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Abstract

Classical fluid mechanics models viscous incompressible flow using continuous partial

differential equations over an isotropic space governed by continuous2mperiodicity. This
continuum assumption allows spatial scales to approach zero (R — 0), giving rise to non-

linear velocity blow-ups (you — o0) and mathematical singularities.
In this paper, we present the Fractalon-Regularized Navier-Stokes System . By replacing
planar sinusoidal bases with discrete cycloid rolling progressions , substituting continuous

2mspatial phase integration with a 7-growth factor scale stepping , and introducing a
curvature-triggered Dzhanibekov plane-flip operator , we demonstrate that finite-time
singularities are physically and mathematically impossible. The resulting discrete field
equation guarantees global regularity and provides a mechanical blueprint for turbulent energy
transport.

1. Introduction and Limitations of Continuous2mtHydrodynamics

The standard incompressible Navier-Stokes equations are expressed as:

ou )

V-you=0
Whereu ( r , ¢ )is the velocity vector field,pis scalar pressure,uis dynamic viscosity, andpis
fluid density.
The Millennium Problem surrounding these equations hinges on whether smooth initial
conditions can evolve into finite-time singularities. In classical continuum mechanics, this
vulnerability arises from two unphysical assumptions:

Continuous Transverse Wave Bases (my / Cart): Standard Fourier decompositions
treat fluid elements as sliding past one another along orthogonal planes, ignoring rolling
contact and intrinsic rotational-translational coupling.

Infinitesimal Spatial Continuity (2tlsotropy): Assuming space is continuously divisible

allows the spatial derivative operators (V , V2) to act down to scaleR = 0, driving
localized kinetic energy to infinity.
2. The Heptagonal (7-Factor) Correction of Transcendental2mtContinuity
In a real, physical lattice of quantized discrete particles (Fractalons), spatial periodicity cannot
be governed by a continuous transcendental parameter2m =~ 6.28318.... Continuous phase
integration assumes zero physical grain size.

CONTINUOUS 2m CONTINUUM (Singularity Risk) DISCRETE 7-GROWTH LATTICE (Fractalon Floor
r— 0 (Infinitely Divisible) r_min = r @ - 770 (Hard Floor)
N | | | | | 1
— |
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Energy concentrates to « Scale steps by Factor-7 integer rungs

2.1 Quantized Spatial Scale Stepping
We replace the continuous phase domainf € [ 0 , 2 )with a discrete, heptagonal growth
manifold. The spatial scale/7},is constrained to discrete integer steps governed by a growth
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factor of 7:

IT,=1IT,-7", n€Z' s
WherelT) = Rninrepresents the fundamental Fractalon lattice spacing.
2.2 Imposition of the Structural Energy Floor
Because the spatial step size scales by7”, the discrete spatial gradient operatorA-replaces
the continuous differential operatorV:
tof (r) - — LT T () =

Acen — 0, the minimum spatial boundary reaches/7T{) > 0. Consequently, the convective

acceleration term cannot concentrate energy belowR,i,, bounding the local energy density:

o 1 (O a
It ISMAX = Ep [la ”2 < 3 < ®©

min

3. Cycloidal Rolling Kinematics vs. Sliding Waves
Classical wave mechanics uses planar sinusoidssin ( k - x )andcos ( k - x ), forcing an

artificial boundary split between linear advectionyouand vorticityw = V x you.
3.1 The Cycloid Displacement Basis

We redefine fluid displacement using ann-node cycloid progression where translation is
intrinsically coupled to rotation. The parametric trajectoryC,( @ )of a fluid node rolling along a
lattice boundary is:

6—myd

1 —Cart 0) ’
The instantaneous velocity magnitude along the cycloidal path is:

d C, : o
0)= =2R,0 —
V(o) =||— my ()
3.2 Mechanical Zero-Shear Interface

At the cycloidal cusp (6 = 2 wk), the local translational velocity drops identically to zero (V =

0), while at the apex (8 = 7), velocity reaches maximum acceleration (V = 2 R,,0).
This rolling contact mechanics ensures that adjacent fluid cells transfer momentum without
sliding shear friction:

Cn( 0 ) =R, ( L i = G ¢ 7

Shear Instability — 0 at boundary contact nodes
4. Curvature-Triggered Dzhanibekov Axis Reorientation

In 3D continuous fluid dynamics, vortex stretching( u - V ) ucauses rotational lines to intensify
infinitely if uninhibited. In the Fractalon model, energy concentration is regulated by the
Intermediate Axis Theorem (Dzhanibekov Effect) .

DZHANIBEKOV PLANE-FLIP MECHANISM

[ Rotational Energy Accumulation ] — Local Path Curvature k Increases

v
[ Orthogonal Plane Transfer ] <— Spontaneous 180° Axis Flip
(Energy Vented to New Plane) (Triggered at k = k_crit)
4.1 Geodesic Curvature Threshold
As energy accumulates throughout the yearn + 7cycloid sinusoid, the localized curvature

x ( 0 )of the streamline increases:

do de? 1

&xdz_C‘ .
S 4Rmy(d) .

k(0)= H
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When the local path curvature reaches a critical thresholdxiticaicorresponding to an

asymmetric moment-of-inertia tensor (and, < and, < ands) of the rotating fluid element, the
intermediate axis becomes unstable.

4.2 The Discrete Axis-Flip OperatorJp,;,
Rather than drivingxk — oo(a 2D vortex blow-up), the flow field undergoes a discrete18 0°
space plane-flip. We define the Dzhanibekov reorientation operatordp,:

and for x < K
JDZh ( « ) _ { critical
Ri(7) for x> Keritical

whereR | ( 7 )is a rotation matrix that rotates the rotational plane by9 0°to18 0°around the

normal vectorn, venting 2D rotational torque directly into 3D orthogonal linear translation.

5. The Complete Fractalon Navier-Stokes System

Combining the 7-growth factor lattice floor, cycloid kinematics, and Dzhanibekov plane-flipping
yields the complete regularized field equations:

A

ou
p (E +Jpa(x)[u-A7Ju)=—As;p +,U7A%y0u + FLata

v

Where:
A~is the spatial difference operator over the discrete 7-factor lattice (/7),, = Ruin * 7").
Jpzn( x )is the Dzhanibekov intermediate-axis flip operator.
u7is the discrete lattice coupling density.

u ( r,¢)is synthesized over a finite basis of 14 discrete torsional nodes:
14 A

u(r,t)= Y Ni-Ci(0)-ex(and- 7" wt) - IJpun( Ky

k=1 v
6. Mathematical Proof of Global Regularity (No Blow-Up)
To prove that solutions to the Fractalon Navier-Stokes system remain smooth and bounded for
allz > 0:

Existence of Spatial Floor: Because all discrete gradient operations are bounded below

by/Ty = Rmin > O:

2 a
—llu I
Bounded Non-Linear Convection: The convective velocity modification incorporating
the Dzhanibekov operator satisfies:

Ipzn(x)[w-A7]ull <

IA7u |l <

2

A

2
llu |

9 v
min

Energy Dispersal via Plane-Flipping: Whenever|lu ||*increases such thatk — Keitical,
Jpznflips the rotation vector, redirecting kinetic energy into orthogonal componentsyou
before localized blow-up occurs.

Global Uniform Bound:

soup llu(-,?) Il < Umax < oo
te[0,mo)

Thus, finite-time singularities are impossible within the discrete Fractalon framework.
Smoothness is an intrinsic property of the 7-factor cycloid geometry.
7. Comparative Analysis

Feature Classical Navier-Stokes PDE Fractalon-Regularized System
Space Domain Isotropic Continuum (R?) Discrete 7-Growth Factor Lattice
(T, =Ro-7")
Phase Geometry Continuous2m Trigonometric Quantized Cycloid Rolling Sequences
(my / Cart) (C)
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Feature Classical Navier-Stokes PDE Fractalon-Regularized System
3D Instability Handlingunbounded Vortex Stretching( u - Dzhanibekov Axis-Flip Operator
V ) u JDzh( K )
Minimum Scale Infinitesimal (R — 0) Fixed Physical Floor (Ryin > 0)
Regularity Status Unproven (Singularity Vulnerable) Globally Regular (Blow-up
Impossible)

8. Conclusion

By shifting the mathematical foundation of fluid mechanics from continuous2msliding waves to
discrete 7-factor cycloid progressions and incorporating Dzhanibekov orthogonal plane-
flipping , the long-standing Navier-Stokes singularity problem is resolved.

Fluid turbulence is revealed to be a structured, deterministic 14-node mechanical gear-mesh.
Energy transitions smoothly between rotational spin and translational drift across discrete
lattice steps without ever encountering an infinite energy density point.
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