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Turbulent Ekman Layer



“The mystery of the 45º waves”

N/f = 32 dw/dz

x/δ

z/δ

Previous Studies:

  Grid-generated Turbulence (Linden 1975, 
E&Hopfinger 1986, Dohan+Sutherland 2003,2005, 
etc.)

  Wakes (Bonneton et al. 1993, Gourlay et al. 2001, 
Spedding 2002, Diamessis et al. 2005, etc.)

  Shear Layers (Sutherland & Linden 1988, 
Sutherland et al. 1994, Basak & Sarkar 2006, etc.)

  Gravity Currents (Flynn & Sutherland 2004, etc.)

  Topographic Lee (Aguilar & Sutherland 2006, 
etc.)
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Internal Wave Characteristics
For waves with largest dw/dz
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Viscous Decay Model
Kinetic and Potential Energy Eqns. for linear waves:
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Combine using wave energy, W=K+P 
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Viscous Decay Model

For waves in a slowly varying medium ∇ · cg ≈ 0

and neglecting viscous diffusion:
DW

Dt
= −2ν|k|2W

where D/Dt is time derivative following cg

In terms of the vertical velocity amplitude (A):
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Viscous Decay Model
From the dispersion relation for internal waves:

cgz =
kh

ω|k|2
(ω2 − f2)1/2(N2 − ω2)1/2 =

dz

dt

The amplitude of the vertical velocity in a lab 
reference frame is:

A(z) = A0

|k0|

|k|
exp[

−νω

kh
(ω2 − f2)−1/2

∫ z

0

|k|4(N2 − ω2)−1/2dz′]

Given                 we can then predict the wave 
amplitude, A(z) using the viscous decay rate

A0(kh, ω)



Viscous Decay Model
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3D Visualization
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Top-Down View
N/f = 75

θ′, z/δ = 0.17∂w/∂z, z/δ = 0.6x
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Symmetric Instability
•  Occurs at very strong fronts when the potential 
vorticity is negative (PV < 0)

•  Since PV is conserved, an isolated instability cannot 
arrest itself.

ColdWarm Heat flux Wind Stress

Mixed Layer (with PV<0)

Thermocline (PV>>1)
Interfacial flux



Secondary K-H Instability

Submitted to JPO, 2008



Secondary K-H Instability
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Bacterial Advection

Green = Nutrient

Red = High  bacterial 
concentration

Blue = Low bacterial 
concentration

Bacteria have the ability 
to swim up gradients 

(chemotaxis)


