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ESDU DATA ITEMS

Data Items provide validated information in engineering design and analysis for use by, or under the supervision
of, professionally qualified engineers. The data are founded on an evaluation of all the relevant information, both
published and unpublished, and are invariably supported by original work of ESDU staff engineers or consultants.
The whole process is subject to independent review for which crucial support is provided by industrial companies,
government research laboratories, universities and others from around the world through the participation of some
of their leading experts on ESDU Technical Committees. This process ensures that the results of much valuable
work (theoretical, experimental and operational), which may not be widely available or in a readily usable form, can
be communicated concisely and accurately to the engineering community.

We are constantly striving to develop new work and review data already issued. Any comments arising out of your
use of our data, or any suggestions for new topics or information that might lead to improvements, will help us to
provide a better service.
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EFFECT OF STABILISING FINSON BASE DRAG OF CYLINDRICAL BODIESAT

SUPERSONIC SPEEDS

1. NOTATION AND UNITS (see Sketch 1.1)
S
A net fin aspect ratio, 2(2s-d)/(c(1+1))
Cop base drag coefficient for body alone, based on S,
) Copr base drag coefficient for body in presence of fins,

é based on §,

':'_,;' ACp, increment in base drag coefficient due to presence of

i) fins

S

o Cpb base pressure coefficient for body alone

>

§ Cpr base pressure coefficient for body in presence of fins

<

qt“' ACpb increment in base pressure coefficient due to

3 presence of fins

(@]

- c fin root chord m

‘©

'@ d body diameter m

©

E k empirical factor in Equation (3.3)

49

2 M Mach number

a

S Ne number of fins

a

0 R Reynolds number based on body length
S fin semi-span m
S, base area, nd*/4 m?
t fin maximum thickness at root chord m
X distance of fin root trailing edge upstream of base m
Xm distance of point of fin maximum thickness forward m

of root trailing edge
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2 %
p (M™-1)
Ag leading-edge sweep of fin degree degree
A fin taper ratio

Sketch 1.1 Body geometry

2. INTRODUCTION

This Item provides a means of estimating the effect of stabilising fins on the (jet-off) base drag of
axisymmetric cylindrical bodies at zero angle of attack at supersonic speeds (M>1.5). The method
provides an increment to the value for the base drag of the body alone at zero angle of attack which is
obtained from Item No. 79022 (Reference 5).

ESDU Copyright material. For current status contact ESDU.

The method, given in Section 3, is based on a simple theoretical model outlined in Appendix A, with an
empirical factor to fit four sets of wind-tunnel tests reported in Derivations 1 to 4. The method requires
that asufficiently long cylindrical section of body exists upstream of the fins for forebody/fin interference
effectsto be negligible. Experience suggests that about three body diametersis sufficient. The method has
been derived, principally, for bodies with either cruciform or planar fins, which may be located with their
trailing edges flush with or upstream of the base. The method has, however, been presented in generalised
form which allows estimates to be made for other fin arrangements, see Section 4.

The method is applicable at supersonic speeds for Mach numbers over the range 1.5 to 5 and requires that
the boundary layer be fully turbulent. Details of the applicability of the method and a guide to its accuracy
aregivenin Section 4. A worked example illustrating the application of the method is given in Section 6.
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3. METHOD

Theincrement in base pressure of acylindrical body due the addition of fins, whosetrailing edges areflush
with the base, is given by

N X
_ _ F/t m
ACy, = —ACp, = — —(] for 5 < (3.1)
48
and
N X
- _ FrL _m
ACy, = ~ACpy, = - 4B(xm) for 5>d. (32)

These semi-empirical equations originate from a comparison between the predictions of a simple,
theoretical model, which considers a single fin in combination with a planar representation of the bodly,
and wind-tunnel test data for bodies with two or four stabilising fins fitted flush with the base
(Derivations 1 to 4), see Appendix A.

Derivations 2 and 4 provide base pressure datafor bodies with fins mounted upstream of the base. To allow
for the decreasing influence of the fins on the base pressure as they are located further from the base, an
empirical factor k has been derived from the test datain terms of the correlating parameter x/(d), which
models the effect of upstream location and Mach number. The factor varies from avalue of unity for fins
flushwiththebase, x/(Bd) = 0, toavaue of zero when the Mach line originating from thefin root trailing
edge intercepts the far side of the body at or upstream of the base, i.e x> [3d. A reasonable representation
of the data was obtained with the equation
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k = (1—x/(Bd))* for osgsd . (3.3)
Equations (3.1) and (3.2) then become
ACpy = -ACpp = - — (3] for Tm< g (34)
p 4B2 ( B
kNF t Xm
and ACg = =ACpy = = 45 (X_W) for > (35)

to cater for fins upstream of the base.

To obtain the base pressure (or drag) coefficient for the fin/body combination the value for the increment
in base pressure is added to the estimate for the body alone, i.e.

pb

For convenience therelevant datafor the body alone, taken from Item No. 79022, are presented in this Item
in Figure 1 and have been extendedto M = 5.
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