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We study the mixing of two different density perfect incompressible fluids subject to gravity,
when the heavier fluid is on top. It is well-known in the physics literature that in such a case an
instability forms on the interface between the fluids which eventually evolves into turbulent mixing.
The mathematical model is given by the inhomogeneous incompressible Euler equation:
∂t (ρv) + div (ρv ⊗ v) + ∇p = −ρge2 ,
div v = 0,
∂t ρ + div (ρv) = 0,
where ρ : R2 × [0, T ] → R denotes the fluid density, v : R2 × [0, T ] → R2 is the velocity field,
respectively p : R2 × [0, T ] → R is the pressure field, g > 0 is the gravitational constant and
e2 = (0, 1). We consider initial data v0 ≡ 0 and

ρ+ when x2 > 0,
ρ0 (x) =
,
ρ− when x2 ≤ 0,
with ρ+ > ρ− > 0.
In the spirit of the celebrated results by De Lellis and Székelyhidi Jr. [2] for the homogeneous
incompressible Euler equation, we develop a convex integration strategy for this model to obtain
non-uniqueness of weak solutions. We also prove that in a particular class of weak solutions, the
−ρ−
maximal diameter of the mixing zone (up to a constant) grows like Agt2 (where A = ρρ+
denotes
+ +ρ−
the Atwood number), a property that has also been observed by the physics community [1].
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