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Abstract

Based on data from the WFC3/UVIS instrument on board the Hubble Space Telescope (HST), we
presented a theory describing the effect of zonal jets in the Great Red Spot (GRS) of Jupiter. The
charged dust cloud and neutrals with background of un-bounded plasma is used as a modelling
tool for driven-dissipative complex flow systems in nature. We predicted structural variations of
self-organized vortices in Jupiter's atmosphere, such as the GRS and White Ovals. The steady state
flow linear and nonlinear solutions are obtained using a 2D hydrodynamic model. The steady
driven dust circulation of the vortices in Jupiter's atmosphere are revealed by these linear and
nonlinear solutions. Inner structural changes connected to driving fields rather than kinematic
viscosity, it is demonstrated that high-speed collar rings that are persistent around the uniform
vorticities of the GRS. This analysis also illuminates the role played by the driving field,
boundaries, and Jovian parameter in establishing the typical size, circulation direction, strength,

and drift of the vortices in atmosphere of Jupiter.
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1. Introduction

The atmosphere of Jupiter, the largest planet in the solar system, supports a variety of dynamical
behavior, ranging from micro-level turbulence and instabilities to macro-scale stable zonal jets and
vibrant vortices (Marcus, 1993; Marcus, 1993; Vasavada et al., 1998). The Great Red Spot (GRS),
White Ovals, as well as band structured Belts and Zones connected with the sheared zonal jets are
the most prominent aspects in atmosphere of Jupiter (Simon et al., 2014; Choi, et al., 2010; Marcus
and Shetty, 2011). At central latitude 22.3° S of Jupiter (where 1° = 1160 km), the GRS is an
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incredible, enduring large anticyclone cloud vortex with dimensions of 14.1° longitude and 9.4°
latitude (Simon et al., 2018), while the White Ovals are comparatively small vortices seen at
latitudes 33.8° S, 41.8° S, and 19.0° N (Vasavada et al., 1998; Choi et al., 2010; Marcus and Shetty,
2011). White Ovals and GRS both have dormant central regions of symmetric vorticity
surrounding by collar rings of fast flow that separate the central regions from adjacent feeble flows
(Vasavada et al., 1998; Mitchell, et al., 1981).

The previously observed characteristics in atmosphere of Jupiter have been confirmed by
NASA's spacecraft (Juno-2018) including the interior rotating period of GRS is decreasing, the
giant vortex is contracting at a rate of 0.19°/year along latitude and 0.048°/year along longitude.
The inclusive shape is becoming more circular with passage of time and barely noticeable changes
in the flowing zonal jets are seen (Simon et al., 2014; Simon, et al., 2018). Many mysteries
adjoining the physical explanation in vortices of Jupiter such as the driving mechanism, drift of
GRS on the plane, the continual shape change, the existence of collar rings of fast flow in the
dormant core, the long-lasting perseverance of the vortices, and the actual 3D shape, among others
are still unrevealed even subsequently several decades of observations and analysis (Vasavada et
al., 1998; Simon et al., 2014; Rogers, 2008; Simon-Miller, et al., 2002). The shape and long-term
sustainability in GRS of Jupiter render it distinctive among vortices that are generate on the other
planets in our solar system. Nevertheless, it additionally behaves as a stereotype in a category of
"pancake vortices" that are anticyclones with the background of fluids (steadily flowing).
Rendering to theoretical explanations of laboratory experiments and data of velocity fields in
Jovian vortex, pancake vortices have a width that is considerably lesser than their horizontal
dimensions. According to Sun et al., 2018 both exciting (turbulence) and trapping (bulk transport)
mechanisms are used by terrestrial ocean eddies to convey heat meridionally. Though trapping
could be considerable on Saturn, where pole-ward migration of the anticyclone produced by the
2010 Great White Storm (Hueso et al., 2020; Sayanagi et al., 2013). On the other hand, trapping
could not be ensured on Jupiter due to main vortices being surrounded by jets that bound
meridional migration. Marcus, 2004 anticipated that the exciting mechanism, which is governed
by the chaotic behavior of three white ovals close to 34° S at Jupiter, could transform, possibly
resulting in a change in temperature at that latitude. But the evidence is questionable given that
later Oval changed its color back to white (Simon, 2015). It may be possible to analyze different
planetary fluid systems, from the fluids on small planets to the atmospheres of gigantic planets by



studying the evolution of vortices across time. Recently, Wong et al. 2021 acquired Data by
HST/WFC3 (Dressel, 2021) over the time period 2009-2020 and used the Advection Corrected
Correlation Image Velocimetry (ACCIV) method to recover the velocity field. This method was
created specifically to measure velocities along curved routes in Jupiter's anticyclones (Asay-
Davis et al., 2009; Asay-Davis, 2015). Although the region just outside the high-speed ring is also
a part of the vortex, they adopt the ring of high-speed winds as the definition of the vortex

dynamical border since it best describes the overall dynamical structure of the GRS.

Several fluid models that include the concept of potential vorticity deduce vortices as
Rosshy solitons. The flow profiles, ongoing structural variations and horizontal drift velocity are
only a few of the many critiques that have been levelled with this concept (Marcus and Lee, 1994;
Dowling and Ingersoll, 1989). Additionally, it has been suggested that the energy from small-scale
eddies and moist convection from the deep interior of Jupiter's interior drive both the streaming
zonal jets and the vortices of its atmosphere (Ingersoll et al., 2000). However, it is unlikely that
these processes are the primary causes of such massive vortices. The actual mechanisms
underlying the dynamics and distinctive features of these vortices are still unknown. The GRS and
White Ovals, on the other hand, are described as complex flow systems made up of a variety of
species, including NHs, CHa, Ar, NH4SH, H2O-ice, dust and charged particles that are in dynamic
equilibrium with the zonal jets and other forcing factors like the Coriolis force and thermo-
convection moist (Marcus, 1993; Loeffler et al., 2016; Weidenschilling and Lewis, 1973).
Moreover, the position and shear intensity of the streaming jets, which think to be the primary
source of the vortices on Jupiter are significantly connected with the size, strength, and direction
of the vortices in the planet's banded structure (Vasavada et al., 1998; Choi, et al., 2010; Mitchell,
et al., 1981; Rogers, 2008). It has been demonstrated that GRS has extensive relatively stable
vertically divided deeper layers inside of thin, wide upper layers, which have minimal effect on

the dynamics of the uppermost layers (Marcus, 1993; Vasavada et al., 1998).

The major goal of this study is to give the theory that describes the dynamical
characteristics of the GRS, which is based on data (Wong et al. 2021) from the WFC3/UVIS
instrument on board the Hubble Space Telescope (HST). We presented mathematical model that
analyzed the charged dust cloud's linear and nonlinear behavior in an environment with unbounded

streaming plasma similar to the GRS. In reality, higher dimensional nonlinear partial differential



equations (NPDEs) should be used to represent the linear and nonlinear dynamics of the real
planetary atmosphere. The KdV equation and the mKdV equation in (2 + 1) dimensional situations
have been examined by several researchers in a variety of scientific fields, including plasma
physics, space science, ion-acoustic waves, shallow water waves, and others (Kadomtsev and
Petviashvili, 1970; Groves and Sun, 2008; Infeld and Rowlands, 2001; Zakharov and Kuznetsov,
1974). It is commonly known that the (2 + 1) dimensional model equations of Kadomtsev-
Petviashvili and Zakharov-Kuznetsov are used to describe shocks, solitons and vortex dynamics
(Kadomtsev and Petviashvili, 1970; Zakharov and Kuznetsov, 1974). These models effectively
explain the underlying physical phenomena. The meridian gradient of planetary vorticity is
responsible for the existence of planetary Rossby-waves. The existence of vortex Rossby-waves
on the storm's radial gradient was proposed. Guinn and Schubert 1993 study was a significant step
forward in the understanding of hurricane spiral bands. Still many issues about their dynamical
aspects remain unsolved. For instance, is the symmetrization process accompanied by fine-scale
outward propagating waves? If so, is it possible to predict their key features, such as phase and
group velocity, eddy-momentum flux, and interaction between waves and mean flows? In this
study, we took vortex axisymmetrization into account by creating a wave mechanics that combines
the theories of barotropic vortex axisymmetrization and vortex Rossby-wave propagation in fast
rotating vortices. The theory established here explains the GRS's dynamical behavior. The theory
offers analytical and numerical calculations that give dispersion relations, linear and nonlinear
solutions for phase and group velocities that are employed as indicators of vortex Rossby waves
in observational data. A mechanism for the interaction of wave-mean-flow for vortex
intensification is additionally demonstrated by the theory. This process might have a significant

impact on structural variations.

The arrangement of the article is as follows. We focus on theory, geometry description,
derivation of dispersion relation, and presentation of the linear and nonlinear governing equations
in section 2. We present the auxiliary equation explanations and results are discussed using a

numerical solution in section 3. In section 4, some conclusions are presented.
2. Theory

Consider the dynamics of the GRS as a bounded cloud made up of charged dust, neutrals, and

plasma that behaves isothermally and incompressible and has a geometry in the Cartesian



coordinate system. The z-axis is the center of the ball to the point on plane, the direction is outward
and perpendicular to the plane xy. The x-axis is tangent to the left of the point and the direction
points to the east (Longitude). The y-axis along the direction of the north (Latitude). The
movement of the fluid can be seen approximately on xy (2-dimensional) motion on the plane (See
Wong et. al., 2021 for a more thorough illustration of the geometry). The governing equation of
the dynamics of dust flows that satisfy the incompressibility condition and have finite viscosities

IS given as
g—’:+(u-V)u=—%p+,uvzu—29xu—)((u—v)—n(u—w)+§Vc1> D

The above equation can be used to accurately account for both the drive given by ion drag
and the friction caused by stationary neutral fluids (Landau and Lifshits, 1987).The flow velocities
of the dust, ions, and neutral fluids are represented here by u, v, and w, respectively. Where, Q is
the angular velocity, p is the pressure, p is mass density of the dust fluid, u is the kinematic
viscosity, y coefficient of ionic drag on the dust and # is the coefficient of friction produced by
the stationary neutral fluid (Barnes et al., 1992; Khrapak et al., 2002; Ivlev et al. 2004). While the
electrons are in thermal equilibrium with the streaming ions and the confined dust, the last term is
representing the electrostatic force of dust-plasma environment. In the coordinate system with the
planetary rotational motion, the fluid element is subjected to the usual pressure (first term on r.h.s
in Eg. 1), viscous effects (second term on r.h.s in Eq. 1), and is also affected by the Coriolis force
(third term on r.h.s in Eq. 1). The entire mix of charged dust, neutrals and background plasma is
quasi-neutral. The expression ensures that the confined dust component incompressible is

expressed as
V-u=0 )

The fluid element has two components of velocity that are given as subject to the geometry

mentioned above,
ulx,y) =Ux+Vy 3

The relationships mentioned above allow for the definition of a stream function u = Vy X

Z where the associated velocity components are given as
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The geometric effects of the sphere in three dimensions can be made simpler by f plane
approximation; at a specific latitude of the rotating sphere small angle approximation is used.
Take a small angle deviation and use the point as a cut plane for spherical shaped planet we get,

sin(6y + 60)~ sin 6, + cos:(,y (5)

where, 66 = y/R is used. Here, y is the variation across the latitude, R is the radius of the planet,

and @ is the angular relationship between the vector of the fluid element and the equatorial plane.
A. Linear Analysis

Eg. (1) and (2) are linearized under the definition of Eq. (3) and expressed in the form of

components in Cartesian coordinate system,
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Here, py?! is the background density of the fluid element. Realistic scenarios in the GRS
environment indicate that y and n has minimal effect and can be ignored. The last terms on the r.

h. s of Eq. (6) and (7) is evaluated in 8 plane using Eq. (5), which can be written as,
20sin 6 = 2 0sin 6, + 2.0 =2 (9)

= 20sinb = f, + By (10)

In Eq. (10), B is a constant for the chosen coordinate origin, or the plane's origin. It is
possible to represent the three-dimensional motion of the fluid on the revolving sphere as a two-
dimensional motion in the plane. For angular variables § = d(2Q,)/dy (where, Q, = Qsin®) is

used. Using B plane approximation, Eq. (6) and (7) can be written as

-1 6p 62

—foV =BVy=—po -~ Uzt ——0 (11)

Eax



—10p v e 0

av
2c THU+BUYy =—po~ T +tugz+ -0 (12)

These equations are coupled in U and V, and decoupling them yields independent equations

for these variables. One can derive a decoupled equation and represent it as
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Where, y = (U’UW is originated from the fact of overall charged neutrality
condition of the plasmas. The dust grain initially gets negatively charged because the ion current
to it is substantially less than the electron current. This causes the electron and ion currents to
fluctuate until electron current and ion current are equalizedj, =j;, Wwherej, =
nee kT /m,(e°®/¥T) and j; = n;e[kT/M(1 — e¢p/kT), all symbols have usual meaning
(Barken et al. 1995: Rehman 2022). The factor 1 — e¢/kT is caused by orbital motion effects has
been implemented. The second term in Eq. (13) is origin of rotating sphere, the third is representing
the electrostatic force contribution and the last term narrating the viscous force effect. We can
present above equation in terms of stream function y to obtain the solution of this second order

partial differential equation for the GRS environment,

2w -y W) +uEl =0 (14)

Here, V2= 02/dx? + 82 /0y? is the two-dimensional non-divergent viscous flow on an -
plane is the model used as a prototype implies precisely planetary atmospheric vortices. More
details are considered in section 3. Considering the parameters from the data base article (Wong
et. al. 2021) along with the dimensionless parameters are introduced as (x,y) = Ly(x’,y"), t =
Lot' /Uy, = LoUogy’, B = UpB'/L3, and u = Uyu'/L,. Furthermore, assuming the oscillatory
solution ~ expli(kyx + k,y — wt)|of the Eq. (14), the dispersion relation of the linear wave can
be obtained as,

(kx + %)2 + k2 — yk2K2 + k3 = (ﬁ)2 (15)

2w

This is the dispersion relation of the wave, which is known as the linear solution of rotating

fluid and can reproduced well known Rossby wave if electrostatic force due to charged particle is



ignored. The wave is exclusive to rotating fluids. The absence of this wave occurs when the sphere

is not rotating.
B. Nonlinear Analysis

A simple set of equations is produced by keeping the convective nonlinear term in the momentum
equation of the fluid Eq. (1) with all same assumption made in above section and applying the beta

plane approximation. We get,
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where f = f, + By is the Coriolis parameter. Coriolis force leads to the vector nonlinear term,
eventually forming a self-organizing structure. Using the expression from Eq. (2) to (4), we can

express momentum balance equation in vector form as
2 (Vp x 2) + (Vi x DYV x 2) + f3) X (Vi x 2) = —p; 'Vj + uV2(Vip x 2) (18)

After doing some simple algebraic manipulations and substitution we get term by term expressions

2UX (VP x2) = -2z (19)
VX (Vi X 2).V(VY x 2) = (Vi X 2) - VU2 (20)
VX fO)x (Wpx2)=—p3L2 (21)

Putting expressions Eq. (19) to (21) in Eqg. (18) and implying dimensionless parameters
as(x,y) = Lo(x,y"), t = Lot'JUo, ) = LoUgy’, B = UgB’ /L3, and u = Uyu' /Lywe get NPDE for

the GRS environment as
0 g2 5 2 oY
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A class of two-dimensional flow has been taken into account in this work. The Charney—
Hasegawa—Mima equation, in which the vorticity is proportional to the stream function

(SHIVAMOGGI, 1989), appears to be analogous to above Eq. (22). A uniform stream disrupts a



metastable equilibrium of rotating fluid composed of charged dust, neutral and plasma. For these
flows that reflect a disturbance over a uniform stream, we are able to get NPDE numerical

solutions. Section 3 of this article provides more information on the numerical solutions.
3. Results and Discussion

We employ several equations in Figs. (1) to (5) to quantify the linear and nonlinear amplitude of
Modified Rossby waves. According to the given parameters, it is demonstrated that the evolution
of wave amplitude follows similar laws in the x (along longitude) and y (along latitude) directions.
Identifying propagating waves from the mathematical solution is challenging. However, by
looking at the manner in which wave number one's symmetries change on a basic-state velocity
profile, the wave mechanics may still be comprehended. The relative vorticity map, the scattered-
vector velocity fields, the gridded velocity field, and cuts through the principal axes of the vortex
are all part of the velocity field we obtained from the article data based on WFC3/UVIS instrument
on board the HST (Dressel, 2021).The mean absolute value of the relative vorticity is taken
10~5s~1in the outer region throughout the timeline for the relative vorticity map of the GRS as
well as the size and shape of the high-speed ring. While other used parameters are L,~10° km

zonal length scale, Ly~105 km, meridional length scale, H~102 km atmosphere height, g = 24.79

m.sec™? gravity of the Jupiter, Ly~10°kmis the zonal characteristic length, U, is the

characteristic zonal velocity scale inserted from the available onboard data (Wong et al., 2021).
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Figure 1: Numerical solution of Eq. (14) displays longitude, latitude, and steam functions (Contour on left and 3D on right) at
zonal velocity scale [UJ _0=120 m/sec of the GRS.



We have numerically solved Eq. (14), where characteristic length- and velocity-scales
correspond to the radius of maximum winds (RMW) and the maximum tangential velocity,
respectively as given (Wong et al., 2021). The solution has been obtained by assuming the Rossby
solution method as described in Liu et al., 2018. Plot in Fig. 1 (Contour on left and 3D on right)
displays longitude, latitude, and steam functions at zonal velocity scale U, = 120 m/sec of the
GRS. The vortex satisfies Rayleigh's necessary condition for exponential stability because the
mean vorticity is a monotonic function of radius (Gent and McWilliams 1986). The conclusions
have been validated for various swirl solutions with finite energy and angular momentum, despite
the fact that this vortex contains integrated kinetic energy and angular momentum. Outward-
propagating waves frequently have length-scales that are less than the typical radial scale L, of the
vortex. According to the behavior of the solution and the numerical results for the given zonal
velocity, Fig. 1 depicts the plot for the solution (contour on the left and 3-dimensional on the right),
which unmistakably depicts outward-propagating wave-packets. There are three more noteworthy
characteristics. The first is that individual packets have a tendency to expand quickly as they go
outward. Secondly, the stream function exhibits non-monotonic behavior. Thirdly, wave
dispersion is seen in the group-velocity for individual packets, which shows a relationship on
wavelength. In stable vortex-flows, this solution illustrates a crucial wave process by which
disturbances can take energy out of the vortex at one band and deposit it at another. The detailed

analysis on the wave dispersion is shown in Fig. 2.
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Figure 2: Variation of the mode frequency w over a range of wave-number k_x (left) and k_y (right) generated from the
dispersion relation Eq. (15) at ¢—>0.



The modes of oscillation from the dispersion relation Eqg. (15) have been numerically
solved to describe the stability of self-organized vortex. The root of Eq. (15), which describes how
waves in a vortex disperse, provides an explanation about the stable vortex. In Fig 2 the frequency
of mode w as a function of wavenumber k, (on the left) and k, (on the right) is plotted, where
k., = 2m/Ly and k,, = 21 /L, is implemented. The variation in plot showing that the frequency of
the mode decreases as a function of k,, (on the left), and increases as a function of k,,(on the right).
Trending is exactly justifying above statement on energy exchange. No imaginary root of Eq. (15)
can be obtained from the dispersive characteristics, demonstrating the absence of the unstable
mode that would guarantee the stability of the vortex with respect to dissipative mechanism.
However, zonal velocity flow and vorticity can be used to support the vortex's shirking (which is
very slow peace mechanism). The frequency of the mode trends monotonically with wavenumber.
A completely stable oscillation spectrum is found. The illustration of the influence of kinematics
viscosity on dispersive wave propagation is also explored in Fig. 2 without considering the
electrostatic effect at ¢ — 0 by subsiding third term in Eq. (15). The variation in frequency
obtained at three different values of kinematic viscosity corresponding to Jupiter atmosphere
at 10”’m? /sec,2 x 10’m?/sec,and 5 x 10”m?/sec (Vidmachenko, 1986) , are depicted as solid
red, dotted black, and dashed blue curves, respectively. When the kinematic viscosity u is raised
while the vorticity remains constant, the frequency of decreases as function wavenumber.
However, the illustration of finite electrostatic effect on dispersive wave propagation is playing

very significant role in the linear wave dynamics as shown in Fig. 3.
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Figure 3: Variation of the mode frequency w over a range of wave-number k_x (left) and k_y (right) generated from Eq. (15) at
three different values of y.



The variation in frequency obtained at three different values of y to Jupiter atmosphere
aty = 0.1,y = 0.2 and y = 0.3 are depicted as solid red, dotted black, and dashed blue curves,
respectively. When the concentration of plasma particle is raised while the vorticity and viscosity
remains constant, the frequency of the wave increase as function of wavenumber and oscillations
get propagate at lower value of k, and k,,. The analytical dispersion relation (15) has been being
evaluated by parametric analysis. A numerical solution is found for the frequency of the mode.
The frequency spectrum of the mode as it varies with respect to k, and k,, is depicted in three
dimensions as shown in Fig. 4. The ranges for the values of k, and k, determine the mode
frequency, which ranges 0 < k,, k,, < 10 from zero to the maximum oscillates in k, and k,,. Two
mutually perpendicular propagating wave-vector contributed exactly equal amount of wave
frequency of the mode at k,, = k,, = 10. The stable oscillation are found in the range 2 < k, <
4 and 2 < k,, < 4. This Island of oscillation represents the stable linear structure of the rotating

wave.

Figure 4: The contour plot of variation of the mode frequency w over a range of parametric wave-number k_x and k_y generated
from Eq. (15).

Using parameters describing above with appropriate boundary conditions (Simon et. al.,
2014; Rogers, 2008) and vorticity sources relevant to the confined GRS's vortex, the steady-state
solutions of Eq. (22) are depicted in Fig. 5. For the sake of simplicity, we implement a circular
domain with an aspect ratio of L,,/L,, = 0.5 that is appropriate to the GRS's current display size
as specified in Rogers, 2008. In the domain, the GRS is a largely bounded quasi-steady circulation
in the presence of stable streaming zonal jets, whose profile has a weak eastward peak at 26.5° S
and a westward peak at 19.5° S. This could potentially be the cause of the GRS's horizontal drift



in a westward direction (Rogers, 2008). Fig. 5 shows the steady-state dust flow streamline patterns,
which are the contours of ¥ (on the left) and corresponding structure (on the right), in the
latitude/longitude -plane. At a particular viscosity regime (Vidmachenko, 1986), the flow vorticity
along the boundary is symmetric, uniformly diffuse, and relatively weak over the entire domain.
The related streamline pattern is a circulation that follows the geometry of the confined GRS as
illustrated. The dynamical changes have a relatively minimal impact on viscosity and are related
to vorticities and zonal flow velocities. The dynamical regime, not the geometry of the confined
domain, determines the state of the flow that retains more momentum or energy, and as a result,
the flow structure changes rather slowly. Instead of diffusing directly towards the outer region, the
vorticity close to the boundary can convect along the streamlines and then dissipate inside the
vortex because of the relative increase in convective transport. The subsequent streamline patterns
are circular and they transform into a new self-organized state with a circular core region
surrounded by high speed collar layers that separate the core from the regions around it filled with

thin and prolonged vortices.
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Figure 5: Numerical solution of Eq. (22) displays longitude, latitude, and steam functions (Contour on left and 3D on right) at
zonal velocity scale [U] _0=120 m/sec of the GRS.

Cross-section profiles of velocity U passing through the center of the circulation (Xo, Yo)
against latitude are used to illustrate the structural changes at vorticity inthe 10'to 10 °s*range
(top left is 1071 to bottom right 107® ) of the bounded dust flow in Fig. 5. We examined the mean
wind shear (Wong et al., 2021) spanning the 20-25°S region in order to rule out the possibility
that changes in the GRS velocity field were caused by changes in the vortex surrounds. The
average wind speed in the high-speed ring and long-term variations in vortex size, shape, and wind

shear do not show a monotonic shift in the wind shear. The non-dimensional Rossby number R, =



Uy /folLy is the relation between the strength of the inertial and Coriolis forces. We observed that
the GRS's Rossby number did not correspond to long-term patterns. Because shear in the
environment of vortices produces deviations from circular shape (e.g., Marcus, 1990; Moore &
Saffman, 1971), a decrease in the amount of the anticyclonic shear in the surrounding flow could
explain a long-term change in aspect ratio. Over the period 2009 to 2020, the environmental wind
shear did not decrease. It is unclear whether the wind shear is increasing with time (which, in the
absence of any other factors, would lengthen rather than circularize the GRS), or whether it
changes in a more complex manner. The vorticity in the GRS outer region is analyzed to the profile
shape of the velocity field across the ring (expressed by "decay factors™) in order to rule out a
prolonged changes in static stability. Increase in the amplitude of velocity profile is found for the

lower value of vortices as shown in Fig. 6.

Figure 6: Cross-section profiles of steady flow velocity at vorticity in the 10-1 to 10-6 s—1 range (top left is 10-1 to bottom right
10-6).

The horizontal wind fields only cover a small range of altitudes. We presented the mathematical
model to describe the structure, stability and shape of the vortex dynamics. Whereas, vortex
models confined by imaging and wind field data have been widely employed to predict
atmospheric static stability on Jupiter (Brueshaber & Sayanagi, 2021; Brueshaber et al., 2019; Cho
et al., 2001; Shetty & Marcus, 2010).

4. Conclusion

The theoretical model we proposed in this work can interpret the turbulence behaviors at the GRS

region and describes particle dynamics that are identical to those of the real Jupiter's atmosphere.



One noteworthy drawback of this model is its 2D representation, although real 3D effects from the
interior could be anticipated (Ingersoll et al., 2000). The wave dispersion is seen in the linear
analysis. In stable vortex-flows minimal effect of kinematics viscosity is demonstrated. The linear
and nonlinear solution illustrates a crucial wave process by which perturbation can take energy out
of the vortex at one band and deposit it at another. Depending on the shear characteristics of the
zonal jets, the vortices in the entire banded structure in atmosphere of Jupiter vary in size, strength,
and direction. The vortices also have additional impacts from the Coriolis force that may actually
strengthen or decrease the absolute vorticity. These parameters provide work frame to the
argument that the streaming zonal jets are the predominant driver of the vortices. In short, the
present study has shown that rather than kinematic viscosity, changes in properties related to zonal
jets, driving fields, and vorticity are responsible for many observed characteristic aspects of
Jupiter's vortices, particularly the vortex dynamics of GRS.
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