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A large difference between the jet and stream densities raises the
question whether or not buoyancy could have introduced errors
into the measurements, but a simple estimate1 showed that this
error is insignificant for the present experiments.

The present results have been obtained for a single slot width.
The experiments by Vranos and Nolan2 with circumferential
slots (infinite aspect ratio) varying in width between 0.045 and
0.14 in. did not indicate any influence of the slot width on their
correlation. For elliptic jets of small aspect ratio (up to 4), they
found that the best reference value for w is the diameter of a
circle having the same cross-sectional area as the jet (rather than
the hydraulic diameter). The correlation thus depends on the
aspect ratio of the jet. For circular jets, they observed no effect
of jet diameter when the latter was reduced by factors of 1.4 and
2. Ivanov5 and Shandorov6 also found no effect of jet size for
circular jets when the diameter was increased by about 50%.
Similarly, Callaghan, Ruggeri, and Bowden4 found no effect of jet
size for elliptic jets (aspect ratio of 4) when the equivalent jet
diameter was reduced by a factor 0.6. Therefore, Eq. (1) or (2)
should be satisfactory for some range of the slot width as long
as the aspect ratio remains sufficiently large. For the correlation
of penetration data for narrow slots (high aspect ratio), the slot
width appears to be the appropriate reference dimension. Since
the best reference dimension for jets with small aspect ratios is
the diameter of a circle having the same cross-sectional area, the
appropriate reference dimension must be a function of the jet
aspect ratio. Because of its practical importance, this relationship
should be sought in future work.
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Comparison of Calculated Static and
Dynamic Collapse Pressures for

Clamped Spherical Domes
MARK HARTZMAN*
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California, Livermore, Calif.

Introduction

THIS Note compares the results of static and dynamic
analyses of steel pressure domes used in certain applications

at Lawrence Livermore Lab. Figure 1 shows a typical spherical
dome that has been built into a thick pipe; the thickness of the
dome varies, but a uniform surface loading is applied on the
convex surface. The mode of failure of such domes is by sudden
collapse—a highly nonlinear problem involving large deforma-
tion, large displacements, and elastic-plastic flow.
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Fig. 1 Dome with pressure on the convex side. All dimensions
are in inches.
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Fig. 2 Finite element model.
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Analysis
Analysis was performed by applying two finite element non-

linear computer programs: EPSOLA1 and ADYN.2 EPSOLA
was used for the static analysis, ADYN for the dynamic analysis.
Both describe the deformation of axisymmetric bodies subjected
to axisymmetric loads, and both include material and geometric
nonlinearities.

Figure 2 shows the finite element model of the dome and the
dynamic loading. Because of the presence of symmetry, only
half the cross-section is shown. Figure 3 shows the material
properties and the engineering stress-strain curve. Strain rate
effects for the dynamic analysis are ignored.

Results

The results of the static analysis are shown in Figs. 4 and 5.
Figure 4 shows the deflection of the dome center (node 1) as a
function of pressure loading. The pressure at which yielding
occurred was determined as 4110 psi. The pressure was then
increased to 10,000 psi in 100 increments. We determined that
sudden collapse occurred at 6180 psi. At this pressure a sudden
increase in central displacement occurred. Figure 5 shows the
cross-section of the dome before, during, and after collapse.
Note that substantial deformation occurs in the thin rim of the
dome.

The results of the dynamic analysis are shown in Figs. 6-8.
This analysis was performed by calculating the dynamic de-
flection of the dome when it was subjected to applied step loads
of varying magnitude. Figure 6 shows the peak central deflection
as a function of step pressure magnitude. It appears that beyond
8000 psi the dome experiences considerable deflection for all
step loads. This pressure is therefore taken as the dynamic
collapse pressure. Figure 7 shows the central displacement
history at 10,000 psi applied step pressure. Figure 8 shows the
cross section of the dome at various times during the collapse
process. The stages are seen to be similar to those obtained in
the static analysis.

Discussion and Conclusions
A comparison of static and dynamic analyses shows that the

former has a lower collapse pressure. The results of other
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_ 4160 psi _6170 psi

(f)
9000 psi

Fig. 5 Stages in dome collapse as a result of static loading.
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Fig. 6 Peak central deflection vs step pressure magnitude.
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Fig. 4 Displacement of the dome center vs applied static pressure.
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Fig. 7 Central displacement history of the dome under dynamic
loading (10,000 psi, step loading).
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Fig. 8 Stages in dome collapse as a result of dynamic loading
(10,000 psi, step loading).

investigators3'4 indicate a dynamic "weakening" effect for thin,
elastic spherical caps, i.e., a lower dynamic collapse or snap
through load than static. However, the results of our calculation
indicate that for thicker shells, where the material may deform
elastic-plastically, it is possible for the dynamic collapse load to
be higher than the static. To the author's knowledge no ex-
periments have been performed to determine the collapse
behavior of thick spherical shells; such experiments are needed.
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Boundary-Layer Transition on Cones
Near Mach One
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Nomenclature
CDo = measured drag coefficient corrected to zero angle of attack
M = Mach number
Re = Reynolds number based on wetted length
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T = temperature
U/v = unit Reynolds number
a = angle of attack

Subscripts
p = in plane of photograph
t — at boundary-layer transition
w = wall surface conditions
d = local edge-of-boundary-layer condition
oo = freestream condition

E data which demonstrate the possibility of using an
aeroballistic range for obtaining transition Reynolds

numbers near a Mach number of one are presented here. Only a
few launches under transonic conditions were made in this
program, but the results offer adequate proof of the feasibility
of interference-free data when M^ > 1.04 using 6.4-cm-diam,
10° semiangle sharp cones in 1.8-m-diam Aeroballistics Range K
at the AEDC.

The quiet atmosphere of an aeroballistic range appears to
offer an opportunity for study of boundary-layer transition free
of the complex influences of stream vorticity, entropy spottiness,
and noise known to be present in varying degrees in wind
tunnels. However, there are some special features of aero-
ballistic experimentation which raise questions, and it is
appropriate that they be reviewed in the context of their
potential influence on transition. We refer to the following:
1) finite angles of attack and oscillatory motion, e.g., ±3°;
2) vibration of the model resulting from launch accelerations;
3) surface roughness under cold-wall conditions at high unit
Reynolds numbers; and 4) nonuniform surface temperatures
owing to aerodynamic heating.

These have been analyzed in Ref. 1 where it was concluded
that there probably is no significant "range-peculiar" influence
generated under the conditions of the experiments described in
Refs. 1 and 2, and in this Note.

Undeniably, disturbances of some scale may be imposed on
the boundary layer because of conditions in the foregoing list,
numbers 1 and 2 being of the most concern in the present case.
But if one accepts the concept that all real boundary layers
suffer disturbances, usually of multiple types, then it is mainly
relevant to consider whether these range-peculiar disturbances
induce a different transition Reynolds number than that which
would result from another set of free-flight circumstances, say
free fall through the atmosphere. In other words, we know that
wind tunnels impose disturbances on boundary layers of models,
we know that a different set of disturbances exists in an aero-
ballistic range environment, and we know that full-scale
free-flight is not disturbance-free either (because of surface
conditions, vibration, oscillating motion, etc.). For that reason,

Fig. 1 Cone at M^ = 1.05 in AEDC Range K.


