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Sphere Drag at Transonic Speeds and
High Reynolds Numbers

A. B. Bailey* and R. F. Starrt
ARO, Arnold Air Force Station, Tenn.

EASUREMENTS of sphere drag have been made in the

AEDC aeroballistics range ‘“G’’ over the Mach number
range 0.9 <M, <1.4 at a Reynolds number of approximately
109 These values of sphere drag were found to be larger than
the values derived from the experimental summary curves
presented in Ref. 1. The change in sphere drag with Mach
number near Mach 1, as well as with Reynolds number in ex-
cess of 103, is significant and care is required in establishing
summary curves. On the basis of these more. recent
measurements and those contained in Refs. 2 and 3, the sum-
mary curves presented in Ref. 1 have been reevaluated. A plot
of the revised values of sphere drag for.5x10% <Re, <10°
and 0.1 <M_ <1.75is presented in Fig. 1. The difference be-
tween the previous! and present values of sphere drag coef-
ficient at M,, =0.955 (Fig. 1) is representative of the changes
that have been made, in the Mach number range of 0.8 to 1.5.
Sphere drag coefficient is shown to increase with increasing
Reynolds number for 10° <=Re, = 10° for Mach numbers
ranging from 0.9 to 1.75 (Fig. 1).
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Fig. 1 Sphere drag coefficient variation with Mach and Reynolds
number.

Received May 13, 1976. The research reported herein was con-
ducted by the Arnold Engineering Development Center and sponsored
by Air Force Cambridge Research Laboratories. Research results were
obtained by personnel of ARO, Inc., contract operator of the Arnold
Engineering Development Center (AEDC), Air Force Systems Com-
mand (AFSC), Arnold Air Force Station, Tennessee.

" Index categories: Subsonic and Transonic Flow; Supersonic and
Hypersonic Flow. } .

*Senior Research Engineer, Aerodynamics Projects Branch, von
Karman Gas Dynamics Facility. Associate Fellow AIAA.

tSupervisor, 4T Projects Branch, Propulsion Wind Tunnel Facility.
Member AIAA.

TECHNICAL NOTES 1631

L2

——— Derived from Revised Summary Curves
~—a—Ref. 1

|l
(=]

e
oo
T

o
o
1

Drag Coefficient, Cp

/
4
4
uﬁ//',/
——-—"/‘/
0.4 . ereynolds Number
P 1 i I I
" 0.4 0.6 0.8 10 L2 L4
Mach Number, Mg
Fig.2 Revised analysis of sphere drag in the transonic regime.

The variation of the revised values of C, with M, for
Re, =106 are compared with the earlier values of Ref. 1 in
Fig. 2. These revised values show a stronger dependence of
Cp with M, for 0.955<M_, < 1.0 than the Re_ =10° values
presented in Ref. 1.
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Distribution Functions for Statistical
Analysis of Monodisperse Composite
Solid Propellant Combustion

Robert L. Glick*
Thiokol Corporation, Huntsville, Ala.

N Ref. 1 a statistical basis for describing additive free com-

posite propellant combustion was derived from continuity
considerations. In this approach all states of all oxidizer par-
ticles populating the burning surface are incorporated into a
rate defining expression through suitable distribution func-
tions. These functions define the fraction of oxidizer par-
ticle/fuel surface pairs possessing planar surface areas ¢, and
¢r such that (Nomenclature is the same as that of Ref. 1).
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In Ref. 1 the distribution functions F,, and F; were not
related to propellant formulation and oxidizer variables. The
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