000148 .6266 22,8250 . 00087
- 1.5 . 000094 . 7187 28.2695 . 00040

0 . 000080 .6790 28,0389 . 00060

1.5 000049 .5308 23,8827 . 00080

3 . 000081 . 8323 18.2%35 ,00100

4,5 .000088 . 0702 8.3052 . 00092

6 . 000144 .0890 1.1715 . 00077

9 . 000108 .1381 4.4144 . 00043

12.35 . 000050 . 0408 2,8178 . 00033
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Table B4l. RC59 Incremental Yawing Moment Coefficient at B=+4°,

AC=a0+a1x-a2x

(4] a.o a 1 32 a
-14 -. 000511 -~ .0778 27.4380 . 00089
-12 -. 000772 . 2565 13.3674 .00068
-9 -, 000759 .5039 - 2.3962 .00131
-6 -. 000854 . 7829 - 21.5146 .00112
- 4.5 ~, 000836 . 9265 - 29.8286 . 00092
-3 -.000833 1.1349 - 39,9033 .00115
- 1.5 -, 000738 1.3529 - 51,4367 . 00102

0 -.000712 1.3548 - 54,2944 .00118

1.5 -. 000646 1.0586 - 45,0871 .00140

3 -. 000677 .6519 - 39.0688 , 00150

4.5 -.000875 .2242 - 11.2815 .00130

6 -.000750 . 0540 - 7407 .00148

9 -, 000577 .1206 5.4035 . 00095

12.35 -. 000658 L4215 - 6.5720 . 00067

Table B42. RC59 Incremental Side Force Coefficient at S=+4°,

AC=ap+ajx-agx

o ag aq ED) g
~14 -.001036 1.8209 - 96.68b69 . 00262
~12 -. 001845 1.0098 - 66.7314 . 00235
-8 -, 001218 .4059 - 40.3719 .00216
-6 -, 001173 - L2639 - 1.5748 . 00260
- 4.5 -, 001172 -~ .8155 26.5650 .00303
-3 -, 001150 - 1.4539 60,1606 . 003886
- 1.5 -, 000900 - 1.8237 85.3614 . 00352

0 -, 000922 - 1.7144 93.4687 . 00387

1.5 -, 000913 - 1,294% 84,3139 . 00250

3 -, 001118 - ,8865 73. 0822 . 00230

1.5 -. 000948 - .4825 60.9802 . 00300

6 ~, 000998 . 0785 43.6601 . 00345

9 -. 000690 .8597 15.8615 . 00149

12.35 -,001084 .1358 40,5577 . 00250
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Table B43. RC6E1 Incremental Normal Force Coefficient at S=+4°,

AC=ap-ajx-agx

o 9.0 a}_ 3,2 a
-14 . 005244 - 2.8621 5.8547 . 00227
-12 . 006234 - 2.6081 - 9.0899 .00222
-9 . 005594 - 2.6222 9. 0685 .00243
-6 . 006232 - 3.0058 1.6112 .00287
~ 4.5 . 006371 - 2.9498 2.1769 . 00275
-3 . 007409 - 3,1186 .1347 . 00249
- 1.5 . 007414 - 3,0921 3.5715 . 00255

0 . 007381 - 3.2120 5.7197 .00298

1.5 . 005376 - 3.1395 11.5653 . 00357

3 . 003814 - 3.1481 14,0927 . 00267

4.5 . 003547 - 3.1984 14,7731 . 00254

6 . 004729 - 3.3933 11.6473 .00191

9 . 004700 - 3.8356 2,7544 . 00204

12.35 . 004043 - 3.8816 8.6046 .00195

Table B44. RC#81 Incrementzl Axial Force Coefficient at B=+4°, .

2

AC=a0-ra1:c-agx2

04 ap a7 a9 g
-14 .021430 - 4,9962 95.5659 . 00682
=12 . 021929 - 5.0021 93,5227 . 00498
-G .022166 ~- 4,9133 89,6974 . 00475
-6 . 022325 - 4,8866 86.5713 . 00465
- 4.5 . 020962 - 4,8841 86.7104 . 00598
- 3 . 022348 - 5,1862 94,9652 . 00469
- 1.5 . 020764 - 5.1236 83.4741 . 00605

0 .021958 - 5.2087 94,7462 . 00500

1.5 . 020739 - 5.1064 93.8368 . 00595

3 . 022412 - 5.4166 105, 3949 . 00451

4.5 .021384 - 5.4459 109, 7549 . 00551

6 .022812 - 5.6419 115.6526 00411

9 L 022975 - 5,5500 111.6810 .00391

12.35 . 022249 - 5,5163 111.6802 . 00459
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Table B45, RC61 Incremental Pitching Moment Coeffieient at 8 =+4°,

AC=agrajx~agx

& 3.0 ay ao o
-14 . 002173 .5087 19,3477 . 00071
_19 . 002544 L4757 20,0188 . 00078
-9 . 002462 .3960 21.6682 . 00075
-6 . 002060 4109 20,3411 . 00064
- 4.5 .002194 .4357 18.9352 . 00070
-3 . 002537 . 3560 20.9524 . 00062
- 1.5 . 002879 . 3869 19.6126 . 00079

0 . 002876 . 3788 20.1504 . 00079

1.5 . 002251 4382 20.2238 .00110

3 . 001460 .4407 22. 7905 . 00093

4.5 .001418 .4233 24.7994 . 00082

6 .001711 .3863 26.1162 . 00066

9 .001888 .4060 23.7777 . 00062

12,35 . 002017 4127 21.4072 . 00058

Table B46. RC61 Incremental Rolling Moment Coefficient at f=+4°,

AC=aprajx+agx

o 2.0 al 3.2 ()
-14 . 000001 .0008 - 4.,1018 . 00022
-12 .000102 . 0809 ~ 9.8299 . 00038
-9 .000141 L1477 - 14,4214 . 00017
-6 .000166 . 1468 - 14,6713 . 00010
- 4.5 .000134 .14863 - 14.9621 . 00020
-3 . 000126 .1493 ~ 15,6340 , 00020
- 1.5 . 000084 .1482 ~ 16.0715 . 00010

0 .000078 . 1342 - 15.8085 . 00015

1.5 . 000058 .1195 - 16.0275 .00028

3 . 000107 . 0487 - 13.9645 .00043

4,5 . 000123 .0736 - 9.0479 ,00062

6 .000187 .1921 -~ 3.1898 . 00065

9 . 000122 .2822 3.4372 .00029

12,35 . 000062 ,3184 5.1735 . 00020
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Table B47. RC61 Incremental Yawing Moment Coefficient at 8=+4°,

&C=ao-a1,\-a2x2

o 3.0 al 3.2 o
-14 ~. 000471 .1924 - 1.1342 . 00034
-12 -, 000736 . 2957 6.1023 .00058
-9 -. 000710 4566 14,8447 . 00042
-6 -. 000810 .4351 14.8230 .00035
~ 4.5 -. 000803 .4068 14.5585 . 00050
-3 -. 000792 .3973 15,2072 . 00050
- 1.5 -. 000717 .3976 15.9558 . 00028

0 -, 000715 « 3960 16,1460 .00031

1.5 -. 000671 .4048 17.3443 . 00042

3 -. 000730 .3172 15. 0258 . 00065

1.5 -, 000730 L1411 7.8502 . 00091

6 -. 000808 . 0568 - 2.0214 .00102

9 -. 000592 .2245 ~ 13,6716 . 00034

12.35 -. 000675 .3272 - 17.2965 . 00021

Table B48, RC61 Incremental Side Force Coefficient at 8=+4°,

AC=agrajy-asx

o agp ay ag a
-14 ~,001113 1.4800 - 15.9313 . 00153
-12 -, 001856 1.2045 - 36.0899 . 00177
-0 -. 001224 2.1558 - 51,8456 . 00158
-6 -. 001245 2.2659 - 56,0365 + 00164
- 4.5 -,001261 2.3731 ~ 60.6113 . 00156
-3 -. 001268 2.3847 -~ 62,7160 . 00159
- 1.5 ~. 000950 2.4168 - 64,9437 . 00134

G -. 000918 2.3925 - 63.4394 . 00130

1.5 -, 000879 2.3200 - 64,4730 .00133

3 -.001010 2.2700 - 60,2771 . 00169

4.5 -. 000834 1.911%7 - 44,9626 . 00214

6 -. 000854 1.5866 - 26.5687 . 002486

9 -. 000620 1.1668 - .0132 .00138

12.35 -.001023 8546 13.4099 . 00102
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Table B49. RC62 Incremental Normal Force Coefficient at §=+4°,

AC=2ap+a1x+agx

o ao a,l 3.2 s
=14 . 005231 - 4,9282 64,8791 00217
-12 . 006210 - 4,6099 68,3567 . 00536
-9 005542 - 3.7419 58,7025 .00318
-6 .0068198 - 2.9637 35,7218 .00311
- 4.5 . 006360 - 2.6608 29.4361 . 00329
-3 . 007378 - 2.5009 26,5945 .00319
- 1.5 . 007395 - 2,2543 21,6878 . 00250

0 . 007352 - 2.8750 16,7824 .00372

1.5 . 005354 - 2.7852 36.4024 . 00496

3 . 003752 -~ 3.4164 60,7197 . 00364

4.5 .0032483 - 3.9458 90. 3967 . 00345

6 004643 - 4,.1000 103.6805 .00365

9 . 004605 - 3.4962 96,4398 , 00349

12,35 . 004004 - 2.8534 7.1548 00218

Table B50, RC62 Incremental Axial Force Coefficient at §=+4°,

2

AC = ag+a;x+ azxz

o 4y a4 ag g
~14 . 021423 - .6530 ~ 25,2308 . 00582
~12 .021921 - 1,0455 - 8.7892 . 00503
-9 .022149 - 1.3307 4,2181 . 00477
-6 . 022282 - 1.3023 8.6473 . 00478
- 4,5 . 020915 - 1.0548 3.1375 . 00601
-3 . 022291 - 1.1125 2.7167 .00473
- 1,5 . 020722 - .8652 - 5,2529 . 00611

0 .0219186 - .9440 - 1.3804 . 00524

1.5 . 020696 - 7229 - 5.8600 . 00696

3 . 022356 - .8252 -~ 4,5302 . 00463

4.5 . 021340 - .7682 - 10,4012 00573

6 . 022775 - 1.2116 - 1.1380 . 00478

9 . 022732 - 1.7306 11,3663 . 00404

12.35 . 022207 ~ 1.6128 9,3597 . 00470
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Table B51. RC62 Incremental Pitching Moment Coefficient at S=+4°,

AC = ag+tayx+ a2x2

(44 ao al az o
=14 .002165 - 1.0291 22.3881 . 00072
-12 . 002538 -1,1101 32,3421 .00162
-9 . 002439 - 1.1023 39,8758 . 00051
-8 . 002034 - ,3498 35.5633 . 00154
- 4.5 . 002177 - ,689%4 33.5278 .00141
-3 . 002512 - L5008 26.5898 . 00115
- 1.5 . 002861 - .26b64 17,1832 .00114
0 . 002855 - L0600 7.0369 . 00084
1.5 « 002236 . 0093 5.6135 . 00114
3 .001430 .1038 3.2708 . 00100
4.5 . 001395 2098 1.4859 . 00138
6 . 001684 .3621 - 2.3440 . 00121
9 . 001867 . 8885 - 18.3110 . 001586
12.35 . 002018 1.3576 - 35.9758 . 00063

Table B52. RC62 Incremental Rolling Moment Coefficient at B=+4°.

AC= ag+a;x+ a2x2

o ao &1 3.2 (2
=14 . 000024 L1107 - 24,0734 . 00040
~12 000118 - <1239 - 13.7479 . 00040
-9 . 000163 - L2078 - 6.,9200 . 00066
-6 . 000198 - .2233 - 1,3048 . 00081
- 4,5 . 000157 - L1657 - 2.3148 . 00058
-3 . 000160 - L2357 2.1955 . 06085
- 1,5 .000113 - 4195 11,0141 . 00087

0 . 000102 - .6619 24.2728 . 00098

1.5 . 000059 -  ,58408 26.4459 . 00119

3 . 000081 -  .3965 19,3852 .00133

4.5 . 000092 - 1207 8.8559 .000673

6 . 000158 . 0293 1.6801 . 00042

9 . 000108 .0158 . 9381 . 00026

12.35 . 000052 .0018 4,1117 30047
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Table B53. R(C62 Incremental Yawing Moment Coefficient at S+=4°,

AC=ag+aix+ azxz

-14 ~. 000503 . 0363 28.9379 . 00065
-12 -, 000752 . 3076 16.4855 . 00063
-9 ~. 000741 .3512 7.8659 . 00122
-6 ~, 000843 ,4533 - 1,5301 . 00069
- 4,5 -. 000819 .5060 - 2.6554 . 00084
-8 -, 000819 7377 - 12.1718 .00124
- 1.5 -.000748 1,0004 - 23,6789 . 00127
0 -, 000740 1,2848 -~ 89,1453 .00118
1.5 ~. 000666 1,1722 - 87.2360 . 00133
3 -, 000688 . 8955 - 27.7296 .00136
4.5 -. 000890 .B408 - 15,9971 . 00089
6 -. 000773 .6374 - 12,0348 . 00141
9 -, 000581 .9738 - 18.67986 . 00070
12.35 -. 000670 1.0910 - 26.0762 .00103

Table B54. RC62 Incremental Side Force Coefficient at B=+4°,

AC = ag+ayx+ azxz

o ao al a2 g
-14 -.001035 1.8119 - 97.3141 . 00241
-12 -. 001790 .8443 - 55,9730 . 00265
-9 -, 001156 - .3464 4.6516 .00281
-6 -. 001180 - .9873 42,3355 00234
- 4.5 -. 001196 - 1.27% 57,2479 . 00228
-~ 3 -.001182 - 1,6957 84,2839 .00421
- 1.5 -. 000923 - 2.,0281 113,3828 00506

0 -. 000969 - 1.5208 128.4325 . 00464

1.5 -, 000993 - 1,2558 111.9177 . 00432

3 -.001220 - L1919 74,1411 . 00430

4.5 -. 001002 . 3142 36.47T65 . 00379

6 -, 001008 1.5906 8.5571 . 00307

2 -. 000689 2.5447 ~ 22.1640 . 00245

12.35 ~, 001104 2.8204 - 28,2930 00175
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Table B55. RC78 Incremental Normal Force Coefficient at f=+4°.

AC=25+a;x+ay x2

o ao al az o
~14 . 005241 - 1.6479 29.3288 . 00200
-19 .006219 - 1.3267 20.9421 00289
-9 . 005568 - 1,0866 21.5411 .00229
-6 . 006237 - 1.1640 21.7549 . 00248
- 1.5 .006380 - .9349 13.7718 .00296
- 3 .007398 - .8001 10.5980 .00313
- 1.5 . 007404 - .6335 8.9049 . 00238

0 . 007378 - .6635 8.8594 . 00287

1.5 .005377 - 7744 11.0226 . 00407

3 . 003798 - 1.1642 21,1515 . 00359

4.5 .003525 - 1.4147 25,5128 .00281

6 .004717 - 1.8978 37.6068 . 00248

9 . 0046884 - 2.1626 40.5798 . 00220

12.35 . 004011 - 2.6558 49,6748 .00301

Table B56. RC78 Incremental Axial Force Coefficient at B=+4°,

AC=aprajx—~asx
[s4 ao 3.1 3.2 o
-14 .091443 - .2488 1.3443 .00563
-12 . 021933 - 4270 5.8315 .00486
-9 . 022175 - .3481 2.7344 .00464
-8 . 022326 - .2533 .9335 .00454
- 4.5 . 020967 - .0538 4.6078 . 00569
-~ 3 . 022349 -~ .2044 L7241 . 00450
- 1.5 . 020770 .0244 7.8673 . 00571
0 . 021965 - .0928 3.9923 . 00480
1.5 .020751 .0156 6.5826 . 00562
3 . 022423 - .1919 .8925 .00439
4.5 .021398 - ,1066 3.5341 . 00528
6 . 022836 - 2496 6245 . 00402
9 . 022802 - L1714 3.9749 . 00387
12.35 .022271 .0296 11.1543 . 00443
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Table B57. RCT8 Incremental Pitching Moment Coefficient at f=+4°.

AC=ap-a-3+agx
ke -

o =) a1 ag a
-14 . 002164 - .2368 1,3202 .00068
~-12 . 002527 - .2897 3.0187 . 00077
-9 . 002445 - .3635 5.2844 . 00074
-5 . 002057 - .2374 2,2207 . 00080
- 4.5 . 002186 - ,2042 2.2452 . 006074
-3 . 002523 - .2502 4,.7034 . 00064
- 1.5 . 002869 - ,2801 6.5525 . 00072

0 . 002869 - L2790 6.4354 . 00069

1.5 . 002243 - .2554 5.7193 . 00112

3 . 001447 - .2409 5.0211 . 00085

4.5 . 001417 - L1595 1.4880 . 00080

6 . 001718 - 1274 - . 7249 . 00079

9 . 001888 ~  .2248 1.7952 . 00086

12.35 . 002021 - ,3941 7.6477 . 00062

Table B58, RC78 Incremental Rolling Moment Coefficient at B=+4°,

AC=aO-ra1x—a2x2

ag a; ag G

. 000005 - .,1073 1.2763 . 00014

.000111 - .0119 1.2066 . 00054

9 .000150 L1172 4,2553 . 00015
6 . 000167 5.4011 2.4168 . 00023
4, .000134 . 0485 2.2496 . 00015
3 .000127 . 0584 2,4399 ,00011
1. . 000083 .0343 1.3392 . 00015
0 . 000077 L0112 . 8537 . 00019
1. . 000057 - .0186 .3349 .00027
3 . 000098 - 7.6193 1,0168 . 00031
1. . 000104 - ,1239 2.0021 .00030
6 . 000161 - .1654 3.0456 . 00015
9 .000115 - .0100 . 3805 .00018
12, . 000056 - .1209 1.6539 . 00018
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Table B59. RC78 Incremental Yawing Moment Coefficient at S=+4°,

AC=a0-ra1:~.*a2x2

o ag ay ag o
=14 -, 000473 . 3999 3.2579 . 00028
=12 ~. 000747 . 6632 9.4162 . 00044
-9 -. 000721 L6707 8.2816 . 00030
-6 ~. 000808 6701 7.6658 . 00040
- 4.5 ~. 000799 .6281 6.2166 . 00046
-3 -. 000788 «+2792 4,7078 . 00034
- 1.5 -, 000713 .5858 5.3359 .00030

0 ~. 000711 .5996 5.5719 . 00029

1.5 -. 000670 . G093 5.8166 . 00028

3 -. 000719 . 6216 5.7626 . 00031

4.5 -.000707 .6322 5.7276 . 00029

6 - 000777 .6570 6.5123 . 00026

9 -. 000587 . 6639 7.4731 . 00022

12.35 -.000680 .6259 5,1842 . 00027

Table B60. RC78 Incremental Side Force Coefficient at 8=+4°,

AC=a0+al:\——a2x2

o ao al 32 o
—14 -, 001124 .1429 10,1772 . 00165
_12 ~. 001864 .2951 13.0301 .00166
-9 -.0061217 . 1398 2.4840 . 00150
-8 -.001263 . 0451 1.2235 . 00169
- 4.5 -. 001275 ,1137 5,9747 . 00184
-3 -, 001277 .3443 11,8007 . 00177
- 1.5 -. 000946 .5420 16,1444 .00186

0 ~,000918 7244 18.9090 . 00184

1.5 -. 000887 . 8833 20.5817 L. 00172

3 -, 001038 1.1287 26. 3452 . 00155

4.5 ~. 000888 1,2344 27, 9854 .00130

6 ~. 000922 1.3274 30,0083 .00119

9 -. 000636 1.3647 31.9953 . 00113

12,35 -. 001003 1, 2667 22. 86789 .00151

B-30




Table B61, RC89 Incremental Normal Force Coefficient at B=+4°.

AC=ag~a;x-ay x>

o ap as ag a
-14 . 005266 - 2,9216 14,8668 . 00205
-12 . 006279 - 2.63%4 23. 2558 .00302
-9 . 005630 -~ 2,1838 30. 3077 . 00221
-6 . 006279 - 2.3674 25.7211 . 00257
~- 4.5 + 006410 - 2.3632 27,0245 . 00263
-3 . 007421 - 2,4713 24.4941 +00242
- 1.5 . 007423 - 2.3745 27,7670 . 00229
0 . 007388 - 2,5203 24,4469 . 00247
1.5 . 005369 - 2.5808 25,1122 .00390
3 . 003780 - 2.871% 20. 0355 . 00427
4.5 . 003516 - 3.2424 13.1768 .00326
6 . 004725 - 3.8020 . 0607 . 00264
9 . 004740 - 4.3820 14,1436 . 00236
12.35 . 004052 - 4.9668 28.4202 . 00263

Table B62. RC89 Incremental Axial Force Coefficient at S=+4°,

AC=a0*alx¢a2x2

o aqg al az o
~14 . 021469 - .7888 18.2902 . 00585
~12 . 021975 - ,9802 13.3116 . 00505
-9 . 0222123 - 1.0801 10.2437 . 00483
-6 . 022368 - 1,0274 11.3733 . 00473
- 4.5 . 020998 - .3899 15,1463 . 00600
- 3 . 022383 - .9810 15.5093 . 00471
- 1.5 . 020786 - L7738 23.0538 . 00608

¢ . 021985 - .8293 22.6026 . 00505

15 . 020766 - L7971 22,1444 » 00601

3 . 0224438 - 1.1078 12,1492 . 00459

4.5 . 021419 - 1.1576 T7.7208 . 00559

8 . 022862 - 1.4098 1.8105 . 00419

9 . 022820 -~ 1.2406 3.7995 . 00403

12,385 . 022290 - .9685 13,5633 . 00467
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Table B63. RC89 Incremental Pitching Moment Coefficient at S=+4°,

AC=3ap-ajx~agx

o ao 2.1 3.2 o
=14 . 002159 . 8474 5.2103 . 00070
-12 . 002527 . 8447 4,5522 . 00079
-9 . 002456 . 7879 4,9463 . 00075
-6 . 002069 . 8632 5.4822 . 00100
- 4.5 . 002202 . 9259 4.7771 . 00070
-3 . 002539 . 9231 4.4706 . 00053
- 1.5 . 002878 .9514 2.9759 . 00073

0 . 002870 1.0016 1.0470 . 00073

1.5 . 002244 1.0540 - L3794 . 00113

3 . 001443 1.0202 1.8319 . 00097

4,5 . 001411 . 9469 4,8706 . 00084

6 . 0017063 L9174 5.9134 . 00072

9 . 001881 .9190 4.1244 . 00087

12.35 . 002017 . 8208 6.,4583 . 00064

2

Table B64. RC89 Incremental Rolling Moment, Coefficient at 8=+4°,

AC=a0*a1x+a2x2

¢ ap aq &y G
-14 . 0000086 .1534 - 3.4036 . 00014
-12 . 000111 . 0035 - 9.9143 . 00041
~ 8 . 000148 .1682 - 16,6088 . 00023
-8 . 000169 . 0974 - 15.5943 . 00035
- 4.5 .000135 . 0605 - 14,4159 . 00017
-3 . 000125 .0575 - 14,1649 . 00013
- 1.5 . 000083 . 05569 - 14,5314 . 00019

0 . 000078 .0168 - 13.8114 .00033

1.5 . 000060 5.1846 - 12,1807 . 00044

3 . 000105 . 1388 - 10.3169 . 00052

4.5 . 000112 2144 - 9,1292 . 00055

6 . 000177 3207 - 5,5156 . 00050

9 . 000131 .4810 3.9447 . 00059

12.35 . 000062 .4990 5.8227 . 00029
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Table B65. RC89 Incremental Yawing Moment Coefficient at f=+4°,

AC=a0-a1x—a2x2
(8.4 ao al az J
~14 -. 000474 . 2598 - 4,5044 . 00031
-i2 -, 000743 .2426 - .1573 . 00091
-9 -, 000717 .1994 5.6241 . 00035
-8 -. 000809 . 2306 6.5946 .00051
- 4.5 -. 000801 .2352 6.9604 . 00036
-3 -.000788 . 2147 7.8413 . 00087
-15 -, 000716 .1825 9, 7009 . 00035
0 -. 000717 .1929 10,3129 . 00039
1.5 -. 000677 . 2288 10. 0400 .00058
3 -. 000735 .3030 8.7130 . 00063
4.5 -. 000721 . 3599 8.2513 . 00058
6 -. 000801 .4881 3. 0847 .00073
9 -. 000607 . 7836 - 13.4580 . 00076
12.35 -. 000678 . 7825 - 13,7965 .00051

Table 366. RCB89 Incremental Side Force Coefficient at f=+4°,

AC=a0-—a1x—a2x?‘

o ap ai a9 g
~-14 -. 001143 . 3364 5.8310 . 00182
-12 -. 001888 . 8583 - 4.5375 . 00256
-9 -. 001237 1.0753 ~ 23.0280 . 00161
-8 -. 001252 1,0031 - 23,2237 .00174
-4 5 -. 001264 1.0236 ~ 24,8752 . 00157
-3 -, 001274 i.1922 - 30.3053 . 00155
- 1.5 -. 000945 1.3967 - 37.5614 . 00174

0 -. 000906 1.6425 - 44,8536 . 00180

1.5 -. 000863 1.7762 - 47,9219 . 00138

3 -, 001010 1,8742 - 50,3696 .00138

1.5 -. 000855 1.8200 - 48,2365 . 00140

6 -, 000872 1.6968 - 39.8689 . 00205

9 -. 000598 1.2802 - 11,4930 . 00200

12.35 -. 001012 1.0708 7.3228 . 00118
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Table B67. RC94 Incremental Normal Force Coefficient at 8=+4°,

5 ag aj ag g
~14 . 005278 2.9398 20,2431 . 00208
-12 . 006256 2.8213 17.6866 . 00267
-9 . 005597 2.1522 - 1.8671 .00235
-6 . 006268 2.2054 - 5,4728 .00269
- 4.5 . 006408 2.2976 - 2.4788 . 00261
-3 . 007407 2.2480 - 5.5304 . 00255
- 1.5 . 007373 2, 0048 - 14,8330 . 00266

0 . 007320 2.03%0 - 16.9187 . 00298

1.5 . 005332 1.9344 - 23.9350 . 00404

3 . 003788 2.1222 - 24,5984 .00412

4.5 . 003542 2.2734 - 31,1651 . 00428

6 . 004749 2.9132 - 20,5918 L 00412

9 . 004763 3.7755 - 3.8680 . 00293

12.35 . 0040565 4.6590 25.9664 .00231

Table B6S. RC94 Incremental Axial Force Coefficient at S=+4°,

AC=&.0731X"32X

43 ap aq as v
-14 021495 1,4234 - 12.3647 . 00595
=12 .021998 1.6636 - 6.3141 . 00512
-9 . 022229 1.6996 ~ 4.4148 « 00489
- B - 022392 1.6975 - 3.2110 « 00483
- 4.5 .021016 1.5102 - 8,5955 « 00606
- 3 . 022400 1,53689 -~ 8,9949 . 00475
- 1.5 . 020802 1.3084 ~ 17.9560 .00613

0 . 022013 1.3611 - 16.6427 .00516

1.5 . 020791 1.2960 - 17.7996 .00611

3 . 022475 1.5493 - 92,0843 . 00470

4.5 021437 1.5859 ~ 5.5272 . 00566

6 . 022885 1,8222 3.5808 . 00426

9 . 022844 1.8748 6.8603 . 00406

12,35 . 022296 1,5967 - 3.5811 . 00467
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Table B69. RC94 Incremental Pitching Moment Coefficient at S=+4°,

AC=agrajx-agx

(84 ag a7 dg a
~-14 . 0021868 .6321 - 3.4400 . 00072
-12 . 002535 . 6491 - 4.8198 . 00080
- 9 . 002463 .5083 - . 3685 . 00073
- 6 . 002067 . 6140 - 2.0700 . 00088
- 4.3 . 002203 L6611 - 2.2285 . 00081
-3 . 002551 .5615 3.1572 . 00078
-15 . 002879 .4712 8.6221 . 00098

0 . 002866 4123 11.8168 . 00084

1.5 . 002235 4556 10,5895 .00119

3 . 001446 4T85 10.0812 . 00083

4.5 . 001408 4764 11,4853 . 00101

6 . 001697 L4191 15.1608 . 00087

9 . 001868 .51%4 11.0445 . 00093

12,30 . 002010 8267 4.4294 00079

Table B70. RC94 Incremental Rolling Moment Coefficient at 8=+4°,

2

AC=a0+a1x—a2x2

& apn aq ag a
~14 . 000005 - 1064 2,1462 . 00016
-12 . 000111 - . 0840 - 4.8316 . 00058
-9 . 000153 2625 - 10,0287 . 00026
-6 . 000171 .2147 - 7.8282 . 00025
- 4.5 . 000138 2310 - 8,0414 .00033
-3 . 000134 2610 - 8,2190 . 00029
- 1.5 . 000090 .3016 - 9.7814 . 00025

0 . 000080 .3103 - 11,2138 . 00049

1.5 . 000059 2767 - 11.6083 . 00051

3 000110 . 1435 - 7.7004 . 000863

4.5 . 000123 - .0453 . 0253 . 60066

6 . 000185 -~ 1775 6.6054 . 00070

9 . 000114 - L1558 9.9669 . 00045

12.35 . 000055 - ,0634 6. 0889 . 00035
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Table B71. RC94 Incremental Yawing Moment Coefficient at 8=+4°,

Ac=a0va14\—agxz

o aO al a2 o
~14 -, 000477 .8877 - 7.9395 .00030
~12 -. 000751 .8495 - 3.3333 . 00080
-9 -. 000726 . 7663 2,9551 .00036
-6 -. 000815 L7770 2.3434 , 00044
- 4.5 -. 000804 . 7460 3.3154 . 00044
-3 -, 000791 . 7084 4.4028 . 00030
- 1.5 -, 000715 .6163 8.8292 . 00047
0 . -. 000709 5574 12.8151 .00060
1.5 ~. 000669 . 5465 15. 0508 . 00050
3 -. 000734 . 6854 10,5094 . 00077
4.5 ~.000735 .9058 .9784 . 00094
6 -. 000815 1.0948 -~ 8.8441 .00111
9 ~-.000596 1.2268 - 20.3481 . 00049
12.35 -. 000675 1,1300 - 18.2235 . 00051

Table B72 RC94 Incremental Side Force Coefficient at B=+4°,

AC=a0+alx—-azx‘?‘

(s ao al az o
~14 -.001153 .9518 5.7517 .00192
-12 -.001882 . 9204 - 2.4663 . 00222
-9 -. 001234 .6401 ~ 20.6360 . 001862
-6 ~.001263 .6041 - 21,8431 . 00175
-45 -.001280 5.1957 - 24,1403 . 00182
-3 -.001299 .2356 -~ 32.1737 . 00187
- 1.5 -, 000976 .1274 - 46,1115 . 00195

0 ~. 000949 .5568 - 62.3753 . 00175

1.5 -. 000902 . 7843 - 69.6289 , 00151

3 -, 001024 .7203 - 64.1129 . 00174

4.5 -. 000845 .3438 - 43,2521 . 00220

6 -. 000864 L0572 - 24,2312 . 00289

9 -. 000624 .2131 3.4330 .00186

12.35 -.001024 . 2787 14,8559 . 00160
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Table C1. RC38 Incremental Normal Force Coefficient at 8=-4°,

AC=a0*a1x+agx2
4 agn ag ag a
-14 . 003268 ~ 6.2695 88.0602 . 00357
-12 . 002489 - 5.3643 65.1187 . 00414
-9 . 003110 - 4,3280 35.6295 00469
- 6 . 003595 - 3.5544 11.3856 . 00518
- 4.5 . 003563 - 3.5550 13.5254 00495
-3 . 004923 - 3.7882 22,9891 . 00481
- 1.5 . 003373 - 3,7686 25,3907 . 00444
0 .0023986 - 3.5624 13.7658 . 00487
1.5 . 01086 - 3.55600 11,8781 . 00458
3 . 000337 - 3.8223 21 0708 . 00487
4,5 . 000608 - 4,3663 47.6937 . 00502
8 . 001660 - 4.7687 73.7905 . 00635
9 . 002532 - 4.5674 86.0642 . 00490
12.35 . 002581 - 4,2150 67.1135 . 00385

Table C2 RC38 Incremental Axial Force Coefficient at 8=-4°,

AC=ag+tajx+agx

o ap aq do a
-14 -, 000184 - 3.1703 41,5192 . 00187
-12 -.000983 - 3.1001 42,4693 . 00188
-9 -. 000565 - 3.5741 61,7089 .00214
- B -.000203 - 3.5054 63.0629 . 00236
- 4.5 -, 000482 - 3,3062 55.2960 . 00227
-3 -.000681 - 3.3002 53.3221 . 00234
- 1.5 -, 000674 - 3.3778 56,6771 . 00223

0 -. 000626 - 3.4050 62.2962 . 00279

1.5 -, 000731 - 3.1840 57.6131 . 00269

3 -. 000900 - 2.97383 49,1371 . 00286

4.5 -. 001085 - 2.9767 44,4787 .00311

6 -.001199 - 3.2315 48,3424 . 00333

9 -. 001189 - 3.7658 59.9650 . 002786

12.35 -.001182 - 4.,0104 66,4322 . 00247




Table C3. RC38 Incremental Pitching Moment Coefficient at S=~4°.

AC=30+31X4‘&2

(5.4 3.0 al az o
-14 . 000202 - 2607 22,2686 . 00077
-12 . 000515 - L1350 25,0284 . 00131
-9 . 000479 . 0383 24, 4566 . 00129
-8 . 000875 .0991 29, 0905 . 00176
- 4.5 . 000856 . 2896 24,7415 . 00151
-3 . 001247 L4572 19. 0222 L00117
- 1.5 . 000558 . 6255 14,5023 .00115

0 . 000159 . 7530 11. 6093 . 00131

1.5 - 000210 .0282 6. 7995 . 00123

3 - .000410 L1117 .2284 .00119

4.3 - 000215 1.2010¢ - 2.7769 L00115

6 . 000165 1.2952 - 5.0995 .00158

9 . 000323 1.8506 - 19.0894 . 00204

12.35 . 000121 2.3454 - 33.8605 . 00092

Table C4. RC38 Incremental Rolling Moment Coefficient at 8=-4°.

AC=a0+a1x+a2x

o an aq a9 o3
=14 . 060093 - .1814 17.5451 . 00029
-12 . 000107 L0119 9.0099 . 00033
-9 . 000174 - L0142 7.6095 . 00050
-6 . 000218 - .0606 6.7292 . 00054
- 4.5 . 000167 - L0801 6.5478 . 00062
-3 . 000144 - L0002 1.7223 . 00086
- 1.5 .000141 .1633 - 7.2971 . 00095

0 . 000152 .3122 - 15.8726 . 00073

i.5 . 000160 . 2957 - 17.3799 . 00061

3 -.000184 .1216 - 11.5755 . 00072

4.5 . 000201 - 0867 - 3.2330 . 00054
6 . 000241 - .2466 4,9018 . 00058
9 . 000213 - .1628 44,0224 . 00038
12.35 . 000226 - .0599 - 2.1200 .00031

=2
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Table C5. RC38 Incremental Yawing Moment Coefficient at 8=-4°,

AC=apg+ajx+asgx

o ao aq &9 a
-14 -, 000101 . 0295 32.6946 . 00034
-12 ~. 000145 - 1976 22.2800 00061
-9 -, 000218 - L1304 20.3919 . 00084
-6 -, 000351 - .0267 21.9919 . 00055
~ 4.5 -.000284 - ,092%7 19.6185 . 00077
-3 -, 000269 - .3428 8.9766 . 00138
- 1.5 -. 000268 - .6680 6.2740 .00130

0 ~. 000287 - .8902 16.5754 . 00081

1.5 -. 000308 - .8020 17.2479 . 00038

3 -, 000347 - L7343 10.2271 . 00032

4.5 -, 000414 - .5%83 2.8314 . 00061

6 -, 000497 - L.4820 4,2726 . 00112

9 -.000440 - .8894 4.6190 . 00125

12.35 -. 000631 - 1.3182 21,9178 . 00048

Table C6. RC38 Ineremental Side Force Coefficient at B=-4°,

AC=ag+ajx+agx

(54 aq ag ag (02
~14 -, 000038 - .5593 47,6141 . 00079
=12 -. 000380 . 0644 12,2701 .00129
- 9 -. 000431 . 3500 5.6314 . 00212
-6 -, 000740 . B6875H 28,2002 . 00109
- 4.5 -, 000933 1.0133 43,9339 . 00136
-3 -. 0011869 1.2569 61.2446 . 00263
- 1.5 -.001317 1.4832 82,6692 . 00352
0 -, 001334 1,2031 84,9683 . 00407
1.5 -.001342 5201 65.1974 . 00373
3 -.001278 - .4327 30,1286 . 00329
4.5 -, 001371 - 1.1236 4,9532 . 00249
6 -. 001380 ~ 1.5612 9.9261 00163
9 -,001218 - 2,1518 30.6117 . 00110
12.35 -.001354 - 2.3861 44,7419 .00133
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Table C7. RC40 Incremental Normal Force Coefficient at B=~4°,

AC=ap+ajx+ag x2

o aO a1 ag a
-i4 . 003350 3.5177 55.8112 .00228
-12 . 002604 3.2575 40.6484 00278
-9 . 003234 3.0245 25,6822 .00358
- B . 0038703 3.4682 41.3330 . 00509
- 4.5 . 008625 3.3914 31.6935 . 00543
-3 . 004960 3.1283 10.4506 , 00495
- 1.5 . 003420 2.8838 6.1325 . 00502
0 . 002466 3.0263 5.8386 . 00522
1.5 . 001172 3.4263 6.1521 00421
3 . 000454 3.6714 15,0821 . 00454
4.5 . 000722 4,3169 37.9001 . 00464
6 . 001798 4,8323 54,0769 . 00496
9 . 002624 55,4524 76.3582 00418
12.35 . 002633 65,5477 84.140%7 ‘.00322

Table C8., RC40 Incremental Axial Force Coefficient at B=-4°,

AC=gag+tayjx+agx

(s 4 ag aq 3.2 o
~14 - .000108 2.3661 4,0562 . 00076
-12 - .000903 2.3702 7.7854 . 00113
-9 - ., 000477 2.5473 16.7176 . 00143
-6 - .000103 2.6404 17.4071 . 00168
- 4.5 - .000388 9. 7404 22.5541 . 00198
-3 - 000573 2.9168 34.2880 . 00212
- 1.5 ~ .000592 3.0346 43.4565 . 00213
0 - (00337 2.9887 46,8083 . 00207
1.5 - . 000655 2.8061 43.5201 .00188
3 - . 000813 2.5611 35.3903 . 00206
4.5 - .001016 2.,1986 22,5512 . 00212
6 - ,001116 1.9319 12,1319 00206
9 - .001085 1.8614 7.3012 . 00196
12.35 - . 001076 1.9893 11.2135 .00156




Table C9. RC40 Incremental Pitching Moment Coefficient at 8=-4°,

AC=apg+ajx+agx

(0.4 2 4 as o
=14 . 000924 .3583 11.1182 . 00059
-12 . 000523 22773 16.3115 . 00080
-9 . 000492 L1759 22,6810 .00125
-6 . 000887 .3041 16.2339 . 00137
- 4.5 . 000871 .2924 15.8591 .00114
-3 001277 1472 22.9516 .00141
- 1.5 . 000588 . 1343 26.9523 . 00127

0 .000176 L1715 28.7064 . 00126

1.5 .000210 . 2420 27.1911 .00113

3 . 000431 .5088 16.3973 . 00149

4.5 . 000228 L6471 8.8869 .00136

6 .000164 7813 1.4236 . 00128

9 . 000327 . 7818 - 1.6373 . 00127

12,35 000117 . 6856 4173 . 00086

Table C10. RC40 Incremental Rolling Moment Coefficient at 8=-4°.

AC=ag*ajx+tagx

o ap &y ag a
-14 . 000098 2873 19.5348 . 00018
-12 000111 L1472 13,8123 . 00032
-9 . 000132 .0398 8.0379 . 60023
-8 . 000234 . 0966 9,0084 . 00035
- 4.5 . 000184 . 0419 5.4140 . 00068
-3 . 000159 L1317 - 2.7135 . 00087
- 1.5 . 000149 . 3061 - 11,4342 . 00062

0 . 000154 . 3792 - 15,5586 . 000865

1.5 . 000157 .3673 - 16.2818 . 00040

3 . 000181 . 2831 - 13.1877 . 00033

4.5 . 000206 L1758 - 8.2377 .00048

6 . 000249 . 0815 - 4,0643 . 00039

9 . 000217 .0349 - . 4281 . 00036

12.35 . 000227 1253 2,4621 . 00016

C-5
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Table Cll. RC40 Incremental Yawing Moment Coefficient at B=-4°,

AC=ap5+ajx+agx

a4 ao a1 ag o
14 -. 000107 .2280 - 29,7134 . 00032
~-12 -, 000151 . 0358 - 23.1643 . 00047
-9 -. 000229 .1243 - 15.9532 . 000456
-8 -. 000359 .1483 - 12,4697 . 00048
- 4.5 -. (100294 . 2603 - 6.0234 . 00097
- 3 -. 000280 2027 5.0083 . 00126
- 1.5 -. 000274 . 7332 16.3382 . 00089

0 -. 000284 .B8175 20,8608 . 00088

1.5 -. 000302 . 7753 20,3079 .00048

3 ~-. 000342 .6399 14,7651 . 00054

4.5 -. 000419 .4849 7.7807 . 00082

6 -, 000502 . 3687 3.1715 . 00055

9 -. 000447 . 2621 L4875 . 00045

12.35 -.000638 .1439 - 3.3389 . 00027
Table C12. RC40 Incremental Side Force Coefficient at f=-4°,
AC=ap+ajx+asx

o ag a; a9 o
-14 -. 000017 . 0004 53.6573 . 00055
-12 -. 000357 L4735 38.8702 . 00125
-9 -. 000440 .8792 21,9293 . 00096
- § -. 000752 1.0990 8.6709 . 00129
- 4.5 -. 000976 1.4194 - 11.0078 . 00315
- 38 ~-. 001269 1.9940 - 40.82868 . 00368
- 1.5 -, 001394 2.4165 -~ 66.3181 .00179

0 ~. 001440 2,4068 - 70,9807 . 00225

1.5 -. 001438 2.1468 - 85,0537 . 00188

3 -. 001372 1.7208 ~ 50,4029 . 00115

4,5 -.001388 1.3368 - 34.8932 .00146

6 -. 001372 . 9447 - 19.5644 00157

9 -, 001248 .5092 - 6.3458 . 00084
12.35 -, 001371 4294 - 3.4067 . 00063

2
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Table C13.

RC55 Incremental Normal Force Coefficient at 8=-4°.

AC=a0+a1:;*¢.232

o 8.0 a.l ag g
-14 . 003315 3.7537 .4755 . 00258
-12 . 002592 2.5880 -~ 36.8303 . 00417
-9 . 003252 2.1864 - 36,2311 . 00382
- 6 . +003694 3.0713 - 6.4724 00594
- 4.5 . 003614 3.5154 - 1.2417 . 00540
-3 . 004967 3.8541 .2293 . 00544
- 1.5 . 008418 4.0021 - 4,9830 . 00530

0 . 002440 4.2082 - 7.1402 . 00578

1.5 .001111 4,54.89 - 3.4090 . 00499

3 . 000370 4,8936 4,7532 . 00502

4.5 . 000633 5.4761 24,7251 . 00470

6 . 001731 5.9631 42,4129 . 00485

a . 002638 6.3658 54.8978 . 00442

12,35 . 002627 5.5358 8.4616 . 00412
Table C14, RC55 Incremental Axial Force Coefficient at 8=-4°,
AC=a0—alx~a2x2

(a4 ag a) ag (0]
-14 -.000178 4,6263 T4.4119 .00163
-12 -.000971 4.6770 71.9129 . 00206
-9 ~. 000542 4.6598 66.2734 . 00191
-6 -.000176 4, 2055 53.1048 . 00274
- 4.5 -, 000458 3.8653 43,8248 . 00219
-3 -. 000658 3.6928 40,3892 . 00208
- 1.5 -. 000651 3.5382 35,7240 . 00196

G ~. 000586 3.4329 31.6028 . 00185

1.5 -. 000675 3.2939 25.2610 . 00185

3 -. 000817 3.2374 21,8077 . 00197

4.5 -. 001024 3.2268 21.1569 . 00207

8 -, 001144 3.3266 23.5946 .00231

9 -.001130 3.5613 28,7655 . 00225

12.35 -. 001099 3.4077 26.6318 .00214




Table C15. RC55 Incremental Pitching Moment Coefficient at 8=-4°,

AC=a0*a1x-La2x2

o ap a; ag (a3
14 . 000912 . 7110 94,1638 . 00047
12 . 000504 4773 31.7816 .00123
-9 . 000478 .3581 32.1784 .00115
- 6 . 000879 .5476 25,8018 . 00153
~ 4,5 . 000862 . 7495 20,6164 00161
- 3 . 001258 . 8522 19.0389 .00124
- 1.5 . 000574 . 9382 18.4755 .00109

0 .000173 . 8840 22,6471 00115

1.5 . 000204 .8620 25.6975 . 00107

3 . 000408 . 9571 23.1421 . 00132

4.5 . 000215 1.0386 20,4041 . 00122

6 . 000173 1,1291 15,9222 .00121

9 . 000333 1.10587 13.9999 .00119

12,35 . 000118 1.0038 17,1766 . 00091

Table C16. RC55 Incremental Rolling Moment Coefficient at 8=-4°,

AC=a0+a1x*a2x2

o an ay ao o3
-14 . 000102 . 0852 . 0567 . 00030
=12 . 000116 . 2647 5. 7975 . 00038
- 9 .000189 . 3319 8.1207 . 00019
- 6 .000243 .2361 4,2325 . 00047
- 4.5 . 000195 .1235 .6978 . 00059
-3 . 000186 .0091 2.1569 . 00056
- 1.5 . 000166 . 0510 2.8088 . 00046

0 . 000169 .1031 3.8730 . 00026

1.5 , 000161 ,1371 5.,2597 . 00022

3 . 000178 .1632 5.4276 . 00018

4.5 . 000193 L1627 5.9436 |+ ,00027

6 . 000232 . 1785 5.3240 . 00032

] . 000209 .3108 9.7322 . 00026

12.35 . 000226 « 2446 7.6218 . 00048




Table C17. RC55 Incremental Yawing Moment Coefficient at S=-4°,

5
AC=ap~ayx ~ay x*

o ag a1 a9 g
-~14 -. 000112 . 7154 - 11,0911 . 00027
-12 -. 000161 . 3862 - 15.7559 . 00077
-5 -. 000239 1.04%0 - 18,4924 .00032
-6 -. 000367 9317 - 16.2920 » 00087
- 4,5 -. 000311 . 7840 — 12,6427 .00068
-3 -. 000321 . 6646 - 9.2015 . 00044
- 135 -. 000302 5638 - 5,0622 .00030

0 -. 000309 . 5544 - 3.5412 . 00050

1.5 -. 000306 .D726 - 3.0113 . 00040

3 -, 000332 . 6237 - 4,6061 . 00025

4,5 -. 000397 . 6426 - B5.,7174 . 00029

6 -. 000474 . 6455 - 6.3590 . 00030

9 -. 000439 .5429 - 3.4840 . 00050

12,38 -. 000640 « 3007 . 8593 . 00083

Table C18. RC55 Incremental Side Force

Coefficient at 8=-4°,

AC=a0-ralX*a2x2

o ag ag g g
~1d -. 000021 . 7298 19, 3997 . 00097
~-12 -. 000373 1.5191 39.6394 .00351
-9 ~-. 000438 2.2050 56.31387 .00069
-6 -. 000739 1.5338 34,5269 .00262
- 4.5 -. 000956 .8741 14,1039 . 00266
-3 -. 001217 «2302 - 4.3843 .00263
- 1.5 -. 001360 . 2203 -~ 14,7371 .00233

0 -. 001401 5687 - 23.0076 . 00167

1.5 -. 001427 .7516 - 26.4332 .00093

3 -. 001383 . 9240 - 31.1133 .00103

4.5 ~-. 001428 1.0194 - 31.8396 .001062

6 -. 001426 1.1194 - 32,6661 .00080

2 -. 001268 1.7658 - 60.7863 .00161

12.35 -. 001359 1.8011 - 70,7490 . 00228




Table €19. RC61 Incremental Normal Force Coefficient at f=-4°,
AC =25 -a;x —agx?
o ay a1 ay 02
~14 .003383 1.7917 18.7902 . 00202
-12 .0026%1 1.5334 2.8532 . 00228
-9 .003233 1.3387 8.6438 .00355
~ 6 L003711 1.7889 6.9078 . 00508
- 4.5 .003634 1,7664 2.3515 .00476
-3 . 004976 1.6588 6. 3467 . 00473
- 1.5 . 003424 1,3181 19,8033 . 00440
1] . 002457 1.2978 21.1863 . 00459
i.5 . 001157 1.3148 25.3909 . 00450
3 . 000456 1.3008 27.7998 . 00480
4.5 . 000748 1.4435 29, 7860 . 00452
6 . 001838 1.7750 21. 3708 .00501
9 + 002691 2.4012 5.5482 . 00441
12,35 . 0026793 2.8686 12.7522 . 00328

Table C20. RC61 Incremental Axial Force Coefficient at B=-4°,

AC=a0+alx+azx2

o an a a9 ag
-14 -, 000101 1.5029 8, 8816 . 00076
-i2 -. 000892 1.3559 15.6325 .00117
-9 -, 000470 1.3963 17. 3299 . 00158
-8 -, 000028 1.5820 12,9550 .00149
- 4.5 -+ 000395 1.5351 15,1149 00159
-3 -. 000590 1.4770 16.8398 . 00166
- 1.3 -. 000602 1.4018 19.4338 . 00166

0 -.000534 1.3512 21.0970 . 00166

1.5 ~-. 000840 1.3232 21, 0643 00172

3 -, 000779 1.4218 16.6779 . 00195

4.5 -.000986 1.4985 10.8844 . 00209

6 -, 001082 1,5831 5.4676 . 00219

9 -, 02072 1.5687 b.2984 . 00204

12,35 ~. (01060 1.4442 11,7325 . 00165
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Table C21. RC61 Incremental Pitehing Moment Coefficient at 8=-4°,

AC=3.0"‘B.1X"‘&2X2

o ap a4 dg v
-14 . 000911 L6621 - .4169 . 00043
-12 . 000516 .5962 3.5393 . 00072
-9 . 000493 .4954 7.9152 .00114
-8 . 000892 L5719 3.2842 . 00126
- 4.0 . 000875 . 5639 3.6044 .00119
- 3 . 001272 .5056 6.7327 .00134
- 1.5 . 000582 .5991 5.6029 . 00111

0 .000173 .6391 5.5831 . 00116

1.5 -.000203 .6285 6.0565 . 00107

3 -.000411 . 6415 T.,1927 00124

4.5 -. 000211 .5769 10.0363 .00121

6 000169 L5021 13.5020 .00121

9 . 000323 .5746 9,2233 00119

12.35 . 000113 L7313 1,7432 .00088

Table C22. RC61 Incremental Rolling Moment Coefficient at 8=-4°,

AC=ag+ajx=*ay x2
(84 an a7 az ag
=14 . 000096 - 0251 1,0113 . 00014
-12 .000112 - 0047 ~ 1.1358 . 00030
-9 .000187 - .0259% - 1.5827 . 00013
- 6 .000243 - L0750 . 2861 . 00013
- 4.5 . 000196 - L0823 . 5586 . 00013
-3 . 000186 - .0996 1.3192 . 00011
- 1.5 . 000169 - 1504 3.7403 . 00024
0 . 000174 - 2024 6.3433 . 00024
1.5 . 000165 -, .2393 8.2615 . 00013
3 . 000177 - L2173 7.4442 . 00018
4.3 . 000186 - .1835 5.2384 . 00032
6 . 000223 - 1421 3.9743 . 00034
9 . 000208 - .1534 3.1211 . 00019
12,35 . 000217 - L0385 - 1.9982 . 00033
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Table C23. RC61 Incremental Yawing Moment Coefficient at S=-4°,

AC=aOTa1x+g2x2

o 2 ajy ag o
-14 -.000110 - 2290 - 3.9850 . 00018
~12 -, 000160 - ,2132 - 3.4385 . 00025
-9 -.000240 - .1666 - 4,7408 . 00025
-6 -.000378 - .1603 - 4.6521 . 00027
- 4.5 -.000318 - L1742 - 4,4424 . 00024
-3 -. 000325 - .1423 - 6.2199 . 00021
- 1.5 -. 000307 - .0836 - 10.5209 . 00040

0 -.000313 .0053 - 13.50686 . 00036

1.5 ~-.000310 . 0292 - 14,8693 . 00027

3 -, 000330 - L0542 - 11.4258 . 00036

4.3 -, 000390 - L1583 6.9689% . 00053

8 -, 000484 - L2152 ~ 4.1052 . 00050

] -, 000435 - ,2451 - 1.2468 . 00032

12.356 -. 000624 - L,4078 6.0395 . 00047

Table C24. RC61 Incremental Side Force Coefficient at B=-4°,

AC=ap+ajx+agx

(a4 ag ay ag g
-14 -. 000005 . 9902 - «DBT5 . 00056
-12 -. 000350 1.0770 - 2,8834 . 00042
-5 -, 000417 1.0875 - 2,5223 . 00060
- 6 -. 000710 1.1941 - 5.7103 . 000786
- 4.5 -, 000925 1.1887 - 4.7799 . 00065
_ 3 -. 001173 1.1472 - 1.9717 . 00059
~ 1.5 -, 001340 .9881 5.6137 . 00085

0 -.001395 . 36086 11.6249 . 00080

1.5 -.001438 8131 12.5008 . 00090

3 -.001408 . 9790 3.7768 . 00092

4.5 -. 001464 1.2197 - 7.,7512 00104

6 -.001459 1.3466 - 15.4661 . 00130

9 -. 001258 1.2115 - 17.0106 . 00078

12,35 -.001392 1.57486 - 34.7687 . 00080
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Table C25. RCTS Incremental Normal Force Coefficient at B=-4°,

9
AC=2ap~a;x—agx~

o 3.0 al 3.2 o
-14 . 003398 - .4349 - 1.6775 . 00212
-12 . 002656 L4399 - 24,0344 . 00425
-9 . 003280 1.3595 - 42,2515 . 00434
-6 L 003743 1.2259 - 33.6878 . 00512
- 4,5 003666 .8175 - 20.5515 . 00475
- 3 . 005022 L4017 - 7.8333 . 00484
- 1.3 . 003453 . 0355 5.4018 00473

0 . 002487 - .2553 13.0350 « . 00492

1.5 .001166 - .4897 17.9282 . 00437

3 . 000441 - 7972 27.7952 . 00466

4.5 .000692 - 1.1504 38.5655 . 00436

6 L001777 - 1.4062 428626 .00470

9 .002644 - 1,7129 39,4748 . 00467

12.35 .002841 - 1.6424 28,8521 . 00322
Table C26, RCT78 Incremental Axial Force Coefficient at f=-4°,
AC=a0—alx—a2x

(s 3 a.o al 3.2 o
=14 -. 000106 - L2478 . 1059 . 00080
-12 -. 000905 - ,4238 5.,3162 .001565
-9 -. 000475 - .5459 7.0618 . 00155
-6 -.0001.06 - .0234 - 6.5318 . 00288
- 4.5 -. 000402 3793 - 17.1077 . 00215
-3 -, 000582 .5806 - 20.8178 ., 00175
- 1.5 -. 000607 L7152 - 23.9927 . 00178

G -. 000545 .8339 - 27.9819 . 00169

1.5 -, 00646 . 98562 - 33.7856 . 00171

3 -. 000783 .9930 - 33.7753 .00192

4.5 -. 000985 1.,0444 - 35.0919 .00198

6 -. 001091 1,0074 - 33.3518 .00205

9 -. 001073 .9304 - 30,5453 . 00204

12,35 -. 001050 1.2697 - 39.7578 .00219
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Table C27. RC78 Incremental Pitching Moment Coefficient at B=-4°,

ﬁC=a0*alx-’—a2x

o ao al ag g
-14 . 000902 L4617 9.4550 . 00047
-12 . 000507 .6515 14.8706 .00126
-9 . 000487 .8095 16.3799 . 00109
-6 . 000879 .7205 14.3378 . 00148
- 4.5 . 000863 .5646 10,7095 .00152
-3 . 001260 .4666 8.3296 00117
- 1.5 . 000577 .4185 8.6518 . 00106

0 P .000175 .4152 8.9148 .00113

1.5 . = .000203 .3653 6.5078 . 00105

3 | - 000412 .3349 5.8417 .00117

4.5 ~ .000221 .3390 6.5119 .00119

6 .000171 .3098 6.2347 .00129

9 . 000341 . 1683 1.0725 .00111

12.35 .000121 .1449 - .3947 . 00090

Table C28. RCT78 Incremental Rolling Moment Coefficient at 8=-4°,

AC=ag~a;xtagx

o ag a4 ag c
~-14 . 000103 .1373 - 4,43b3 . 00024
-12 . 000120 . 3230 - 11,3545 . 00035
-9 . 000193 L3779 - 12,4134 . 00028
-8 . 000242 .3123 - 9,1135 .00040
- 4.5 . 000194 L2150 - 6.1277 . 00058
-3 . 000183 L1045 - 3.2591 . 00052
- 1.5 . 000168 . 0254 - 1,6028 . 00042

0 . 000170 . 0317 - . 6550 . 00035

1.5 . 000162 . 0769 . 3796 . 00020

3 . 000178 .13386 2.1991 . 00022

4.5 . 000192 . 1867 3.9301 . 00028

6 . 000230 «2353 5,1490 . 00025

9 .000211 . 2418 4.7524 . 00014

12,35 . 000226 . 1483 1.7018 . 00038
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Table C29. RCT8 Incremental Yawing Moment Coefficient at 8=-4°,

AC=aO+alx+a2x2
o ao al 3.2 a
~14 -.000103 . 7688 - 11,8214 . 00035
-12 -.000152 . 5088 - 14.54865 . 00080
-8 ~-. 000238 1.0341 - 15.2868 . 00035
- B -, 000372 . 9252 - 13.4467 . 00083
~ 4.2 -.000313 . 8266 -~ 1128630 . 00051
-3 -.000321 7601 - 10.3599 . 00033
- 1.5 -.000302 . 7014 - 8.2996 . 00024
0 -, 000308 .6735 - 6.4054 . 00034
1.5 ~, 000304 . 6665 - 5,3280 . 00032
3 -. 000332 .6916 - 5.6503 .00021
4.5 -, 000399 . 7228 - T7.0808 . 00025
6 -. 000479 . 7399 - 8.1654 . 00029
9 -, 000442 5747 - 3.8830 . 00071
12.35 I -. 000635 . 3080 3. 6457 . 00057

Table C30. RC78 Incremental Side Force Coefficient at S=-4°,

AC=a0—a1:;-'-a2x2

o Agg aq ay (o2
-14 -, 000025 -  L,988%9 29,0474 . 00076
-12 -, 000373 ~ 1.8726 45,4322 . 00338
-9 ~, 000432 - 2.0054 48,6614 . 00083
-6 -. 000728 - 1.3746 29,5003 . 00255
- 4.5 -, 000841 - .9023 18.5213 . 00240
-3 -.001188 - L4252 T7.1864 . 00232
- 1.5 -, 001351 .0412 - 5.0388 . 00205
0 ~-. 001401 .4815 - 16.5829 . 00198
1.5 -, 001437 . 8365 - 25.2311 L 00172
3 -.001390 1.1087 - 31.2388 .00144
4.5 -, 001424 1.3004 - 35.2041 . 00102
6 -, 001411 1.3947 ~ 35.2407 .00107
9 -, 001239 1.6396 - 36,0032 . 00157
12,35 -.001361 1,7143 - 36.0610 . 00138
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Table C31, RCS89 Incremental Normal Force

Coefficient at f=-4°,

AC=ag~ajx-asx

« g a1 ag o
-14 .003388 2.5772 18. 7245 . 00203
-12 . 002628 1.5496 10,1864 . 00435
-9 . 003254 5377 36,1930 . 00389
-8 . 003699 1.0095 20, 3298 . 00559
~ 4.5 . 003607 1.6315 1.8369 . 00492
-5 . 004955 2,0105 6.5588 . 00490
-15 . 003395 2.1210 5,4207 . 00487

0 . 002418 2.1093 4.0710 . 00552

1.5 .001116 2.2762 6.3056 . 00490

3 . 000398 2.5489 4.1589 . 00526

4.5 . 000702 3.0164 7.1823 . 00475

6 . 001788 3,5640 20. 0935 . 00500

9 . 002649 4,9369 61.3709 . 00492

12.85 . 002641 4.9585 55,3231 .00334

Table C32. RC89 Incremental Axial Force Coefficient at 8=-4°,

AC=ag+ajx+agx

o &g a1 ag a
~14 -.000160 3.8839 69. 8369 . 003129
~12 -. 000961 4,0511 72.4132 . 00204
-9 -. 000551 4,1275 70.7370 . 00200
-6 -. 000173 3.6008 55.7882 . 00308
- 4.5 -, 000448 341843 45,0272 . 00240
-3 ~-. 000648 2,977 40.8140 . 00195
- 1.5 -.000644 2.7983 35,1481 . 00184

0 -. 000584 2.7223 32,4032 . 00181

1.5 -, 000678 2.6678 30,9782 . 00181

3 -, 000822 2.7250 34.3943 . 00205

4.5 ~, 001030 2.65562 33.1905 . 00216

6 -. 001147 2.5945 31.6618 . 00222

9 -.001131 2,4466 25.3206 . 00215

12.35 -.001091 2,2937 21,1794 .00192
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Table C33. RC89 Incremental Pitching Moment Coefficient at S=-4°.

AC=aO-‘—a1x—32x2
o 3.0 3.1 a9 a
~14 000905 .3080 7.1205 . 00047
-12 . 000509 .1708 9.9556 00128
-9 . 000498 - .0387 13,4089 .00112
- 68 . 000880 L0197 13.1423 . 00347
- 4,5 . 000858 . 1387 11,6856 . 00154
-3 . 001256 .2238 10,3385 . 00123
- 1.5 . 000574 £ 2787 12,7687 . 00128
0 . 000174 . 3099 13.8565 . 00124 i
1.3 -.000198 . 3466 13,9485 .00110
3 -. 000405 . 3804 12,3682 .00117
4,5 -, 000210 . 3714 13.1585 . 00119
6 . 000165 4427 9.8527 . 00131
9 . 000325 . 5874 - 1.4787 . 00115
12.35 .0001186 .6634 - 2,3495 . 00024

Table C34. RC89 Incremental Rolling Moment Coefficient at f=-4°,

9
AC=ag+a;x~agx”

o &g al 3.2 G
-14 . 000105 . 1084 - 4.8528 . 00024
-12 . 000122 .2325 - 9,1300 . 00027
-9 . 060195 .2131 - 7.7532 . 00027
-8 . 000242 . 0690 - .6478 . 00040
- 4,5 . 000121 - .0540 3. 9002 . 00056
-3 . 000179 - .1529 6.3847 . 00053
- 1.5 . 000161 - .2004 7.2598 . 00035

0 . 000158 - .1948 5.7691 . 00038

1.5 . 000148 - 2007 5.,0619 . 00050

3 . 000163 - 1947 1.9953 . 00087

4.5 .000188 - L2081 - L0497 . 00078

6 . 000231 - 2576 - .6062 . 00040

9 + 000210 - ,4018 4.8589 .00020

12.35 . 000222 -  .2863 2.0963 . 00059
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Table C35. RC89 Incremental Yawing Moment Coefficient at S=-4°,

AC=8.0'“EL1XT3.2 X2
o] ag a; ag o
-14 -, 000115 «D248 - 16,1425 . 00036
-i2 -.000158 . 7535 - 22,1900 . 00023
-9 -, 000238 . 9567 -~ 26.6754 .00031
-6 -.000366 . 8441 - 26,9421 . 00118
- 4.5 -. 000304 . 7258 - 25.4836 . 00072
-3 -.000311 .5994 - 21,7807 . 00052
- 1.5 -, 000292 . 4428 - 15,9507 . 00059
¢ -, 000221 . 2843 - §8.6433 . 00063
1.5 -, 000284 L1850 - 2.8850 . 00082
3 -.000314 .1393 3.0102 .00114
4.5 -, 000397 . 1499 5.7526 . 00084
6 -, 000486 .1780 6.9865 . 00028
9 -, 000443 .1507 6.2023 . 00072
12.35 -, 000632 - L0964 11,3766 . 00085

Table C36. RC89 Incremental Side Force Coefficient at B=-4°,

AC =2y +a;x + ag x2

o ap aq ag g
-14 -.000032 - .3905 40.8300 .00071
-12 -.000376 - 1.2408 63.4745 . 00379
-9 -.000441 - 1.8152 74.8682 .00088
-6 ~. 000741 - 1,2162 63.5095 . 00312
- 4.5 -.000968 - L7170 53.2551 . 00278
-3 -.001226 - .1268 37.4399 . 002686
- 1.5 ~. 001379 T .4848 22.7810 . 00330
4] -. 001439 1.1968 1.6752 . 00317
1.0 -. 001475 1.7629 -~ 17.3712 . 00147
3 -. 001420 2,1627 ~ 38.1263 . 001384
4.5 -. 001420 2.3525 - 51.2806 .00154
6 -.001392 2,3959 - 57.7121 .00091
9 -.001230 2,4159 - 55,8101 .00134
12.35 -.001358 2.6160 - 59.1014 . 00085
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Table C37. RC94 Incremental Normal Force Coefficient at f=-4°,
AC=ag-ajx—ag x2

(o4 3.0 8.1 az o l
-14 . 003421 2.0744 21,9163 . 00192
~12 . 002681 1.0950 47.1764 . 00518
-9 . 003293 .5153 51.4954 . 00418
-8 . 003728 L7537 41,3046 . 00487
- 4.5 . 003641 1.3680 21,9258 00464
-3 . 004987 1.7615 11.4574 . 00447
- 1.5 . 003410 1.8378 12,0642 . 00459
0 002427 1.8784 19.3231 . 00633
1.5 . 001107 2.1358 21.1504 . 00630
3 . 000401 2.7327 2.0279 . 00566
4.5 . 000689 3.3045 5.2745 . 00454
6 . 001794 4,0509 28.2141 . 00444
9 . 302645 5.0959 57.6029 .00441
12.35 . 002655 4,4612 29.9136 . 00327

Table C38, RC94 Incremental Axial Foxrce Coefficient at B=-4°,

AC=ap+ajx—agx

o agn 3.1 az o
-14 -. 000175 2.5940 39.1290 .00141
-12 -. 000964 2.6657 37.6917 . 00210
-9 -. 000526 2.7674 37.6105 .00158
-6 -.000158 2.3716 27.6744 . 00277
- 4.5 -, 000440 2.0436 19.6593 . 00217
-3 -.000638 1,9369 18.8453 .00163
- 1.5 -.000634 1.8555 16.4114 .00153

0 ~-. 000567 1.8544 16.8279 . 00150

1.5 -, 000662 1.7933 16.3775 . 00180

3 -, 000816 1.7807 18.5831 . 00208

1.5 -.001033 1.6747 16.4742 .00191

6 -.001154 1.5755 12,2655 . 00200

9 -.001119 1.6043 11.5321 . 00188

12.35 -, 001089 1.3771 7.1324 . 00220
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Table C39. RC94 Incremental Pitching Moment Coefficient at 8=-4°,

AC=2ag~-a1Xx~ay x2

54 aO 3.1 8.2 T
~-14 . 000894 . 0714 22,5172 . 00048
=12 . 000494 - .0283 23.6156 . 00145
-9 .000478 - ,2045 24,8197 .00113
~ 8 . 000884 - ,1480 23.0749 . 00142
- 4.5 . 000865 - L0774 22.9822 .00149
-3 . 001259 - .0453 23,6795 .00112
- 1.5 . 000567 . 0600 21.5385 00097
0 . 000162 . 0530 23.0914 00107
1.5 -.000215 . 0563 25.4846 00140
3 -, 000424 .1308 25,2284 . 00151
4.5 -. 000227 .3115 19. 3963 00117
6 ., 000169 5181 10,2848 L00121
9 . 000335 6871 1.8763 . 00108
12.35 . 000122 .5181 4,9303 .00103

Table C40. RC94 Incremental Rolling Moment Coefficient at 8=-4°,

AC =3.0+a1x+azxz

04 ap &y ag o
-14 . 000105 . 0175 1.2992 . 00032
-12 . 000122 ~1803 - 3.2305 . 00055
-9 . 000196 .2478 - 3.3553 . 00057
-6 . 000241 .1842 1.9568 . 00039
- 4.5 . 000188 .0996 5.5998 . 00039
-3 . 000174 . 0093 3.2629 . 000b4
- 1.5 . 000160 - .0039 7.5331 .00051
0o . 000160 .0350 4,1690 . 00062
1.5 . 000149 . 0924 . 4406 . 00080
3 . 000162 . 0905 - 1.1592 . 00057
4.5 . 000187 . 0512 - L9210 . 00058
6 . 000234 - .0201 .5762 . 00040
9 .000213 - .1302 4,.5984 . 00021
12.35 .000223 - 0706 3.8502 + 00047
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Table C41l. RC94 Incremenial Yawing Moment Coefficient at B=-4°,

AC =a0+a1x~agx2
agp ay a9 a

-.000123 1.2836 15.7272 .00034

~-.000164 1.4782 22.7941 . 00067

9 -.000244 1.6519 27.7343 . 00040
8 -.000366 1.5331 28.6509 . 00160
4 5 ~. 000301 1.3549 25,1276 .00103
3 -.000303 1.23486 22,0992 . 00061
1.5 -. 000289 1.0590 14,8223 .00060
Y -. 000204 . 9440 7.6082 . 00134
1.5 -, 000287 .8328 .3090 . 00130
3 -. 000315 . 8473 2.8101 . 00075
4.5 -.000395 .9038 1,7342 .00046
6 -. 000489 . 9854 1.6056 .00039
9 -.000451 . 9840 5.7572 .00108
12.35 -. 000637 . 6470 2.8847 . 000921

”~

Table C42. RC94 Incremental Side Force Coefficient at 8=-4°,

AC=a0-*-a1x-a2x2

o &y al 3.2 g
~-14 -, 000006 - 2.2787 19.8724 . 000459
-12 ~-. 000366 - 3.1648 51.2204 . 00305
-9 -.000430 - 3.7809 70,2886 . 00124
-6 -. 000747 - 3.0680 56.9803 . 00408
- 4.5 -, 000973 - 2,5308 44,9827 . 00310
-3 -, 001229 - 2,0102 31,9272 . 00240
- 1.5 ~-. 001383 - 1.4011 13,0778 . 00254
0 -.001439 -~ 7014 - 11,5480 . 00212
1.5 -.001477 - L1301 - 33.0573 . 00107
3 -.001421 .0992 41,6456 + 00080
4.5 -.001425 L1379 41,7445 . 00104
6 -. 001382 . 0570 35.3300 . 00149
9 -. 001205 - .0401 20,5340 . 00245
12.35 -.001344 .3824 33.2344 .00185
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APPENDIX D

RCS AND FITS PROGRAM LISTINGS



SUBROUTINE RCS(UZCHMD,UYCMD» UXCMD 3 ALPHA ,BETA, XMOM»CXsCY»CZCL,,CMyCN
1}
Cx¥xxe COMPUTL TANK ON RCS INTERACTIONS skk%
Cxkx ALPHA ANGLE OF ATTACK k%
Cexk pEfa Y AW ANGLE Rk
Chkx AMUM SINGLE JET MOMENTUM RATIO RASED ON WilG AREA =xx%
Caxt P2CHMD 0 OF NOT 0 = CONTROL COMMAMDS s%x
Cxkkadk UXCMD -2 ¢ U 