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Introduction
Head on collision of drops is a widely used technique to

identify coalescence in blends. That is achieved by calculating

the drainage time of the thin film between the colliding drops.

In many applications, one or both of the phases may exhibit

viscoelastic properties which modify the rheology of the blend.

Method
Here, the blend is assumed to consist of Newtonian drops,

suspended in a viscoelastic matrix. Furthermore, both phases

are incompressible, and inertia is neglected. The drop

interface is modelled as a sharp interface, and we impose a

symmetry condition between the drops, while using an

axisymmetric coordinate system. The Giesekus model is used

to describe the additional viscoelastic stresses. To discretize

the resulting equations in space we use the finite element

method. In Fig 1a, the initial geometry of a suspended

spherical drop is presented. Fig 1b, shows the dimple shape

that interfaces form, when drops come close to each other.

Fig. 1 (a) Initial geometry of a drop in an axisymmetric coordinate 

system and (b) schematic representation of two touching drops.

Results
We study the effect of the Weissenberg number, 𝑊𝑖 = 𝜆  𝜖, and

the capillary number, 𝐶𝑎 = 𝜂0𝑅  𝜖/Γ, on the distance of the drop

interfaces. Herein, 𝜆 is the relaxation time,  𝜖 is the elongation

rate, 𝜂0 is the zero-shear viscosity of the matrix, 𝑅 is the drop

radius and Γ is the surface tension. We validated our method,

using a Newtonian matrix, by comparing with results obtained

using the boundary integral method [1]. In Fig 2, it can be

seen that there is a good agreement. Here, ℎmin, ℎcent are the

minimum and centreline interface distances respectively.

Fig. 2 Model validation using results obtained with the boundary integral

method for Ca = 0.05.
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Fig. 3 Effect of (a) decreasing 𝐶𝑎 and (b) increasing 𝑊𝑖 on the collision

dynamics normalized by the initial distance.

Fig. 4 Change of radius 𝑟f when (a) decreasing 𝐶𝑎 and (b) increasing 𝑊𝑖 .

In Fig 3a, the effect of reducing the 𝐶𝑎 number, while keeping

𝑊𝑖 = 0.05 constant is shown. For sufficiently large 𝐶𝑎 numbers

the two drops will just bounce. Only for small 𝐶𝑎 number two

drops can coalesce. A similar effect can be seen in Fig 3b,

where the 𝑊𝑖 number is increased for a constant 𝐶𝑎 = 0.05. We

conclude that the viscoelasticity promotes coalescence. Fig 4,

shows that the radius 𝑟f is not affected significantly by

increasing the 𝑊𝑖 number. When the 𝑊𝑖 number is further

increased, vortices appear in the thin film and the flow becomes

shortly unstable (Fig 5).

Fig. 5 Vortex formation between the two drops for 𝑊𝑖=0.45 and 𝐶𝑎=0.1.

Conclusions
We have presented axisymmetric numerical simulations of two

drops under biaxial elongation flow. It can be seen that

viscoelasticity speeds up film drainage and can lead to flow

instabilities.
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