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Numerical Model of Ward Vortex Chamber

...Inadequate top boundary condition...—> .. .difficult to model top boundary condition...
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Numerical Model of Ward Vortex Chamber

...Inadequate top boundary condition...—> ...difficult to model top boundary condition...
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Numerical Simulations of Ward Chamber

Rotunno (1979, JAS)



Fiedler Chamber
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Nondimensional Governing Equations in Cylindrical Polar Coordinates
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Fiedler Chamber

Boundary condition
14,v, w] = 0 ( 0 \w
\ g

Buoyancy force

b(r,z) = 0.5[1+cos(27zr,)] forr, =\r’ +(z—0.5)> <0.5

b(r,z)=0 otherwise

Fiedler (1994, Atmos-Ocn)



Imposed Buoyancy Force and Grid
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Imposed Buoyancy Force and Grid
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Steady Solution v. Swirl Ratio

time=150.00 rei= 1.00e-04 reit= 1.00e-03 swirl= 0.00e+00
rwid=2.0 hite=1.0 order=3 in=181 jn=181 prim

-0.14< U < 0.69 0.000< VU < 0.000 -004< W < 0.81 -0.00 < P < 0.49
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Steady Solution v. Swirl Ratio

time=150.00 rei= 1.00e-04 reit= 1.00e-03 swirl= 2.00e-02
rwid=2.0 hite=1.0 order=3 in=181 jn=181 prim
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Steady Solution v. Swirl Ratio

time=150.00 rei= 1.00e-04 reit= 1.00e-03 swirl= 5.00e-02
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Steady Solution v. Swirl Ratio

time=150.00 rei= 1.00e-04 reit= 1.00e-03 swirl= 1.00e-01
rwid=2.0 hite=1.0 order=3 in=181 jn=181 prim
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Steady Solution v. Swirl Ratio

time=150.00 rei= 1.00e-04 reit= 1.00e-03 swirl= 1.80e-01
rwid=2.0 hite=1.0 order=3 in=181 jn=181 prim
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Two-Celled Vortex
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The Two-Celled Vortex



Boundary condition
[u,v,w] =0

Fiedler Chamber
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Boundary condition @ 7z = ()

Eliminate lower boundary layer
| zero-stress condition =
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Fiedler (1994, Atmos-Ocn)



Two-Celled Vortex

Steady Solution v. Swirl Ratio

time=150.00 rei= 1.00e-04 reit= 1.00e-03 swirl= 0.00e+00
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Free-Slip @ z=0




Two-Celled Vortex

Steady Solution v. Swirl Ratio
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Two-Celled Vortex

Steady Solution v. Swirl Ratio

time=150.00 rei= 1.00e-04 reit= 1.00e-03 swirl= 5.00e-02
rwid=2.0 hite=1.0 order=3 in=181 jn=181 prim

1-0.15< U < 0.57 0.00< UV < 0.69 1-0.12< W < 0.65 1-0.41< p < 0.18

o

80 T 0.5 8.0 T 0.5 8.0 T 0.5 8.0 T 0.5
Au=0.10 Av=0.10 Aw=0.10 Ap=0.10

Free-Slip @ z=0

SUWRHE OO0 L6600 50000 00000 O N WO
ONNEBWNHOOURNOVMEWNMOONW AUV OVOFNWEBRNSO
oy g vt s ooy ooy o ©



Two-Celled Vortex

Steady Solution v. Swirl Ratio
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Two-Celled Vortex

Steady Solution v. Swirl Ratio
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Two-Celled Vortex

Circulation Around the Domain
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Two-Celled Vortex:
Balance of Buoyancy and Centrifugal Tendencies
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Conservation of Angular Momentum
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v, o Q Core size Increases with Swirl Ratio



Core Size and Max Velocity from
Free-Slip Two-Celled Vortex Experiments
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Imposed Buoyancy Force and Grid
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Two-Celled Vortex
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Summary

Fiedler Chamber also produces a realistic range of vortex structures

N WL sy

Free-slip conditions eliminate the surface boundary layer and corner flow -

Two-celled vortex has its own distinct dynamics, essentially the classic
mechanism of conservation of angular momentum
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