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AN EMPIRICAL METHOD FOR PREDICTING THE
ZERO LIFT TRANSONIC DRAG RISE OF LOW
DRAG FIN-STABILIZED STORES AS A FUNCTION
OF FINENESS RATIO AND MAXIMUM THICKNESS LOCATION

Arnold L. Ducoife*

ABSTRACT

Data are pregented on the variation of zero lift profile drag coefficient, above
the drag rise Mach number, as a function of fineness ratio for fin-stabilized bodies
of revolution of the Douglas Aircraft type. AKiso shown are the offects of maximum
thickness position on the zero lift profile drag coefficient as a function of Mach
number and fineness ratio.
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SUMMARY

This paper presents an empirical method from which the zero lift transonic profile drag
coefficient rise of fin-stabilized bodies of revolution (of the Douglas Aircraft type) may be

predicted as a function of fineness ratio over the range 5 < L/D £12.5.

The data show that fineness ratio effects on the drag rise coefficient are small at the
drag rigse Mach number but become very important as the drag rise Mach number is exceeded,
Over the transonic speed range the profile drag coefficient is found to decrease in ecsentially

a parabolic manner with increasing fineness ratio.

An appendix is also included showing the effect of maximum thickness location on the

zero lift pi'ofile drag coefficient.

INTRODUCTION

The design of stores or bombs for maximum aerodynamic efficiency in the transonic
speed range is a very difficult problem because of the empirical manner in which the drag
coefficient must be predicted. Since both the installed drag and the trajectory of a freely
falling body are dependent on the drag coefficient, as well as other factors, a good qualitative
estimate of the drag coeffieient curve as a function of Mach number and lift coefficient is
quite important. It is the purpose of this paper to analyse available experimental data in
order that an empirical method can be devised for predicting the zero lift drag coefficient as
a function of Mach number and fineness ratio in the transonic speed range. ta on low drag,
fin-stabilized stores (such as the Douglas Aircraft store) will be used for this analysis. The

range of Mach numbers over which the method will be applicable is, 0.85<M £1.2or 1.3.

DISCUSSION

The prediction of the iransonic drag rise for fin-stabilized bodies of revolution is de-
pendent on several factors, such as, nose slope, fin design, amount of body boattailing, loca-
tion of the maximum thickness, and fineness ratio, For this analysis only low drag shapes
(Figure 1) such as the Douglae Aircraft type store, will be considered. Since nose shape and
fin design are fairly standard items for low drag store design at present no analysis on their
effects will be presented. The amount of boattailing will be limited to base diameters of the
order of 10% of the maximum store diameter, Thus the effect of boattailing (which will be

small as stated above) can also be neglected in this study. The location of the maximum thick-
ness will be assumed to be in the neighborhood of 309 of the store length. Additional data on
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the effect of maximum thickness location is presented as an appendix. The effect of fineness
ratio (L/D) is the major topic of this paper and the analysis is concerned primarily with this

parameter.

It will be assumed that the subsonic profile drag* coefficient at zero lift can be quantita-
tively predicted by available empirical methods in the Mach number range between zero and the
drag rise Mach number. The drag rise Mach number (MDR) is defined as the Mach number at
which the slope @CD /dCL) is equal to 0.10. CD is the store drag coefficient based

" C, =0 7’
on frontal area (nD2/4). For low drag fin~stabilized bodies of revolution the profile drag coef-
ficient at CI_, = 0 can be assumed to have a constant value in the vicinity of CD = 0. 10 for the
fach number range, 0 <M < MDR' The drag rise Mach number will usually fie in the Mach

number range, 0,85 < MDR'< 0. 97, for free flight Reynolds,

Data for predicting the profile drag coefficient at zero lift for Mach numbers in the tran-
sonic speed range was obtained from flight test data, wind tunnel data, and drop test data on
the Mk 7. In order to eliminate small discrepancies in the subsonic zero lift profile drag coef-

ficient because of Reynold's number, shape, fin design, etc., the data is presented in the form

of Cy - Cp as a function of M - My, and fineness ratio. Figure 2 schematically shows
T DR
the manner in which the quantities CD - CD and M - ‘MDR are measured.
T "pr
RESULTS

The results of this analysis are presented in Figures 3 and 4 wherein the incremental
variations in zero lift profile drag coefficient above the drag rise Mach number is presented
as a function of the incremental Mach number (above the drag rise Mach number) and fineness -+~
ratio. Data showing the effect of maximum thickness location is found in Figures 5-1° in'the

appendix.

The data in Figure 3 indicate that the zero lift incremental store drag coefficient is re-
duced with increasing fineness ratio (5 £ L/D £ 12.5) in the transonic Mach number range.
Although sufficient data are not available for fineness ratios above 12,5, indications (from
gcattered data not presented hereinj are that little is to be gained in drag reduction fur the
transonic speed range if L/D = 12,5 is exceeded. The data are seen to form a fairly well-
defined family of curves, thus allowing reliable interpolations and extrapolations for values of

L/D not shown. Also shown in the trends of Figure 3 is the fact that fineness ratio effects are

% Proflile drag is herein defined as total drag less skin friction drag.
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quite small near the drag rise Mach number MDR <M <MDR + 0. 05 but get increasingly larger
as the Mach number is increased up to approximately MDR + 0.05<M < MDR +0.30. Figure 4
represents a faired crossplot of Figure 3 and is presented because of its applicability for design
purposes,

The effect of maximum thickness location, shown in Figures 5-11 in the appendix, is seen
to be a very important parameter, from the viewpoint of drzig, in determining optimum or near
optimum shapes. The effect of maximum thickness location with L/D as a parameter is shown
in Figures 5-7 and the effect of L/D with thickness location as a parameter is presented in
Figures 8-11. No analysis of this data is presented because the maximum thickness location
for fin-gtabilized stores is dictated not only by drag but also by stability considerations, The
data have been presented for use in the design of stores whose maximum thickness position

might differ radically from that of the Douglas Aircraft type.

CONCLUSIONS

The curves showing the effect of fineness ratio on fin-stabilized bodies of revolution are
applicable for stores which approximately satisfy the following conditions:

a) tangent-ogive nose shape approximately two to three calibers in length

b) maximum thickness location in the neighborhood of 30%of the store length
c) boattail diameters less than 10 %of the store maximum diameter

d) standard or present-day low drag body fin designs

In the transonic speed range fineness ratios of the order of 12.5 appear to be optimum
from the standpoint of zero lift profile drag coefficient. The effect of fineness ratio becomes
more and more pronounced as the drag rise Mach number is exceeded up to a value of the free-
gtream Mach number equal to MDR + 0.3. Above this latter value of the free-stream Mach

number the effect of fineness appears to diminish slightly.

The data presented should give a good approximation to the zero lift transonic drag coef-
ficient variation for free flight Reynolds numbers.
The effect of maximum thickness location for minimum store drag is found to be a func-

tion of the value of the transonic Mach number and fineness ratio, However, when considering

cptimum maximum thickness positions from the viewpoint of drag the question of store stabili-

ty must also be considered,
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L1ST OF SYMBOLS

D store diameter
K location of store maximum thickness in %I
L store length
L/D ‘gtore fineness ratio
M Mach number d CD
. . .4
MDR drag rise Mach number i.e., Mach number where T ) 0.10
C. =0
L
CD store zero lift profile drag coefficient based on store frontal area (——”f )
r
CD store zero lift profile drag coefficient at the drag rise Mach number
DR
CL lift coefficient
r 3.1416
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APPENDIX

The effect of maximum thickness location, K, in per cent of store length (measured from
the nose of the store) is presented in Figures 5-11, The data in Figures 5-7 show the effect of

maximum thickness location on store profile drag coefficient, CD for values of fineness ratio

of 6. 04, 8.91, and 12.5, respectively. Figures 8-11 show the vafiation of CD with fineness

ratio with maximum thickness locations of 0.2, 0.4, 0.6, and 0. 8, respectivel’&.
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