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Introduction
Understanding the rheology of bubble suspensions is essential
in order to improve manufacturing processes. Bubble
suspensions are encountered in nature as magmas, in food
industry where the gas phase can change material properties
such as texture. The suspended gaseous phase can reach
volume fractions up to 50% and for foams even more.

relaxation time 𝜆 = 𝜇𝑅/Γ, where 𝜇 is the polymer viscosity, 𝑅 the
bubble radius and Γ the surface tension. For validation we
compare our results with the linearized Frankel and Acrivos
model [1] (Fig. 3a) and study the importance of higher-order
terms by looking at the dynamic viscosity 𝜂′ (Fig. 3b).
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Fig. 1 Examples of bubble suspensions in nature and in everyday
products.

Method and objective
For the purpose of this work we assume that the bubbles are
monodisperse and they are not subject to Brownian motion.
The fluid is assumed to be Newtonian, incompressible and
inertia is neglected. The bubble interface is modelled as a
sharp interface and we apply triperiodic boundary conditions.
To discretize the resulting equations in space we use the finite
element method. For the time discretization second-order
backward differencing is used. In Fig. 2 the initial geometry of
the suspended spherical bubbles is presented. We are going
to use this method to study the change in rheology of a fluid
due to the presence of bubbles.

Fig. 3 (a) Model validation for 𝜙 = 0.01 and (b) importance of the higherorder 𝜙 terms as the volume fraction increases.

In Fig. 4a the effect of the increasing volume fraction for the
case of a single bubble is depicted. In the low frequency regime
the bubbles act as rigid fillers, thus leading in an increase of
viscosity when the volume fraction increases. On the other
hand, when the frequency is high, more strain is accommodated
by the gaseous phase. Since the bubbles are inviscid this lead
in a decrease of viscosity. In Fig. 4b we can see the effect of a
random distribution of multiple bubbles compared to an ordered
structure of a single bubble.
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Fig. 4 (a) The relative viscosity for a range of volume fractions is plotted
for the case of single bubble and (b) compared with a random distribution.

Fig. 2 Initial geometry of a random distribution of bubbles.

Results
The macroscopic problem is described by a triperiodic
representative domain. To probe rheological properties an
oscillatory strain is applied while ensuring that we remain in
the linear regime. Bulk properties such as the relative viscosity
𝜂𝑟 can be measured. We study the effect of volume fraction 𝜙
to the relative viscosity over the scaled frequency 𝜆𝜔 with
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Conclusions
We have presented 3D numerical simulations of bubbles
suspended in a Newtonian fluid subject to oscillatory strain. The
presence of bubbles changes the viscosity and the behavior of
the material changes, giving it viscoelastic properties.
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