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1 Abstract:

THE research paper will cover the convective form of the Cauchy Momentum Equation as stated per Navier-Stokes
and its applications in Machine Learning. And to conduct several observations on the said equation.

Results and more remarks will be given throughout the paper. Prior knowledge about the Navier-Stokes equations
and their derivations is assumed.

Keywords: Cauchy Momentum Equation, Navier-Stokes, Machine Learning, Convective Form, Fluid Dynam-
ics, Mathematical Analysis.

2 Introduction and Definitions before Proofs:

V ~ E shall first introduce the definitions and remarks in a mathematically sound manner before proceeding towards
proofs and graphs.

Moreover the definitions stated in this preprint will be used later in the paper to provide examples on use cases for
this paper. Now going through the definitions:

2.1 Introduction of the Cauchy Momentum Equation:

Definition 2.1. There exist by setting the cauchy stress tensor o to be the sum of a viscosity term 7 and a pressure
term —p1, defined as the volumetric stress, the following equation:

Dp

pﬁ:—Vp+V~T+pa. (1)

2.2 Remarks and Definitions:

THE following remarks are assumed to be true and will be used in the next sections of this paper. The remarks
are as follows:

Remark 2.2. Let the material derivative be defined as: %.

Remark 2.3. Let the density variable be defined as: p.

Remark 2.4. Let the flow density variable be defined as: p.

Remark 2.5. Let the divergence vector operator, defined as: V-.

Remark 2.6. Let the pressure variable, defined as: p.

Remark 2.7. Let the time variable, defined as: t.

Remark 2.8. Let the deviatoric stress tensor operator, defined as: 7.

Remark 2.9. Let the body accelerations defined as a acting on the continuum.
Definition 2.10. Assuming we use the defintion per Remark 2.8, redefining Equation 1, that yields:

Du

Assuming the variable of integration to be Remark 2.8 between the open interval [RT, +00):

+oo DM +oo
/ p—dt = — Vp+V -7+ padt. (3)
R+ Dt R+

Theorem 2.11. Let the Equation 3 in R, within an interval of R™ A +oo:

+oo
f/ Vp+V -7+ padt 4)
R

+



Applying the decomposition theorem for the Equation 3 for the two intervals [RT, z] A [z, +00):

x —+oo
—/ Vp—i—V-T—i—padt:t/ Vp+V - -1T+padt. (5)
R+ T

Definition 2.12. Let Rar be the first element of the set R.
Definition 2.13. Let R} be the element of index p € N* in the set R.

Remark 2.14. There shall be p > 0, and R} # R} and R} > Ry

Definition 2.15. Let the following construction applied from the interval of values of x between Rar to R;r, solving
for z =R:
Ry <R <Rf. (6)

Reorganizing the inequality gives the following inequality:
Ry <R <Rf. (7)
Imposing a variable ¢ € R and a limit of R < R from a value n — 0 would be as the index of R{ is zero:
tli)rgo(RZ<R<R;),p7é0,p>n. (8)

The limit has been invoked per 3 to establish non-degeneracy cases for 1 and 3. Moreover tigheting the interval of
values would turn out to serve us well in the next sections about applied examples of the integral.

2.3 Final Remarks and Definitions before Proofs:

Definition 2.16. Let us define the integral of [RT, 0c0) as:

— I Vp+V T+ padt.

For a non-trivial non-linear plane in R*.
Remark 2.17. The plane per 2.16 is assumed to be non-degenerate and of fourth dimensional space.

Corollary 2.18. Per 2.16 and 2.17, there exist a set of degenerate planes in RT, that are of fourth dimensional
space, and are non-trivial and non-linear such that:

Plane, (z,y, z,t) ¢ RT Vn € N*. 9)

3 Proofs and Applications in a 4D-plane:

3.1 Proofs of existence of the integral 3 in a 4D-plane:
3.2 Application of Proof in applied 4D-planes:
4 Conclusion:

Per the stated abstract, the research paper has fulfilled its purpose, additional graphs and results will be published
after writing.
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