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INVESTIGATION OF FIN GAP EFFECTS ON STATIC STABILITY 
CHARACTERISTICS OF FIN STABILIZED MISSILES 

I. INTRODUCTION 

A simply guided or unguided missile operating throughout its speed 
envelope with a particular or closely controlled static stability margin 
offers improved accuracy over a missile with a varying stability margin. 
Since the static stability margin is a function of the location of the 
center-of-gravity with respect to the center-of-pressure, a constant or 
linear shift of the center-of-pressure is desirable. A finned body of 
revolution of high fineness ratio usually exhibits a center-of-pressure 
shift which varies considerably with Mach number. As Mœ increases, Xnp 
moves progressively aft until M^ « 1. As speed increases further, Xnp 
reverses its travel and moves forward. This effect makes programming a 
center-of-gravity shift with X for a constant static stability margin 
difficult to accomplish by simple means, such as fuel burning. The forces 
acting on the missile to affect Xnp are C» and Xnp of the body alone, CN 
and XnD of the fin alone, the body crossflow effect on the fin, and the 
fin carry-over effect on the body. The fin carry-over effect change with 
Mach number is quite pronounced. Theoretically this fin carry-over effect 
could be minimized or eliminated by varying the distance between the body 

and the fins. 

To confirm this theory, wind tunnel static stability tests were 
conducted on typical missile configurations with variable fin gaps. 
Rectangular fin planforms with aspect ratios of 1, 2, and 3, and similar 
but not exact areas, arranged in cruciform were used to determine the 
effect on the neutral point by varying the fin gap. Tests were conducted 
in two facilities to cover a Mach number range from 0.80 to 4.50. The 
transonic portion of the test was conducted in the 1-Foot Transonic Model 
Tunnel of the Propulsion Wind Tunnel Facility, Arnold Engineering 
Development Center, Arnold Air Force Station, Tennessee, through Mach 
number 1.50 during the period of 4-11 June 1962. The supersonic portion 
of the test was conducted in the Supersonic Tunnel No. 1, Ballistic 
Research Laboratories, Aberdeen, Maryland, through a Mach number range 
of 1.75 to 4.50 during the period of 17-27 September 1962. 

II. APPARATUS 

The 1-Foot Transonic Model Tunnel is a continuous-flow nonreturn 
system operating over a Mach range from 0.80 to 1.50. The test section 
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is 12 inches square in cross section and 35.7 inches long with all four 
walls preforated. See Reference 1 for a complete test facility descrip¬ 
tion. A photograph of the test article in the test section is shown in 
Figure 1. 

The BRL Supersonic Tunnel No. 1 is a continuously operated, variable 
density, closed circuit tunnel having a test section 15 inches high by 
13 inches wide. A two-dimensional flexible nozzle is variable for test * 
section Mach number of 1.50 to 5.00. A complete test facility descrip¬ 
tion is contained in Reference 2. A photograph of the test article in¬ 
stalled in the test section is shown in Figure 2. 

III. TEST ARTICLE ' 

The model is an ogive-cylinder body with provisions for mounting 
the various fin configurations of interest and was utilized for tests at 
both tunnel facilities. The model body is 12 calibers in length, includ¬ 
ing a 4-caliber tangent ogive nose, and is physically one inch in diameter. 
A photograph of the model with a representative fin for each configuration 
is shown in Figure 3. Model details and dimensions, and fin details and 
dimensions are shown in Figures 4 and 5 respectively. The three fin designs 
have rectangular planforms of different aspect ratio, (A = 1, 2, and 3) 
two having wedge-plate sections and* one a wedge section. The fin gap 
distances varied from zero to 0.25 caliber. The fins were spaced 90 
degrees apart, two positioned horizontally and two vertically. 

IV. INSTRUMENTATION 

For tests in the 1-Foot Transonic Model Tunnel, the model was mounted 
on a three-component internal strain-gâge balance with loading limits of 
+20 lb. normal force, +60 in. lb. pitching moment, and +7 lb. axial force. 
The normal force, pitching moment and axial force outputs were received 
into an analog-to-digital converter equipped with visual and tape outputs. 
Base pressure was obtained from two static pressure orifices located at 
the base of the model. Data were reduced to aerodynamic coefficients and 
corrected angle of attack by the facility's Computing Laboratory. 

s o 

Model instrumentation for testing in the BRL Supersonic Tunnel No. 
1 was similar and the three-component balance outputs and the base pres¬ 
sure outputs were also recorded on tape. These data were reduced to \ 
aerodynamic coefficients and corrected angle of attack by the facility's 
Computing Laboratory. 

V. TEST PROCEDURE 
m 

Data were taken through an angle-of-attack range of -4 to +10 degrees 
and a Mach number range of 0.80 to 1.50 for each model configuration with 
the model installed in the 1-Foot Transonic Model Tunnel. A Reynolds 
number of approximately 0.40 X 106 per inch was maintained through the 
test. Testing was terminated prior to running configurations BFir and 
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Data taken in the BRL Supersonic Tunnel No. 1 were over a Mach number 
range of 1.75 to 4.50 at a constant Reynolds number of 0.49 X 100 per inch 
and through an angle-of-attack range of +8 degrees for each model config¬ 

uration. 

VI. ACCURACY OF RESULTS 

The uncertainties in the data as determined by statistical methods 
using a normal error distribution curve and a 95 percent confidence level 
for the 1-Foot Transonic Model Tunnel are as follows: 

Symbol Mœ = 0.80 

Cm ±0*23 

CN +0.026 

Xnp +0.10 Cal. 

a +0.10 Deg. 

H* = 1.0 

+0.23 

+0.022 

+0.10 Cal. 

+0.10 Deg. 

M(C= 1.50 

+0.17 

+0.018 

+0,08 Cal. 

+0.10 Deg. 

The uncertainties in the data as determined in a like manner for the 

BRL Supersonic Tunnel No. 1 are as follows: 

CA)f = ±0.003 

cm = +0.095 

CN = +0.010 

xnp = +0.050 Cal. 

a = +0.100 Deg. 

While the C value presented is the computed accuracy, the axial 
force data presented should be used only for approximations rather than 
absolute values. The model-balance-tunnel combination was such that tunnel 
mechanical vibrations induced a large amount of scatter in the data, indi¬ 
cating that a balance with less axial sensitivity to dynamic response was 
required. The same balance was utilized for the tests conducted in the 
1-Foot Transonic Model Tunnel, and similar effects were experienced. The 
scatter in the axial force data was of such magnitude as to make the data 

unsuitable for presenting herein. 

VII. CORRECTIONS 

The data which were taken in the 1-Foot Transonic Model Tunnel and 
presented herein have angle of attack corrections for sting and balance 
deflections. No correction has been made for test section flow inclinations 
or tunnel wall effect. Deviations from the tunnel mean values in' the test 
region are included in the accuracy of results presented in the previous 

section. 
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The data obtained in the BRL Supersonic Tunnel No. 1 also have angle 
of attack corrected for balance and sting deflections. In addition, cor¬ 
rections have been made for tare effects and flow angularity. No corrections 
were applied for tunnel blockage effects. 

VIII. RESULTS AND DISCUSSION 

Reduced data for all configurations are presented in Figures 6 
through 44. The variations of CN with a, cm with CN> and a with CA,F 
are presented in Figures 6 through 18, Figures 19 through 31, and Figures 
32 through 44 respectively. 

Slopes were measured from the basic plots and the variations of CN 
and Xnp with Mach number are presented in Figures 45 and 46. As expected, 
the neutral point of the complete missile rapidly shifts aft until M « 1,' 
then reverses and gradually moves forward as Mœ increases for the closed* 
gap configurations. Of the three aspect ratios tested with closed gap, 
the lowest aspect ratio (A = 1) configuration exhibited the smallest X 
shift, which was approximately 2.80 calibers, over the Mach range. WitE 
gap introduced, the major reduction in CN occurs in the transonic region 
and the neutral point total shift over the Mach range decreases. For all 
aspect ratios, t-he greatest rate of change in neutral point occurs between 
the zero and 0.08-caliber gap setting. The X rate of change diminishes 
as the gap is increased to the 0.16-caliber setting, with only a slight 
change noticeable between the 0.16 and 0.25-caliber gap setting. The low 
aspect ratio configuration which shows the smallest Xnp shift with no gap 
also has the greatest percentage X shift reduction with gap introduced. 
For configuration BF^ (A = 1, gap = 0.25-caliber) the total XnD shift is 
2.20 calibers which results in a 20 percent improvement over no gap. 

The variations of body alone CNa, Xnp, and with Mach number are 
shown in Figures 45, 46, and 47 respectively. A pronounced Xnp shift for 
the body is apparent, rising to a peak at M^ » 1 and decreasing rapidly 
to a low at Mo, ^ 2.0, where it again rises gradually to M^ « 4.5, the 
upper limit of the investigation. This effect in the transonic Mach range 
aggravates the missile Xnp shift caused by fin carry-over. Investigation 
into other body alone configurations, to determine if more suitable X 
characteristics are possible, would be desirable for Xnp shift improvement 
of a complete missile configuration. * " 

Fin plus carry-over results are given in Figures 48 through 51. The 
variations of CNa and Cma for fin plus carry-over with Mach number for all 
fin gap settings are presented in Figures 48 and 49, and variations of 
CNq, and Cm* for fin plus carry-over with fin gap for representative Mach 
numbers and presented in Figures 50 and 51. Carry-over effects are ap¬ 
parent in the’closed gap condition for all aspect ratios. With gap intro¬ 
duced, a considerable decrease in fin plus carry-over C« and C is ap¬ 
parent for all aspect ratios, particularly in the transonic speoci region. 
The greatest rate of decrease is in the 0.08-caliber gap setting with 
some additional decrease at the 0.16-caliber gap. Only a small reduction 
is noticeable between the 0.16 and the 0.25-caliber.gap settings. The low 
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aspect ratio fie has the smallest C% and cm variation over the Mach 
number range »1th no gap, and also s«o»s the largest percentage <**"80 

with gap Introduced. Cm for the A = 1 fin without gap <P4A) varies from 
a maximum of 0.076 to a minimum of 0.024, whereas the 0.16-caliber 8 P 
position (?') reduces the C„ variation from 0.043 to 0.022 which results 
in a 40 percent reduction of ?he CNa variation through the Mach number 
range tested. Tests with an instrumented fin with variable gap will 
necessary, for accurate determination of the Xnp variation with gap o 
fin plus carry-over. Additional gains in Xnp shift reduction may be real¬ 
ized by testing fin configurations with aspect ratios lower than those 

selected for these tests. 

Figure 52 presents the lift ratios of fin plus carry-over lift to 
lift for zero gap for each of the aspect ratios investigated at several 
Mach numbers. A comparison of the experimental results with the Render- 
body theory predictions of Reference 3 is shown in Figure 52(a) . T 
theoretical lift ratio is predicted for a r0/S0* = °-50 val^’ Reraas 
the experimental configuration has a r0/S0* = 0.538 Yalu®; there£°^ ’ , 
the comparison is approximate. The point of interest is that a pronounced 
Mach number effect on lift ratio is shown which is not predicted by slender 

body theory. 

An unresolved effect of fin gap on experimental lift ratio values is 
apparent in Figure 52(c) (A = 3 configuration) where increasing fin gaps 
show lift greater than the closed gap lift for Mach number 3.5 and higher. 
This is contrary both to theory and the results obtained on the two lower 
aspect ratios investigated. It was noted, however, that gap settings n 
excess of 0.08 calibers did produce lift ratios that increased with aspect 
ratio. It was noted also that the fin support posts have a progressively 
larger percentage of the fin area with increasing aspect ratio. For the 
0.25-caliber fin extension, the post to fin area ratio is 5.! Percent for ■ 
A = 1 6.5 percent for A = 2, and 8.5 percent for A = 3. It is possible 
that these posts act as lifting surfaces, if so their 0« contribu on 
would increase the C% / C%g = Q value as a function of post to fin area 

ratio This contribution apparently becomes greater than the lift reduc- 
tions'due to the fin gap effect on the A = 3 configuration at Mach numbers 

greater than 3.5. 

IX. CONCLUSIONS 

From the results of the ex 
of fin gap on a typical finned, 
elusions can be made: 

perimental investigation of the effects 
ogive-cylinder model, the following con- 

1, Introduction of gap between the fin and body 
total neutral point migration through the Mach number 
each configuration. The low aspect ratio fin (A = 1) 
results, reducing the model neutral point total shift 
the 0.25-caliber gap setting. 

does reduce the 
range tested for 
gives the best 
by 20 percent at 
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2. Favorable results in reduction of the neutral point migration 
in this study indicate that additional investigation of fin planform and 
thickness, and body alone configuration would be warranted. 
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