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Influence of Geometry on the Number
of Buckles in Cylinders

RICHARD L. DE NEUFVILLE*
Massachusetts Institute of Technology,

Cambridge, Mass.

Variation of n

THE variation of n with R/t and L/R, obtained from pub-
lished experimental data,*• 2 is shown in Fig. 1. It can be

seen that the plot is divisible into two zones. Below a critical
value of R/t, the observed buckling stress, which is the total
axial load divided by the cross-sectional area, equals or ap-
proaches the yield stress and thus defines the plastic region.
The elastic region is defined by all values of R/t greater than
the critical.

In the plastic region, n increases directly as R/t. No effect
of length could be observed in this region.

In the elastic region, n continues to increase a&.R/t, but this
increase is at a much slower rate. It is also possible to ob-
serve that n decreases as L/R increases.

Analysis: Plastic Region

Plastic buckling is precipitated by the yielding of the
material rather than by the relation of the load and the
geometry. Replacing the buckling stress by the yield stress
hi (7/crcz, the ratio of the actual buckling stress to the theo-
retical buckling stress, we see that, as shown in Fig. 2, o-/aei
is directly proportional to R/t:

v/Vd = 0V(0.6 E t/R) = (ov/0.6 E) (R/t)
With regard to the variation of n, it is appropriate to re-

call that the postbuckling load deflection curve proposed by
von Karman and Tsien3 is an envelope to the curves repre-
senting the nonlinear behavior of configurations with dif-
ferent n, the lower n values corresponding to lower a/ aci
values. This behavior is shown in Fig. 3 and has been con-
firmed experimentally by Thielemann.4 It is therefore
reasonable that n decrease as o-/crei decreases, which is the re-
sult obtained in the plastic zone.

The critical R/t that divides plastic and elastic behavior
may be found. Considering steel as an example, point A in
Fig. 2 is located at:

R/t = 0.6 (E/<Ty) = 0.6 (3 X 107/3 X 104) = 600
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Fig. 1 Variation of n with R/t.
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Fig. 2 Distribution of test results on steel cylinders.

The critical R/t is then defined by point B and is approxi-
mately equal to 300. This is the value observed from a con-
sideration of the change in behavior of n alone, as shown in
Fig. 1.

The division of the behavior of cylinders into elastic and
plastic buckling modes has been obscured by the common
practice of plotting the results of all cylinder tests on a single
a/era vs R/t plot, regardless of the elastic properties of the
cylinder material. A proper consideration of this division
greatly reduces the scatter of the data for low values of R/t,
where some cylinders fail plastically and others elastically.

Analysis: Elastic Region

If the stress at which buckling occurs is considered, the
following effects for elastic buckling appear.

1) For a given L/R, n increases as R/t increases, that is,
as 0/c7cz decreases.

2) For a given R/t, n decreases as L/R increases, in which
case <r/<rci either remains constant or, as suggested experi-
mentally,2' 5 decreases.

In other words, a given value of <T/O-CI is not necessarily
associated with a specific n as might be supposed from the
plastic buckling analysis. It is difficult to see why elastic
buckling should differ from plastic buckling in this respect
if the postbuckling load deflection curves are identical for dif-
ferent geometries. It is possible to suppose that the longer
shells release more energy upon buckling and thereby break
through to a configuration of lower n, and conversely, that
the more imperfect shells of higher R/t exhibit less snap
through than the better shells of lower R/t, and thus attain
equilibrium in a configuration of higher n.

On the other hand, an increase in n occasioned by an in-
crease in R/t and a decrease in (T/crci could imply a down-

1-0 .

acu

P05TBUCKLIN6
CURVE. FOR

COMPOSITE. POST-
BUCKLING CURVLi

POSSIBLE. SHIFT
OF CURVE TO ACCOUNT FOR
HIGHER n AT LOWER CT/(JCL

Received June 3, 1964; revision received October 5, 1964.
* Graduate Student, Department of Civil Engineering.

A X I A L S T R A I N

Fig. 3 Postbuckling curves.
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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
Spikes in Low-Density Hypersonic Flow
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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.


