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Numerical Simulations
SURFRCE VECTBR PLOT AT TIME= 180.00MIN

TOPB CONT INT=941.3S(M) EXPERIMENT FRO2 ; MODEL= 2
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Hunt and Snyder (1980)
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|dealized Numerical
Simulations

Smolarkiewicz and Rotunno
(1989a)



Source of Vorticity?

Du

momentum —=-Vp+B kiFE
Dt
DB
energy =P
Dt Q
continuity V-i=0
Do . __. -~ .
vorticity ?i):a)-Vu—kaBqLVxF

Assume Newtonian fluid with constant viscosity ' = V x IE = szcT)

0=u,v,w) a=(&n<)
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Baroclinicity produces D &, = (& V)Uh _|2>< VB

horizontal vorticity Dt
N
| )« B=const.
o ! ®o— ] ¢ |usp=-0,B+-=
~ | n=-B/U<0 (B>0)

X
n<0 ¥
tilting produces £ <0 D W
vortex pair ® ‘gbo I_,X Ff:nng

Smolarkiewicz and Rotunno
(1989a)



Vortex Lines on B surface

d=w-VB=0

Smolarkiewicz and Rotunno
(1989a)



A different interpretation: Creation of potential vorticity g defines lee vortex
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Recent Work

Epifanio and Rotunno (2005,JAS)

-New high—resolution simulations
-Zero stress on surface rigorously enforced

-Contribution to total flow from 3D vorticity deduced



Two types of wake formation

Nz/U

Wave Breaking
N,U constant

Upstream blocking
2-layer N with U constant

2D Obstacle / 3D y-periodic domain



Case with Upstream Blocking

-Following graphs shows evolution of a
surface of B=constant

- Flow induced by 3D vorticity field

U=Vy+Vxy
V-i =0 = Viy=0
Vxli=0d=>V(V-w)-VyY=0
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-All the vortical flow originates with baroclinicty

-For low aspect ratio obstacles H/ L << 1
almost all of the rotational flow induced by the horizontal
vorticity components

full vorticity inversion small H/L inversion




Summary

- Baroclinicity is a fundamental source of lee-
| vortex vorticity in stratified flow

- Numerical simulations of an initial-value
problem show vortex formation as an
adjustment under gravity of constant density
surfaces displaced by the motion of the
obstacle relative to the fluid.




