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Abstract

While standard cosmological models frequently treat the Dark Sector as a non-dissipative
background, the morphological duality of the universe—manifesting as spherically
symmetric structures (e.g., stellar systems and dark matter halos) versus rotation-
dominated vortices (e.g., spiral galaxies and black hole accretion disks)—demands a more
comprehensive fluid-dynamical treatment. Building upon the framework of interacting dark
fluids and topological stress, this paper investigates the dual mechanical behavior of a
viscous Dark Sector. | hypothesize that isotropic volumetric components of the dark fluid act
as a global confining pressure, driving the hydrostatic equilibrium necessary for spherical
symmetry, while localized shear stresses and angular momentum transfer generate
rotational vorticity. By applying continuum mechanics and Navier-Stokes analogies to
cosmic scales, | propose a unified morphological framework that explains how distinct
stress regimes dictate the geometry of cosmic structures.

1. Introduction

Modern cosmology relies heavily on treating Dark Energy (DE) and Cold Dark Matter (CDM)
as foundational components of the cosmic inventory, particularly in accounting for the
observed cosmic acceleration [1]. However, traditional frameworks often overlook the rich
morphological consequences of treating the Dark Sector as a dynamic, viscous fluid medium
rather than a passive gravitational background. A striking feature of our universe is its
morphological bifurcation: macroscopic systems either conform to strict spherical
symmetry (such as planetary bodies, stellar formations, and dark matter halos) or form
dynamic, rotation-driven vortices (such as spiral galaxies and black hole accretion disks).

In my previous work, | established that continuous volumetric strain within a closed toroidal
manifold can drive macroscopic topological phase transitions and stress-induced structural
failures [2]. Expanding upon this mechanical perspective, this paper addresses the



underlying fluid-dynamical mechanisms that shape visible matter. | argue that the geometry
of celestial objects is not merely a passive byproduct of Newtonian gravity, but a direct
manifestation of distinct stress tensors—specifically, isotropic confining pressure versus
localized shear-induced vorticity—operating within an interacting Dark Fluid.

2. Viscous Dark Fluid and Stress Regimes

To model the mechanical behavior of the Dark Sector on cosmic scales, moving beyond ideal
barotropic formulations [3], | extend the fluid description to a viscous continuum framework.
The local state of the Dark Fluid is governed by its stress tensor o;;, which can be
decomposed into an isotropic volumetric pressure component and a directional shear
component:

O-ij =—-Dp 511 + Tij

where p represents the isotropic thermodynamic pressure (acting as a global confining force)
and T;j represents the viscous shear stress tensor.

In regions where the isotropic component dominates, the fluid exerts uniform multi-
directional pressure, suppressing angular momentum anomalies and forcing matter into
isotropic equilibrium. Conversely, where velocity gradients and angular momentum transfer
become significant, the shear tensor 7;; dictates the emergence of localized rotational flows,
bridging cosmological fluid dynamics with classical Navier-Stokes behaviors.

3. Isotropic Confinement and Spherical Formation

The prevalence of spherical symmetry across astrophysical scales—from stellar hydrostatic
equilibrium to massive dark matter halos—requires a continuous inward-acting mechanical
constraint. In standard models, this is attributed solely to radial gravity. However, within an
interacting Dark Fluid framework, this is augmented by the fluid's isotropic background
pressure acting as a global confining pressure.

Let the radial force balance for a baryonic mass embedded within a dark fluid halo be
expressed through the generalized hydrostatic equation:

dP B GM(r)p(r)

dr - TZ conf

where F.,nr represents the isotropic confining force exerted by the ambient dark sector.
When F,,,r operates uniformly across all principal directions (x, y, z), it minimizes structural



asymmetry, driving matter configurations toward the lowest energy state: a sphere. Thus,
dark matter halos act not only as gravitational wells, but as isotropic pressure molds that
dictate the spherical geometry of bound baryonic systems.

4. Cosmic Vorticity and Accretion Dynamics

While isotropic pressure governs spherical bodies, the emergence of spiral galaxies and
black hole accretion disks introduces pronounced rotational dynamics. To account for this,
| examine the vorticity vector w = V X v, representing the local spinning motion of the
cosmic fluid.

The vorticity transport equation in a viscous fluid medium is given by:

Jw 1
E+(V'|7)(1)= (w-V)v—w(V-v)+?(|7p><|7p)+v\72u)

Within this formulation, the baroclinic term (Vp X Vp) and viscous diffusion (vV7?w) play
crucialroles. As the universe undergoes anisotropic density fluctuations or local shear flows,
the dark fluid converts linear expansion into angular momentum. This localized amplification
of vorticity forces matter out of spherical symmetry, giving rise to flattened galactic disks,
spiral arms, and relativistic whirlpools surrounding black holes.

5. Discussion and Morphological Bifurcation

The duality between spherical structures and vortex formations highlights a fundamental
morphological bifurcation in astrophysics. Drawing analogies from continuum mechanics
and solid mechanics—where material failure or shaping depends heavily on whether
principal stresses are hydrostatic or deviatoric—I| propose that the cosmic inventory
undergoes a structural sorting:

e Hydrostatic / Isotropic Regimes: Dominated by bulk pressure, yielding symmetric,
bounded configurations (spheres, ellipsoids, and isotropic halos).

e Shear / Rotational Regimes: Dominated by velocity gradients and viscous
dissipation, yielding planar, vortex-driven configurations (disks, spirals, and accretion
flows).

This dual-regime model provides a unified mechanical explanation for why the universe
exhibits both highly ordered spherical bodies and chaotic, spinning galactic engines under
the influence of the same underlying Dark Sector.



6. Conclusion

By treating the Dark Sector as a viscous fluid endowed with both isotropic confining pressure
and directional shear stress, this paper presents a unified mechanical explanation for the
morphological duality of cosmic structures. | demonstrated that isotropic pressure drives the
hydrostatic equilibrium necessary for spherical symmetry (such as stars and dark matter
halos), while shear-induced vorticity accounts for rotation-dominated systems (such as
spiral galaxies and accretion disks). This framework successfully bridges microscopic
continuum mechanics with macroscopic cosmic morphology.
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