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Studies for
the Effect of Surface Waves on Circulation
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3D Eulerian framework
(Craik and Leibovich, 1976)
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3D Eulerian framework (Craik & Leibovich, 1976)

o.U =-Vp/ Ui =0
0, U, + U’ VU’ = -Vp!
0,U;+ UV (0> + U )+ (U + U VU] = -V



Time scale of Langmuir Circulations is a 28
two orders slower than wave period T 04 y

0, Uz +Ve(U2U: )+ Vo(UT') =-Vp,

Vo(U'U')4 = Vo(UIUg) + V.(U;U;) + V'(UQUI)



Time scale of Langmuir Circulations is a 28
two orders slower than wave period T 04 y

0, Uz +Ve(U2U: )+ Vo(UT') =-Vp,
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3D Eulerian framework (Craik & Leibovich, 1976)

d, U =-Vp] U, =0
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VxU =0
VxU, =0
0,(VXU) ==V x| Uj+V (U + U3 )+ (U2 + U; VU |



Time scale of Langmuir Circulations is a 28
two orders slower than wave period T 04 y

0, Uz +Ve(U2U: )+ Vo(UT') =-Vp,

:+ (V X U;) x U’ =-0, (V X U;) x X'



X = [ U

Stokes __ / /
Craik and Leibovich momentum equations

(BT + 62'V)62 I (V X 62) X Ugmkes

Vortex Force

— —V7Z'4



3D Lagrangian framework

(Leibovich, 1980)
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(x,y,z) Eulerian-Cartesian coordinates (u,v,w) =

(a,b,c) — ()_CL,yL,EL) Lagrangian coordinates d(x,y,z) / dt
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Transformed Expression
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(x,y,z)— (a,b,c)
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Vertically Lagrangian
Horizontally Eulerian

framework
(this study)
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Generalized Lagrangi
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Equations in VLHE coordinates

(90 + V- (25V) + (50"), = 0,
(V)i + V- (2, VV) + (z;w' V), = —zV(p+n)+p, V=2,

(zsw)e + V- (z;Vw) + (z;w w),

— Pz

Aiki & Greatbatch (2012, JPO)



No background vertical flow

tC Blue line:
the vertical position of control cell



With background vertical flow (e.g. horizontal divergence of Langmuir Circulations)

W —

c Blue line:
the vertical position of control cell
Red Arrow:

the vertical position of water particle



Equations in VLHE coordinates

(29)e + V - (22V) + (22u"): = 0,

(V)i + V- (XVV) + (V). = —2V(p+n) +p. V=",

— Pz

(zow)e + V- (25 Vw) + (z;w w),

A = 2¢A

Thickness Weighted Mean operator



Thickness Weighted Mean (TWM) Equations

V-V+u, = 0,

Vi+V-(VV)+ (w'V),+R8Y = —V(p+7)+FsY.
0+ V- (VD) + (0*d), + RSY = —p,.
({\77 17]\*) Total Transport Velocity

Aiki & Greatbatch (2012, JPO)



Thickness Weighted Mean (TWM) Equations

V-V+uw, = 0
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Form Stress Term
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Prognostic variable in the original equation system

(i\f7 Q/U\*) Total Transport Velocity

Prognostic variable in the transformed equation system
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Prognostic variable in the original equation system

N7 5 Total Transport Velocity
(V, w ) = Lagrangian mean velocity

Prognostic variable in the transformed equation system

/ u + ~il; ill \ / az / _l_:ilé 0 M \ ( n \
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\ @+ el CI R YA
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total transport velocity pseudomomentum
Eulerian Lagrangian Stokes-drift
mean = mean - velocity

velocity velocity
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Summary

Vertical

Horizontal

Radiation Stress

Vortex Force

Integrated

Eulerian

Longuet-Higgins &
Stewart (1964)

Garrett (1976)

Eulerian

Eulerian

Craik & Leibovich (1976)
Flux-divergence-form-{Reynolds-stress)

Vector-invariant form
(3" order vorticity Eq.)

Lagrangian

Lagrangian

Leibovich (1980)
Yricinal onlF )
; ) ble: LM velogi
Transformed expression
Prognostic variable: EM velocity
= LM velocity - psudomomentum

Lagrangian

Eulerian

Mellor (2003)
Aiki & Greatbatch (2012)

»Horizontal Reynolds stress
» Form stress
» Prognostic variable:

Total Transport velocity

»Horizontal Reynolds stress term is
transformed as in CL76
> Form stress term is transformed as in

Leibovich (1980)
» Prognostic variable: EM velocity:

=Total Transport velocity
- pseudomomentum
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the Effect of Surface Waves on Circulation

Vertical | Horizontal | Incompressibilit Surface Viscosity Spectrum
P y Boundary Term Shape
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Generalized Lagrangian Mean theory
(Andrews & Mclintyre, 1978)

* Prognostic variable in wave-averaged momentum Egs.
Original expression: LM velocity
Transformed expression: LM velocity - pseudomomentum
(Lamb, 1932, page 13; Lagrange, 1788, page 441-447)

* Hybrid Lagrangian-Eulerian coordinates
(lwasaki, 2001; Jacobson and Aiki, 2006)

* Lagrangian pseudomomentum


http://books.google.co.jp/books/about/M�chanique_analytique.html?id=HTEVAAAAQAAJ&redir_esc=y

black line: surface of fixed density Jacobson & Aiki, 2006, JPO
blue line: surface of fixed z

Filter Filter
Window A Window B

Zz=-1000m

Zz=-1500m

Zz=-2000m

z=-2500m

Zz=-3000m




Stokes-drift velocity and its relatives

Stokes drift velocity
(Longuet-Higgins, 1953)

/7 7 /7 _7
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Quasi-Stokes velocity
(Andrews & Mclntyre, 1976;

lwasaki, 2001;

McDougall & Mclntosh, 2001)
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Eulerian pseudomomentum
(Bretherton, 1971; Buhler, 2009)
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Lagrangian pseudomomentum
(Andrews & Mcintyre, 1978)
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XU —zw

TWM pseudomomentum

(Aiki & Greatbatch, under revision)
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