
Jet

1 Free Shear Flow

1.1 Overview

Free shear flows are types of fluid flows far away from solid boundaries in which
the velocity varies across the flow, causing shearing action. This variation in velocity
causes momentum to be transferred from one layer to another, leading to shear stress.

1.2 Types

1. Jets: These occur when fluid is ejected from a nozzle into a still fluid.

2. Wakes: These occur when fluid flows past a bluff body, causing a region of low
pressure and turbulent flow behind the body.

3. Mixing layers: These occur when two parallel streams of fluid at different ve-
locities come into contact.

4. Shear layers: These occur when there is a significant velocity difference across
a relatively thin layer of fluid.

2 Jets

2.1 Assumptions

1. Incompressible, 2D

2. Steady flow

3. Momentum diffuses from a central source, spreads over increasingly wider region
downstream, but momentum is conserved overall.

2.2 Governing Equations

Start from incompressible, 2D, steady flow:
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Figure 1: Jet.
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Because no solid boundaries to impose any pressure gradients, and x momentum is
much larger than y momentum:
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Put it back:
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Integrate over y:∫ ∞
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Boundary Conditions:

1. u(x,∞) = 0

2. u(x, 0) = U0(x)

3. u(x,−∞) = 0

Therefore, ∫ ∞

−∞

∂u2

∂x
dy = 0 (10)

∂
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u2 dy = const (12)

Here, we define M as the momentum flux,

M = ρ

∫ ∞

−∞
u2 dy (13)

Now we assume u(x, y) = U0(x)g(η):

M

ρ
=

∫ ∞

∞
U2
0 (x)g

2(η)δ(x) dη (14)

Based on momentum conservation, we get:

U 2
0 (x)δ(x) = const (15)
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2.3 Jet Entrainment

Jet entrainment in fluid dynamics refers to the process by which a jet of fluid
incorporates surrounding fluid into its flow. As a fluid jet exits a nozzle, it interacts
with the surrounding stagnant fluid (which could be a gas or a liquid), resulting in
the transfer of momentum from the jet to the stagnant fluid. This interaction causes
the surrounding fluid to be ”entrained” or drawn into the jet, which causes the jet to
spread and slow down. This principle has many practical applications. For example,
it’s utilized in the design of jet engines, where air from the surrounding atmosphere is
entrained to facilitate combustion.
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