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Abstract

This hypothesis investigates the application of the McGinty Equation to fractal quantum hydrodynamics, proposing
that fluid dynamics at the quantum level exhibits fractal properties. The primary objective is to understand how
fractal geometry influences the behavior of quantum fluids, providing new insights into superfluidity, turbulence,

and the dynamics of Bose-Einstein condensates.

Introduction

Quantum hydrodynamics describes the flow and behavior of
fluids at quantum scales, such as superfluids and Bose-Einstein
condensates (BECs). Traditionally, quantum hydrodynamics
assumes smooth spacetime and continuous fluid properties.
This hypothesis extends the framework to include fractal
dimensions, suggesting that the flow and interactions of
quantum fluids follow fractal patterns. By applying the McGinty
Equation, we aim to explore how fractal geometry affects
quantum hydrodynamic phenomena, potentially revealing new
principles governing fluid dynamics at the quantum level.

Mathematical Framework
Fractal-modified Quantum Navier-Stokes Equation

plav/dt+(v-Viv)=-Vp+ nV™"2v+ ZV(Vy) +1- Ixlrd_f
where v is the velocity field, p is the density, p is the pressure,
n and ( are viscosity coefficients, f represents external forces,
and d f'is the fractal dimension.

Fractal-modified Continuity Equation
dp/ot+ V-(pv)=0-|x|"df
Fractal-modified Schrodinger Equation for BECs
ih ou/fat=(-h"2/(2m) V*2+V+glyl2) ¢ - |xI"d_f
where v is the wave function, V is the potential, and g is the
interaction strength.

Expected Results
Quantum Fluid Dynamics
v(t) a |x|*d_f

Superfluid Turbulence
wx_Dv(x_2pa|x_1-x_2|*-2(D-d_f))

BEC Density Distribution
p(X) @ [y(x)|"2 . [x|*d_f

Experimental Proposals

1. Superfluid Helium Experiments: Investigate the flow
and turbulence properties of superfluid helium for fractal
patterns.

2. BEC Dynamics Studies: Measure the density distribution
and evolution of BECs to detect fractal influences.

3. Quantum Turbulence Observations: Study the behavior of
quantum turbulence in various fluid systems to observe
fractal scaling effects.

4. Neutron Star Crust Simulations: Model the hydrodynamics
of neutron star crusts to explore the impact of fractal
geometry on their fluid behavior.

Computational Tasks

1. Simulation of Fractal Quantum Fluids: Implement
simulations to model the behavior of quantum fluids with
fractal dimensions.

2. Monte Carlo Methods: Use Monte Carlo integration
to study the properties of fractal-modified quantum
hydrodynamics.

3. Numerical Solutions: Solve the fractal-modified Navier-
Stokes and Schrodinger equations numerically.

Theoretical Developments Needed

* Develop a comprehensive theory of fractal quantum
hydrodynamics.

* Extend existing models of quantum fluid dynamics to
incorporate fractal dimensions.

*  Formulate new mathematical tools to describe fractal-
modified fluid interactions.

1J T C Physics, 2025

www.unisciencepub.com

Special Issue | 1 of 2



Key Research Focus Areas

*  Precision measurements of superfluid and BEC dynamics
in fractal-modified systems.

*  Development of mathematical models for fractal quantum
hydrodynamics.

»  Experimental validation of fractal patterns in superfluidity
and quantum turbulence.

e Theoretical work on integrating fractal dimensions with
quantum hydrodynamics.

Conclusion

This hypothesis proposes a novel framework for understanding
quantum hydrodynamics through fractal dimensions. By
exploring the unique properties of quantum fluid dynamics, we
aim to uncover hidden aspects of superfluidity, turbulence, and
BEC behavior, providing new insights into the fundamental
nature of quantum fluids and their applications.
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