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ward shift of the postbuckling curves. This is illustrated in
Fig. 3. Such a downward shift would explain why cr/crcj
decreases as R/t increases.

Conclusion

The number of circumferential buckling lobes n is a func-
tion of L/R and R/t. The nature of this dependency poses a
new problem in the understanding of the mechanism of
buckling of circular cylinders under axial load. The author
is now conducting an extensive series of tests on Mylar cylin-
ders to investigate this mechanism.
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Drag on Blunt Bodies with and without
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Nomenclature
Cco = Chapman-Rubesin constant (nwTa>)/(p00Tw)
CD* = normalized drag coefficient (CD — CDI}/(CDFM ~ CD^
L = see Fig. 1
I/spike = see Fig. 1
Moo = freestream Mach number
Rem,D = Reynolds number based on body diameter and free-

stream conditions
Rem,L = Reynolds number based on length L and freestream

conditions
To = reservoir temperature of gas
TW — body wall temperature
Foo = viscous interaction drag parameter, M^C^/Re^,^112

THE subject of reducing the drag forces and heating rates
by the use of spikes has received much attention in the

past.1"3 Although these studies have encompassed a wide
range of Mach number, they have been restricted to condi-
tions of relatively high Reynolds number and do not indicate
the viscous interaction effects that planetary entry vehicles
encounter at very high altitudes.

For the speed regime of satellite vehicles entering the
earth's atmosphere, the necessity of minimizing convective
heating led to blunt nose shapes. However, as velocities in-
crease to interplanetary speeds, radiation heating assumes a
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more important role than does convective heating, reviving
interest in the more slender configurations. When the roles of
drag coefficient and heat-transfer coefficient are considered
in minimizing the ratio of heat transfer to drag coefficients,4
the desired nose shape then is much more sharp. Because
earlier experiments have revealed the effect of low Reynolds
number on the drag of a type of blunt body of interest for
planetary probes and earth satellites,5 a program was under-
taken to investigate the drag of the same shape after modifica-
tion to what might be considered a low-drag, low-radiation-
heating configuration by addition of a nose spike.6

The gas dynamic wind tunnel, Hypersonic (L)7 of the von
Karman Gas Dynamics Facility, at the Arnold Engineering
Development Center, was used. This investigation con-
cerned the aerodynamic drag at various angles of attack for a
Mach number of 10.1 and a Reynolds number, based on
wetted length, of 200 to 1200. The spike lengths tested varied
from 0 to 5.0 body diameters.

The configurations of the models may be seen in Fig. 1.
The right circular cylinder was only tested at 0° angle of
attack. The data have been reduced to coefficient form and are
presented as functions of both LSpike/Z)base, and the viscous
interaction parameter

where

C. =

and L is the characteristic length as described in Fig. 1. The
coefficient (Co>)1/2 was essentially constant («0.83) for this
investigation.

Figure 2 indicates the influence of the viscous effects as
Foo, «, and Lspike/^base vary. Here it may be noted that the
reduction in Vm was a result of the model characteristic length
L increasing as spike length increased. Thus, one cannot
separate the effects of varying Vm and L3p^/Db&3Q in Fig. 2.
This is done in a later figure.

The variation of CD with Vm for various angles of attack also
is shown in Fig. 2. Here a very revealing effect occurs which
is undoubtedly due to the predominant viscous effects on the
spikes. Whereas in earlier studies reductions in CD were
realized for larger Reynolds numbers even at larger angles of
attack when spikes were incorporated in the body, this is no
longer true for the present tests. For increasing spike length
and angle of attack, above approximately 25° in this par-
ticular case, the spike causes drag to increase.
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Fig. 2 Drag coefficient as a function of Vm for varying
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spike length.

Correlation of the data for spiked and unspiked bodies in
Fig. 3 by using the parameter

'Cp* = (CD - CDi)/(CDFM- CD,)

(suggested by Potter Jor use in Ref. 5) indicates that the
model shape dependence of CD is largely removed. This sug-
gests a method for estimating approximate drag coefficients of
a wide variety of similar shapes by obtaining inviscid8 (Coi)
and free-molecular9 (CDFM) drag coefficients and referring to
the correlation curve presented herein. Figure 3 shows the
correlation of the normalized parameter CD* with the viscous
interaction parameter Vm. Included in Fig. 3 are data'from
Ref. 5, obtained at 0° angle of attack, which have been corre-
lated with the present tests which concerned varying spike
lengths (0 < Z.Bpike/A>ase < 5). Because the effects of fore-
body shape dependence were removed by normalizing the data
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Fig. 3 Normalized drag coefficient, CD* as a function
Of Fco.

using the parameter CD*, it is possible to separate the effect
of the spike alone and the effect of the change in Vm caused by
the change in body length accompanying addition of the
spike.

The reduction in drag due to a spike is far less than has been
found to occur at high Reynolds numbers. As is noted in
earlier studies, for bluff bodies such as the right circular
cylinder, drag coefficients may be reduced by more than an
order of magnitude in high Reynolds number cases using the
sharp spikes. However, as seen in Fig. 4, no such marked re-
duction occurs for the density altitude simulated here. A
25% reduction is realized, but the length of spike required to
accomplish this was Lspike = 5.0 Dbase-
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