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Motivation
• Dynamic atmosphere

– Validation
– Comparative Planetology

• Voyager 2 (1989)
– Great Dark Spot (GDS)
– Bright Companion
– Dark Spot 2 (D2)
– Scooter
– South Polar Feature 

(SPF)
– Others: clouds, small features



2

3AIAA-2006-3727
June 7, 2006

3336th AIAA Fluid Dynamics 
Conference and Exhibit

Motivation
• Hubble Space Telescope

– NGDS32 (1994, 1996), NGDS15 (1996)
– Companion clouds, Seasonal cloud bands
– But no GDS-89, D2

Courtesy NASA/JPL-CaltechCourtesy NASA/JPL-Caltech
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Motivation
• Orbital mission to Uranus/Neptune
• Aerocapture
• Atmospheric Probes/Autonomous Aircraft

Courtesy NASA/JPL-Caltech
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GDS-89
• Presumed a roughly elliptical vortex feature
• Period of rotation ~18hr.
• Meridional drift ~1.2o/month
• Avg. Dimensions ~38o x 14o

• Slowly increasing AR
• 8-day oscillation
• Bright companion
• Lifespan of 2 – 4 years

Adapted from Stratman et al
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Northern GDS
• NGDS32, 1994 HST

– 22o x 11o, 
– rotation ~17.29 hr; 
– no significant drift
– bright companion

• NGDS15, 1996 HST
– smaller 
– may drift equatorward
– no bright companion

Adapted from Sromovsky et al
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EPIC General Circulation Model

• EPIC stands for Explicit Planetary 
Isentropic Coordinate.

• EPIC GCM has been applied to all gas 
giants, Venus, simplified Earth 

• Current version is EPIC 4.0 which includes:
– Hybrid vertical coordinate
– Cloud physics
– Improved chemistry models
– Improved turbulence models
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EPIC General Circulation Model
• Grid Sizes

– Quarter sphere
– 128 x 64 (1.4o)
– 256 x 128 (0.7o)
– 512 x 256 (0.35o) 

• Vertical layers
– few mbar to 7.5 bar
– 10, 13, 20 layers

• Dt = 30, 60 sec
• Vortex induced
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Governing Equations
• Formulation of Konor and Arakawa (MWR, 1997)
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• Sigma-theta vertical coordinate
– Terrain-following near surface
– Isentropic coordinate aloft

• Top: g = 1, f = 0 and = 

• Bottom: g = 0, f = f(0), = f( ) = f(0)

• Vertical velocity

Hybrid Coordinate ( )
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Hybrid Coordinate ( )
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Potential Vorticity

• Computation assumes PV is approximately 
conserved

• Vortex features are treated as closed contours of PV
• Elliptical fits are made on PV contours ignoring 

tail-like features
• Center for drift measurements based on weighted 

PV center within closed contour
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Initial Conditions
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Initial Conditions
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Initial Conditions

• Vortex initial conditions
– Approximately geostrophically balanced 

disturbance in Montgomery potential and 
horizontal (u, v) velocities 

– Two different PV distributions: Gaussian 
ellipsoid, GRS-like (LD)

– Parameters include vertical distribution, 
strength, aspect ratio, area, latitude 
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Previous Analytical Work

• Kida (1981) demonstrated tumbling vortex solution 
for a constant vorticity elliptical patch in a (different) 
constant vorticity background.

• Polvani et al (1990) applied Kida vortex to GDS 
motions, suggested possible local chaotic mixing of 
background.

• Meachem et al (1994) presented three dimensional 
extension of Kida in a constant vorticity ellipsoid.
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Previous EPIC Applications

• LeBeau & Dowling, 1998
– EPIC 1.x
– Simulated GDS-like vortex 

features 
– Shape and orientation 

oscillations
– Tail-like features
– Destruction of GDS
– Relationship between 

background potential vorticity 
gradient and longitudinal drift 
(best fit Qy=1/3); 
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Previous EPIC Applications

• Stratman et al., 2001
– EPIC 2.x
– Cloud model produced bright companion features
– Gaussian vortices, problems with fast drift
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Previous EPIC Applications

• Dowling et al, 2006
– EPIC 4.x
– Repeated simulations from 

LeBeau & Dowling, 1998
– Best fit to meridional drift 

was Qy=0
LD98
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Vortex Parameters

0.64
0.32

nominal

N2

LD 
Gaussian

Type
27o S 
32o S 
36o S 
39o S 
43o S

l 0

[0,0.2,0.6,1.0,1.0,0.5,0]
200, 500, 1000 mbar

1.0 
1.3
1.5

1.0
1.5
2.0

0 
1/6
1/3
2/3

1

DepthLStrQy
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Qy=1/3
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Qy=0
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Drift Rate

LD
N2=0.64

Gaussian
N2=0.64
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Drift Rate

46.2500 mbar1.01.00.6427o S1/3Gaussian
21.0200 mbar1.01.00.6427o S1/3Gaussian
20.3500 mbar1.01.00.6427o S1/6Gaussian
14.5200 mbar1.01.00.6427o S1/6Gaussian
-0.3500 mbar1.01.00.6427o S0Gaussian

0.64

0.64
0.64
0.64
0.64
0.64
0.64

N2

-0.3200 mbar1.01.027o S0Gaussian
42.2[0,0.2,0.6,1.0,1.0,0.5,0]1.01.032o S1LD

47.31000 mbar1.01.027o S1/3Gaussian

LD
LD
LD
LD

Type

32o S
32o S
32o S
32o S

l 0

2.2[0,0.2,0.6,1.0,1.0,0.5,0]1.01.01/3
4.6[0,0.2,0.6,1.0,1.0,0.5,0]1.01.02/3

2.1
1.2

Drift
(o/m)

[0,0.2,0.6,1.0,1.0,0.5,0]1.01.01/6
[0,0.2,0.6,1.0,1.0,0.5,0]1.01.00

DepthLStrQy
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Drift Rate

LD
N2=0.64
Qy=1/3

Gaussian
N2=0.64
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Drift Rate

2.2[0,0.2,0.6,1.0,1.0,0.5,0]1.01.00.6432o S1/3LD

46.2500 mbar1.01.00.6427o S1/3Gaussian
21.0200 mbar1.01.00.6427o S1/3Gaussian
20.3500 mbar1.01.00.6427o S1/6Gaussian
14.5200 mbar1.01.00.6427o S1/6Gaussian
-0.3500 mbar1.01.00.6427o S0Gaussian

0.64

0.64
0.64
0.64
0.64
0.64

N2

-0.3200 mbar1.01.027o S0Gaussian

47.31000 mbar1.01.027o S1/3Gaussian

LD
LD
LD
LD

Type

32o S
32o S
32o S
32o S

l 0

1.2[0,0.0,0.0,0.4,1.0,0.4,0]1.01.01/3
3.8[0.2,0.6,1.0,1.0,0.5,0,0]1.01.01/3

2.1
2.2

Drift
(o/m)

[0,0.0,0.4,1.0,1.0,0.4,0]1.01.01/3
[0,0.4,1.0,1.0,1.0,0.4,0]1.01.01/3

DepthLStrQy
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Drift Rate

N2=0.64
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Drift Rate

LD Gaussian
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Drift Rate

LD
N2=0.64
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Vortex Parameters

LD

LD

LD

LD

Type

0.64

0.64

0.64

0.64

N2

34o S

34o S

34o S

32o S

l 0

[0,0.2,0.6,1.0,1.0,0.5,0]1.31.51/6

[0,0.2,0.6,1.0,1.0,0.5,0]1.31.51/3

[0,0.2,0.6,1.0,1.0,0.5,0]1.32.00

[0,0.2,0.6,1.0,1.0,0.5,0]1.32.00

DepthLStrQy
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Qy=1/6
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Qy=0
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Drift Rate
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Morphology

k = 6                    k = 7                    k = 8

Qy=1/6
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Morphology
Qy=1/6, k=7
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Morphology
Qy=1/6, k=7
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Morphology

Qy=0, k=7
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Morphology
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Summary

36o S

34o S

34o S

32o S

l 0

0±0.050.33±0.072.81.1[0,0.2,0.6,1.0,
1.0,0.5,0]

1.31.51/6

0±0.020.33±0.024.20.3[0,0.2,0.6,1.0,
1.0,0.5,0]

1.31.51/3

0.38±0.02

0.45±0.07

AR

-0.1

0.5

Drift

(o/m)

4.8

3.9

Period

(days)

0±0.03[0,0.2,0.6,1.0,
1.0,0.5,0]

1.32.00

0±0.08[0,0.2,0.6,1.0,
1.0,0.5,0]

1.32.00

Phi

(rad)

DepthLStrQyc
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Conclusions

• EPIC 4.x simulations support vortices with similar 
drift rate and morphology as the GDS (and NGDS).

• Qy still influences drift rate with same tendencies, 
but…

• Drift rate appears to increase with latitude as well.
• Deeper spot appears to reduce drift rate of LD vortex.
• Deeper spot appears to increase drift rate of 

Gaussian vortex.
• Effect of vertical profile on drift rate is small except 

for high drift rate/high latitude vortices.
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Conclusions

• Aspect ratio of vortices needs to be higher (0.3 vs. 
observed 0.4) but may be related to latitude.

• Variation of aspect ratio, orientation angle is Kida-
like, but with smaller amplitude.

• Tail formation is intermittent, can be quite 
prominent.

• Vortex initiation process need improvement with 
EPIC 4.x, but spots seem to be self-organizing.

• Longer simulations (several months) may be 
necessary to improve confidence in results.


