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Abstract— This article proposes a fluid mechanics-inspired
perspective to explore galactic dynamics and spacetime
curvature. It suggests that spacetime can be considered as a
fabric under tension, influencing the trajectory of galaxies
analogously to particles in a viscous fluid. The presented
visualization artistically reflects this concept, showing
galaxies moving over a concave surface akin to a convex lens,
moving away from the center and towards the edges, akin to
the behavior of viscous fluid droplets on a slanted surface.
This model offers an opportunity to rethink cosmological
theories and could provide new avenues for interpreting
astronomical observations.
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I. INTRODUCTION

Cosmology and galaxy physics, fields exploring the
vastness and complexity of the universe, have
traditionally been dominated by theories framed within
general relativity and celestial Mechanics [1]. These
disciplines have provided deep understanding of
phenomena such as the expansion of the universe, the
dynamics of galaxies and galaxy clusters, and the
influence of dark matter and dark energy. However,
despite their undeniable successes, conventional
cosmology often encounters limitations in explaining

certain large-scale phenomena, especially those related
to the distribution and movement of galaxies.

In this article, an alternative vision is presented, a
model inspired by the principles and techniques of fluid
mechanics. Fluid mechanics, a branch of physics and
engineering, deals with the behavior of liquids and gases
at rest and in motion. This discipline has proven to be
extremely powerful in describing and predicting
phenomena in a wide variety of contexts.

This approach involves considering spacetime not
only as an abstract entity, but as a "fabric" possessing
properties analogous to those of a material medium
under tension. This spacetime tension, a notion
superficially resembling surface tension in fluids, could
be the key to understanding how curvatures in the
universe are generated and maintained. In fluid physics,
surface tension is responsible for phenomena such as the
formation of droplets and the ability of certain objects to
float or move on the surface of a liquid.

By applying this idea to spacetime, the possibility
arises that convex curvatures in the fabric of the universe
could significantly influence the movement of galaxies,
as suggested in the findings of the article "General
Relativity and Cosmic Structure Formation" in Nature
Physics [1]. These curvatures would not be mere
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deformations, but dynamic structures, generated and
sustained by the inherent tension of spacetime. In this
view, galaxies would move along these curvatures in a
way similar to how particles in a viscous fluid move on a
curved surface under the influence of surface tension
and gravitational forces.

This approach represents both a challenge and an
opportunity. It requires rethinking and possibly
reformulating some of the existing theories and models
in cosmology. At the same time, it offers an exciting
opportunity to explore new avenues in understanding
the universe.

II. CONCEPTUALIZATION OF SPACETIME CURVATURE

In this proposal, spacetime is conceptualized beyond
mere mathematical abstraction, likening it to an elastic
membrane under tension, a concept explored in H. A.
Perko's study on the cosmology of spacetime with
surface tension [2]. This vision is inspired by the way
physical membranes, like the surfaces of liquids, respond
to applied forces. In classical physics, elastic membranes
exhibit properties such as tension and resistance to
deformation, characteristics that could be explored in
the context of spacetime.

The "tension" of spacetime, in this model, is not
tension in the traditional sense of fluid mechanics, but an
analogy describing how spacetime might resist or adapt
to gravitational and energetic influences [2]. This tension
would be an intrinsic property of the universe's fabric,
possibly related to fundamental properties of dark
energy and dark matter, which we still do not fully
understand.

The key analogy here is with surface tension in fluid
mechanics. Just as surface tension can dictate the shape
of a water droplet and allow certain objects to float or
move on a liquid surface [2], the tension of spacetime
could influence how galaxies move and are distributed in
the universe. Based on this analogy, it is suggested that
galaxies might "slide" along the curvatures of spacetime
similarly to how particles in a viscous fluid move on a
curved surface. In this model, galaxies would not be
simply passive objects dragged by gravity, but dynamic

entities interacting with the underlying structure of
spacetime.

An important consideration in this model is the role
of dark energy and dark matter. These mysterious forms
of energy and matter are known to influence the
expansion of the universe and the formation of large-
scale structures, but their exact nature remains an
enigma [2]. In our framework of reality, they could be the
key components that generate and maintain the tension
of spacetime, contributing to the curvature that guides
galactic movement.

This conceptualization of spacetime curvature opens
new avenues for interpreting cosmological observations
[2]. For instance, it could offer a new perspective on why
galaxies in certain regions of the universe appear to be
moving away from each other at different speeds, a
phenomenon currently explained primarily by the metric
expansion of space.

Ill. FLUID MECHANICS AND GALAXIES

Fluid mechanics is a branch of physics that studies
the behavior of liquids and gases under various
conditions [3]. This discipline analyzes how fluids flow
under different forces and in different environments,
applying principles such as mass conservation,
momentum conservation, and fluid dynamics.

In terrestrial contexts, these principles allow for an
understanding of everything from the movement of
oceans and the atmosphere to the design of
aerodynamic vehicles. By applying these principles to the
cosmic context, intriguing parallels can be found [3]. In
this model, galaxies, instead of being seen as isolated
entities, are considered analogous to particles in a fluid,
moving and interacting within the "membrane" of
spacetime.

This analogy allows us to explore how the tension of
spacetime and its curvature might influence the
movement and distribution of galaxies. The central
proposal of the model is as follows: galaxies, like particles
in a viscous fluid, move influenced by the tension of the



spacetime membrane. This idea is based on concepts
discussed in the work of Cervantes-Cota and Klapp [3].

This tension, similar to the surface tension in a liquid,
could dictate how galaxies move along spacetime
curvatures. Just as fluid particles can follow trajectories
determined by the shape and tension of the liquid
surface, galaxies could follow trajectories influenced by
the geometry of the spacetime membrane.

One of the most intriguing observations in cosmology
is the variation in the speeds at which galaxies move
away from each other, a phenomenon traditionally
attributed to the expansion of the universe. In an
approach based on the fluid model, this variation could
also be explained by differences in spacetime curvature:
regions of high curvature could "accelerate" galaxies in a
way similar to how a fluid particle moves faster on a
surface with a steeper slope.

To make this proposal viable, it is necessary to
develop mathematical models that incorporate
principles of fluid mechanics into galactic dynamics [3].
This implies adapting equations such as the Navier-
Stokes equations, which describe the movement of
fluids, to include relativistic effects and the large-scale
dynamics of the universe. These equations would have to
be modified to account for the four-dimensional nature
of spacetime and the unique properties of dark matter
and dark energy.

IV. MATHEMATICAL MODELING

To formalize the idea that galaxies move in a tense
spacetime akin to fluids on a curved surface, it becomes
necessary to develop a set of equations that incorporate
concepts from fluid mechanics, general relativity, and
cosmology.

Below is an outline of the initial proposal for the
development of these equations, although it is important
to emphasize that this is a theoretical and speculative
exercise, not yet an established scientific model.

A. Galactic Momentum Equation:

D’l}) > -
— = —VO® + Fionsion + Fothers
Dt
where,
DY . . - .
D—Z is the material derivative of the velocity of a
galaxy.

V® represents the gradient of the gravitational
potential (including effects of dark matter and dark
energy).

ﬁtenswn is the force due to the tension of spacetime.

-

Fothers includes other relevant forces.

The Galactic Momentum Equation is a theoretical
proposal that seeks to describe the movement of
galaxies under the influence of spacetime curvature and
other forces. This equation is an adaptation of the
momentum equation in fluid mechanics, modified to
consider specific aspects of cosmology and general
relativity. Each term of the equation is broken down and
explained below:

Material Derivative of Velocity DD—:

This term represents the rate of change of a
galaxy's velocity over time, considering both the
local change over time and the change due to the
galaxy's movement through space.

In fluid mechanics, this term describes how the
velocity of a fluid particle changes as it moves.

Gradient of the Gravitational Potential —V®

—V® represents the gravitational field in which
the galaxy moves. The negative sign indicates
that the force is directed towards the decrease in
potential.



This term incorporates both conventional gravity
(due to visible mass) and the contributions of
dark matter and dark energy.

>
Force Due to Spacetime Tension Fiension

This term is an inclusion in the equation and
represents the influence of spacetime tension on
the movement of the galaxy. It is analogous to
surface tension in fluids, but applied to the fabric
of spacetime.

The precise characterization of this force is
complex and could depend on the distribution
and nature of dark matter and dark energy, as
well as the local geometry of spacetime.

Other Forces ﬁothers

This term includes other forces that could affect
the movement of galaxies, such as
electromagnetic interaction in extremely rare
cases, galactic tidal forces, or even effects not
currently contemplated in known physics.

This term ensures that the equation is general
enough to encompass effects still unknown or
poorly understood in galactic dynamics.

B. Continuity Equation for Galactic Mass Density:

dp ,
§+V (pv)=0

where,
p represents the mass density of a group of galaxies.
U is their velocity. This equation ensures the

conservation of mass in the galactic flow.

The Continuity Equation for Galactic Mass Density is
an adaptation of the classical continuity equation from
fluid mechanics, applied to the context of galactic

dynamics. This equation is fundamental for describing
how the mass of galaxies is conserved as they move
through spacetime. Each term of the equation is broken
down and explained below:

i . 0
Temporal Variation Term of Density 6—’;

p represents the galactic mass density, which is
the mass of galaxies per unit volume in a region
of space.

ap
at
to time, and represents how the density of

galaxies changes at a specific point in space over
time. A positive value indicates an increase in
density, while a negative value indicates a
decrease.

is the partial derivative of density with respect

Density Flow Term V - (p?¥)

¥ is the velocity of the galaxies, which can vary
from one point in space to another.

pvU represents the galactic mass flow, i.e., the
amount of galaxy mass passing through a unit
area per unit of time.

V- (pv) is the divergence of the galactic mass
flow. Divergence measures the amount of mass
flow exiting a small volume around a point. A
positive divergence indicates that more mass is
leaving the volume than entering, while a
negative divergence indicates the opposite.

The Continuity Equation for Galactic Mass Density is
used to ensure that the mass of galaxies is conserved in
the flow through spacetime. This means that if the
density of galaxies increases in a region of space, it must
be because more galaxies are entering that region than
are leaving, and vice versa.

In the cosmological context, this equation would
allow understanding how large-scale structures, such as
galaxy clusters and superclusters, can change over time,



especially in an expanding universe where the
distribution of galactic mass is not uniform.

C. Adaptation of Navier-Stokes Equations for Spacetime
Dynamics:
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where,
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p is the effective pressure in the "galactic fluid".
T is the viscous stress tensor.

g is the gravitational acceleration.

The adaptation of the Navier-Stokes Equations for
spacetime dynamics is a theoretical attempt to apply
principles of fluid mechanics to cosmology and galaxy
dynamics. The Navier-Stokes Equations are fundamental
in fluid mechanics and describe how incompressible and
viscous fluids flow in response to different forces. Each
term of this adapted equation is broken down and
explained below:

Galactic Mass Density p and Velocity Change

p represents the mass density of galaxies.

—

v . . L . .
a—: is the partial derivative of velocity with

respect to time, indicating how the velocity of
galaxies changes over time at a specific point.

¥ - V¥ is the advection term, describing how the
velocity of galaxies changes due to their
movement through Space is the advection term,
describing how the velocity of galaxies changes
due to their movement through space.

Pressure Gradient (—Vp)

In fluid mechanics, this term represents the force
due to changes in pressure within the fluid. In

the galactic context, it could be interpreted as a
force due to gradients in a property analogous to
pressure, such as variations in energy density or
the influence of gravitational fields.

Viscous Stress Tensor (V * T)

T represents the viscous stresses in a fluid. In the
galactic context, this term could represent
internal tensions within the fabric of spacetime
or interactions between galaxies that are not
purely gravitational.

Gravitational force (pg)

g represents gravitational acceleration. This
term incorporates the influence of conventional
gravity on the movement of galaxies.

Spacetime Tension Force (Frension)

ﬁtension is a hypothetical force that would
represent the influence of spacetime tension on
the movement of galaxies, analogous to surface
tension in fluids.

By adapting the Navier-Stokes Equations in this way,
an attempt is made to describe how galaxies, influenced
by a variety of forces, move through a spacetime
modeled similarly to a fluid. This perspective could
provide new ways to understand the formation of large-
scale structures in the universe and the evolution of
galaxy clusters and superclusters.

V. VISUALIZATION OF THE MODEL

The visualization presented in Figure 1 is an artistic
representation of a region of the universe modeled
under the analogy of a convex lens, aiming to illustrate
the concept of curved spacetime and its influence on
galactic movement.

The convex dome represents a section of spacetime
exhibiting curvature, analogous to the curvature



generated by the presence of mass and energy in
cosmology. The lens shape serves as a visual metaphor
suggesting how this curvature can influence the
movement of galaxies, drawing them towards the edges
in an effect similar to the displacement of liquid droplets
on an inclined surface.

The amorphous, variously colored droplets scattered
over the concave surface simulate galaxies or galaxy
clusters. These formations are not static; they represent
dynamic and fluid entities interacting with the underlying
geometry of spacetime, alluding to the proposed
hypothesis that galaxies can exhibit behavior similar to
particles in a fluid.

Fig. 1: Three-dimensional representation of a region of the
universe modeled as a convex lens with galaxies distributed on its
surface.

It is also observed that the galaxies are arranged in a
way that seems to move away from the center of the lens
towards the outer edges. This distribution can be
interpreted as a simplified model of the expansion of the
universe, where galaxies move away from each other
over cosmic time. The use of varied colors for the galaxies
can be interpreted as a representation of the diverse
physical characteristics they may possess, such as their
composition, age, or star formation rate. Although this
aspect of the visualization is more artistic than scientific,
it enriches the interpretation by suggesting the
complexity and diversity of the cosmos.
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