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Shock Mach Approx. n Time for Experimental blow-
Liquid number (s� 1) A = 10A0 (� s) off time (� s)

SO 1000 3 48 769 47 40
2% PO 3 90 000 25 30
2% PO 2 38 000 60 50
2% PAA: Short 3 110 000 20 35

Long 75 000 30

Table 6. Comparison of measured breakup times (defined as the time at which liquid first starts
to ‘blow-off’ the perimeter of the drop) with predicted times calculated from equation (4.1) with
M = 10 and using values of n from the fully viscoelastic analysis.

2% PAA Silicone oil

Silicone oil2% PO

Figure 15. Droplet configurations for 2% PAA, 2% PO, and two different silicone oils 170 � s after
passing of the shock over the drop under the same conditions (Ms = 3). The top pair of photographs
compares PAA with a silicone oil of approximately the same viscosity (1 kg m� 1 s� 1). The bottom
pair compares 2% PO (viscosity = 35 kg m� 1 s� 1) with a silicone oil that has a viscosity of about
one-third that of the PO (10 kg m� 1 s� 1).

and bag breakup occur routinely at Weber numbers of O(104–105) in the higher
viscosity drops and even in viscoelastic drops showing that the presently accepted
classification of breakup events, based mainly on water, does not hold generally. The
early events of breakup (< 100 � s), flattening, and the accumulation of fluid driven
away from the stagnation points, followed by fingering are universal and apply equally
to low- and high-viscosity fluids and to viscoelastic fluids. At later times the drop
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fragments in viscoelastic fluids are much more stringy than in Newtonian fluids of
comparable viscosity. This confirms that the stringiness of drop fragments persists in
high-speed, high-Weber-number flows. The movies generate time-displacement data
from which accelerations of the drop may be computed in these experiments. The
accelerations were 104–105 times the acceleration due to gravity, putting the drops at
risk of Rayleigh–Taylor instabilities. The Rayleigh–Taylor instabilities were computed
with an exact viscous theory and with a simplified theory based on viscous potential
flow. It is assumed that the most dangerous wave is the one whose length gives the
maximum growth rate. The simplified viscoelastic potential theory gives the critical
wavelength and growth rate to within less than 10% of the exact theory. The border of
instability to Rayleigh–Taylor fingers is given by a critical wavenumber, with stability
only when

k > kc =
√
ρa/γ,

independent of viscous and viscoelastic parameters.
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