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Study of Roll Stability Derivatives
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Nomenclature
AR = wing or fin aspect ratio

b = inclusive span

C;, = roll damping stability derivative

C,, = roll due to differential fin cant stability derivative
= body diameter

E = Eastman’s correlation parameter

lg = reference length

M = Mach number

p = rate ofroll

Sr = inclusive area of a pair of fins

Sz = reference area

So = body cross-sectional area

y. = lateral area center of a fin

Superscript

AD = after Adams and Dugan?

Introduction
ASTMAN'! devised an empirical correlation between the roll

damping and the roll due to fin cant stability derivatives for
cruciform-tailed missiles:

G, = =2.15(y./d)C, 0y

This correlationis based on experimental data of 10 configurations
at Mach numbers between 0 and 4.0. It enables a reliable estimate
of the dynamic stability derivative C;, based on the static stability
derivative C;,. Eastman' referred to the Adams and Dugan?® analysis
of the roll stability derivatives and concluded that the data he used
“would not correlate using the correlation curve used by them.”

Adams and Dugan’s classic report is revisited in an attempt to
evaluate how well their analysis, which is based on slender-wing
theory, can predict Eastman’s empirical correlation.

Analysis
The referencelengths and areas used in Refs. 1 and 2 are summa-
rized in Table 1. According to Table 1, the relationshipsbetween the

stability derivatives as defined in Ref. 1 and in this Note and those
of Ref. 2 are

Ci, = (S¢/S)(b/d)*C}P (2a)

Ci, = (S¢/So)(b/d)CP (2b)

The relationship between the ratios of the stability derivatives be-
comes

C/,,/Clg = (b/d) [C/,,/CIS]AD (3)

The ratio [C;, /C;,]*P was obtained from Figs. 6 and 10 of Ref. 2.
The results for C;; were multiplied by 2.0 to accountfor the case of
four canted fins. The dependence of this ratio on d /b is presented
inFig. 1. It varies between 0.627 ford /b =0 and 1.0 ford /b = 1.0.

Eastman’s correlation parameter, based on slender-wing analysis
by Adams and Dugan, is

E=C,[[0/d)C,] = [b/d) /G /DI[C, [C,]" @)
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Fig. 1 Ratio of the roll stability derivatives after Adams and Dugan?
and comparison with test data.
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Fig. 2 Predicted Eastman’s' correlation parameter based on Adams
and Dugan? analysis and comparison with test data.

This parameter was evaluated for three cases: 1) rectangular fins,
for which

ye/d=0.25+0.25(b/d)
2) delta fins, for which
y./d=0.333+0.167(b/d)

and 3) elliptical spanwise load distribution, considering the lateral
center of pressure rather than the area center:

y./d =0.288+0.212(b/d)

The predicted Eastman correlation parameter is presented in Fig. 2.
At d /b =0, the two stability derivatives have no meaning because
of the diminishing reference area. Nevertheless, the correlation pa-
rameter is finite. The correlation parameter curves decrease as d /b
increases and reach a common value of —2.0 at d/b=1.0. The
d /b range of the configurations that were analyzed by Eastman was
0.333-0.49. (The folding fin rocket excluded.) The average pre-
dicted correlation parameters in this range are £ = —2.35, —2.15,
and —0.201 for delta, elliptical load, and rectangular fins, respec-
tively. The average predicted value for the ellipticalload, within this
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Table 2 Summary of roll test data

Configuration d/b M C,/Cy —E Ref. Shape

Apache 0246 2.0-50 266 238 5 Clipped A

NASA80deg A 0260 0.7-1.0 224 230 6 A
1.2-1.6 240 246

Basic finner 0.333 1.3-3.0 2.06 206 7 Square

Naval Ordinance 0.417 2.5-3.5 1.76 2.12 8  Rectangular

Lab. WAF*

GSRS® 0.511 0.7-1.2 1.71 231 9  Rectangular
1.5-2.0 1.51 2.05

*Wraparound fins.

®Boeing General Support Rocket System.

range, coincides with the empirical value E = —2.15 that was ob-

tained by Eastman, and the largest deviation is only 0.05. It should
be noted that the large spread of the three predicted curvesis aresult
of their different shape parameter, y. /d, rather than of aerodynamic
origin.

Sigal® analyzed the roll characteristics of several configurations,
using the VORLAX code by Miranda et al.* It was found that, ex-
cept for cases of very-low-aspect-ratiofins, the stability derivatives
depend on Mach number and generally do not agree with predic-
tions based on the Adams and Dugan’ analysis. Nevertheless, the
ratio of the two subject stability derivatives is almost independent
of Mach number and is in good agreement with the predicted ratio.
To substantiate this statement, additional test data were compiled.
The main geometrical parameters of the test configurations, Mach
number ranges and sources,’”® are given in Table 2. Most of the
data, which are presentedin Fig. 2, are scattered about the predicted
curve thatcorrespondsto ellipticallateral load distributionand show
that indeed Eastman’s correlation parameter increases, in absolute
value, as b /d decreases.

According to slender-wing theory, the spanwise load distribu-
tion is elliptic. Thus, it is expected that for slender fins the lateral
center of pressure will only slightly depend on the shape of the plan-
form [provided the similarity parameter AR./(M? — 1) is not large].
Thus, the present correlation does not include a shape parameter.
According to Eq. (3), the ratio C;, / C;; increasesindefinitely as d /b
diminishes. To avoid large variation of the correlation parameter, it
was decided to select (d/b)[C;,/Cj;] for comparison with Adams
and Dugan analysis > According to Eq. (3),

@mic,/c,]=[c,/c,]” )

A comparisonbetweenthe testdata of Table 2 and analysisof Adams
and Dugan is also shown in Fig. 1. The supersonic data are on or
very close to the analytical curve, and the subsonic data are near
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it. The ratio of the two roll stability derivatives depends on the d /b
ratio, as expected from the analysis by Adams and Dugan.

Summary

The results of Adams and Dugan’s analysis® of the roll stabil-
ity derivatives for cruciform wings and body configurations were
used to predict Eastman’s correlation' of the ratio of these stability
derivatives. It was found that the predicted Eastman correlation pa-
rameter depends on fin planform and decreases, in absolute value,
asd /b increases. For d /b = 0.333-0.49, which cover the configura-
tions studied by Eastman, the average predicted value of the corre-
lation parameter for elliptical spanwise load distribution is exactly
E = —2.15, which was empirically obtained by him.

Conclusion

The present correlation of the ratio of the roll stability derivatives
isin very good agreementwith that calculatedby Adams and Dugan.
This finding confirms the use of their analysis for the prediction of
the ratio of the roll stability derivativesfor configurationsemploying
slender fins.
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