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PREFACE

The work reported herein was conducted at the Arnold Engineering Development
Center (AEDC), Air Force Systems Command (AFSC), at the request of the Air Force
Armament Laboratory (AFATL/DLJC) under Program Element 62602F, Project 2567,
Task 02. The AFATL project monitor was Major R. E. VanPutte. The results of these
tests were obtained by ARO, Inc., AEDC Division (a Sverdrup Corporation Company),
operating contractor for the AEDC, AFSC, Amold Air Force Station, Tennessee, under
ARO Project No. P41C-A3A. The author of this report was James M. Whoric, ARO, Inc.
The data analysis was completed on November 13, 1975, and the manuscript (ARO Control
No. ARO-PWT-TR-76-14) was submitted for publication on February 9, 1976.
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1.0 INTRODUCTION

Wind tunnel tests were conducted to establish a data base on the effects of external
stores on the aerodynamic characteristics of the F-15. The tests were conducted in the
Aerodynamic Wind Tunnel (4T) of the AEDC Propulsion Wind Tunnel (PWT) facility
utilizing 0.05-scale models of the F-15 aircraft, the Tactical Electronic Warfare System
(TEWS) pods, the 600-gal fuel tanks, the GBU-15 (CW), the AIM-7F, the SUU-30H/B,
and the Advance Short Range Missile (ASRM) stores. Static longitudinal stability and drag
data were obtained for all external store configurations at Mach numbers ranging from
0.6 to 1.3. Angle of attack was varied from 4 to 20 deg at a sideslip angle of zero
deg. Lateral-directional stability data were obtained for selected configurations over the
same Mach number range. For these data, the sideslip angle was varied from 4 to 10
deg at angles of attack of 0, 10, 15, and 20 deg.

2.0 APPARATUS
2.1 TEST FACILITY

The Aerodynamic Wind Tunnel (4T) is a closed-loop, continuous-flow, variable-density
tunnel in which the Mach number can be varied from 0.1 to 1.3. Also, nozzle blocks
can be installed to give nominal Mach numbers of 1.6 and 2.0. At all Mach numbers,
the stagnation pressure can be varied from 300 to 3,700 psfa. The test section is 4 ft
square and 12.5 ft long with perforated, variable porosity (0.5- to 10-percent open) walls.
It is completely enclosed in a plenum chamber from which the air can be evacuated,
allowing part of the tunnel airflow to be removed through the perforated walls of the
test section. A more complete description of this test facility can be found in the Test
Facilities Handbook."

The tunnel 4T support system for the models consists of a pitch sector with strut
and sting attachment which has a pitch capability of -8 to 28 deg with respect to the

tunnel centesrline and a roll capability of -180 to 180 deg with respect to the sting
centerline.

2.2 TEST ARTICLES

The test articles were 0.05-scale models of the F-15 aircraft, the 600-gal fuel tanks,
the Tactical Electronic Warfare System (TEWS) pods, the AIM-7F, the GBU-15 (CW),
the SUU-30H/B, the Advance Short Range Missile (ASRM) stores, and associated sﬁspension

*Test Facilities Handbook (Tenth Edition). "Propulsion Wind Tunnel Facility, Vol. 4." Amold
Engineering Development Center, May 1974.
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equipment. A photograph of the F-15 configured with the SUU-30H/B stores, the AIM-7F
stores, and the centerline 600-gal fuel tank is shown in Fig. 1. Sketches of the F-15 model
and wing panel are presented in Figs. 2 and 3. Two flow-through inlet configurations
were used during these tests. Sketches showing the basic dimensions of these inlets are
presented in Fig. 4. The store suspension equipment used with the various stores is shewn
in Fig. 5. The TEWS, the 600-gal fuel tanks, and the GBU-15 (CW) stores were all suspended
from the F-15 using appropriate pylons (Figs. Sa, b, and c). The ASRM stores were mounted
in tandem and required a special pylon adapter (Fig. 5d) for proper suspension, whereas,
a MER (Fig. 5e) was used in conjunction with a pylon for the SUU-30H/B store suspension.
The AIM-7F stores were fuselage mounted. Details and dimensions of the 0.05-scale models -
of the various external stores mentioned above are shown in Fig. 6. A configuration
identification key is presented in Fig. 7. Shown in that figure along with the aircraft
load configuration are store profiles scaled with respect to each other. The configurations
are identified numerically for reference in the remainder of this report.

2.3 INSTRUMENTATION

A six-component, internal, strain-gage balance was used to measure the forces and
moments on the F-15 model. Two base pressure measurements were made using transducers
and orifice tubes which extended just inside of the base of the model.

3.0 TEST DESCRIPTION
3.1 TEST CONDITIONS, PROCEDURES, AND TEST PROGRAM

The models were tested at the following nominal test conditions:

Re x 106,
M_ pt, psfa per foot
0.6 1,200 1.94
0.8 2.30
09 242
1.1 2.53
1.3 2.50

In addition, configurations 101, 201, and 206 were also tested at M_ = 0.85, 0.95, 0.975,
and 1.2.

The test procedures were conventional in nature, consisting of varying the model
angle of attack incrementally at a constant sideslip angle, or varying the model angle of
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sideslip at a constant angle of attack while holding the Mach number constant. The model
stabilator angle was held constant at zero deg with respect to a model waterline throughout
the test.

The test program that was completed is presented in Table 1. As indicated,
configuration 218 was not tested because of a fin interference problem. This table provides
a key to all the wind tunnel data obtained during these tests.

3.2 DATA REDUCTION AND CORRECTIONS

Wind tunnel force and moment data were reduced to coefficient form in the stability
axis system. Base drag was calculated using an average of two base pressure measurements
and was used to calculate forebody coefficients. However, all data presented in this report
are measured coefficients. Moments were referenced to MS 27.86 (25.65-percent MAC),
WL 5.81, and BL 0. Corrections for the components of model weight normally termed
static tares were also applied to the data.

The angle of attack was corrected for sting and balance deflections caused by the
aerodynamic loads. The model was tested both upright and inverted to provide the data
to correct for tunnel-flow angularity and model-balance misalignment. Based on these data,
the angle of attack was corrected as indicated by the data presented in Fig. 8.

3.3 DATA UNCERTAINTY

The data uncertainties determined for a confidence level of 95 percent are presented
in Table 2. The aerodynamic coefficient uncertainties include the uncertainties of Mach
number and dynamic pressure along with the uncertainty contribution assoeiated with
the particular balance. Model angle of attack uncertainty has been estimated to be 0.1
deg and model roll angle 0.4 deg.

4.0 TEST RESULTS, ANALYSIS, AND DISCUSSION

Presented in the following sections is a discussion of the effect of the inlet
configuration and the effect of various store configurations on the static longitudinal
stability, drag, and lateral-directional stability derivatives of the F-15 model. Coefficient
data as well as incremental data are presented and discussed.

The static margins were evaluated by taking the 'slope of a least-squares fit of the
pitching-moment coefficient versus lift-coefficient curve over the nominal angle-of-attack
range from -2 to 6 deg. All static margin characteristics are given from the general moment
reference point of 25.65-percent chord and do not consider the actual flight center of
gravity, which may be substantially changed by the addition of stores.
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Drag coefficients were evaluated at specific lift coefficients from curve fits of the
data, from which the drag increments were then calculated. Lateral-directional derivatives
were also evaluated from least-squares curve fits of the data over the sideslip-angle range
from -4 to 4 deg.

4.1 EFFECT OF THE INLET CONFIGURATION ON THE LONGITUDINAL
STABILITY AND DRAG

Since the F-15 inlet configuration varies with aircraft angle of attack, the F-15 model
was initially tested with two inlet configurations. One inlet configuration was representative
of the low angle-of-attack configuration, and the other was representative of the high
angle-of-attack configuration (Fig. 4).

A comparison of the data obtained with the F-15 model configured with these two
inlet configurations (Figs. 9 and 10) shows that the static longitudinal stability as
determined by the slope of pitching-moment coefficient versus lift coefficient curve was
generally independent of inlet configuration for lift coefficients up to about 0.6. However,
the high alpha inlet did show a more negative zero-lift pitching-moment coefficient when
compared with the low alpha configuraiton. At lift coefficients greater than 0.6, the F-15
with the high alpha inlet configuration was somewhat more stable longitudinally than with
the low alpha inlet configuration. The drag was also lower (Fig. 10) with the high alpha
inlet than with the low alpha inlet. Based on the results of these data, the decision was
made to conduct the remainder of the test with the model configured with the high alpha
inlet.

4.2 EFFECT OF EXTERNAL STORE CONFIGURATIONS ON
STATIC LONGITUDINAL STABILITY

To assess the effects of the various external store configurations on the static
longitudinal stability of the F-15 aircraft, four configurations were selected as baseline
configurations. They were configuration 201 (clean, no stores or suspension equipment),
configuration 210 (AIM-7F and centerline 600-gal fuel tank), configuration 211 (AIM-7F
only), and configuration 215 (centerline 600-gal fuel tank only). The pitching-moment
coefficient data for these baseline configurations and the static margins derived from these
data are presented in Figs. 11 and 12. The data that will be used in the discussion of
the effects of various external stores on the static longitudinal stability will be presented
as incremental changes in static margin as various stores are added symmetrically to the
armament stations of the F-15 model. When store-alone increments are available (i.e.,
increments measured without stores present at the other armament station), the incremental
data are presented as direct comparison of the static margin change produced when a

10
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particular store is added to the F-15 at a particular armament station alone, to the static
margin change produced by that same store at the same armament station when stores
were present at the other armament stations. For those stores for which store-alone
increment data were not obtained, the incremental data are presented as single curves
for the various configurations for comparison. As an additional aid in identifying the data,
the numbers of the two configurations for which the increments were calculated are listed
in the header information of each plot. For example, in Fig. 13, the data represented
by the squares are the incremental changes in static margin which were measured when
the TEWS stores were added to the clean aircraft at armament stations 1 and 9. These
increments were calculated by taking the difference between the static margin calculated
for configurations 202 and 201 at each test Mach number. In Fig. 13a, the data represented
by circles are also the incremental changes produced by adding the TEWS stores to the
F-15 at stations 1 and 9, but with the F-15 carrying the centerline 600-gal fuel tank.
Similarly, in Figs. 13b and c, the circles present the static margin increments produced
by the TEWS at stations 1 and 9 with the model configured with different stores at
the other stations.

The data obtained for adding stores to the F-15 outboard wing stations (1 and 9)
are presented in Fig. 13, to the inboard wing stations (2 and 8) in Figs. 14 through
18, to the fuselage stations (3, 4, 6, and 7) in Fig. 19, and to the fuselage centerline
station (5) in Fig. 20. These data show that when external stores were added symmetrically
to the F-15 aircraft at any of the armament stations, except the fuselage centerline (station
5), the effect was always destabilizing and essentially independent of Mach number. Static
margin changes of from 2- to 3-percent chord were produced by the store configurations
suspended on the wing stations with the MER-mounted SUU-30H/B stores producing the
largest change (Fig. 17). The AIM-7F stores at the fuselage stations (3, 4, 6, and 7) produced
smaller changes in static margin than the stores that were added to the wing armament
stations. At the centerline fuselage station (5), the data in Fig. 20 show that the centerline
600-gal fuel tank usually had a stabilizing effect on the F-15 model.

In general, the changes in static margins which were produced by adding specific
stores to any armament station on the clean configuration were larger than when the
same stores were added to the F-15 with stores present at the other armament stations.
This fact is further illustrated by the data presented in Fig. 21. A comparison is shown
between the static margin change measured for configurations 206 and 217 and the static
margin change that was computed by adding the static margin increments measured when
each external store in the configuration was carried alone on the F-15 aircraft. Summing
the individual components over-predicted the static margin change actually measured for
these two configurations, except at Mach number 1.3. Also noteworthy is the fact that
the data in Fig. 21a at Mach numbers 0.95 and 0.975 show that the destabilizing effect
of the external stores of configuration 206 decreased until finally a stabilizing effect was
noted at Mach number 0.975.

11
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4.3 EFFECTS OF EXTERNAL STORE CONFIGURATIONS ON
THE DRAG CHARACTERISTICS o

The data which show the effects of the various external store configurations on the
drag characteristics of the F-15 are presented in Figs. 22 through 30 as a function of
lift coefficient. As with the longitudinal stability data, the wind tunnel coefficient data
of the baseline configurations are presented first (Fig. 22), and then the incremental changes
in the drag coefficients for the various configurations are presented. The data presentation
for the drag effects discussion will follow the same format as for the stability discussion.
Incremental changes in drag coefficient caused by adding stores symmetrically to the
outboard wing stations (1 and 9) are presented in Fig. 23, to the inboard wing stations
(2 and 8) in Figs. 24 through 28, to the fuselage stations (3, 4, 6, and 7) in Fig. 29,
and to the centerline fuselage station (5) in Fig. 30.

These data show that the addition of external stores to the F-15 to any armament
station always produced an increase in drag at low values of lift coefficients (0 < C
< 0.6). This was also generally true at the higher values of lift coefﬁcEfts‘,’ but there
were some cases of drag reduction (ACp < 0) noted in the high lift coefficient range .
(Fig. 23). Moreover, in the high lift coefficient range, larger drag increments were generally
noted when stores were added to the F-15 with stores present at the other armament
stations than were noted without stores present at the other armament stations. This effect
was most pronounced at Mach numbers 1.1 and 1.3.

It is also of interest to determine whether the drag increments for external store
configurations consisting of different stores or store configurations at several armament
stations can be predicted by adding up the drag increments measured when each store
or store configuration of the multiple carriage configuration was carried alone by the F-15
aircraft. A comparison of such a summation of drag increments to the total drag increment
measured for configurations 217 and 206 is presented in Fig. 31. These comparisons show
that the drag increment predicted for configuration 217 (Fig. 31a) agrees well at low
lift coefficients at subsonic Mach numbers, whereas at the high lift coefficients and at
the supersonic Mach numbers, the drag increment was generally underpredicted when
individual increments were summed. This trend follows the general trend noted above,
which was that the presence of stores at other armament stations generally increased the
drag increment of a particular store or store configuration. However, the data for
configuration 206 in Fig. 31b show that the drag increment predicted by summing
individual increments agrees well with the total measured drag increment even at high
lift coefficients, except at Mach number 1.3 where the drag increment was somewhat
under-predicted. It appears that additional individual store data are needed before any
definite conclusions can be made as to the validity of summing the drag increments of

12
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individual stores to predict the total drag increment of an external store configuration
of different stores at several armament stations. However, from the data available from
these tests, it appears that summing the individual store drag increments did reasonably
predict the total drag increment of a multiple carriage configuration at the low values
of lift coefficient corresponding to cruise conditions.

4.4 EFFECT OF EXTERNAL STORE CONFIGURATIONS ON THE
LATERAL-DIRECTIONAL STABILITY DERIVATIVES

Lateral-directional stability data were obtained for five external store configurations
of the model F-15 aircraft. Data were obtained at 0-, 10-, 15-, and 20-deg angle of attack
for configurations 201, 203, 206, and 209 and at 20-deg angle of attack for configuration
213. The lateral-directional data for configuration 201, which will be considered the
baseline configuration, are presented in Fig. 32, and the lateral-directional derivatives -
calculated from these data are presented in Fig. 33. The data in Fig. 33 indicate a marked
decrease in C“B with aircraft angle of attack for the clean configuration (201) with
directional instability (C, p < 0) being noted at a = 20 deg at Mach numbers 1.2 and
1.3. The data in this figure also show that, as the aircraft angle of attack was increased,
an improvement in effective dihedral was experienced as indicated by the negative shift
in CQﬁ. Adding external stores to configuration 201 had the effect of shifting C, 8 negatively
at the subsonic Mach numbers for all configurations tested, as can be seen from the data
in Fig. 34. These -data also show that the addition of external stores in general improved
the dihedral effect of the F-15, producing more negative values of CQB. However, the
TEWS and the SUU-30H/B stores for some conditions (Figs. 34b, c, and d) reduced the
effective dihedral of the F-15.

5.0 SUMMARY OF RESULTS

Transonic Wind tunnel tests were conducted to determine the effect of external
carriage of various configurations of stores on the aerodynamic characteristics of the F-15
aircraft. The tests were conducted with 0.05-scale models of the F-15 and external stores.
The results of the analysis of the data from these tests in which the model moment
reference point was constant at 25.65 percent of the mean aerodynamic chord are
summarized as follows:

1. When compared with the low alpha inlet configuration, the high alpha inlet
configuration showed a more negative zero lift pitching-moment coefficient,
did not significantly change the static longitudinal stability, and exhibited
slightly lower drag.

13
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2.  With the exception of the SUU-30H/B configuration (206) at Mach numbers
0.95 and 0.975, the effect of adding external stores to the F-15 model
at armament stations 1 and 9, and 2 and 8 was always destabilizing with
respect to static longitudinal stability and essentially independent of Mach
number. In general, the stores produced a 2- to 3-percent chord change
in static margin for the stores and store configurations tested.

3. Adding the 600-gal fuel tank to the F-15 model at armament station 35
generally produced a slight increase in static longitudinal stability.

4. Changes in static margins which were produced by adding external stores
to the F-15 model at any armament station were generally always smaller
when external stores were present at the other armament stations than
without stores present at the other armament stations.

5. Summing the drag increments measured when individual stores were added
to the F-15 model without other stores present reasonably predicted the
total drag increment measured for multiple carriage store configurations at
the low values of lift coefficients corresponding to cruise conditions.
However, except at Mach number 1.3, summing the individual static margin
increments overpredicted the total static margin increment, by as much as
50 percent in some cases.

6. Increasing the angle of attack reduced the static directional stability
derivative for the clean configuration. However, the effective dihedral of
the clean configuration was essentially constant for angles of attack up to
10 deg. Above 10-deg angle of attack, the the effective dihedral increased
with increasing angle of attack.

7. At the subsonic Mach numbers, adding external stores to the clean
configuration reduced the static directional stability derivative at each angle
of attack for all configurations tested.

8. In general, the effective dihedral of the F-15 model was improved at each
angle of attack when external stores were added to the clean configuration.
Some degradation of effective dihedral was noted at some conditions when
the F-15 model was carrying the Tactical Electronic Warfare Systems pods
or the SUU-30H/B stores.

14


http://www.abbottaerospace.com/technical-library

ABBEOTTAEROSPA

Figure 1. Tunnel installation of configuration 209.



http://www.abbottaerospace.com/technical-library

91

Dimensions in Inches

25.688

-

R

=::13=:1!-::1‘--

45°-
35.235

Station BL
9 8.037
8 5.762
——7 and 6——2.925
2,767

S5 0

4 and 3—2.767
2.925
2 5.762
1 8.037

e 22.242

Figure 2. 0.05-scale F-15 model.

38,246

-

€4-92-41-3Q3V


http://www.abbottaerospace.com/technical-library

L1

FS 20.267

FS 27.86 FS 35.34

13.667 (Cg) |

]

BL O
\ e—FS 35.50
Moment

o
Reference 78.58 \

Point
\

\
\
.y

-l le- 1.178°

25.65-percent MAC \
é’/_
r— MAC 9.564 —___..\
FS 25.40 \
FLAP ‘
BL 7.75
Dimensgions in Inchqs AILERON

BL 11.05

—= BL 12.844
Figure 3. 0.05-scale F-15 wing panel.

€L4-92-H4-0Q3V


http://www.abbottaerospace.com/technical-library

81

FS 16.571 FS 20.73

/ Capture Area, Ac = 0.0119 f%z/lnlet
h = 0.
WL 6.173 ’ - Throat Area, At 0.0108 ft</Inlet

a. High-alpha inlet, configuration 201

FS 16.793 FS 20.730

WL 6.809 (
!

Capture Area, A; = 0.0184 ftz/Inlet

) Throat Area, Ap = 0.0.275 ft2/Inlet
C

l

Stations in Inches

b. Low-alpha inlet, configuration 101
Figure 4. Inlet configurations.

€4-9/-41-00Q3V


http://www.abbottaerospace.com/technical-library

61

Reference C.G. Location
FS 27.86 VWL 5.81 BL 0

FS 28,304
FS 28,558
r— = e WL 6.353
=
WL 5.618 o WL 5.618
FS 26,356 FS 28.000 FS 31.638

Fwd 30-in, Suspension Point

Dimensions in Inches

a. F-15, 0.05-scale outhoard pylon model
Figure 5. F-15 extemal store suspension equipment.

€4-94-41-0a3V


http://www.abbottaerospace.com/technical-library

0c

—— = ﬁ:
0.310 0.310
REFERENCE C.G. LOCATION,
o7%s 20842 / FS 27.86, WL 581, BL O
6.821 FS 25.938 _L
aL&.762 / .
wi 6.392 _ wi 6.392 wWLA4.632
' ) ) —
e 577/7’ j o7e3 I
os" 1 sss-l\"b 30.0 1.099 o:.a' FWD 30-1. 0.697
y SUSPENSION POINT 0.738 SUSPENSION POINT
I 8.708 T.577
FS 25.300

b. Inboard wing pylon

ALL DIMENSIONS IN INCHES

¢. Centerline pylon

Figure 5. Continued.

€L4-9L-41-0Q3V


http://www.abbottaerospace.com/technical-library

1T

o Store Suspension Points

<"

tore Suspension Points

|
r \ ' : |': H '
H 1 tﬁ= [ )
T 7 'y ‘i‘ _J
L 0.0202 0.022 0.270
-—1.263——I<—1.087——|
. . 5.613 - 1.087
FS 24.981 ‘
N = ~—_ o)—— {o—— > = —
0.900 Lo.150
—————— 2, 256 ————]
- 5.706 ot =— 0.900
8.708

Dimensions in Inches

d. ASRM pylon adaptor
Figure 5. Continued.

€1-94-4.1-0Q3v


http://www.abbottaerospace.com/technical-library

(44

0478
0742-

9.688
6970
5.442 A
5.268
3.145
2.270
- 0864 FWD 30-1
e 0757 susn:nsnon POINT I_.A I-—. —0.426
! _} 4
: \ — N p —3
| N |
| FWD 14-IN,
SUSPENSIUN POINTS
=—1.089 J A
5.178 —
$.784 _0332
0.049
are LetF
/( 769
DIMENSIONS IN INCHES .__l
O 174
SECTION A-A

e. Multiple ejector rack, type 200 (MER-200)
Figure 5. Concluded.

€L-9(-H1-2Q3v


http://www.abbottaerospace.com/technical-library

1 X4

7.850

3.100

1.500 I:L
M

\ —
\ o500

RAD TYP [*0.650+=

j——-2.093 ——m*~

FS 26.356

a. TEWS
Figure 6. 0.05-scale external stores.

—0.5000

DIMENSIONS IN INCHES

€4-9L-H1-00a3¥


http://www.abbottaerospace.com/technical-library

¥C

jo— 1800 —=

e S——

- 0.400DIAM

0.884—
0.120
t]-l 0.028 -0.925
as*- T &7 0%
0.800 57.2 T
) 1.600
4 1 )
- — —_— Qﬁ —
I
0.360 - 0.383~
'7. 198 —o

DIMENSIONS IN INCHES

b. AIM-7F
Figure 6. Gewtinued.

€L-9L-HL1-0Q3V


http://www.abbottaerospace.com/technical-library

Y4

5.757

FWD 30-IN. SUSPENSION POINT
/ -0.630

i

1]

f
0.820
-

13.000

.

-

1.630 /

DIMENSIONS IN INCHES

c. F-15 600-gal fuel tank model
Figure 6. Continuexd.

€L-94-41-043V


http://www.abbottaerospace.com/technical-library

-————|.7oo-—1

WD [4-IN. SUSPENSION PONT

o——0.859 —<f

0.250 0.400R
o.12%
-+
0.245
0482
4.430
'4:600

Ku—— neooo-/

d. SUU-30H/B
Figure 6. Continued.

QS30D

DIMENSIONS IN INCHES

€L-94-41-2a3v


http://www.abbottaerospace.com/technical-library

LT

0.006 FLAT WITH

ROUNDED CORNERS

012 FLAT WITH
ROUNDED CORNERS

0023 FLAT WITH

ruio" 041 TR(TYP)
WEDGE (TYP) 19—
30 1s®
mpr7/ QOI7TR
79
(o MODEL suam:s_r. (TYP) °9 .
Y < 65" Qi
odmn o xp o ah e Lo
——1e33— | ' woeL | Looes
1.758 SURFACE f———2.758
SIDE VIEW SIDE VIEW SIDE VIEW
STRAKE ANTENNA FIN
6433
28—
Xea FWD 30-IN |,,_| 287
2918 f 287 —a
— — 2128 — N SrENSION
0.448 rnszs o 125°
— — _——-—‘—p————.
- Py By
[ \‘ 7/ —_—o0227
O7S0R—Y | 2on a.o‘qglni

3.217

4.142

SIDE VIEW DIMENSIONS IN INCHES

8. GBU-15 (cruciform wing)
Figure 6. Concluded.

MODEL SURFACE

€L-9L-H1-02Q3V


http://www.abbottaerospace.com/technical-library

AEDC-TR-768-73

9

cont externat Armament Stations
onfig. or Armament Profit TF & F A {ac
Na. | Armament mEem z 3 4| s e 7l s | o) ol
%ﬂ} hoe Clean | Clear Clear [ Cloan [ Cloan [ Choan [Cean [ )
202 TEWS I-—— & Cleen | Clean | Clean | Clean | Choan | & 00011
TEWS  [eevepe— & &
] 800-gal < Clean | Clean 6 Clean | Clean [}
Fuel Tank
04 TEWS 8 Chin Clean ®
o <—— ) ot
Fual o} g &,
| AT ey can Py + 4 -
500-gal :
cau-15 cw el e ]
% AM-T e Zian + 4 < cian | oo
1 H -
00-gul
ront s (S &
| cau-15 1w |mang) o o1
20 Clsan Clean Clean | o o057
AM-TF et & o & O
- SUI-30H [aumg o - ; o
i n n i sn
AT | FAlos o ¢L; A .0
SUU-30H/8 [emmg Eaka 3
2 | AT [— can |F Ao & PPN L P Lt
Wl < ' s
Fuel Tank
I PP R P
X 20 - Clesn | Clean (5 Clean |Cisan | o o3
Fusl Tank
n MM-TF (g clan | Cloan [ ¥ clan ¢ ¥| cioan |clean | oomz
ASRM [~ ) [
212 Clean Clean Clean
AIN-TF [ o o & o s
- ASRM [ “ ak ' I
AINTF ' l an PP Clean P Clean | o008
TS |eonpemm—— A -
M (ous om ol & Clean Py ! 0.00%
AT _ (g + 4 4%

w | SO < | Clon | Clan | Cln | (| Clen | Clran | Cin | g gy
2 | ol i cian | & |cen | & |cen | & [cmn | e
NS | aageanen K] ]

teu-13 cw onani) of o}
ar 0.00%
A ey <+ % o &
o [ o]
Fuel Tank
c8u-15 owi [oamdl Clean Clean
m AN (e A &
AT (i & & o No Deta
. < —— 8 '
Foel Tank
o [osu-15 1w ommell) cwan | yx [clan | cioan[clean |y [ctoan | g oo
*Drag costicient is refaranced t 2012CL =03 and Mg =86

Figure 7. Configuration identification key.

28



http://www.abbottaerospace.com/technical-library

6T

0.2 0.4 0.6 0.8 1.0
M

Figure 8. Tunnel flow angle as a function of Mach number.

1.2

1.4

€4-94-41-0a3v


http://www.abbottaerospace.com/technical-library

AEDC-TR-76-73

0.08 —

0.04 , SYMBOL CONF  —T
Jol e A I gl g 0] —-

0 l:: 0 201 L]

-00 0"‘

__+——
1 1
: 1' )
{5 - \ .4__ e ail TR I
-0.08 - % S
—t=1 = e e a1 ——

-0.12 ; [y

— 4 !
it panak Kty ekl IR Betnd SRR el IEEES Sl IR
{

-0.16 ’ ﬁ .
c i . ]

n e JRUNUEPY SENIS N S U S
i : i |
-0.20 ' '
. L] "' B g
|
———— —— — e ) —— g — ey rrem—— — - -—..=

‘0- 2“

H Y JET G, ._1 [

‘0. 28

— —— — -—-.1___. ——
I
-0.32 ’
- —— N —_—
-0- 36 !
) — - - 4
-0.40
'0- uu

-0.4-0.2 0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6
cL

a. M_=0.60
Figure 9. Effect of inlet configuration on static longitudinal stability.

30


http://www.abbottaerospace.com/technical-library

AEDC-TR-76-73

0.08

0.04

e e et Bt B 101 -~
0 — © 20l

-0.04 |
L

-0.08

[ SR—
. 0D

-00 12

I
1
¥ W
J/ '
y
i
!
!
*
t

——y e———

-0.16

-0.20

—00 2"‘

]
]
.
!
!
]
|
)
[}
——e = s
1
1
]
b
!
i
]
e S ' O 4 -
%
I H
1
i
|

-ol 28

-0.32

-0.36

-

-0.40

1

-0.u4
-0.4 -0.2 O

0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6
C. '

b. M_=0.80
Figure 9. Continued.

31


http://www.abbottaerospace.com/technical-library

AEDC-TR-76-73

0.08

Y T T Y Y —
T T T
0.04 —+ T S o —~—
: —1=f 4= o 101 -
0 ) cwN 1] f ° 201 ___|
S T P :‘ﬁ, AN ! N B 5
! | : '
b RN R MR
-0,08 ST T LN .
SIS RO O A \\ B IR
-0.12 ; ' 31—
B R .; \:\i | DS
-0.16 T ———— Na |
Ca ] _.qi__ SN S IR .: \)\5_ —m
-0.20 . — .
——t— ] -1 __i - _._L._ -1 _..%_ - %l._ ——
-0.24 i T | ’I
O SR D Y O “1__ SN U T R o
-0.28 [ v', + . 1 —
-0, 32 ! I L
- I— A= d—]- - - b—- e
-0. 36 i —
e B e e e e I B
-0.40 1 —T
o LTI iHnnn

-0.y -0.2 0 0.2 0.4 0.6 0.8

G

c. M_=0.85
Figure 9. Continued.

32

1.0


http://www.abbottaerospace.com/technical-library

AEDC-TR-76-73

0.08

HENNENERERREEY
0. 04 ‘- STMBOL  CON?

LBy I e e
0 %ﬁ © el

——— e adme wia | - — -_..‘ il s Bt c— - -_.1} —
I

-0.04 2% , —t— :
A b NN T DR N O

-0.08 i ‘i M“ e

_ N T

-0.12 . I l D H :
L e e e o N ~ef

-0.16 —t———t— R j
C. % D _...1'_.... . __T___. \_‘ —

-0020 - . :

-0.24

- e

'0- 28

T

-0.32

+

!
-0.36 IT -

L

L — -

-0. qo

-Oqu . * -
-0.4 -0.2 0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6

C

d M_=0.90
Figure 9. Continued.

33


http://www.abbottaerospace.com/technical-library

AEDC-TR-76-73

.6

? — -
_ -
w ] -
=] 1
w ' [4V]
y BN -
2 S
p : : <
>
S g—p
“ ®
“ o
| 1o
o
e
w o
_ o
| H :
I | o
_ _ !
L] L 0
I |
[ i
T ! o
i -
_ o
i ]
i -
® ® o 7o) o =9
o o m ™ = >
[ ] - - [ ] [ ] L ]
o o o (] o o
[] ] ] ] ]
[ ]
(&8 ]

C

e. M_=095
Figure 9. Continued.

34


http://www.abbottaerospace.com/technical-library

AEDC-TR-76-73

0.08

0. 04 —gk L
%:_ —pen e e ] -

T
-0.04

SYMBOL CONF

e o} 101
(O 201

'
4t _._%_..._i__ 4
t
' H
!

-0.08

-0.12 |- ;

-0.16 .
C. ] Y R

-0.20 |

-0. eu

-0.28

A — ] USSR I S A
-0.32 | ' —

-0.36

-0.40 ” n

- |

_o.uy L I B |

-0.4y -0.2 0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6
C

f. M_=0.975
Figure 9. Continued.

35


http://www.abbottaerospace.com/technical-library

AEDC-TR-76-73

.6

1

1.4

s ! ' i “ _ _ _ “
H T ! t t ! v -t i t
“ : : _ .
. — gu— L} m‘ _
! 2 (afa) ! : i i i ‘0\1
- D e=0g - . + - - RN O g8 = —$
(w7 ! i | ] | 0 .

1.2

SYMBOL
o]
(0]

1.0

C

N
i .q
-

36

iw'il llu —r-t—r1—t—t T

g M_=110
Figure 9. Continued.

c.2 0.4 0.6 0.8

|

[

1

!
© - ® & WO o - © o 0 o
e 3 © 3 8 - = 0~ & N ™ b >
[ ] [ ] [ ] [ ] [ ] [ ] - -
o o o o o o o o o o o o

] ] [} [] ] ] ] ] [] ]
[ ]
o

-0.4 -0.2 ©

-0.44


http://www.abbottaerospace.com/technical-library

AEDC-TR-76-73

0.08 T i
: i._. _..f,_
0.0y ——
4
0 i
i
-000q I
R
-0.08 —
__...T._..‘ ....,:._
-0012 ;
.16 !
-0-20 !
-0.24
-0.28 T
REEN
-0.32 ; '
N
-0.36
I —R\
'0.“0 : -
| T %
-0.44 -
-0.4 -0.2 0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6
CL
h. M_=1.20

Figure 9. Continued.

37


http://www.abbottaerospace.com/technical-library

AEDC-TR-76-73

0.08

0. Ou

0

-0.04

-0.08

-0.12

-0.16

-0.20

-0.24

-0.28

-0.32

-0.36

-0.40

-0.44

-0.4 -0.2 O

Lo

SYMBOL

0]
0]

CONF

101
20!

B .-

!
——
|
i
[ -
: 1}
'
1
'
————— s -
v
}

—_——— e

0.2 0.4 0.6 0.8
lr:L

i. M_=130
Figure 9. Concluded.

38

1.0

1.2

1.4

1

.6


http://www.abbottaerospace.com/technical-library

AEDC-TR-76-73

SYMBOL  CONFIG
o] 201-101
M.= 0.60

M.= 0.90

M= 1.30

D

0 1 2 3 4 5 6 7 8 9 10x10°
CL

Figure 10. Drag difference between the high alpha and the low alpha inlet.

39


http://www.abbottaerospace.com/technical-library

AEDC-TR-76-73

0.08

Co _
0.0t -

CONF IG O

215 o©

p— v
| ’
! '
! 1
. L] + - *
1
. .
4 . - + . L] + -
L] . - - -

2l o

2l0 o

201 o

-0.0d
-0.08 | —:

-0.12

. R - U
-0.16 | S S SN
1 « 1
. 1 I N
! 3 s A
-0.20 : : — — :
| i ; v L i
Pt R P Co T
-0.24 o : ] M - :
! : : i i
I I : . ! !
-0.28 — ’ i i
R N N R
T ‘ 1 t
-0.32 : _— | .
! L P
i 4 H 1l i ' | T
-0.36 | - |
P !
T i
-0.40 |—
| |
-0.4y4

-00"'

-012

0.4 0.6

CL

a. M_=0.60

0.8

1.0

1.2

Figure 11. Static longitudinal stability characteristics of the

baseline store configurations.

40

1.4

lls


http://www.abbottaerospace.com/technical-library

AEDC-TR-76-73

(7.
m i =
——f ——t — —p — e —— — ——— — - - -+ -
1 m - -
- - B Al S -
S D i
“ [,\Y)
1 N T -—
-} 4 +
Vo o
- 1} .
m — L ]
) 1
F—+¢ o G
! ! ©
—i— —1— S
H I
t -— -—
I Je
i ] o
t ) ]
[ -
Pl ! -
_ a
e 3
: 1
A T A o
! o
T B o o
-
i
. o
) )
y .
\._ | i
- o
i )
1 — -
! =
i o
=) =
8 ° o g 8 o e F 8 & 8& 2 3
. 4 N . . . - .
3 3 o o o o o
© m i --"Ul S -— o -— m u. m ﬂ-v ] ﬂ-v 1 [] [] [ ] ]
(&) W, -— — o
= o o o o
[=]
(% ]

b. M_=0.80
Figure 11. Continued.

41


http://www.abbottaerospace.com/technical-library

AEDC-TR-76-73

1.6

=
- -
—— -
1
N
——— -———— .
—
-
o
-
o«
JRN S .
o
w
o
-
o
N
o
o
(4]
-
o
[}
>
4 =
. . o -
o o o = o
) ] [] [ ] [ ]

CL

0.90

Figure 11. Continued.

42


http://www.abbottaerospace.com/technical-library

AEDC-TR-76-73

1.6

.4

1

1.2

1.0

T o : 1 1] 1 1 1 1
T T AT L
! i ! i | i 3 L@
st B RS RS A
N S BRI (R B S S il : i
SV NS VR I W NN N O U O N NN F S i
IO N B _
spnaEn RN SN RN .

-t —t— b b —4- -4 '

0.8

—— l..+l| |M-.| r——te — - —— —
: 1 H 1
r— e v e e = e ] S - N
! .
i
s = —-- B . ﬁ ——
i ! 1 H

0.6

43

b — b = e —
\ .
H i M
. |+Ip - - -
:
I..!Ir ——— - Tlﬁl QU S SR s
v |
| - —

0.4
d. M_=1.10

0.2

Figure 11. Continued.

-0.2

| i _IF.MJ- oo AT ol n_,.h-l_ N A O VR I O

I N e U O DL N O (O O I IO A ]
Bl RNSEEEEREN I| | N
T T 1

0
0
0
0
-0.04
-0.08 |-—:
-0.12}-
-0.16
-0.20 }-—i
-0.4
-0.28
-0.32
. -0.36

210
201

c
CONF1G
els
2l

-0.u

-0.40
-0.uy


http://www.abbottaerospace.com/technical-library

AEDC-TR-76-73

r
o
8 g8 © °© © °= g 8 ~ 2 g§ & & ¥ B g
o o0 c © © © ©® o ® o o o o
m.la..\.ucl-nUI............_
ot o &
o

=130
Figure 11. Concluded.

4


http://www.abbottaerospace.com/technical-library

St

Config.

201 O
210 o
211 0 O—
215 0 ¢ — *i"\ \
-0.04 ¥— \
‘?\\ \
-0.08 ﬁ)r-.ﬂ\\ \
-0.12 \\ \
-0.16 \ A\

SM \ Config,
~0.20 \ 2()'1—
-0.24 \ 210 —

|
~0.28 211
--0.32
‘(r ? 215
-0.36 |
0.6 0.7 0.8 0.9 1.0 1.1 1.3 1.4

[+

Figure 12. Static margin as a function of Mach number for the baseline store configurations.

€L-9L-"H1-003V


http://www.abbottaerospace.com/technical-library

AEDC-TR-76-73

0.04 . . r r
Sym Configuration
ASM 0 202-201 -
8 ! o 203-215
0.02 E‘; |
[ N ~{— —
0
0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.3
Moo
a. Centerline 600-gal tank
0.04 T T r T
Sym Configuration
ASM a 202-201 <
) 204-216
0.02 (= — j\ -
J“ 5 — <-;
0
0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.3
Mno
b. 600-gal tanks at stations 2, b, and 8
0' 04 1 L) LY E 9
Sym Configuration
0 202-201
A
SM ) 217-206
by o
0.02 0= |
L 4-">—‘ dB —F
\
0
0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.3

¢. GBU-15 (CW) + AIM-7F + centerline 600-gal tank
Figure 13. Effect of various store loadings on the static margin change caused
by adding the TEWS stores to armament stations 1 and 9.
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Figure 14. Effect of various store loadings on the static margin change caused

by adding inboard 600-gal fuel tanks to armament stations 2 and 8.
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Figure 15. Effect of various store loadings on the static margin change caused
by adding the GBU-15 (CW) store to armament stations 2 and 8.
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Figure 16. Effect of various store loadings on the static margin change caused
by adding 12 SUU-30H/B stores to armament stations 2 and 8.
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Figure 17. Comparison of static margin changes caused by various store
configurations at armament stations 2 and 8 in the presence
of the AIM-7F and centerline 600-gal fuel tank.
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Figure18. Comparison of the static margin change caused by adding one

ASRM and two ASRM stores in tandem at armament stations
2 and 8.
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Figure 19. Effect of the 600-gal fuel tanks at armament stations 2, 5,
and 8 on the static margin change caused by adding the
AIM-7F stores to armament stations 3, 4, 6, and 7.
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Figure 20. Effect of various store loadings on the static margin change
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e. AIM-7F + SUU-30H/B

caused by adding the centerline 600-gal fuel tank to the
F-15 aircraft at armament station 5.
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Figure 21. Static margin change obtained by summing individual components
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Figure 22. Drag polars of the baseline configurations.
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Figure 22. Continued.
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Figure 22. Concluded.
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Figure 23. Effect of various store loadings on the drag increment caused by adding the
TEWS stores at armament stations 1 and 9.
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Figure 24. Effect of various store loadings on the drag increment caused by adding the
600-gal fuel tanks to armament stations 2 and 8.
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Figure 26. Effect of various store loadings on the drag increment caused by adding the
GBU-15 {CW) stores at armament stations 2 and 8.
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Figure 26. Effect of various store loadings on the drag increment caused by adding
12 SUU-30H/B stores at armament stations 2 and 8.
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Figure 27. Comparison of drag increment caused by adding various stores at
armament stations 2 and 8 in the presence of the AIM-7F stores
and the centerline 600-gal fuel tank.
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Figure 28. Comparison of the drag increment produced by adding one ASRM
and two ASRM stores in tandem at armament stations 2 and 8.
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Figure 29. Effect of the 600-gal fuel tanks at armament stations 2,
5, and 8 on the drag increment caused by adding the
AIM-7F stores at armament stations 3, 4, 6, and 7.
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Figure 30. Effect of various store loadings on the drag increment caused by adding the

600-gal fuel tank at armament station 5.
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Figure 31. Drag increment obtained by summing individual components
compared to measured value.
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Figure 32. Lateral-directional aerodynamic characteristics of configuration 201.
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Figure 33. Effect of angle of attack on the lateral-directional stability
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Figure 34, Effect of various external store configurations on the lateral-
directional stability derivatives.
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Figure 34. Continued.
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Figure 34. Concluded.
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Table 1. Part Number Summary Log

Mach Number

Config a B 0.60 0.80 0.85 0.90 0.95 0.975]1.10 1.20 1.30 Remarks
101 Var 0 6,7,8 — — —_— —_ — —_— —_— — Reynolds No. Var.
101 l ‘ 8,9 [11,10 {12,13 |15,14| 16,17 | 19,18 | 20,22 | 27,26 | 28,29,31% !}*a = 0, B Sweep
201 35 68 63 36 55 51,53 48 44 37 Flow Angularity Runs
lg var ;(1) gg gf 22 32 All Configuration
Numbers in 200°'s
15 1 72 66 58 46 41 Indicate High Inlet
20 73 65 64 57 56 | 54,52 45 43 12 ndicate High « Inlet.
202 Var 0 7 78 79 80 81 100's Indicate
203 Var 0 85 94 97 106 107 Low a Inlet
0 var 96 93 98 105 108
10 l 87 92 99 104 109
15 88 91 100 103 110
20 89 90 101 102 111
204 Var 0 115 116 117 118 119
205 Var 0 123 124 125 126 127
206 Var 0 131 141 142 150 151 154 155 161 162
206 0 Var 132 140 149 156 163
10 133 139 146 157 164
l 15 l 134 138 145 158 165
20 135 137 143 144 152 153 159 160 166
207 vVar 0 170 171 172 173 174
208 ‘ ‘ 178 179 180 181 182
209 188 197 199 209 210
0 |Var 189 196 200 208 211
10 190 195 201 207 212
15 1 191 194 202 206 213
20 192 193 203 205 215 204 = 8 Run, o = 18 deg
210 Var 0 220 221 222 223 224
211 Var 0 230 231 232 233 234
213 Var 0 239 242 243 247 248
213 20 Var 240 241 244 245 249
212 Var 0 253 254 255 256 257
214 261 262 263 264 265
215 293 294 295 296 297
216 285 286 287 288 289
217 269 270 271 272 273
218 Did Not Fit — Fin Interference
219 277 281

l 278J

L279 l

i 280
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Table 2. Aerodynamic Coefficient Uncertainties

M

Qeor
psf

iGCL

tﬁcm

tGCn

iGCY

tGCD

16C,

0.60
0.80
0.85
0.90
0.95
0.975
1.10
1.20
1.30

240
350
375
400
425

430

475
500
515

0.0201
0.0119
0.0108
0.0100
0.0092
0.0092
0.0087
0.0082
0.0023

0.0048
0.0033
0.0031
0.0029
0.0028
0.0028
0.0028
0.0027
0.0026

0.0009
0.0006
0.0006
0.0005
0.0005
0.0005
0.0004
0.0004
0.0004

0.0062
0.0041
0.0038
0.0035
0.0033
0.0032
0.0029
0.0028
0.0029

0.0067
0.0044
0.0042
0.0039
0.0037
0.0037
0.0036
0.0035
0.0033

0.0008
0.0005
0.0004
0.0004
0.0004
0.0004
0.0003
0.0003
¢.0003
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BL

Cp

ACp

Ce

Ce

Cy

¢, MAC

cg

FS

NOMENCLATURE
Model butt line, in.
Model reference span, 25.62 in.
Drag coefficient. drag/q_S

Incremental changes in drag coefficient caused by adding external stores,
positive values indicate a drag increase (Values presented in Fig. 7 are
referenced to configuration 201 at a Cy of 0.3 and M_ = 0.6.)

Lift coefficient, lift/q_S
Centerline

Rolling-moment coefficient referenced to WL 5.81 BL 0, rolling
moment/q_Sb

Effective dihedral, slope of a least-squares curve fit of the rolling-moment
coefficient versus sideslip angle curve from 4 < 8 < 4 deg, per degree

Pitching-moment coefficient referenced to FS 27.86 (25.65-percent MAC),
WL 5.81, BL 0, pitching moment/q_S¢

Yawing-moment coefficient referenced to FS 27.86 (25.65-percent MAC),
WL 5.81, BL 0, yawing moment/q_Sb

Static directional stability derivative, slope of a least-squares curve fit of
the yawing-moment coefficient versus sideslip angle curve from 4 < <
4 deg, per degree

Side-force coefficient, side force/q_S

Side-force derivative, slope of a least-squares curve fit of the side-force
coefficient versus angle of sideslip curve from 4 < 8 <4 deg, per degree

Theoretical mean aerodynamic chord (Fig. 3), 9.564 in.
Center of gravity, MS 27.86 (25.65-percent MAC), WL 5.81, BL O
Model fuselage station, in.

Free-stream Mach number
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ASM

WL
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Free-stream total pressure, psfa
Free-stream dynamic pressure, psf

Model reference area, wing area, 1.52 ft2

Static margin, slope of a least-square curve fit of the pitching-moment
coefficient versus lift coefficient curve from -2 < e < 6 deg, fraction of
C, negative when aft of cg

Incremental change in static margin caused by adding external stores,
positive values indicate a destabilizing effect

Model waterline from reference horizontal plane, in.
Wing chord (and model waterline) angle of attack, deg

Tunnel-flow and model-balance misalignment angle, deg, positive for flow
upwash

Angle of sideslip, deg
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