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A Study on the Collapse of Spherical Bubbles in Non-Newtonian
Fluids Using a Finite Element Method in the Lagrangian Frame
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Abstract— In this research, the collapse of a spherical caviation bubble contained in a large body of upper con-
vected Maxwell fluid was studied theoretically. A fully explicit numerical scheme was developed which could track
the bubble surface without iteration. It was observed that, when Re was less than 10, fluid elasticity accelerated the
collapse in the early stage of collapse while in the later stage it retarded. When Re was larger than 10, however, fluid
elasticity was no longer effective in changing the pace of collapse due to the large inertia. The retardation for Re<10
was expected to be related with the reduced cavitation damage in viscoelastic fluids.
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Fig. 1. The Physical process. A cavity collapses in
a viscoelastic fluid under a pressure dif-
ference p_. The outer boundary is chosen
so that the motion outside the boundary is
neglected and only the pressure exerts a
inward radial force.
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Fig. 2. Atypical bubble collapse curve (Re=2 and
De=0.5). The Rayleigh solution is also
shonw for comparison. Solid line: radius.
Deshed lone: velocity.
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Fig. 3. The effect of Deborah number on the bub-
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NOMENCLATURE

. Deborah number
: deformation gradient
1 variational integral
. Jacobian
number of element
. number of node
: pressure
1 r coordinate
. initial radius of the bubble
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: Reynolds number

. surface of the control volume
: time scale

. time

. velocity

: volume of the control volume

Greek Letters

& : Kronecker delta

n @ viscosity

A : material time

p : density

¢ . coordinate in the element
¢ : shape function of r

¢ : shape function of p
Superscripts

: old time
: variable with dimensions
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