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Introduction

Reliable control laws on missile configurations depend on accurate modeling of control fin loads over

the missile’s operating envelope.  This modeling requires a large amount of basic control fin information,

and therefore often comes from experimental data.  Most data sets designed to provide this basic control

fin information are obtained from body-tail configurations (refs. 1 through 4), or in some cases fin-alone

studies (ref. 5).  Such data do not contain control fin data in the presence of upstream strakes or fins; thus,

they do not account for fin-on-fin interference effects.

The current project was undertaken to produce a set of data that would contain these interference

effects for one class of missile:  a cruciform tail-control missile with upstream in-line strakes.  Although

the test model is a generic configuration, it was intended to represent a class of missiles similar to the

Nation’s Standard Missile (ref. 6).

Because a large volume of data was needed for this task, the existing core model of reference 7 was

used where control fin deflection angles could be set remotely while the tunnel was in operation.  In

addition, this model had the capability of remotely setting the configuration roll angle, thereby allowing

the data to be obtained in a reasonable time frame.  The aerodynamic surface in this project was actually a

shell wrapped around this remote-control model in the same manner that was done in the project reported

in references 1 through 4.  The data obtained in the current project include both six-component force-and-

moment measurements on the entire configuration as well as three-component measurements on all four

cruciform tail fins.

The current project was conducted as a cooperative effort between NASA Langley Research Center

(LaRC) and several branches of the U.S. Department of Defense (DoD).  The DoD provided funding for

the aerodynamic model and data acquisition system used in this study and participated in the wind tunnel

tests.  LaRC fabricated the model and balances, provided the remote-control test equipment and test

facilities, and conducted the tests.

The experiments were conducted during three separate tests in the NASA LaRC 8-Foot Transonic

Pressure Tunnel (8-Ft TPT), Test 1041, and in both test sections of the LaRC Unitary Plan Wind Tunnel

(UPWT), Tests 1670 and 1529.  The data cover Mach numbers from 0.6 to 4.63, configuration angles of

attack from 2° to 22°, configuration roll angles from 90° to 0°, and fin deflection angles from 30° to

30°.  The test unit Reynolds numbers were held constant at about 1.5  106 per foot.  Geometry variables

in this study include configuration buildup, strake length, nose size, and tail fin deflection angles that

produced pitch, yaw, or roll control on the configuration.

The primary purpose of this project was to investigate the effects of upstream interference effects

on tail fin loads, not to study the control characteristics of a specific missile configuration.  A total of

1059 runs are included in this database.  Because of the large volume of data involved, it was not practical

to include in this paper tabulations or even plots of all the data from this project.  Instead, a CD-ROM

containing the entire data set in digital electronic form is attached.  The data on the CD-ROM are pre-

sented in two formats.  Plots of much of the data are also included on the CD-ROM to illustrate the

effects of the test variables on both the six-component configuration data and the three-component data

on all four tail fins.  Selected examples from these plotted data have been included to illustrate some of

the features and trends found in the data.
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Nomenclature

The measurements and calculations in this paper were made in U.S. customary units.  The six-

component main balance coefficients are presented in the body axis system.  The parenthetical expres-

sions among the nomenclature are computer-generated equivalents of symbols that were used to create the

electronic data files.  The positive directions of all forces, moments, and angles in this report are defined

in figure 1.

AF configuration axial force, lb

Aref maximum body cross-section area, 0.0541 ft2

BM1 tail root-chord bending moment at fin location 1, in-lb

BM2 tail root-chord bending moment at fin location 2, in-lb

BM3 tail root-chord bending moment at fin location 3, in-lb

BM4 tail root-chord bending moment at fin location 4, in-lb

Bref exposed span of single tail fin, 1.953 in.

CAF (CAFBA) configuration axial-force coefficient, AF/(qAref)

CBM1 (CBM1) tail bending-moment coefficient at fin location 1, BM1/(qBrefSref)

CBM2 (CBM2) tail bending-moment coefficient at fin location 2, BM2/(qBrefSref)

CBM3 (CBM3) tail bending-moment coefficient at fin location 3, BM3/(qBrefSref)

CBM4 (CBM4) tail bending-moment coefficient at fin location 4, BM4/(qBrefSref)

CHM1 (CHM1) tail hinge-moment coefficient at fin location 1, HM1/(qCrefSref)

CHM2 (CHM2) tail hinge-moment coefficient at fin location 2, HM2/(qCrefSref)

CHM3 (CHM3) tail hinge-moment coefficient at fin location 3, HM3/(qCrefSref)

CHM4 (CHM4) tail hinge-moment coefficient at fin location 4, HM4/(qCrefSref)

CNF (CNFBA) configuration normal-force coefficient, NF/(qAref)

CNF1 (CNF1) tail normal-force coefficient at fin location 1, NF1/(qSref)

CNF2 (CNF2) tail normal-force coefficient at fin location 2, NF2/(qSref)

CNF3 (CNF3) tail normal-force coefficient at fin location 3, NF3/(qSref)

CNF4 (CNF4) tail normal-force coefficient at fin location 4, NF4/(qSref)

CPM (CPMBA) configuration pitching-moment coefficient, PM/(qArefD)
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Cref tail fin root chord length, 1.992 in.

CRM (CRMBA) configuration rolling-moment coefficient, RM/(qArefD)

CSF (CSFBA) configuration side-force coefficient, SF/(qArefD)

CYM (CYMBA) configuration yawing-moment coefficient, YM/(qArefD)

Config configuration

D body maximum diameter, 3.15 in.

HM1 tail hinge moment at fin location 1, in-lb

HM2 tail hinge moment at fin location 2, in-lb

HM3 tail hinge moment at fin location 3, in-lb

HM4 tail hinge moment at fin location 4, in-lb

L body length, 42.528 in.

LN large nose

LS long strakes

M (MACH) free-stream Mach number

MS longitudinal station measured from model nose, in.

NF configuration normal force, lb

NF1 tail normal force at fin location 1, lb (always normal to fin planform surface)

NF2 tail normal force at fin location 2, lb (always normal to fin planform surface)

NF3 tail normal force at fin location 3, lb (always normal to fin planform surface)

NF4 tail normal force at fin location 4, lb (always normal to fin planform surface)

PM configuration pitching moment, in-lb

q (Q) free-stream dynamic pressure, psf

R/ft (RNFT) free-stream unit Reynolds number  10 6, ft 1

RM configuration rolling moment, in-lb

SF configuration side force, lb

SN small nose
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SS short strakes

Sref tail fin planform area, 0.0217 ft2

T tail

YM configuration yawing moment, in-lb

(ALPHA) model angle of attack, deg

1 (DEL1) tail deflection angle at fin location 1, deg

2 (DEL2) tail deflection angle at fin location 2, deg

3 (DEL3) tail deflection angle at fin location 3, deg

4 (DEL4) tail deflection angle at fin location 4, deg

P pitch control deflection angle (see definitions to follow)

R roll control deflection angle (see definitions to follow)

Y yaw control deflection angle (see definitions to follow)

(PHI) model roll angle, deg

(CONFIG) configuration number (see definitions to follow)

(FINSET) code identifying tail fin deflection angle settings (see definitions to follow)

(HO) tunnel stagnation pressure, psf

(PINF) free-stream static pressure, psf

(POINT) point number

(RUN) run number

(TEST) test number

(TT0) tunnel stagnation temperature, °F

Definitions

Tail fin control deflection

, deg P, deg Y, deg R, deg

0 ( 2 4)/2 ( 3 1)/2 ( 1+ 2+ 3+ 4)/4

45 ( 2+ 3 1 4)/4 ( 1+ 2 3 4)/4 ( 1+ 2+ 3+ 4)/4

90 ( 3 1)/2 ( 4 2)/2 ( 1+ 2+ 3+ 4)/4
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Configuration code

Configuration Nose Strakes Tails Code

1 Small Long On SN-LS-T

2 Small Short On SN-SS-T

3 Small Off On SN-no S-T

4 Small Long Off SN-LS-no T

5 Small Short Off SN-SS-no T

6 Small Off Off SN-no S-no T

7 Large Short On LN-SS-T

Fin set code

Fin set 1 2 3 4 No. runs Control setting

  0 999.9 999.9 999.9 999.9   65 Tails off

  1 0 0 0 0 261 Baseline

  2 0 10 0 10   73 Pitch

  3 0 20 0 20   74

  4 0 30 0 30   24

  5 0 10 0 10   72

  6 0 20 0 20   71

  7 0 30 0 30   24

  8 5 5 5 5   45 Roll

  9 10 10 10 10   32

10 20 20 20 20     5

11 0 10 0 10     1

12 0 20 0 20     4

13 0 30 0 30     2

14 0 20 20 0   19

15 10 20 10 0   22

16 10 0 10 20   10

17 10 10 10 10   17 Pitch-yaw

18 20 20 20 20     6

19 30 30 30 30     6

20 10 10 10 10   34

21 20 20 20 20   22

22 30 30 30 30   14

23 10 20 10 20   16

24 5 15 5 5   13 Combination

25 5 25 5 15   16

26 10 30 10 10   45

27 5 5 5 15   14

28 5 15 5 25   14

29 10 10 10 30   14

30 10 30 30 10   16

31 0 30 20 10     8

Run total 1059
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Wind Tunnels

The experiments reported in this paper cover Mach numbers ranging from 0.60 to 4.63 and were

performed in facilities located at NASA Langley Research Center (LaRC).  Data Mach numbers from

0.60 to 1.18 were obtained in the LaRC 8-Ft Transonic Pressure Tunnel (TPT) while Mach data from 1.70

to 4.63 were obtained in the LaRC Unitary Plan Wind Tunnel (UPWT).

The 8-Ft TPT is a continuous-flow, variable-pressure, transonic wind tunnel capable of operating over

a Mach number range from about 0.2 to 1.3.  The tunnel can obtain unit Reynolds numbers from about

0.5 to 6 million per foot.  A complete description of this facility can be found in Reference 8.  This tunnel

has been subsequently closed.

The UPWT is a continuous-flow, variable-pressure, supersonic wind tunnel with two test sections.

The nozzles leading to the test sections contain asymmetric sliding blocks that permit continuous varia-

tion of Mach number from about 1.5 to 2.9 in the low-speed test section and from about 2.3 to 4.6 in the

high-speed section.  The tunnel can obtain unit Reynolds numbers from about 1 to 9 million per foot.  A

complete description of this facility can be found in reference 9.

Test Description

Key test features in this project including using the TPT at Mach 0.6 to 1.18 (test 1041) and the

UPWT low-speed test section at Mach 1.70 to 2.10 (test 1670), the UPWT low-speed or high-speed test

sections at Mach 2.36 and 2.86 (tests 1670 or 1529), and the UPWT high-speed test section at Mach 3.95

and 4.63 (test 1529).  Reynolds number for all tests was 1.5  106 per ft.  Configuration angle of attack

ranged from 2° to 22°, and configuration roll angles were 0° to 90°.  Tail fin deflection angle ranged

from 30° to 30°.  The data acquisition method consisted of angle-of-attack sweeps at a constant model

roll angle for a total of 1059 runs.

The balances used in this project to measure tail fin loads were the same as those used in references 1

through 4.  Three-component fin loads were measured at all four tail fin locations along with six-

component overall configuration loads.  These fin balances were located near the base of the fins and

measured three components:  normal force, hinge moment, and bending moment.  The direction of the

normal force was always perpendicular to the fin planform regardless of the deflection angle and was not

rotated to conform to the body axis system (see fig. 1).  Hinge moments were measured about the fin

hinge line with no transfer distance being applied.  The measured bending moments were transferred

during data reduction from the center of the fin balance gauges to the fin root chord.

Each fin balance was located just below the body surface directly underneath the fin to which it was

attached.  Because of the data transfer previously described, the magnitudes of the fin bending moments

contained in this paper are always somewhat smaller than the actual measured bending moments.  This

reduction results from the fact that the fin spanwise centers of pressure are closer to the fin root chord

than they are to the center of the gauges.  The bending-moment transfer distance was 0.455 in.

The positive directions of the forces, moments, and angles in this project are illustrated in figure 1(a).

It should be emphasized that the tail fin numbering system shown in this figure rotates with roll angle.

For example, at  = 0°, fin 1 is located at the top vertical location, but for  = 90°, fin 1 would be at the

right horizontal location.  The positive directions for the deflection angles and tail fin aerodynamic coeffi-

cients were chosen so that the parameters would be consistent with each other at all roll angles.
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These fin deflection angle definitions, however, lead to some unusual results for specific control set-

tings.  For example, at  = 0°, a deflection setting to give nose-up (positive) pitching moment on the

configuration requires leading edge-down deflections on the two horizontal tail fins.  Following the angle

definitions of figure 1(b), this is achieved by a positive deflection on the right fin and a negative deflec-

tion on the left fin, which at low angles of attack yields negative normal force on the right fin and positive

normal force on the left fin.

The six-component main balance was located inside the body and measured overall loads on the con-

figuration at the same time that the fin loads were being measured.  The configuration data moment center

was located on the body centerline 23.387 in. aft of the model nose, or at about 55 percent of the body

length.  The internal balance moment center was located 29.577 in. aft of the nose.  The measured mo-

ments were therefore transferred 6.19 in. upstream so that the moment reference center would be closer to

the model center of pressure.  The internal balance was mounted on a sting that was attached to the per-

manent tunnel-support mechanism downstream from the model.  The model angle of attack was corrected

for deflection of the balance and sting due to aerodynamic loads and for test section flow misalignment.

Pressures inside the body base cavity were measured by tubes located near the balance chamber.  The

body internal diameter was beveled to the outer diameter at the base of the model to allow internal pres-

sures to act over the entire base area and therefore eliminate the need for base pressure measurements.

Configuration axial-force data were corrected for the difference between the internal chamber pressure

and free-stream static pressure (i.e., axial-force coefficients due to cavity pressures were subtracted from

the measured values of the six-component balance axial-force coefficients).

The same data reduction reference quantities were used for all three tests in this project.  The reference

area and reference length for the configuration data were the body maximum cross-section area and

maximum diameter, respectively.  The planform area of a single tail fin was used as the reference area for

the fin data.  The fin hinge-moment and root bending-moment reference lengths were the exposed span

and root chord, respectively, of a single fin.

Transition grit was used on the model in this project to establish a turbulent boundary layer near the

body nose and near the strake and tail fin leading edges.  The method developed in reference 10 was used

to determine the grit size and application location.  The transition grit application information for the tests

in each facility entails (1) grit size #80 in the 8-Ft TPT applied as a one-tenth-in. strip with streamwise

locations on the body nose at 1 in., the strake leading edge at 1 in., and the tail leading edge at 1 in.;

(2) grit size #50 in the UPWT test section 1 applied as a one-sixteenth-in. strip with streamwise locations

on the body nose at 1.2 in., the strake leading edge at 0.4 in., and on the tail leading edge at 0.4 in.; and

(3) grit size #35 in the UPWT test section 2 applied as individual particles with streamwise locations on

the body nose at 1.2 in., the strake leading edge at 0.4 in., and the tail leading edge at 0.4 in.

Model Description

As mentioned earlier, the test body used in this project was actually a thin shell built around an exist-

ing modular model known as the Langley Remote Control Missile Model.  As the name implies, this

model had the capability of remotely setting the tail fin deflection angles and configuration roll angle.  In

its original form, however, this model did not have the capability to measure fin loads.  A description and

the early uses of this Remote Control Missile Model can be found in reference 7.

This modular model was used in the Triservice Missile Project described in reference 1.  The modifi-

cation made to the existing modular model for use in that project was to attach a thin shell around the
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body to produce a new aerodynamic surface that was larger in diameter and longer than the original

model described in reference 7.  The diameter of the original model was 2.5 in., whereas the diameter of

the triservice model was 3.0 in.  This added thickness allowed space to install fin balances between the fin

bases and the fin-attachment surface of the original model.

A similar procedure was used in this project to create the model’s outer surface.  A new shell was

attached around the modular model to produce the current model’s aerodynamic surface, and the strakes

were attached to this shell.  The current model’s maximum diameter was 3.15 in., which provided ample

space to attach the fin balances to the internal modular model and the fins to the fin balances.

The technique used to assemble the test configuration was to first build up the modular model on the

internal balance, add the fin balances, and then add the outer shell to produce the aerodynamic surface.

Subsequently, the strakes and tail fins were added as needed to complete the configuration.

A complete description of the modular model used that gives the various body sections and the assem-

bly process can be found in reference 1.  The key features of this modular model were the ability to

simultaneously (1) set remotely the tail fin deflection and model roll angles and (2) measure three-

component fin loads at all four cruciform tail fins along with six-component overall configuration loads.

Thus, for a given configuration, all attitude parameters—configuration angle of attack, configuration roll

angle, and tail fin deflection angles—could be changed during testing without the need to interrupt the

tunnel operation to make model changes.  A control computer was used in this project to set the tail fin

deflection and model roll angles.  Figure 2 is a photograph of this computer along with one of the test

configurations.

Figure 3 is taken from reference 1 and shows an exploded view of how the tail fins were mounted to

the body.  Each part shown in this figure attaches to the ones on either side by stacking the parts together.

Thus, the fin balances were positioned between the fin base and the remotely actuated gear mounting

surface.  Thus, these balances not only isolated the fins from the body to allow fin loads to be measured,

but also could be rotated by the gear to allow the fin attitude angles to be set.  Figure 4 illustrates where

the balances were located between the base of the fin and the body.

The geometry components of the model were combined to form the seven configurations shown in

figure 5.  The configuration components are identified in the nomenclature.  Configuration 1, composed

of the small nose, short strake, and tail components, was considered the baseline configuration.  The other

configurations were designed to investigate the effects of strake length and for configuration buildup

effects.  A limited number of runs were made with an alternate nose (configuration 7).

Figure 6 shows the major dimensions of the body.  The body is shown with the small nose attached.

Aft of the nose section, the body is a constant diameter of 3.15 in. except for a small boattail near the

downstream end of the body, where the diameter decreases to 3.04 in. at the base.  This boattail angle is

about 2.3° and covers the last 1.37 in. of the body.

Figure 7 shows the long and short strake dimensions.  The strakes were mounted on a small pad, seen

in figure 8, before being attached to the body.  The same mounting pads were used for both the long and

short strakes.  For the strakes-off configurations, the pads were removed to produce a clean aerodynamic

surface.

Figure 9 shows the dimensions of the tail fin.  Also shown is the tail fin hinge-line location, which is

defined as the streamwise location about which the fins were rotated to set the deflection angles, and is
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the location of the measurement center of the fin balance to which the fin is attached.  The corresponding

location of the hinge line on the body is identified in figure 6.

The tail fins had a small gap between the fin root chord and the body external surface to prevent foul-

ing of the fin balance gauges.  This gap was nominally about 0.020 in. for all fins.  A small radius (about

0.005 in.) was included on the nominally sharp leading and trailing edges of all fins.

Figures 10 through 17 are photographs of the model installed in the tunnels.  Figure 10 shows an

oblique front view of configuration 1 and the tunnel mounting hardware in the 8-Ft TPT.  Figures 11

and 12 show front and rear oblique views, respectively, of the same configuration in the same facility.

Figure 12 also shows the tail fin balance cables and chamber pressure tubes exiting the model.  Figures 13

and 14 show a side view and an oblique rear view, respectively, of the same configuration in the low-

speed test section of the UPWT.  It can be seen in figure 14 how the internal diameter of the model was

beveled to the outside diameter at the base of the model so that only chamber pressure tubes were needed.

Figures 15 and 16 show a side view and an oblique front view, respectively, of configuration 2 in the

high-speed test section of the UPWT.  Figure 16 also shows the tunnel mounting system used in the

UPWT.  Figure 17 shows a technician hanging check loads on one of the tail fins on configuration 7 in

the UPWT high-speed test section.  Check loading of the tail fin balances was performed periodically

during this project to ensure that the fin balance gauges were operating properly.

Presentation of Data

The test data, which include six-component overall configuration data and three-component data from

all four tail fins, are presented in two electronic tabular formats on the attached CD-ROM.  One is a

standard ASCII text column tabulation format with headers, which is easy to use for visual examination

of the data and for spreadsheet applications.  The first two runs in this format are shown in figure 18.

Figure 18(a) contains the left side of the tabular listing and figure 18(b) shows the right side of the same

page.

The second form is an ASCII SIF (standard interface file) format, which is a standard format for many

data-plotting programs.  The data in this format are compiled in a list of variable names followed by the

data.  The variable names comprise up to six characters and are placed at the top of the file in a free-field

format with five variable names per line.  For each data point the values are written on the file in the same

order as the variable names listing at the top of the file.  Figure 19 contains the first page of data in this

format showing the variable names and the first six data points of the first run.  The variable names used

in the ASCII SIF data files are identified and defined in the nomenclature.

All data in this project were angle-of-attack sweeps at a constant roll angle and Mach number.  As

shown in figure 5 and defined in the nomenclature, the geometric variables of this model included long

and short strakes, fins on and off, and large and small nose sizes.  These variables were combined to

produce seven configurations.  A summary list of these run number tables is presented in the summary

table to identify which set of data is located in each table.  Tables 1 through 7, one for each configuration,

identify the run numbers for all data in this project.

Because the data contained in these tables came from tests conducted in three different facilities, it was

important to ensure that run numbers were not repeated when data from different tests were combined.

This was accomplished by adding 500 and 1000, respectively, to the original run numbers of UPWT

tests 1670 and 1529 while retaining the original run numbers of the 8-Ft TPT test 1041.  This ensured that

each run number would be unique.
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The summary table also shows that the largest number of runs (about 44 percent) was obtained with

configuration 1, which came to be considered the baseline configuration in this study.  Strake size was

considered as the primary geometric variable in this project, thus the next largest number of runs (almost

34 percent) was obtained on configuration 2.  The remaining configurations were obtained by combining

the geometric parameters primarily to produce component buildup effects.

Plots from the tabulated data included in the data_plots folder on the attached CD-ROM represent

about 46 percent of all runs in this project.  Selected samples from these data plots are presented and

analyzed subsequently to illustrate the effects of the test variables and to explore some of the aerodynamic

effects that can be found there.

The data plots in this report represent only a small part of the entire database; therefore, selecting a

baseline set of test conditions is helpful to serve as a common point around which the effects of the indi-

vidual test variables can be shown.  For this purpose, configuration 1 at Mach 2.86, zero roll angle, and no

fin deflections was chosen.  In general, the effects of the test variables are examined by looking at varia-

tions from this baseline condition.

The effects of the test variables are examined in this paper by analyzing plots of the main six-

component balance data and the three-component fin balance data from all four tail fins.  These data are

generally presented in a six-plot format.  The first two plots are the configuration longitudinal coefficients

(CNF, CAF, and CPM) and lateral-directional coefficients (CRM, CYM, and CSY).  The last four plots are

the three tail fin coefficients (CNFi, CHMi, and CBMi) for each of the fins, where i represents tail fins 1

through 4.  Each plot also lists the runs plotted on that page and contains a small sketch of the configura-

tion(s) whose data are contained on that page.  Shaded parts on the sketch indicate what geometry parts

are a variable on that plot.

The plot legends identify the runs, Mach number, roll angle, and deflections (if any) of each of the tail

fins.  Also included in the legend is a parameter denoting whether the tail fin deflections result in pitch,

yaw, or roll control on the configuration.  These control angles are defined from the tail fin deflections

found in the nomenclature.

Discussion

Data Repeatability

The purpose of figures 20(a) through (e) is to illustrate the consistency of the data presented.  This is

the only analysis figure that does not follow the plot layout described in the previous section.  In this

figure, the tail fin data are presented in three plots (one for each fin data parameter) instead of four plots

(one for each fin).  The plot was arranged in this manner to facilitate comparing data from different fin

locations.  Because this configuration is symmetric about the horizontal and vertical axes, similar results

should be obtained from different fins that are located in the same physical orientation from runs at dif-

ferent roll angles.

Figures 20(a) through (e) show data from Configuration 1 at Mach 2.86 with no fin deflections at three

roll angles—0°, 90°, and +90°.  Figure 20(a) shows that the overall configuration longitudinal loads are

virtually identical for these three roll angles, as would be expected due to model symmetry and no fin

deflections.  This condition should also result in very small lateral-directional loads, which figure 20(b)

confirms.  Figures 20(c) through (e) show fin normal force, hinge moment, and bending moment, respec-

tively, for all four fin locations.  The fin loads at each location are virtually identical regardless of which
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fin was actually producing the measurement at that roll angle.  Moreover, the fins in the upper and lower

locations show very small loads, as would be expected.  The two horizontal fins show similar trends,

although the signs of the coefficients on the left and right sides are opposite due to the definition of the

positive load directions at each fin location discussed earlier.  Note that the hinge moments are small at all

fin locations at this Mach number because the tail fin hinge lines were located near the expected center-

of-pressure location, which should result in small hinge moments.

For all data in this project, flow angle corrections were made to the overall configuration data but none

were made to the fin measurements.  The configuration flow angle represents the average flow angle over

the length of the body.  Therefore, the local flow angle at any one location could be slightly different from

this average.  Thus, the fin data might be expected to have a small offset.  This appears to be the case as

seen in figures 20(a) through (e) where the fin data appear to have these offsets.  Note, however, that the

offsets are virtually the same at each fin location regardless of which fin balance was producing the

measurement.  This is an indication of the accuracy of the measurements and that the local tunnel flow

angles were probably the cause.

Data repeatability results for other test conditions in both wind tunnels, including those for the other

symmetric condition (roll angles of +45° and 45°), show similar results as those of figure 20.  Plots of

these data can be found in the data_repeatability folder on the CD-ROM that is attached to this paper.

Configuration Buildup

Configuration buildup effects can be observed by comparing body-alone, body-tail, and body-strake-

tail data.  A sample of these buildup effects is shown in figures 21(a) through (e), which compare data

from configurations 1, 3, and 6 at Mach 2.86, zero roll angle, and no fin deflections.  The effect on the

overall longitudinal aerodynamics of adding the strakes (fig. 21(a)) causes a substantial increase in nor-

mal force, an increase in configuration stability, and minor changes in axial force.  Figure 21(b) shows

that all of these configurations had negligible lateral-directional loads, which would be expected due to

model symmetry.

Because the data in this figure are for zero roll angle, tail fins 1 and 3 are in the vertical plane and

should have very small loads on them.  Figures 21(c) and (e) confirm that this is the case.  On the other

hand, tail fins 2 and 4 are in the horizontal plane and should show increasing loads with angle of attack.

Figures 21(d) and (f) show this to be the case.  Note that the tail fin loads are greater for the strake-off

configuration (configuration 30) than for the strake-on configuration (configuration 1).  This result illus-

trates the shielding effect that the strakes can have on flow over the tail fins.  Also note that the right and

left tail fins are loaded equally, but their plots are mirror images of each other due to the fin loads direc-

tion definition used in this project.

Configuration buildup plots for other Mach numbers, some of which also include strakes-on, tails-off

data (configuration 4), can be found in the configuration_buildup folder on the attached CD-ROM.

Roll Angle Effects

Sample effects of varying model roll angle for configuration 1 at Mach 2.86 and zero tail fin deflection

angle are shown in figures 22(a) through (f), where data from nine roll angles between 90° and 0° are

shown.  The configuration loads show that there is no measurable effect of roll angle on the axial force,

but a systematic variation occurs in the other five components (figs. 22(a) and (b)).  Figures 22(c) and (f)

show a generally steady decrease in fin loads as the horizontal fin is rolled to the top vertical position.  As
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the fin is rolled from the horizontal to the bottom vertical position (figs. 22(d) and (e)), however, the loads

stay virtually unchanged through about 20° roll angle before they decrease to zero at the bottom vertical

position.

Plots of roll-angle effects at other Mach numbers and for other configurations can be found in the

roll_angle folder on the attached CD-ROM.

Mach Number Effects

Sample Mach number effects on configuration 1 at zero roll angle and no fin deflections can be seen in

figures 23(a) through (f).  In general, figure 23(a) shows that increasing Mach number causes a decrease

in both normal-force configuration stability level, especially at angles of attack greater than 2°.  All

lateral-directional loads are seen to be negligible (fig. 23(b)), as are the loads on the vertical fins

(figs. 23(c) and (e)).  Large Mach number effects are seen on the horizontal fins (figs. 23(d) and (f)).

Note that hinge moment becomes significant at the subsonic and transonic Mach numbers, whereas it was

negligible at the supersonic Mach numbers.  This effect is due to the expected longitudinal center-of-

pressure movement with Mach number.

Plots of the effects of Mach number for the small strakes, no strakes, and body-alone configurations,

configurations 2, 3, and 6, respectively, can be found in the mach_number folder on the attached

CD-ROM.

Strake Length Effects

A sample of the effects due to the length of the strakes at Mach 2.86, zero roll angle, and no fin de-

flections can be found in figure 24.  In this figure, data from long-strake, short-strake, and no-strake

configurations (configurations 1, 2, and 3, respectively) are compared.  Figure 24(a) shows a systematic

increase in overall normal force and stability level with increasing strake length.  Also shown is a small

axial-force increase with the addition of the short strake, but no measurable difference between the short

and long strakes.  For this condition of symmetry about the vertical plane, figure 24(b) shows the ex-

pected negligible lateral-directional parameters, and figures 24(c) and (e) show the same for the top and

bottom fins.  Figures 24(d) and (f), however, show an increase in the shielding effect on the horizontal

fins with strake length.  The results from the horizontal fins are again mirror images of each other because

of the load direction definitions.

Plots of the effects of strake length at other Mach numbers can be found in the strake_length folder on

the attached CD-ROM.

Two-Fin Pitch Control Deflection Effects

Thus far, all effects described in this paper have been for undeflected tail fins.  Beginning in this sec-

tion several tail fin deflection conditions will be examined.

Figures 25(a) through (f) show an example of the effects of pitch-control deflections of the two hori-

zontal tail fins for configuration 1 at Mach 2.86 and zero roll angle.  The nomenclature contains the

definitions of all fin deflection angles used in this study.  Of relevance here, pitchup control deflection

angles are positive on the right fin and negative on the left fin.  In these figures, the two horizontal tail

fins are deflected to provide both pitchup and pitchdown control effects.  The pitching moments seen in

figure 25(a) show almost linear changes with deflection angle over the entire angle-of-attack range.
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There appears to be no loss of control effectiveness even at the largest deflection angles.  This linear

variation with deflection angle is not present in the subsonic data plots contained in the attached

CD-ROM.  There are also systematic changes in normal force in figure 25(a) with both deflection angle

and angle of attack, but there is some nonlinearity in axial force at the larger deflection angles.

Because these deflections are symmetric about the vertical axis, no influence on the lateral coefficients

would be expected, and figure 25(b) shows that this is the case.  Also, the undeflected top and bottom fins

show no effects from the horizontal fin deflections (figs. 25(c) and (e)).  The deflected horizontal fins,

however show a large dependence on deflection angle (figs. 25(d) and (f)).  Effects on the normal force

and bending moments are almost linear and virtually constant over the angle-of-attack range, and the

coefficients are mirror images between the left and right fins, as would be expected.

Plots of pitch control effects at zero roll angle for all tails-on configurations (configurations 1, 2, 3,

and 7) at all test Mach numbers can be found in the two-fin-pitch-control folder on the attached

CD-ROM.

Four-Fin Pitch Control Deflection Effects

As illustrated in the previous section at zero roll angle, pure pitch control is achieved by deflection of

the two horizontal tail fins.  Another pure pitch control situation arises when the model is rolled 45° and

uses all four tail fins.  For these deflections, supersonic data on configuration 1 were not obtained, so

figures 26(a) through (e) show this four-fin pitch control at Mach 0.60.  The roll angle is 45° and the

pitch control deflections vary from 30° pitchup to 30° pitchdown.

Interestingly, the configuration longitudinal data indicates that the normal force and pitching moment

do not vary linearly with deflection angle (fig. 26(a)).  In fact, the 30° deflection results are at about the

same level as the 20° results.  This nonlinear effect was not seen in the supersonic two-fin deflection data

shown earlier, but it was contained in the two-fin Mach 0.60 data contained in the plots on the CD-ROM.

Comparing the Mach 0.60, two-fin, and four-fin results also shows that for a given deflection angle the

longitudinal coefficients of the four-fin data are always larger because all the fins are being deflected.

Because of symmetry, there are no large effects seen in the lateral-directional parameters of figure 26(b).

The fin data of figure 26(c) through (e) show that the 30° deflection loads are also about the same as

those of the 20° deflections.  This means that effects seen on the configuration longitudinal parameters

result from the loads on the fins.  Also note that there are substantial hinge moments on the fins, which

were not present in the supersonic results of figures 25(a) through (e).

Figures 26(a) through (e) contain data from only three tail fins.  For this set of runs, the balance at the

fin 4 location was not functioning properly, so data from this balance were excluded.  In this project,

whenever a fin balance was not operating properly, the coefficients for that fin were artificially set to a

value of 9.9999 for the affected runs.  This permitted the “bad” data to be eliminated while allowing data

from the main balance and the other fins to be retained in the data set.  Thus, all tail fin data in the tabu-

lated data on the attached CD-ROM that have values of 9.9999 should be assumed to be “bad” and there-

fore ignored.

Plots of four-fin pitch control data for other Mach numbers and configurations can be found in the

four-fin-pitch-control folder on the attached CD-ROM.
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Yaw Control Deflection Effects

Yaw control deflections were not included in the original data matrix for this project; however, yaw

control results can be obtained from the two-fin pitch control runs where the configuration was rolled 90°.

This orientation puts the deflected fins in the vertical plane and results in a pure yaw control situation.

Figures 27(a) through (e) show a sample of these yaw control results for configuration 1 at the transonic

Mach number of 1.18 at a roll angle of 90° for yaw deflections from 20° nose left to 20° nose right.

Figure 27(a) shows that the configuration normal force and pitching moment are virtually unaffected by

the yaw control deflections, and that the magnitude of the axial force reflects the increments caused by

increasing deflection angles.

Figure 27(b), however, shows large effects of the deflections on the yawing moment and side force.

The effects are approximately linear with deflection angle, except for an unexpected variation in both

parameters at zero deflection angle.  The tail fin data from the upper and lower fins (figs. 27(c) and (e))

do not show any behavior that would explain the yawing-moment and side-force results. The rolling

moment is seen to be negligible over the entire angle-of-attack range.

Note that because the roll angle of these data is 90°, the fins in the horizontal plane are tail fins 1

and 3.  Data from these fins show very little effect of the yaw deflections except for some variation in

hinge moment (figs. 27(c) and (e)).  Note that data for the left and right fins are virtual mirror images of

each other.

The data from the top and bottom fins, figures 27(d) and (f), respectively, show approximately linear

variations of normal force and bending moment with deflection angle and almost no variation with angle

of attack.  Moreover, there is very little difference between the top and bottom fin data, indicating that the

body and strake shielding effects on the top fin seen earlier in supersonic Mach number data are not very

strong at this transonic Mach number.  Because there is very little variation on either fin with angle of

attack, the variation in the configuration side force seen in figure 27(b) did not come from the tail fins.

A plot of the effects of yaw control deflections for other Mach numbers and configurations can be

found in the yaw_control folder on the attached CD-ROM.

Combination Pitch and Yaw Control Deflection Effects

Several runs were made in this project wherein both pitch control deflections were made on the hori-

zontal fins and yaw control deflections were made on the vertical fins.  The deflection angle for both the

pith and yaw controls was always the same.

Figures 28(a) through (f) show an example of these combination effects on configuration 1 at

Mach 2.86, zero roll angle, and deflection angles up to 30°.  Comparing the configuration longitudinal

loads (fig. 28(a)) with the corresponding pitch-only deflection data of figure 25(a) shows that they have

very similar normal-force and pitching-moment trends.  The axial force for the pitch/yaw combination

deflections is larger because all the fins were deflected.  In addition, the data from the horizontal fins

(figs. 28(d) and (f)) are very similar to the corresponding pitch control data of figures 25(d) and (f).  Thus,

it appears that the addition of the yaw control has very little effect on the longitudinal configuration loads

or the horizontal tail fin loads.

Because pure yaw control data at this Mach number were not obtained in this project, no direct com-

parisons with pitch/yaw data can be made.  The most noticeable yaw control effect in figures 28(a)
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through (e) is the dramatic decrease in normal force and bending moment on the top vertical fin

(fig. 28(c)) at the higher angles of attack.  The decrease is caused by shielding of this fin from the flow by

the body and strakes as angle of attack increases and results in a loss of yaw control authority on this fin.

Note, however, that the configuration yawing moment and side force in fig. 28(b) show almost no varia-

tion with angle of attack, that is, no loss of yaw control on the configuration.  The reason for this apparent

contradiction can be found in the lower fin data of figure 28(e) where the fin normal force and bending

moment are seen to increase (in the negative direction) with angle of attack.  This increase counteracts the

decrease seen in the top fin to produce approximately the same yawing moment and side force on the

configuration as angle of attack increases.  This uneven loading on the two vertical fins does, however,

produce some induced rolling moment on the configuration as seen in figure 28(b).

This loss of control authority on the top vertical fin was not present in the Mach 1.18 yaw control data

shown earlier in figure 27.  Plots of pitch/yaw combination results for other Mach numbers and configu-

rations can be found in the pitch/yaw_control folder on the attached CD-ROM.  In examining these

results over the Mach number range, it appears that this loss of control authority on the top fin was not

present in the configuration 1 data at Mach 1.70, but was present at Mach 2.36.  Thus, this effect appears

to begin somewhere between these two supersonic Mach numbers and becomes more pronounced with

increasing Mach number.  Also, the effect appears to be there but somewhat diminished in the short strake

data of configuration 2 at the same Mach numbers.  This indicates that the shielding effect is a function of

strake size.

Roll Control Deflection Effects

Figures 29(a) through (f) show a sample of the effects of roll control deflections on configuration 1 at

Mach 1.18 and zero roll angle at roll control angles of 5° and 10°.  Note that from the fin deflection

definitions in the nomenclature, all four fins were used to produce the roll control effects.  Figures 29(a)

and 29(b) show that for the overall configuration aerodynamics the roll control deflections affect primar-

ily the rolling moment and axial force with very little effect on other parameters.  Moreover, the configu-

ration rolling moment is almost linear with deflection angle and remains approximately constant over the

angle-of-attack range.

Figures 29(c) and (e) show that the loads on the top and bottom fins are virtually unchanged by angle

of attack; thus, there is no shielding effect seen at this Mach number.  Figures 29(d) and (f) show that

although the horizontal fins have about the same loads at zero angle of attack, their trends with angle of

attack are opposite because the effective angle of one fin is increasing while it is decreasing on the other

fin.

Plots of the effects of roll control deflection at other Mach numbers and all tail-on configurations

(configurations 1, 2, 3, and 7) can be found in the roll_control folder on the attached CD-ROM.

Nose Size Effects

As can be seen from the model geometry sketches in figure 5, the nose section of the baseline configu-

ration had a somewhat smaller diameter than the rest of the body, with a cone frustum transitioning

between the two diameters.  A few runs were made with an alternate nose whose diameter was the same

as that of the body, such that no transition section was needed.  This alternate nose was tested with the

short strakes and tails to produce configuration 7; thus, nose size effects can be examined by comparing

data from configurations 7 and 2.  All configuration 7 data were inadvertently obtained at Mach 1.75

instead of 1.70, which was one of the Mach numbers of the rest of the project data.  This 0.05 difference
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in Mach number between the data from configurations 2 and 7, however, should be negligible.  Note that,

due to main balance limits in this project, runs at low supersonic Mach numbers were generally limited to

angles of attack of about 14°, whereas data at other Mach numbers were obtained up to angles of attack of

about 22°.

Figures 30(a) through (f) show an example of the nose size effects by comparing data from configura-

tions 2 and 7 at Mach 1.70 and 1.75, respectively, zero roll angle, and no fin deflections.  The only effects

seen in the overall configuration aerodynamics (figs. 30(a) and (b)) are that the alternate nose shows a

small increase in axial force and a decrease in pitching moment.  Virtually no difference in the tail fin

loads can be seen in figures 30(c) through (f).  Similar nose size effects can be found at other roll angles,

whose data plots can be found in the nose-size folder on the attached CD-ROM.

Concluding Remarks

An experimental study has been performed to develop a large force and moment aerodynamic data set

on a slender axisymmetric missile configuration with cruciform strakes and cruciform in-line tail fins that

were used for control.  The data include six-component balance measurements of the overall configura-

tion aerodynamics and three-component balance measurements on all four tail fins.  The test variables in

this project include angle of attack, roll angle, Mach number, model buildup, strake length, nose size, and

tail fin deflection angles to provide pitch, yaw, and roll control. The test Mach numbers ranged from 0.60

to 4.63.

The entire data set is presented in two ASCII formats—tabular listing with headers and free-format

SIF—on a CD-ROM that is attached to this paper.  Also included on the CD-ROM are extensive plots of

both the six-component configuration data and the three-component tail fin data.  Selected samples of

these plots have been presented in this paper to illustrate the features of the data and to investigate the

effects of the test variables.
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Tables Supplement:  Summary of Data Tables

Table

number

Configuration

number

Configuration

description

Number

of runs

Percent of

runs

1 1 SN-LS-T 464 43.8

2 2 SN-SS-T 358 33.8

3 3 SN-no S-T 103   9.7

4 4 SN-LS-no T   12   1.1

5 5 SN-SS-no T     9   0.9

6 6 SN-no S-no T   44   4.2

7 7 LN-SS-T   69   6.5

Total 1059 100
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Table 1.  Configuration 1 Run Matrix

Run number for Mach—
1 2 3 4

0.60 0.90 1.18 1.70 1.75 1.90 2.00 2.10 2.36 2.86 3.95 4.63
Fin set

      0 0   0 0     0 1154 1128 1005 546 510 38   95 170 210 1

    5 0   0 0     0 1020 525   9   82 142

  12 0   0 0     0 1162 1136 1025 526 10   83 143

  22.5 0   0 0     0 1163 1137 1036 527 11   84 144

  33 0   0 0     0 1050

  40 0   0 0     0 1055 528 12   85 145

  45 0   0 0     0 1165 1139 1060 529 13   86 146

  50 0   0 0     0 1079 530 14   87 147

  57 0   0 0     0 1084

  67.5 0   0 0     0 1174 1148 1089 531 15   88 148

  78 0   0 0     0 1103

  90 0   0 0     0 1175 1149 1112 532 16   89 149

      5 0   0 0     0 524   8   81 141

    12 0   0 0     0 523   7   80 140

    22.5 0   0 0     0 1153 1127 1004 522   6   79 139

    33 0   0 0     0 521   5   78 138

    40 0   0 0     0 520   4   77 137

    45 0   0 0     0 1152 1126 1003 519   3   76 136

    67.5 0   0 0     0 1151 1125 1002 518   2   75 135

    90 0   0 0     0 517   1   74 134

      0 0 10 0 10 1155 1129 1007 547 511 39   96 171 211 2

    5 0 10 0 10 1021 558 50 107 182

  12 0 10 0 10 1026 562 54 111 186

  22.5 0 10 0 10 1038

  33 0 10 0 10 1051

  40 0 10 0 10 1056

  45 0 10 0 10 1062 578 28 127 202
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Table 1.  Continued

Run number for Mach—
1 2 3 4

0.60 0.90 1.18 1.70 1.75 1.90 2.00 2.10 2.36 2.86 3.95 4.63
Fin set

  50 0   10 0 10 1080

  57 0   10 0 10 1085

  67.5 0   10 0 10 1091 584 20 133 208

  78 0   10 0 10 1104

  90 0   10 0 10 1114

      0 0   20 0 20 1156 1130 1010 548 512 40   97 172 212 3

    5 0   20 0 20 1022 559 51 108 183

  12 0   20 0 20 1029 563 55 112 187

  22.5 0   20 0 20 1041

  33 0   20 0 20 1052

  40 0   20 0 20 1057 573 64 122 197

  45 0   20 0 20 1065 536 27   90 159

  50 0   20 0 20 1081 579 69 128 203

  57 0   20 0 20 1086

  67.5 0   20 0 20 1094

  78 0   20 0 20 1106

  90 0   20 0 20 1117

      0 0   30 0 30 1157 1131 1011 549 513 41   98 173 213 4

      0 0 10 0   10 1158 1132 1014 550 514 42   99 174 214 5

    5 0 10 0   10 1023 560 52 109 184

  12 0 10 0   10 1032 564 56 113 188

  22.5 0 10 0   10 1044

  33 0 10 0   10 1053

  40 0 10 0   10 1058 574 65 123 198

  45 0 10 0   10 1068

  50 0 10 0   10 1082 580 70 129 204

  57 0 10 0   10 1087
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Table 1.  Continued

Run number for Mach—
1 2 3 4

0.60 0.90 1.18 1.70 1.75 1.90 2.00 2.10 2.36 2.86 3.95 4.63
Fin set

  67.5   0 10   0 10 1098

  78   0 10   0 10 1108

  90   0 10   0 10 1120

      0   0 20   0 20 1159 1133 1017 551 515 43 100 175 215   6

    5   0 20   0 20 1024 561 53 110 185

  12   0 20   0 20 1034 565 57 114 189

  22.5   0 20   0 20 1047

  33   0 20   0 20 1054

  40   0 20   0 20 1059 575 66 124 199

  45   0 20   0 20 1071

  50   0 20   0 20 1083 581 71 130 205

  57   0 20   0 20 1088

  67.5   0 20   0 20 1101

  78   0 20   0 20 1110

  90   0 20   0 20 1123

      0   0 30   0 30 1160 1134 1018 552 516 44 101 176 216   7

      0   5     5   5   5 1161 1135 1006   8

  22.5   5     5   5   5 1164 1138 1037

  45   5     5   5   5 1166 1140 1061

  67.5   5     5   5   5 1173 1147 1090

  90   5     5   5   5 1176 1150 1113

      0 10   10 10 10 1015 35 168   9

  22.5 10   10 10 10 1045 160

  45 10   10 10 10 1069 158

  67.5 10   10 10 10 1099

  90 10   10 10 10 1121 17 150

  45   0   10   0 10 538 11
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Table 1.  Continued

Run number for Mach—
1 2 3 4

0.60 0.90 1.18 1.70 1.75 1.90 2.00 2.10 2.36 2.86 3.95 4.63
Fin set

      0     0   20   20     0 556 48 105 180 14

  12     0   20   20     0 569 61 118 193

      0   10   20   10     0 1009 36 167 15

  12   10   20   10     0 1028

  22.5   10   20   10     0 1040 30 161

  45   10   20   10     0 1064 25 156

  67.5   10   20   10     0 1093 22 152

  90   10   20   10     0 1116 18 151

      0   10     0   10   20 545 37   94 169 16

  22.5   10     0   10   20 31 163

  45   10     0   10   20 26 157

  67.5   10     0   10   20 23 154

  45   10 10 10   10 1167 1141 1076 17

  45   20 20 20   20 1168 1142 1077 18

  45   30 30 30   30 1169 1143 1078 19

      0 10   10   10 10 557 49 106 181 20

    12 10   10   10 10 571 63 120 195

    40 10   10   10 10 577 68 126 201

  45 10   10   10 10 1170 1144 1073

    50 10   10   10 10 583 73 132 207

      0 20   20   20 20 555 47 104 179 21

    12 20   20   20 20 568 60 117 192

    40 20   20   20 20 576 67 125 200

  45 20   20   20 20 1171 1145 1074

  50 20   20   20 20 582 72 131 206

      0 30   30   30 30 542 33   92 165 22

    22.5 30   30   30 30 541 32   91 164
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Table 1.  Continued

Run number for Mach—
1 2 3 4

0.60 0.90 1.18 1.70 1.75 1.90 2.00 2.10 2.36 2.86 3.95 4.63
Fin set

  45 30 30 30 30 1172 1146 1075

      0 10 20 10 20 543 23

  12 10 20 10 20 572 121 196

  22.5 10 20 10 20 540

  45 10 20 10 20 537

      0     5 15   5   5 1008 24

  12     5 15   5   5 1027

  22.5     5 15   5   5 1039

  45     5 15   5   5 1063

  67.5     5 15   5   5 1092

  78     5 15   5   5 1105

  90     5 15   5   5 1115

      0     5 25   5 15 1012 25

    5     5 25   5 15 1049

  12     5 25   5 15 1030

  22.5     5 25   5 15 1042

  45     5 25   5 15 1066

  67.5     5 25   5 15 1095

  78     5 25   5 15 1107

  90     5 25   5 15 1118

      0   10 30 10 10 1013 544 34   93 166 26

  12   10 30 10 10 1031 570 62 119 194

  22.5   10 30 10 10 1043 539 29 162

  45   10 30 10 10 1067 535 24

    50   10 30 10 10 155

  67.5   10 30 10 10 1096 534 21 153

  90   10 30 10 10 1119 533 19
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Table 1.  Concluded

Run number for Mach—
1 2 3 4

0.60 0.90 1.18 1.70 1.75 1.90 2.00 2.10 2.36 2.86 3.95 4.63
Fin set

      0     5   5   5   15 1016 27

  12     5   5   5   15 1033

  22.5     5   5   5   15 1046

  45     5   5   5   15 1070

  67.5     5   5   5   15 1100

  78     5   5   5   15 1109

  90     5   5   5   15 1122

      0     5 15   5   25 1019 28

  12     5 15   5   25 1035

  22.5     5 15   5   25 1048

  45     5 15   5   25 1072

  67.5     5 15   5   25 1102

  78     5 15   5   25 1111

  90     5 15   5   25 1124

      0 10   30 30 10 554 46 103 178 30

  12 10   30 30 10 567 59 116 191

      0     0   30 20 10 553 45 102 177 31

  12     0   30 20 10 566 58 115 190
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Table 2.  Configuration 2 Run Matrix

Run number for Mach—
1 2 3 4

0.60 0.90 1.18 1.70 1.75 1.90 2.00 2.10 2.36 2.86 3.95 4.63
Fin set

      0 0   0 0     0 1344 1318 1182 585 643 275 337 225 234 1

    5 0   0 0     0 1197 586

264/

267 330 217

  12 0   0 0     0 1354 1326 1203 587

265/

268 331 218

  22.5 0   0 0     0 1355 1327 1214 588

266/

269 332 219

  33 0   0 0     0 1227

  40 0   0 0     0 1232 589 270 333 220

  45 0   0 0     0 1357 1329 1238 590 271 334 221

  50 0   0 0     0 1257 591 272 335 222

  57 0   0 0     0 1262

  67.5 0   0 0     0 1366 1338 1267 592 273 263 223

  78 0   0 0     0 1280

  90 0   0 0     0 1367 1339 1289 593 274 336 224

    22.5 0   0 0     0 1343 1317 1181

    45 0   0 0     0 1342 1316 1180

    67.5 0   0 0     0 1341 1315 1179

      0 0 10 0 10 1345 1319 1184 594 644 276 338 226 235 2

    5 0 10 0 10 1199

  12 0 10 0 10 1204

  22.5 0 10 0 10 1216 292

  33 0 10 0 10 1228

  40 0 10 0 10 1234 304

  45 0 10 0 10 1240 305

  50 0 10 0 10 1258 317

  57 0 10 0 10 1263

  67.5 0 10 0 10 1269 318

  78 0 10 0 10 1281

  90 0 10 0 10

1291/

1292 326
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Table 2.  Continued

Run number for Mach—
1 2 3 4

0.60 0.90 1.18 1.70 1.75 1.90 2.00 2.10 2.36 2.86 3.95 4.63
Fin set

      0 0   20 0 20 1346 1320 1187 595 645 277 339 227 236 3

    5 0   20 0 20 1200

  12 0   20 0 20 1207

  22.5 0   20 0 20 1219 611 293

  33 0   20 0 20 1229

  40 0   20 0 20 1235

  45 0   20 0 20 1243 622 306

  50 0   20 0 20 1259

  57 0   20 0 20 1264

  67.5 0   20 0 20 1272 633 319

  78 0   20 0 20 1283

  90 0   20 0 20 1294 640 327

      0 0   30 0 30 1347 1321 1188 596 646 278 340 228 237 4

      0 0 10 0   10 1348 1322 1191 597 647 279 341 229 238 5

    5 0 10 0   10 1201

  12 0 10 0   10 1210

  22.5 0 10 0   10 1222 612 294 354

  33 0 10 0   10 1230

  40 0 10 0   10 1236

  45 0 10 0   10 1246 623 307

  50 0 10 0   10 1260

  57 0 10 0   10 1265

  67.5 0 10 0   10 1275 634 320

  78 0 10 0   10 1285

  90 0 10 0   10 1297

      0 0 20 0   20 1349 1323 1194 598 648 280 342 230 239 6

    5 0 20 0   20 1202
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Table 2.  Continued

Run number for Mach—
1 2 3 4

0.60 0.90 1.18 1.70 1.75 1.90 2.00 2.10 2.36 2.86 3.95 4.63
Fin set

  12   0 20   0   20 1212

  22.5   0 20   0   20 1225 613 295 355

  33   0 20   0   20 1231

  40   0 20   0   20 1237

  45   0 20   0   20 1249 624 308

  50   0 20   0   20 1261

  57   0 20   0   20 1266

  67.5   0 20   0   20 1278 321

  78   0 20   0   20 1287

  90   0 20   0   20 1300

      0   0 30   0   30 1351 1324 1195 599 649 281 343 231 240   7

      0   5     5   5     5 1353 1325 1183   8

  22.5   5     5   5     5 1356 1328 1215

  45   5     5   5     5 1358 1330 1239

  67.5   5     5   5     5 1365 1337 1268

  90   5     5   5     5 1368 1340 1290

      0 10   10 10   10 1192 603 285 347   9

  22.5 10   10 10   10 1223 617 299

  45 10   10 10   10 1247 628 312

  67.5 10   10 10   10 1276 636 322

  90 10   10 10   10 1298 641 328

      0 20   20 20   20 610 291 353 233 10

      0   0   20   0   20 609 290 352 232 12

      0   0 30   0 30 608 13

      0   0   20 20     0 602 284 346 14

  22.5   0   20 20     0 616 298 358

  45   0   20 20     0 627 311
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Table 2.  Continued

Run number for Mach—
1 2 3 4

0.60 0.90 1.18 1.70 1.75 1.90 2.00 2.10 2.36 2.86 3.95 4.63
Fin set

      0   10   20   10     0 1186 15

  12   10   20   10     0 1206

  22.5   10   20   10     0 1218

  45   10   20   10     0 1242

  67.5   10   20   10     0 1271

  90   10   20   10     0 1293

      0   10 10 10   10 601 283 345 17

  22.5   10 10 10   10 615 297 357

  45   10 10 10   10 1359 1331 1254 626 310

  45   20 20 20   20 1360 1332 1255 18

  45   30 30 30   30 1361 1333 1256 19

      0 10   10   10 10 606 288 350 20

  22.5 10   10   10 10 620 302

  45 10   10   10 10 1362 1334 1251 631 315

  67.5 10   10   10 10 639 325

  45 20   20   20 20 1363 1335 1252 21

  45 30   30   30 30 1364 1336 1253 22

      0 10   20   10 20 607 289 351 23

  22.5 10   20   10 20 621 303

  45 10   20   10 20 632 316

      0     5   15     5   5 1185 24

  12     5   15     5   5 1205

  22.5     5   15     5   5 1217

  45     5   15     5   5 1241

  67.5     5   15     5   5 1270

  78     5   15     5   5 1282

      0     5   25     5 15 1189 25
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Table 2.  Continued

Run number for Mach—
1 2 3 4

0.60 0.90 1.18 1.70 1.75 1.90 2.00 2.10 2.36 2.86 3.95 4.63
Fin set

    5   5   25   5 15 1198

  12   5   25   5 15 1208

  22.5   5   25   5 15 1220

  45   5   25   5 15 1244

  67.5   5   25   5 15 1273

  78   5   25   5 15 1284

  90   5   25   5 15 1295

      0 10   30 10 10 1190 604 286 348 26

  12 10   30 10 10 1209

  22.5 10   30 10 10 1221 618 300

  45 10   30 10 10 1245 629 313

  67.5 10   30 10 10 1274 637 323

  90 10   30 10 10 1296 642 329

      0   5   5   5   15 1193 27

  12   5   5   5   15 1211

  22.5   5   5   5   15 1224

  45   5   5   5   15 1248

  67.5   5   5   5   15 1277

  78   5   5   5   15 1286

  90   5   5   5   15 1299

      0   5 15   5   25 1196 28

  12   5 15   5   25 1213

  22.5   5 15   5   25 1226

  45   5 15   5   25 1250

  67.5   5 15   5   25 1279

  78   5 15   5   25 1288

  90   5 15   5   25 1301
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Table 2.  Concluded

Run number for Mach—
1 2 3 4

0.60 0.90 1.18 1.70 1.75 1.90 2.00 2.10 2.36 2.86 3.95 4.63
Fin set

      0   10 10 10   30 605 287 349 29

  22.5   10 10 10   30 619 301

  45   10 10 10   30 630 314

  67.5   10 10 10   30 638 324

      0 10   30 30 10 600 282 344 30

  22.5 10   30 30 10 614 296 356

  45 10   30 30 10 625 309
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Table 3.  Configuration 3 Run Matrix

Run number for Mach—
1 2 3 4

0.60 0.90 1.18 1.70 1.75 1.90 2.00 2.10 2.36 2.86 3.95 4.63
Fin set

      0 0     0 0     0 1412 1392 1372 655 666 677 251 1

    5 0     0 0     0 656 667 678 246

  12 0     0 0     0 1420 1400 1380 657 668 679 247

  22.5 0     0 0     0 1421 1401 1381 658 669 680 248

  45 0     0 0     0 1423 1403 1383 659 670 681 249

  67.5 0     0 0     0 1427 1406 1386

  90 0     0 0     0 1428 1407 1387 660 671 682 250

      5 0     0 0     0 654 665 676 245

    12 0     0 0     0 653 664 675 244

    22.5 0     0 0     0 1411 1391 1371 652 663 674 243

    45 0     0 0     0 1410 1390 1370 651 662 673 242

    67.5 0     0 0     0 1409 1389 1369

    90 0     0 0     0 650 661 672 241

      0 0   10 0 10 1413 1393 1373 2

      0 0   20 0 20 1414 1394 1374 3

      0 0   30 0 30 1415 1397 1375 4

      0 0 10 0   10 1416 1376 5

      0 0 20 0   20 1417 1396 1377 6

      0 0 30 0   30 1418 1398 1378 7

      0 5     5 5     5 1419 1399 1379 8

  22.5 5     5 5     5 1422 1402 1382

  45 5     5 5     5 1424 1404 1384

  67.5 5     5 5     5 1425 1405 1385

  90 5     5 5     5 1429 1408 1388
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Table 4.  Configuration 4 Run Matrix

Run number for Mach—
1 2 3 4

0.60 0.90 1.18 1.70 1.75 1.90 2.00 2.10 2.36 2.86 3.95 4.63
Fin set

      0 Off Off Off Off 1475 1471 1467 0

  12 Off Off Off Off 1476 1472 1468

  22.5 Off Off Off Off 1477 1473 1469

  45 Off Off Off Off 1478 1474 1470

Table 5.  Configuration 5 Run Matrix

Run number for Mach—
1 2 3 4

0.60 0.90 1.18 1.70 1.75 1.90 2.00 2.10 2.36 2.86 3.95 4.63
Fin set

      0 Off Off Off Off 1460 0

  12 Off Off Off Off 1461

  22.5 Off Off Off Off 1462

  45 Off Off Off Off 1463

  67.5 Off Off Off Off 1464

  90 Off Off Off Off 1465

    22.5 Off Off Off Off 1459

    45 Off Off Off Off 1458

    67.5 Off Off Off Off 1457

Table 6.  Configuration 6 Run Matrix

Run number for Mach—
1 2 3 4

0.60 0.90 1.18 1.70 1.75 1.90 2.00 2.10 2.36 2.86 3.95 4.63
Fin set

      0 Off Off Off Off 1451 1442 1433 683 685 688 262 0

    5 Off Off Off Off 257

  12 Off Off Off Off 1452 1443 1434 258

  22.5 Off Off Off Off 1453 1444 1435 259

  45 Off Off Off Off 1454 1445 1436 260

  67.5 Off Off Off Off 1455 1446 1437

  90 Off Off Off Off 1456 1447 1438 261

      5 Off Off Off Off 256

    12 Off Off Off Off 255

    22.5 Off Off Off Off 1450 1441 1432 254

    45 Off Off Off Off 1449 1440 1431 253

    67.5 Off Off Off Off 1448 1439 1430

    90 Off Off Off Off 684 686 687 252
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Table 7.  Configuration 7 Run Matrix

Run number for Mach—
1 2 3 4

0.60 0.90 1.18 1.70 1.75 1.90 2.00 2.10 2.36 2.86 3.95 4.63
Fin set

      0   0     0   0     0 713 689 697 1

    5   0     0   0     0 705

  12   0     0   0     0 706

  22.5   0     0   0     0 707

  40   0     0   0     0 708

  45   0     0   0     0 709 696 704

  50   0     0   0     0 710

  67.5   0     0   0     0 711

  90   0     0   0     0 712

      0   0   10   0 10 714 690 698 2

  22.5   0   10   0 10 729

  45   0   10   0 10 739

  67.5   0   10   0 10 750

  90   0   10   0 10 755

      0   0   20   0 20 715 691 699 3

      0   0   30   0 30 716 692 700 4

      0   0 10   0   10 717 693 701 5

  22.5   0 10   0   10 730

  45   0 10   0   10 740

  67.5   0 10   0   10 751

  90   0 10   0   10 756

      0   0 20   0   20 718 694 702 6

  22.5   0 20   0   20 731

  45   0 20   0   20 741

  67.5   0 20   0   20 752

      0   0 30   0   30 719 695 703 7

      0 10   10 10   10 722 9
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Table 7.  Concluded

Run number for Mach—
1 2 3 4

0.60 0.90 1.18 1.70 1.75 1.90 2.00 2.10 2.36 2.86 3.95 4.63
Fin set

  22.5   10   10   10   10 734

  45   10   10   10   10 744

  67.5   10   10   10   10 753

  90   10   10   10   10 757

      0   20   20   20   20 728 10

      0     0 30     0 30 727 13

      0     0   20   20     0 721 14

  22.5     0   20   20     0 733

  45     0   20   20     0 743

      0   10 10 10   10 720 17

  22.5   10 10 10   10 732

  45   10 10 10   10 742

      0 10   10   10 10 725 20

  22.5 10   10   10 10 737

  45 10   10   10 10 748

      0 10   20   10 20 726 23

  22.5 10   20   10 20 738

  45 10   20   10 20 749

      0   10   30   10 10 723 26

  22.5   10   30   10 10 735

  45   10   30   10 10 745

      0   10 10   10   30 724 29

  22.5   10 10   10   30 736

  45   10 10   10   30

746/

747

  67.5   10 10   10   30 754
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Figure 1.  Positive directions of forces, moments, and angles.
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Figure 2.  Computer control system shown with configuration 2.

FinFin base

Actuator rod

Fin balance

Geared mounting pad

Figure 3.  Tail fin mounting system (from ref. 1).
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Fin balance

Figure 4.  Tail fin balance mounting arrangement.

Configuration 1

Configuration 2 Configuration 3

Configuration 4 Configuration 5

Configuration 6 Configuration 7

Figure 5.  Configurations tested.



38

Body with baseline (small) nose
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Figure 6.  Body with baseline and alternate noses, dimensions in inches.
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Figure 8.  Strake mounting pads, dimensions in inches.
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Figure 9.  Tail fins, dimensions in inches.
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Figure 10.  Configuration 1 in 8-Ft TPT showing model mounting setup.

Figure 11.  Front view of configuration 1 in 8-Ft TPT.
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Figure 12.  Rear view of configuration 1 in 8-Ft TPT.

Figure 13.  Side view of configuration 1 in test section 1 of UPWT.



42

Figure 14.  Rear view of configuration 1 in test section 1 of UPWT.

Figure 15.  Side view of configuration 2 in test section 2 of UPWT.
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Figure 16.  Configuration 7 in UPWT test section 2 showing model mounting setup.

Figure 17.  Tail fin check loads being applied to configuration 7 in test section 2 of UPWT.
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       TEST           RUN            POINT          CONFIG         MACH    
       RNFT           HO             Q              PINF           TTO     
       ALPHA          PHI            DEL1           DEL2           DEL3    
       DEL4           CNF1           CHM1           CBM1           CNF2    
       CHM2           CBM2           CNF3           CHM3           CBM3    
       CNF4           CHM4           CBM4           CNFBA          CAFBA   
       CPMBA          CRMBA          CYMBA          CSFBA          FINSET  
  0.1529000E+04  0.1000000E+01  0.2000000E+02  0.1000000E+01  0.2360000E+01
  0.2002020E+01  0.1487660E+04  0.4222960E+03  0.1083170E+03  0.1250000E+03
 -0.2151810E+01  0.9000050E+02 -0.3000000E-03 -0.3000000E-03 -0.3000000E-03
 -0.3000000E-03 -0.2269000E-01  0.2950000E-02 -0.4570646E-01  0.4151000E-01
  0.9000000E-04 -0.1163366E-01  0.1924000E-01 -0.1050000E-02  0.2255416E-01
  0.3924000E-01  0.1120000E-02 -0.1019584E-01 -0.3150200E+00  0.3034600E+00
 -0.8162000E-01 -0.7810000E-02  0.3508000E-01 -0.4041000E-01  0.1000000E+01
  0.1529000E+04  0.1000000E+01  0.2100000E+02  0.1000000E+01  0.2360000E+01
  0.2001770E+01  0.1487520E+04  0.4222550E+03  0.1083060E+03  0.1250000E+03
 -0.1125330E+01  0.9000050E+02 -0.3000000E-03 -0.3000000E-03 -0.3000000E-03
 -0.3000000E-03 -0.4900000E-03  0.2020000E-02 -0.3087166E-01  0.4089000E-01
  0.1400000E-03 -0.1287474E-01 -0.1170000E-02 -0.2800000E-03  0.9765221E-02
  0.3980000E-01  0.1220000E-02 -0.9596800E-02 -0.1533200E+00  0.2974300E+00
 -0.1058300E+00 -0.8330000E-02  0.4193000E-01 -0.4136000E-01  0.1000000E+01
  0.1529000E+04  0.1000000E+01  0.2200000E+02  0.1000000E+01  0.2360000E+01
  0.2000750E+01  0.1487090E+04  0.4221330E+03  0.1082750E+03  0.1250000E+03
 -0.1690600E+00  0.9000050E+02 -0.3000000E-03 -0.3000000E-03 -0.3000000E-03
 -0.3000000E-03  0.2560000E-01  0.1280000E-02 -0.1573960E-01  0.4185000E-01
  0.1700000E-03 -0.1372210E-01 -0.2482000E-01  0.4400000E-03 -0.4343879E-02
  0.3948000E-01  0.1360000E-02 -0.9297679E-02 -0.2022000E-01  0.2957100E+00
 -0.1467000E-01 -0.8620000E-02  0.4654000E-01 -0.3827000E-01  0.1000000E+01
  0.1529000E+04  0.1000000E+01  0.2300000E+02  0.1000000E+01  0.2360000E+01
  0.2002500E+01  0.1488530E+04  0.4225410E+03  0.1083800E+03  0.1250000E+03
  0.8437200E+00  0.9000050E+02 -0.3000000E-03 -0.3000000E-03 -0.3000000E-03
 -0.3000000E-03  0.4778000E-01  0.4200000E-03 -0.9754784E-03  0.4203000E-01
  0.1400000E-03 -0.1515598E-01 -0.4569000E-01  0.1290000E-02 -0.2136846E-01
  0.3916000E-01  0.1460000E-02 -0.8708558E-02  0.1289200E+00  0.2977500E+00
  0.2354000E-01 -0.7210000E-02  0.4126000E-01 -0.3667000E-01  0.1000000E+01
  0.1529000E+04  0.1000000E+01  0.2400000E+02  0.1000000E+01  0.2360000E+01
  0.2000020E+01  0.1487520E+04  0.4222550E+03  0.1083060E+03  0.1250000E+03
  0.1843610E+01  0.9000050E+02 -0.3000000E-03 -0.3000000E-03 -0.3000000E-03
 -0.3000000E-03  0.6700000E-01 -0.2100000E-03  0.1156800E-01  0.4139000E-01
  0.2300000E-03 -0.1609774E-01 -0.6679000E-01  0.2150000E-02 -0.3487586E-01
  0.3853000E-01  0.1570000E-02 -0.7974979E-02  0.2803800E+00  0.3014600E+00
  0.2750000E-01 -0.6520000E-02  0.3688000E-01 -0.3851000E-01  0.1000000E+01
  0.1529000E+04  0.1000000E+01  0.2500000E+02  0.1000000E+01  0.2360000E+01
  0.2000500E+01  0.1488530E+04  0.4225410E+03  0.1083800E+03  0.1250000E+03
  0.3856540E+01  0.9000050E+02 -0.3000000E-03 -0.3000000E-03 -0.3000000E-03
 -0.3000000E-03  0.1090900E+00 -0.1420000E-02  0.3545406E-01  0.4270000E-01
  0.2200000E-03 -0.1678820E-01 -0.1046600E+00  0.2980000E-02 -0.5809845E-01
  0.3876000E-01  0.1750000E-02 -0.8902160E-02  0.7294900E+00  0.3058800E+00
 -0.3090300E+00 -0.7110000E-02  0.3543000E-01 -0.3502000E-01  0.1000000E+01

Figure 19.  First page of free-format ASCII SIF data file.
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Figure 20.  Data repeatability assessment.
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Figure 20.  Continued.
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Figure 20.  Continued.
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Figure 20.  Continued.



51

 82 42 02 61 21 8 4 0 4-
6.-

4.-

2.-

0

2.

4.

6.

T
ai

l f
in

 C
B

M

niF

3
4
2

 niF rewoL

6.-

4.-

2.-

0

2.

4.

6.

T
ai

l f
in

 C
B

M

niF

1
2
4

 niF reppU

 82 42 02 61 21 8 4 0 4-
6.-

4.-

2.-

0

2.

4.

6.

T
ai

l f
in

 C
B

M

niF

4
1
3

 niF tfeL

6.-

4.-

2.-

0

2.

4.

6.

T
ai

l f
in

 C
B

M

niF

2
3
1

 niF thgiR

α, deg α, deg

(e) Tail fin bending moment.

Figure 20.  Concluded.
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Figure 21.  Configuration buildup.
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Figure 21.  Continued.
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Figure 22.  Effects of roll angle.
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Figure 22.  Continued.
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Figure 22.  Continued.
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Figure 22.  Concluded.
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(a) Configuration longitudinal loads.

Figure 23.  Effects of Mach number.
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Figure 23.  Continued.



66

 82 42 02 61 21 8 4 0 4-
5.1-

0.1-

5.-

0

5.

0.1

5.1

C 1FN

nuR

4511

8211

5001

645

015

83

59

071

012

gifnoC

T-SL-NS

T-SL-NS

T-SL-NS

T-SL-NS

T-SL-NS

T-SL-NS

T-SL-NS

T-SL-NS

T-SL-NS

hcaM

06.0

09.0

81.1

07.1

00.2

63.2

68.2

59.3

36.4

φ

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

δ1

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

δ2

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

δ3

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

δ4

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

δP/δY/δR

0/0/0

0/0/0

0/0/0

0/0/0

0/0/0

0/0/0

0/0/0

0/0/0

0/0/0
51.-

01.-

50.-

0

50.

01.

51.

C 1MH

 82 42 02 61 21 8 4 0 4-
6.-

4.-

2.-

0

2.

4.

6.

C 1MB

α, deg α, deg

(c) Tail fin 1 loads.

Figure 23.  Continued.
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Figure 23.  Continued.
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Figure 25.  Effects of 2-fin pitch control deflections.
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Figure 26.  Effects of 4-fin pitch control deflections.
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Figure 26.  Continued.



84

 82 42 02 61 21 8 4 0 4-
5.1-

0.1-

5.-

0

5.

0.1

5.1

C 1FN

nuR

5611

0711

1711

2711

7611

8611

9611

gifnoC

T-SL-NS

T-SL-NS

T-SL-NS

T-SL-NS

T-SL-NS

T-SL-NS

T-SL-NS

hcaM

06.0

06.0

06.0

06.0

06.0

06.0

06.0

φ

0.54-

0.54-

0.54-

0.54-

0.54-

0.54-

0.54-

δ1

0.0

0.01-

0.02-

0.03-

0.01

0.02

0.03

δ2

0.0

0.01

0.02

0.03

0.01-

0.02-

0.03-

δ3

0.0

0.01

0.02

0.03

0.01-

0.02-

0.03-

δ4

0.0

0.01-

0.02-

0.03-

0.01

0.02

0.03

δP/δY/δR

0/0/0

0/0/01

0/0/02

0/0/03

0/0/01-

0/0/02-

0/0/03-

51.-

01.-

50.-

0

50.

01.

51.

C 1MH

 82 42 02 61 21 8 4 0 4-
6.-

4.-

2.-

0

2.

4.

6.

C 1MB

α, deg α, deg

(c) Tail fin 1 loads.

Figure 26.  Continued.



85

 82 42 02 61 21 8 4 0 4-
5.1-

0.1-

5.-

0

5.

0.1

5.1

C 2FN

nuR

5611

0711

1711

2711

7611

8611

9611

gifnoC

T-SL-NS

T-SL-NS

T-SL-NS

T-SL-NS

T-SL-NS

T-SL-NS

T-SL-NS

hcaM

06.0

06.0

06.0

06.0

06.0

06.0

06.0

φ

0.54-

0.54-

0.54-

0.54-

0.54-

0.54-

0.54-

δ1

0.0

0.01-

0.02-

0.03-

0.01

0.02

0.03

δ2

0.0

0.01

0.02

0.03

0.01-

0.02-

0.03-

δ3

0.0

0.01

0.02

0.03

0.01-

0.02-

0.03-

δ4

0.0

0.01-

0.02-

0.03-

0.01

0.02

0.03

δP/δY/δR

0/0/0

0/0/01

0/0/02

0/0/03

0/0/01-

0/0/02-

0/0/03-

51.-

01.-

50.-

0

50.

01.

51.

C 2MH

 82 42 02 61 21 8 4 0 4-
6.-

4.-

2.-

0

2.

4.

6.

C 2MB

α, deg α, deg

(d) Tail fin 2 loads.

Figure 26.  Continued.



86

 82 42 02 61 21 8 4 0 4-
5.1-

0.1-

5.-

0

5.

0.1

5.1

C 3FN

nuR

5611

0711

1711

2711

7611

8611

9611

gifnoC

T-SL-NS

T-SL-NS

T-SL-NS

T-SL-NS

T-SL-NS

T-SL-NS

T-SL-NS

hcaM

06.0

06.0

06.0

06.0

06.0

06.0

06.0

φ

0.54-

0.54-

0.54-

0.54-

0.54-

0.54-

0.54-

δ1

0.0

0.01-

0.02-

0.03-

0.01

0.02

0.03

δ2

0.0

0.01

0.02

0.03

0.01-

0.02-

0.03-

δ3

0.0

0.01

0.02

0.03

0.01-

0.02-

0.03-

δ4

0.0

0.01-

0.02-

0.03-

0.01

0.02

0.03

δP/δY/δR

0/0/0

0/0/01

0/0/02

0/0/03

0/0/01-

0/0/02-

0/0/03-

51.-

01.-

50.-

0

50.

01.

51.

C 3MH

 82 42 02 61 21 8 4 0 4-
6.-

4.-

2.-

0

2.

4.

6.

C 3MB

α, deg α, deg

(e) Tail fin 3 loads.

Figure 26.  Concluded.
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Figure 27.  Effects of yaw control deflections.
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Figure 27.  Concluded.
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Figure 28.  Effects of pitch-yaw control deflections.
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Figure 28.  Concluded.
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Figure 29.  Effects of roll control deflections.
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Figure 29.  Continued.
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Figure 29.  Continued.
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Figure 29.  Continued
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Figure 29.  Concluded.
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Figure 30.  Effects of nose size.
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Figure 30.  Continued.
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Figure 30.  Continued.
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Figure 30.  Continued.
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Figure 30.  Continued.
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