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Abstract: This paper presents a theoretical exploration of the Navier-Stokes
equations within the innovative framework of Dream Partial Differential Equa-
tions (DPDESs). Beginning with the concept of dream numbers and their appli-
cation in defining new forms of derivatives, we extend these ideas to reformulate
the Navier-Stokes equations. Our aim is to investigate whether this novel ap-
proach could potentially shed light on the Millennium Problem concerning the
existence and smoothness of solutions to these equations in three dimensions.

1. Introduction

The Navier-Stokes Millennium Problem, one of the seven Clay Mathematics
Institute’s Millennium Prize Problems, poses a significant challenge in mathe-
matics and fluid dynamics. It seeks to determine the existence and smoothness
of solutions to the Navier-Stokes equations. We propose a unique approach using
the DPDEs framework, starting with the foundational concept of dream num-
bers, a three-sign system representing a departure from traditional numerical
representations.

2. Dream Numbers and Derivatives

Introduction to Dream Numbers

Dream numbers represent a novel numerical system extending traditional real
numbers. Defined as a triplet [a, —b, ¢], they encapsulate three distinct numer-
ical values, offering an expanded framework for mathematical operations and
interpretations.

Definition

A dream number is expressed as:

[a,—b, ]



where a, b, and ¢ are real numbers. The unique symbols and arrangement
denote the distinct parts of the dream number.

Basic Operations with Dream Numbers

Addition

The addition of two dream numbers, [a1, —b1,’ ¢1] and [ag, —b2, 2], is defined
as:

la1, —b1, c1] + [az, —b2," c2] = a1 + a2, — (b1 + b2), (c1 + ¢2)]

Multiplication

The multiplication rule for dream numbers is given by:

[alvfblal Cl] X [a277b27/ CQ] = [a1a2 - blb/2fa 7bld+a/1f7, Cld+e/f]

Dream Derivatives
Definition

Dream derivatives extend the concept of traditional derivatives by integrating
the properties of dream numbers. For a function f(z,y, z), the dream derivatives
are defined as:

Daf = 5+ c)gl +nw) g + o
Dyf = 5L +2) 5 + 55 + 2w o
Daf = 5+ 805 + a5 +u()
Def = 9+ a3 + 0 + o0

where e(x),v(y), B(2), a(z), u(z),o(t), 7(t), and v(t) are the dream coeffi-
cients.

Extended Operators in Dream Numbers
Gradient

The gradient of a scalar field f in the dream number system is defined as:

vdreamf - [Dl'fv _Dyfv/ sz]



Divergence

For a vector field v = [v1, —va,’ v3], the divergence is:
Viream + v = Dxvi — Dyvs +' Dzvg

Laplacian

The Laplacian of f in the dream number system becomes:

\V f = Dx(Dxf) — Dy(Dyf) +' Dz(Dzf)

dream

Dealing with Zero in Dream Numbers

Zero in dream numbers, represented as [0, 0, 0], plays a crucial role, especially in
the context of the continuity equation in fluid dynamics. It signifies a state where
all components of the dream number vanish, possibly indicating equilibrium or
null points in certain physical interpretations.

Effect on Continuity

In fluid dynamics, the continuity equation ensures mass conservation. In the
dream numbers framework, this principle must be interpreted with the modi-
fied derivatives. If the divergence of a velocity field in dream numbers yields
[0,0,0], it implies a type of equilibrium within the context of the dream numbers
framework.

3. Reformulating Navier-Stokes Equations in DPDE
Framework

Introduction to DPDE Navier-Stokes Equations

The Navier-Stokes equations, fundamental in fluid dynamics, describe the mo-
tion of fluid substances. These equations traditionally encompass the continuity
equation for mass conservation and a set of momentum equations based on New-
ton’s second law. In the DPDE framework, these equations are reformulated
using dream derivatives, integrating the novel characteristics of dream numbers.

Continuity Equation in DPDE Framework
Traditional Continuity Equation
The standard form of the continuity equation, expressing mass conservation, is

given by:

V-v=0
where v is the velocity field of the fluid.



DPDE Formulation

In the DPDE framework, we redefine the divergence operator using dream
derivatives. For a velocity field represented as vpppr = [upppE, —VDPDE, WDPDE],
the continuity equation becomes:

/
Viream * VoPpE = Dxupppr — Dyvpppr + Dzwpppr =0

This equation ensures mass conservation within the context of dream num-
bers and their associated derivatives.

Momentum Equations in DPDE Framework
Traditional Momentum Equations

The standard Navier-Stokes momentum equations in vector form are:

p(g:ff+v~VV> = -Vp+uViv+f

where p is the fluid density, p is the pressure, p is the dynamic viscosity, and
f represents external forces.

DPDE Formulation

In the DPDE framework, we incorporate dream derivatives into the momentum
equations:

1. Time Derivative:
e Divpppr replaces the traditional %;’ term.
2. Convection Term:

e The nonlinear convection term v - Vv in the DPDE framework be-
comes VpppE * VdreamVDPDE-

3. Pressure Gradient Term:

e The pressure gradient Vp is modified to V greamPpppE, Where ppppr
is the dream number representation of pressure.

4. Viscous Term:

e The Laplacian term V?2v is altered to V2 vpppg, applying dream
derivatives.

5. External Forces:

o If external forces f are present, they are also represented in the form
of dream numbers and manipulated using dream derivatives.



Component-Wise Equations

The momentum equations for each component of the velocity field upppg, vprpE,
and wpppg are individually reformulated using the DPDE framework. For ex-
ample, the equation for the uppppr component becomes:

OupppE OupppE JupppE
——== | = —Dappppr+iViecamtppPpE+f

p| Dtupppe +upppp———— + VpppE———— + WpPDE
ox oy 0z

where f; pppr represents the x-component of external forces in dream num-
bers.

The reformulation of the Navier-Stokes equations in the DPDE framework
introduces a novel perspective in fluid dynamics, offering an alternative math-
ematical approach to exploring fluid behavior. By incorporating dream deriva-
tives and numbers, the DPDE framework extends traditional fluid dynamics
equations into a new theoretical realm.

4. Simplifying Assumptions and Solution

In order to manage the complexity inherent in the Dream Partial Differential
Equations (DPDEs) formulation of the Navier-Stokes equations, we introduce
simplifying assumptions. These assumptions allow us to derive a solvable model
and elucidate the relationships between various coefficients.

Simplifying Assumptions
1. Linear Velocity Field:

e Assume that the velocity components are linear functions of spatial
coordinates:

— upppe(x,y,z) = Az + By + Cz
— vpppE(T,y,2) = D+ Ey + Fz
— wpppe(r,y,2) = Gr+ Hy + 1z

2. Constant Pressure Gradient:

e Assume a simple, possibly linear or constant, pressure gradient for
poPDE(T, Y, 2).

3. Neglecting Viscosity and External Forces:

e For simplicity, ignore the effects of viscosity and external forces in
the momentum equations.



Solution of Simplified Equations
Solving the Continuity Equation
The continuity equation in the DPDE framework, V gream - Voppr = 0, simpli-

fies to:

/
Dzupppre — Dyvpppr + Dzwpppr =0

Substituting the linear velocity fields:

A+E+1=0
This equation implies a direct relationship among the coefficients of the
linear velocity field components.
Solving the Momentum Equations

We solve the momentum equations component-wise under our simplifying as-
sumptions.

1. Momentum Equation for upppr Component:
e The simplified equation is:

JupppE JupppE JupppE
P (DtuDPDE + 'UJDPDET + vDPDETy + wDPDET = —DxppppE

e Substituting the linear velocity fields and assuming a constant pres-
sure gradient, the equation becomes:

p(A%z+ABx+AC2+BDx+BEy+BF2+GCx+GHy+GIz) = constant term from pressure gradien

e This leads to a set of algebraic equations relating the coeflicients
A/ B,C,D,E, F G, H,I to the pressure gradient.

2. Similar Equations for vpppgr and wpppr Components: To estab-
lish the relationships between all coefficients for all components in our
simplified Dream Partial Differential Equations (DPDEs) model of the
Navier-Stokes equations, we’ll solve the momentum equations for each
component under our linear velocity field and constant pressure gradient
assumptions. We’ll derive the algebraic relationships that the coefficients
must satisfy.

Linear Velocity Field Assumptions
® upppr(z,y,2) = Az + By + Cz

® vpppr(%,y,2) = Dr+ By + Fz
e wpppe(x,y,z) =Gr+ Hy + 1=



Momentum Equation for Each Component

Let’s consider the momentum equation for each component upppg, vpppE, and
wpppg in turn, assuming a constant pressure gradient for simplicity.

1. Momentum Equation for upppr Component

The simplified equation is:

A22+ABx+ACz2+BDx+BEy+BF 2+GCx+GHy+GIz = constant term from pressure gradient
From this equation, we derive the following relationships for the coefficients:

o Coefficient of z: A2 + AB + BD + GC = constant
e Coefficient of y: BE 4+ GH = constant
o Coefficient of z: AC + BF + GI = constant

2. Momentum Equation for vpppr Component

A similar process for the vpppgr component yields:

e Coefficient of z: DA+ EB + GD = constant
o Coefficient of y: DB + E? + HE = constant
e Coefficient of z: DC + EF + HI = constant

3. Momentum Equation for wpppr Component

For the wpppp component, we have:

e Coeflicient of z: GA + HB + IG = constant
o Coeflicient of y: GB + HE + I H = constant
e Coefficient of z: GC + HF + I? = constant

These relationships define a set of constraints that the coefficients of the lin-
ear velocity field must satisfy to adhere to the simplified momentum equations in
the DPDE framework. They illustrate the intricate balance required among the
coeflicients to ensure consistency in the fluid dynamics model. The "constant"
terms on the right-hand side of each equation depend on the specific pressure
gradient assumed and might be different for each component. These derived
relationships are crucial for understanding the behavior of the fluid within this
theoretical framework and highlight the interconnected nature of the velocity
field components and the pressure gradient in the DPDE formulation of the
Navier-Stokes equations.



5. Nonlinear Pressure Gradient

Incorporating a nonlinear pressure gradient into our Dream Partial Differen-
tial Equations (DPDEs) model of the Navier-Stokes equations introduces an
additional layer of complexity and realism. This section delves into the details
of integrating and solving the momentum equations with a nonlinear pressure
gradient.

Introduction to Nonlinear Pressure Gradient
Assumption for Pressure Field

Instead of a simple linear or constant pressure gradient, we now assume a
quadratic pressure gradient in the form:

e pprpe(T,y,2) = Py—ax? — By? —v2% where P is a constant, and a, 3,7
are coeflicients representing the pressure gradient in each direction.

Integration into the DPDE Framework
Adjusting the Momentum Equations

The momentum equations in the DPDE framework, including this nonlinear
pressure field, become more complex. For each component of the velocity field,
we now have:

1. For upppr Component:

JupppE upppE upppE
p| Dtupppg + upppp——=—— + VpppE———— + WppDE—————
ox Jy 0z

2. For vpppr and wpppr Components: Similar equations with respec-
tive terms for vpppr and wpppEg-

Solving the Momentum Equations with Nonlinear Pressure
Solving for upppr Component

Substitute the pressure field into the momentum equation for upppg:

2
= —DxppppE+iV i eamUDP]

0
p(A224+ABx+AC24+BDx+BEy+BF2+GCax+GHy+GIz) = e (Po—ax®—By*—v2?)

Simplify the equation to:

2
A%z + ABx + ACz+ BDx + BEy + BFz + GCx + GHy + GIz = %



Coefficient Relationships

From this equation, we derive relationships between the coefficients:
e Coefficient of z: A2 + AB + BD + GC = 27“
e Coefficient of y: BE+GH =0
o Coeflicient of z: AC+ BF +GI =0

Solving for vpppr and wpppr Components

To complete our exploration of the Dream Partial Differential Equations (DPDEs)
model of the Navier-Stokes equations with a nonlinear pressure gradient, let’s
extend the solution process to the vpppr and wpppr components. We will fol-
low a similar procedure as for the upppp component, deriving the relationships
among the coefficients for these components.

Momentum Equations for vpppr and wpppr Components
Momentum Equation for vpppr Component

The momentum equation for the vpppr component in the presence of a non-
linear pressure gradient is:

OvppPDE OvppPDE OvppPDE
P (DtUDPDE +upppp——F— + UDPDETy + wDPDET

ox

= —DyppppE+iV2eumVDPDE

Substituting the velocity and pressure fields, we get:

)
p(DAz+DBy+DCz+EBs+FEEy+EF 2+ HGa+HHy+HHz) = — 5 (Py—az?—By?—~z?)

ay

This simplifies to:

2
DAz + (DB + EE)By+ DCz + EBx + EFz + HGr + HHy + HHz — 22Y
p

Coefficient Relationships for vpppg

e Coefficient of x: DA+ FEFB+ HG =0
e Coefficient of y: DB+ EE+ HH = %
e Coefficient of z: DC+ EF+ HH =0



Momentum Equation for wpppr Component

Similarly, for the wppppr component:

OwppDE OwppPDE OwppDE
p | Dtwpppg + upppg———— + VpPpE———— + WpPDE—————
ox dy 0z

Substituting the fields, we get:

2
DzppppE+iV greamWDPDE

p(GAz+GBy+GCz+HEx+HEy+HF 24+ 1Ax+IHy+11z) = f%(]’ofaxzfﬂgf )

Which simplifies to:

P
GAz + GBy + GCz+ HEx + HEy + HF 2 + [Az + [Hy + 11z = =12
p

Coefficient Relationships for wpppg
e Coefficient of z: GA+ HE +1IA =0
e Coefficient of y: GB+ HE +IH =0

e Coefficient of z: GC+ HF + 11 = 27"’

The derived relationships for the coefficients of the vpppr and wpppg
components, along with those previously established for the upppp component,
form a comprehensive set of constraints that must be satisfied within our DPDEs
Navier-Stokes model. These relationships are crucial in ensuring the internal
consistency of the model under the assumption of a nonlinear pressure gradient.
They reflect the complex interplay between the velocity field components and
the pressure field in the nonlinear regime of fluid dynamics within the DPDE
framework.

6. Conversion to Standard Geometry

In this section, we will discuss the process of converting the solutions obtained
from the Dream Partial Differential Equations (DPDEs) framework back to the
standard geometry of the Navier-Stokes equations. This conversion involves re-
verting the modifications introduced by the dream derivatives and understand-
ing the implications of this conversion for the original Navier-Stokes equations.
Reverting Dream Derivatives The DPDE framework involves the use of dream
derivatives, which modify standard derivatives with additional terms incorporat-
ing the dream numbers’ unique structure. To convert our solutions back to the
standard framework, we need to revert these modifications. Here’s how it works:
e Scalar Fields: For a scalar field ( f(x, y, z) ), the Dream derivative with respect

10



to x in the DPDE framework becomes: o (Dxz f = %—ks(m)%—&—n(w)%—i—@(m)%)
To revert to the standard derivative, we set the dream coefficients to zero: o
(% = D2 f|e(2)=0,n(z)=0,6(x)=0) ® Vector Fields: Similar logic applies to vector
fields represented as dream numbers. For a vector field (v = [v1, —v2, v3]),
the DPDE divergence becomes: o (Vgream - v = Dzvy — Dyvs +' Dzvs) Re-
verting involves zeroing the dream coefficients: o (Vv = Viream - v|5(m) =0,
Y(y) =0,8(2) =0, a(z) =0, u(z) = 0,0(t) =0, 7(t) = 0, v(t) = 0)

The specific mathematical procedure I utilized to convert the Dream Partial
Differential Equations (DPDE) framework solutions back to the standard partial
differential equations (PDEs) is as follows:

1. Write out the Dream derivatives and operators in their full form with the
dream number coefficients included. For example, the dream derivative:

Daf = 2 + (@) + n(@) 2L + 0(2)%L
2. Set each dream coefficient to zero:
e(z) =0, n(z) =0, 0(x) =0, etc.

3. Simplify the dream derivatives, removing the zeroed terms. This gives
back the standard derivative:

Dzxf = %
4. Apply this process to the full dream solution from the DPDE framework:

e Velocity and pressure fields

e DPDE continuity and momentum equations

5. Upon setting every dream coefficient to zero, we are left with the solution
in standard PDE form, with no alterations or transformations beyond
directly removing the additional DPDE terms.

So Applying these steps we get:

1. Original Navier-Stokes Equations:

Continuity equation: V-v =0

Momentum equation: %%5' + (v -V)v=-Vp+uViv

2. Converted DPDE Solutions:

u=Arx+By+Czv=Dx+Fy+Fzw=Gx+ Hy+ 1z
p=Py—az® - By’ —z°

11



3. Substitute into continuity equation:

e L AL E+T=0
This satisfies the continuity equation based on the relationship derived in
the DPDE framework.

4. Substitute into momentum equation for u component:

LHS: ¢ +ud% + 05t + w§% = 0+ A’z + ABy + ACz + BDx + BEy + BFz +
GCx+GHy + GIz

RHS: —% = —2ax

The left and right sides match based on the coefficient relationship from the
DPDE framework A? + AB + BD + GC = %

Therefore, after properly substituting the converted solutions into the origi-
nal Navier-Stokes equations, we find they do satisfy the equations exactly, pro-
vided the relationships between coefficients derived in the DPDE framework
hold.

In essence, we utilized a simple and direct substitution method where we
explicitly see each dream element vanish, reverting smoothly back to the classical
framework. This avoids any complex coordinate or functional transformations
that could obscure the transition.

The ability to map solutions bidirectionally in this manner is key to rigor-
ously cementing the connections between the DPDE extensions and traditional
PDEs.

Implications for the Navier-Stokes Equations Converting solutions from the
DPDE framework back to the standard Navier-Stokes equations allows us to
interpret and analyze them within the established framework of fluid dynamics.
This raises several points to consider: e Interpretation of Dream Coefficients:
The dream coefficients in the DPDE framework act as additional variables influ-
encing the fluid behavior. Analyzing their values and impact on the converted
solutions can provide insights into the specific modifications introduced by the
DPDE approach. e Potential New Insights: The DPDE framework, while math-
ematically equivalent to the traditional Navier-Stokes equations, presents a new
perspective through the lens of dream numbers and derivatives. This may lead
to novel interpretations of complex flow phenomena and potentially contribute
to new approaches for analysis and solution methods. e Limitations and Chal-
lenges: Converting solutions back to the standard geometry might result in loss
of information as the additional terms introduced by the dream derivatives are
discarded. Further research is needed to understand the implications of this
information loss and explore potential ways to retain valuable insights obtained
within the DPDE framework.

7. Discussion and Future Directions

The exploration of fluid dynamics through Dream Partial Differential Equations
(DPDES) represents a novel approach with potential for advancing our under-

12



standing of complex flow phenomena. However, this framework also presents
challenges and questions worth discussing for future research directions. Advan-
tages of the DPDE Framework e Flexibility and Expressiveness: Dream numbers
and derivatives offer an expanded mathematical framework capable of capturing
additional aspects of fluid behavior not readily expressible in standard equations.
This might be particularly relevant for complex or turbulent flows. e Potential
for New Discoveries: The DPDE framework’s non-standard perspective could
lead to new insights and avenues for exploration within fluid dynamics. Studying
the interplay between dream coefficients and flow characteristics might reveal
previously neglected dynamics. e Bridging Different Mathematical Fields: The
DPDE framework connects the realm of fluid dynamics with the concepts of
dream numbers and derivative extensions. This cross-disciplinary interaction
could foster innovative developments in both fields. Challenges and Future Di-
rections © Mathematical Complexity: The increased complexity of DPDEs com-
pared to the standard Navier-Stokes equations presents challenges in terms of
analytical tractability and numerical simulations. Developing efficient solution
methods and analytical tools specifically tailored for the DPDE framework is
essential for further advancement. e Physical Interpretation: While mathemati-
cally equivalent, the DPDE framework introduces additional variables and mod-
ifications to the equations. Interpreting the physical meaning of these changes
and relating them to observable fluid behavior needs further investigation.

8. Validation and Comparison with Standard Meth-
ods

While promising, the DPDE framework requires thorough validation and com-
parison with established methods in fluid dynamics. This section explores these
important aspects and outlines future research directions for solidifying the role
of DPDESs in the field. Validation of DPDE Solutions To assess the validity of
the DPDE approach, several strategies can be employed: e Comparison with
Analytical Solutions: For problems with known analytical solutions in the stan-
dard Navier-Stokes framework, applying the DPDE framework and converting
the obtained solutions back to standard form allows for direct comparison. If
both solutions coincide, it validates the DPDE approach for these specific cases.
e Benchmarking with Numerical Simulations: Benchmarking the DPDE frame-
work against established numerical methods for solving the Navier-Stokes equa-
tions on various test cases is crucial. Comparing the accuracy, efficiency, and
stability of both approaches provides valuable insights into the strengths and
limitations of DPDEs for numerical simulations. e Experimental Data Com-
parisons: Ultimately, validating the DPDE framework hinges on its ability to
predict real-world fluid behavior accurately. Comparing the predictions gener-
ated from DPDE solutions with experimental data for various flow scenarios is
a critical step in assessing the practical relevance and validity of the approach.
Comparison with Standard Methods Comparative analysis between the DPDE
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framework and standard methods in fluid dynamics highlights both potential
advantages and challenges:

Advantages: e Enhanced Expressiveness: DPDEs offer a richer mathemati-
cal language, potentially capturing nuances of fluid behavior beyond the reach
of standard equations. This could be particularly relevant for studying turbu-
lent flows or exploring alternative forms of constitutive equations. e Potential
for New Discoveries: The non-standard perspective of DPDEs might expose
hidden connections and lead to novel insights into fluid dynamics phenomena.
Analyzing the influence of dream coefficients on flow characteristics could reveal
previously overlooked aspects of fluid behavior.

Disadvantages: e Increased Complexity: DPDEs introduce additional vari-
ables and mathematical intricacies compared to the standard Navier-Stokes
equations. This complexity poses challenges in terms of analytical tractabil-
ity, numerical simulations, and computational cost. e Physical Interpretation:
While mathematically equivalent, interpreting the physical meaning of dream
coefficients and their impact on flow dynamics requires further investigation.
Establishing clear connections between the DPDE formalism and observable
fluid behavior is crucial for practical applications. e Limited Existing Tools:
Currently, a lack of established analytical and numerical tools specifically tai-
lored for the DPDE framework hinders its widespread adoption and hinders
in-depth exploration of its potential. Developing dedicated tools and methods
will be essential for advancing the DPDE approach.

9. Conclusion

The exploration of fluid dynamics through Dream Partial Differential Equations
(DPDESs) presents a novel and promising framework with the potential to en-
rich our understanding of complex flow phenomena. While challenges remain
in terms of mathematical complexity, physical interpretation, and lack of ded-
icated tools, the advantages offered by DPDEs in terms of expressive power,
potential for new discoveries, and cross-disciplinary interaction warrant further
investigation and development. Future research focusing on validation, compar-
ison with standard methods, and development of DPDE-specific tools is crucial
for solidifying the role of this innovative approach in the field of fluid dynamics.

e The paper discusses the theoretical nature of the DPDE approach, its
potential implications for the Navier-Stokes Millennium Problem, and the
challenges in interpreting these solutions within the realm of physical fluid
dynamics.
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