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ABSTRACT 

The aerodynamic characteristics of various cone-cylinder-flare■ 
skirt configurations were investigated between Mach Numbers 0. 4 to 
4. 5. The Reynolds number range for the tests was from 0. 5 to 6.0 
million per foot. Data are presented in basic form, along with cross 
plots, to show the effect of changing various body component shapes. 
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I. INTRODUCTION 

A research project has been initiated by the Advanced Systems 
Laboratory to investigate the use of high-speed missiles as field anti¬ 
tank weapons. Typically, existing low-speed missiles are subject to 
errors in range due to the inability of the human operator to estimate 
the target range accurately. The proposed concept would use the high¬ 
speed missile to reduce the time to target, thereby reducing the errors 
caused by inaccurate estimations of the target range. 

In support of this project, a series of wind tunnel tests was con¬ 
ducted to investigate the static aerodynamic characteristics of various 
configurations of a cone-cylinder-flare-skirt missile. These tests were 
conducted at NASA's 7- by 10-foot high speed tunnel at Langley Field, 
Virginia; the 1-foot transonic tunnel at the Arnold Engineering 
Development Center; and the Ballistics Research Laboratories No. 1 
tunnel at the Aberdeen Proving Ground, Maryland. The Reynolds 
number range for the three tunnels was 0. 5 to 6.0 million per foot. 

Eighteen configurations were tested throughout the Mach number 
range of 0.4 to 4. 5. In addition, nine "body alone" configurations were- 
tested from 0. 8 to 4. 5. The data are presented in basic plots along 
with summary plots for a more detailed analysis. It is possible, 
through proper usage of the summary plots, to either determine a con¬ 
figuration shape to maintain a specified set of aerodynamic coefficients, 
or to determine the aerodynamic characteristics of a specified con¬ 
figuration. 

II. APPARATUS 

The 7- by 10-foot high speed tunnel is a closed, single-return wind 
tunnel which operates with atmospheric stagnation pressure and Mach 
numbers to 0. 9. Further information on this tunnel can be found in 
Reference 1. 

The 1-foot transonic tunnel is a continuous-flow, open-circuit wind 
tunnel capable of operation at Mach number throughout the transonic 
range (0. 8 to 1.5). The test section is 1 foot square and 37.5 inches in 
length with four parallel, perforated walls. Further information .on this 
tunnel is available in Reference 2. 

T!-e supersonic tunnel No. 1 is a continuous-flow, closed- 
circuu, variable density wind tunnel capable of operation from 1. 5 to 
4. 5. The test section is 13 inches wide, 18 inches high, and 40 inches 
long with four parallel, solid walls. Details of the tunnel can be found 
in Reference 3. 

1 



III. TEST ARTICLES 

The models used during the test were capable of varying nose cone 

angle, centerbody, flare angle, flare length, afterbody length, and 

overall length. This allowed numerous variations, resulting in the 21 

model configurations tested. A list of pertinent model dimensions is 

shown in Figure 1, along with a sketch of a typical configuration. The 

model used during the paremetric variation of the flares, and the 
skirts had a constant nose angle and overall length. In the cone-cylinger 

portion of the program (body alone), both cone angle and overall length 

were varied. 

The model used for the transonic and supersonic phases was con¬ 

structed with a centerbody diameter of 1.008 inches due to the test 

section geometry. The subsonic phase used a model with a centerbody 

diameter of 2. 016 inches due to limitations in the balance capacities. 

IV. INSTRUMENTATION 

Two three-component, internal strain gage balances were used 

during the entire investigation. The first balance had the rated capaci¬ 

ties of ±20 pounds normal force, ±60 inch pounds pitching moment, and 

±2 5 pounds axial force. This balance was used for the majority of the 

test. The second balance had rated capacities of ±8 pounds normal 

force, ±5.78 inch pounds pitching moment, and ±8 pounds axial force. 
It was used to take advantage of the low capacity during the body alone 

portion of the test. 

V. TEST PROCEDURE 

Data were obtained for each configuration by setting the desired 

Mach number and then varying the model angle of attack. 

VI. ACCURACY OF MEASUREMENT 

The estimated uncertainties in the data were calculated using 

statistical theory based on an assumed normal error distribution and 

a probability of 20 to 1. 

Cn = ±0.014 

Cry, = ±0. 022 

= ±0.051 

CA,b = ±0.047 

Ca,T = ±0.017 

X np ±0. 08 cal 

a ±0. 10 deg 
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VII. CORRECTIONS 

The data were corrected to account for tunnel wall interference 

at the subsonic Mach numbers. Corrections were applied to the angle 

of attack for sting and strut deflections due to aerodynamic loads. 

VIII. PRESENTATION OF RESULTS 

Figures 3 through 83 present the basic data (Cn vs a: Cm- N VS 

Cjsj; and C^ p vs a) obtained during the three tunnel entries. The 

changes in symbols on the plots are to delineate between the tunnels 

used for the tests. Figures 84 through 93 show the effects of various 

model configurations on the static stability parameter variations with 

Mach number. Additional analysis plots are shown in Figures 94 

through 104 which depict’the effect of model variation ata constant 
Mach number. Figure 105 presents a comparison for three typical 

configurations with second order shock theoretical predictions. 

The model used during the parametric variations of the flares and 

skirts had a constant nose cone angle and overall length. For the cone- 
cylinder part of the program (body alone), both cone angles and overall 

length were varied. 

IX. DISCUSSION 

Increase in the parameters 0f, Lf, and L yielded increases in the 

aerodynamic coefficient, primarily due to the increases in planform 

area. The neutral point showed a corresponding rearward shift. In 

contrast, the addition of longer afterbody skirts caused a decrease in 

Cnq, a forward shift in neutral point and no noticeable change in 

C^(p. This effect is caused by the loss of cylinder length when the 
skirt length is increased due to the overall length being held constant. 
It is interesting to note that the proper combination of flare angle and 

skirt length can yield a Cnq an<^ Xnp that are invariant with Mach 

number (Figure 88). This type configuration could possibly be applied 

to simple type guided missiles to alleviate some control problems and 

to improve the overall accuracy of the missile. 

Numerous cross plots (Figures 94 through 104) were made to show 

the effect of the parametric variations at constant Mach numbers and 

to present the data in a manner so that the curves could be used in 

later missile designs using the same type configurations. Although the 
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figures are purported to show the variation of only one parameter, the 
chosen testing techniques varied more than one parameter at a time. 
For example, when the flare lengths were varied, it resulted in a change 
in centerbody length to maintain the constant overall body length of 
15. 36 calibers. 

The comparison c>f Cnq and Xnp with second order shock theory 
shows the maximum deviation between experiment and theory ranges 
from 4 to 14 percent for Cnq and from 9 to 25 percent for X . This 
deviation appears large and is believed to be caused by the lack of an 
accurate prediction of the pressure distribution over the aft portion of 
the body for the flare and flare-skirt configurations, since the body 
alone characteristics are predicted satisfactorily. 

Figures 88 and 89 show a marked nonlinearity in the transonic 
range for the 2.04 caliber flare length and the one-caliber skirt. No 
reason is apparent for this behavior especially when the other flare- 
skirt combinations are linear. Future tests will have a more compre¬ 
hensive check of this effect to determine whether this behavior is a 
tunnel effect or a flow field effect. 
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CONFIG. 
NO. 

L D 
INCHES 

«N Of Lc 4 Ls Db 

-1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 

! 27 

15357- 
15.357 
15.357 
15.357 
15.357 
15.357 
15.357 
15.357 
15.357 
15.357 
15.357 
15.357 
15.357 
15.357 
15.357 
15.357 
15.357 
13.580 
15.357 
12.357 
10.357 
13.380 
10.580 

8.580 
14.774 
13.274 
11.274 

1.008 
1.008 
1.008 
1.008 
1.008 
1.008 
1.008 
1.008 
1.008 
1.008 
1.008 
1.008 
1.008 
1.008 
1.008 
1.008 
1.008 
1.008 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 

w 
5° 9' 
5° 9' 
5° 9' 
5° 9' 
5° 9' 
5° 9' 
5° 9‘ 
5° 9' 
5° 9' 
5° 9' 
5° 9' 
5° 9. 

5° 9’ 
509- 

5° 9' 
5° 9. 

8°23l 
5° 9' 
5° 9' 
5° 9' 
8°23l 
8°23l 
8023' 
4°2r 
4°2r 
4°2r 

0^ 
4° 
40 
40 

4° 
6° 
6° 
6° 
6° 
6° 
6° 
6° 
6° 
8° 
8° 
8° 
8° 
0° 
OP 
0° 
OP 
OP 
0° 
0° 
oP 

1 0° 

109 

10.714 
8.672 
7.650 
6.650 
6.628 
9.355 
8.355 
8.676 
8.033 
7.676 
7.318 
7.9% 
6.9% 
9.697 
9.189 
8.189 
8.682 

10.714 
10.714 

7.714 
5.714 

10.714 
7.714 
5.714 
9.214 
7.714 
5.714 

2.043 
3.064 
3.064 
4.086 
1.359 
1.359 
2.039 
2.039 
2.039 
2.039 
2.718 
2.718 
1017 
1.525 
1.525 
2.033 

1.000 

1.000 

.643 
1.000 
1.357 

1.000 

1.000 

1.000 
1.286 
1.429 
1.429 
1.571 
1.286 
1.286 
1.429 
1.429 
1.429 
1.429 
L 571 
1.571 
1.286 
1.429 
1.429 
1.571 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 

NOTE: All Dimensions In Calibers 
Except As Noted 

FIGURE 1. PERTINENT MODEL DIMENS IONS 5 
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