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Wind-Wave Coupling

• Growth rates found by Miles
and Phillips
• Numerical simulations reveal

air field
• Simulations often use static
wave shape
• Phase-averaged quantities
• How does wind affect wave

shape?
Figure 1: LES simulation of pressure above a wave (Hara
and Sullivan 2015).
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Wave Shape

• Experimental measurements of wave
shape
• Leykin et al. (1995)
• Feddersen and Veron (2005)

• Effects of wave shape:
• beach morphodynamics
• microwave backscatter wave

measurements

• Phase angle β and amplitude A2 (deep
water):
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Figure 2: kh = 0.85, ak = 0.21. Reproduced
from Feddersen and Veron (2005).

ηk = (ak) sin k(x− ct) + 1

2
(ak)2A2 sin[2k(x− ct) + β]
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Setup 1

• Incompressible, irrotational, inviscid, 2D flow
• η(x, t) and ∇φ(x, t, z) = ~u

• Pressure enters Bernoulli equation

0 = gη +
∂φ

∂t

∣∣∣∣∣
z=η

+
1

2

(∂φ
∂x

)2

+

(
∂φ

∂z

)2

∣∣∣∣∣∣∣
z=η

+
pa
ρw

∣∣∣∣∣
z=η

• Stokes waves pa = 0; we need pa 6= 0

• Need to specify pressure distribution
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Forcing Types
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Setup 2

• Four free, nondimensional parameters:
• ak (amplitude)
• kh (depth)
• P ∝ γ/f (pressure magnitude)
• ψP (wind phase)

Figure 3: Hara and Sullivan (2015).
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Figure 4: Reproduced from Banner and Song
(2002)
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Mathematics

• Finite depth kh ≥ 1

• Method of Multiple Scales
• η = (ak)η1 + (ak)2η2 + . . .
• t0 = t, t1 = (ak)t, t2 = (ak)2t, . . .

• Miles gives β = 0 and A2 = 1

• Inconsistent with experiment (Leykin et al. 1995)
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Results: Effect of Pressure Magnitude
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Results: Effect of Depth

−0.5π

0π

0.5π

P
ha
se

A
ng

le
β

Wave Shape vs Depth: ψP = 3π/4, ak = 0.1

100 101 102

Depth kh

0.0

0.5

1.0

1.5

H
ar
m
on

ic
A
m
pl
itu

de
A

2
/A
′ 2

PJ = 1

PG = 1

PJ = 10−1

PG = 10−1

PJ = 10−2

PG = 10−2

9



D
ra
ft

Conclusion

• Used Method of Multiple Scales to couple surface pressure to Stokes wave
• Wind can change wave shape: β and A2

• Different pressure types yield different β and A2

• Miles-type gives β = 0
• Experiments show β 6= 0

Future Work:
• Shallow water kh� 1

• Consider more complex pressure forcings
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