
Wake and Mixing Layer

1 Wake

1.1 Overview

In fluid dynamics, a ”wake” refers to the region of disturbed flow (often turbulent)
downstream of a solid body moving through a fluid (liquid or gas). The wake is caused
by the body obstructing the fluid flow. This obstruction creates a trail of turbulence,
decreased pressure, and fluid velocity variation.

Figure 1: Wake.

1.2 Boundary Conditions

1. At y = 0, u(x, y) is minimum

2. At y = 0,
∂u

∂y
= 0, v = 0 by symmetric

3. At y = ±∞, u = U∞ = const
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1.3 Governing Equations

Start from general free shear flow equations:

∂u

∂x
+

∂v

∂y
= 0 (1)

u
∂u

∂x
+ v

∂u

∂y
= ν

∂2u

∂y∂y
(2)

Define u1(x, y) as the velocity deficit, then:

u1(x, y) = U∞ − u(x.y) (3)

(U∞ − u1)
∂u1
∂x

+ v
∂u

∂y
= ν

∂2u

∂y∂y
(4)
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2 Mixing Layer

2.1 Overview

In fluid dynamics, the mixing layer is a type of shear flow which occurs when two
parallel streams of fluid flow at different velocities. The difference in velocities at the
two layers generates a shear stress and, through viscous effects, triggers instabilities
that cause the two layers to mix together. This process is important in a variety of
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physical phenomena, from meteorological patterns in the atmosphere to flow in rivers
and oceans, to the spread of pollutants, and in industrial applications.

Figure 2: Mixing Layers.

2.2 Boundary Conditions

1. y → +∞ : u → u1, v → 0

2. y → +∞ : u → u2, v → 0

3.

y = 0 :


u(0+) = u(0−)

v(0+) = v(0−)

µ∂u
∂y
|0+ = µ∂u

∂y
|0−
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