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This article introduces to fluid state physics iflunechanics) a new interpretation of
physical phenomena taking place in a fluid in motit introduces base of a new theory
claiming that every flow has its own internal stuwe of motion, which is definite
organization of motion, rather than a “molecularais”, known from the fluid statics. The
article introduces the new notion of structurestoedields of power and momentum and
shows, every Newtonian fluid flows are dual in etder. It shows that the flow of Newtonian
fluid has a dual character. It demonstrates on ni®dand further in mathematical
interpretation of physical phenomeni introduces, on the one hand, the cycloidal motio
model into the fluid mechanics, on the other intres an addition to the known, the
classical model of Poiseuille laminar motion. Theedry of dualism (double nature of
physical phenomena) allows the description of setecharacteristics of the flow, either by
using the theory of cycloidal motion (semicyclojdal by using the supplemented theory of
laminar motion. The dualism theory is useful toctiée each type of flows both, laminar and
turbulent. This article is only an introduction tlee theory. It has been assigned the number
1. It has been granted a high priority, since intans basic concepts that will be used in
others, following articles of long cycle.
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1. Introduction

This paper discusses the dynamic structure of Igssgmmetric peaceful flow of
Newtonian fluids. A model of the said structurgresented below, whereby a new, original
structure of cycloidal motion is superimposed oe tHassical, well-known structure of
laminar motion, described by means of differengguations of Navier-Stokes (Navier,
Claude Louis 1785 — 1836; Stokes, George GabrigD181903). This approach enables a
new, theoretical, mathematical and model descnptod laminar flow, with particular
emphasis on one part of it, referred to as peadéiul. The notion of flow structure is
understood to include both; the shape of the fo eeselerations) network, creating the
motion forces field, and the shape of the lineanmaotum (progressive velocities) network
between the molecules of the fluid in motion, whach forming the stream of this fluid.

The structure of the forces field is a graphicasentation of an arrangement of forces
creating that field when the fluid is in motion.idtcreated as a result of transformation of an
external force into an internal forces of the motiti is formed of direction lines of internal
molecular forces, which are formed the field of gnegressive motion fluid. The structure of
the motion progressive velocities field is a detile of the structure of the force field.

One novelty introduced by this paper to fluid matbs is the cycloidal motion model. Its
role is to visualize the molecular motion structfwemation process in the fluid mass, and
thus to enable a mathematical description of tloegss of transforming external forces into
internal forces. The new model constitutes an éscehddition to Poiseuille’s well known
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classical model of laminar flows (Poiseuille, Jéaniis Marie 1797-1869). A reverse relation
is also present here. The deliberations presergtvbwill show, that the structure of even
the simplest flow is more complicated than it wésneed thus far. It is dual in character,
cycloid-laminar, and consists in displaying, depegdon the situation, of either create or
destroy properties of the motion structure.

The new theory of dualism (dual nature) of Newtaniluid motions has been based on
two models: the classical laminar flow model and trew cycloidal flow model. This new
theory shows, that the flow of the Newtonian (visepfluid is the sum of interpenetrating
each other motions, cycloidal and laminar. Modelwfgthis interpenetration allows the
formulation of its mathematical description. Itrarout, that the cycloidal model is better
suited for the description of the active forcesjohform the structure of the fluid motion.
The classic model is better to describe the opiposforces, which destroy the structure of
fluid motion, previously worked out by active fosceThe dualism theory shows, that the
process of both creation and destruction of mositsactures triggers an internal resistance
reaction in the fluid. This resistance is trigget®dforces known so far as internal friction
forces.

This paper is the first one in a series of pap&scdbing the possibilities of the new
theory. The paper is not universal in charactsrtdsk is only to present the basics of the new
theory and to show, that each flow is an organamdistrictly defined motion structure, rather
than a “molecular chaos”, known from the fluid ®tst This fragment refers only to the
example best understood by researchers, i.e. tallyasymmetric peaceful flow of
homogenous Newtonian fluid, over a straight-axistdaf a circular cross-section provided,
that the flow is subjected to a uniform field ofagity forces. The above limitation of the
model’s scope allows one to take full advantageas$euille’s model for the new purposes.

The final effect of the deliberations presentecehsra mathematical description of model's
events, allowing to form the theoretical dependeoté¢he linear resistance of mentioned
peaceful flow, as well as to introduce a new phaisierm to the liquid state physics, named
the threshold flow. This paper is an introductioritte new theory of dualism cycloid-laminar
motion of Newtonian fluids. One of the componentshis theory is the theory of turbulent
flows. This theory is also an introduction to a riaeory of friction and lubrication.

2. List of symbols

a — dynamic field intensity, directional acceleration [rfi/s

d,0 - differential symbols

f — function denotation

g — gravitational, steric acceleration = 0,81 m/§

h — distance on transverse direction to the fluid fldivection, where @ h<H  [m]

Kk — directional intensity of the gravitational field B9/

m — mass of the fluid in motion [kq]

t - time [s]

X — distance on parallel direction to the fluid floweltion [m]

y — distance on transverse direction to the fluid fldivection [m]

z — sense intensity of the gravitational field m/E]

C — integration constant

F — Cross section area [M]

H — height (thickness) of the analyzed layer of fluiteasured on transverse direction
to the flow direction, where B 0 [m]

(&)
|

resistance to motion
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L — distance between cross sections [m]
P - force [N] [kG]
Re - Reynolds number

S — displacement [m]
U — fluid structure state coefficient

\% — fluid velocity [m/s]
w — height over the reference level [m]
y - fluid specific gravity [gamma] [kGHAr{kp/m?]
n - fluid dynamic viscosity [eta] [P = g/cm s] [KG s/ 98,1 P]
A — linear resistance coefficient [lambda]

v — fluid kinematic viscosity [ny] [mP/s]
p - fluid mass density [ro] [kg/nT]
¢ — angle of rotation of a rolling wheel (or drop) [fi]

w — angular velocity of a rolling wheel (or drop) [onadg [1/s]
Subscripts:

cz — active, builder of the motion structure

ar — terminal

kr — critical

max - maximal

op — opposition, destroyer of the motion structure

pr - threshold

sr — average

w — resultant

X — on parallel direction to the fluid flow direction

y — transverse to the fluid flow direction

C - cycloidal

L - laminar

N — normal, vertical to the duct axis

3. Initial mathematical relations

An overview of mathematical dependencies is presehelow. They will be used further
on, when constructing the new cycloidal motion modée investigated flow is axially-
symmetric, spatial solutions will be reduced tangllasolutions.

3.1. Cycloid
Cycloids are best known in their parametric form:
x="(¢-sing) [1-1]
H
y == (1-cosp) [1-2]

where the equation of the circle of the rolling wh@he axial cross section of a sphere) in
the starting point at the beginning of a Cartesi@ordinate system

x?=y(H-y) [1-3]
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mH X
Fig. 1/1. Cycloidal curve formed by a rolling wheel

3.2. Dynamic cycloid

A dynamic cycloid is the result of a transformatmfra cycloid by placing it in a dynamic
coordinate system (x, h), wheresOh < H. A dynamic coordinate system differs from a
Cartesian coordinate system (X, y) by the fact that measure of the ordinate (y-axis) is
subject to linear refinement, in proportion to #raount of the mass of fluid involved in the
motion (the abscissa (x-axis) remains unchangedjccordance with the following:

yzh[ﬁl+@}zH[{l-M} [1-4]

H 2
Definition of a dynamic cycloid
The term “dynamic cycloid” refers to a cycloid, theas been transformed by placing it in
a dynamic coordinate system. In such a systemitble tracing the curve takes the form of a
drop, which — rolling in a slide-free motion on taagyht line (directrix) traces the dynamic
cycloidal curve. A graphical representation of thatve is presented below.

0,0 mH X

Fig. 2/1. Dynamic cycloidal curve formed by a nogjidrop.

where the equation of the circumference of thelaxw@ss section of the rolling drop in the
starting point at the beginning of a coordinatdesys
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x2 =y(H-y)=—_ (2H-h)H - h)? [1-5]
H2

gz H=N) o [1-6]

H

3.3. Dynamic semicycloid

The term “dynamic semicycloid” refers to a halfasf arc of a dynamic cycloid traced by a
rolling “drop” only in the area, where it rises o\whe abscissa (x-axis) - the ascending part of
the function in the rangetonH/2.

4. Initial physical relations
An overview of physical relations is presented bel®hey will be used further on, when
constructing the new cycloidal motion model.

4.1. Fluid as a carrier of the Earth’s gravitatioridield

In physics, Galileo (Galileo Galilei 1564-1642) aNéwton (Newton, Isaac 1642-1727)
are considered to be the forefathers of modernmigs It was they who discovered, that the
force on an object is determined by its accelenataiher than velocity. The acceleration of
an object is the rate at which the velocity changesn other words, the rate of changing the
rate of position in time. Furthermore, Galileo fadated another principle (principle of
relativity), showing inter alia, that Earth’s matics practically imperceptible for humans [3].

The phenomenon of constant changes in the rateositign in time is present in
Newtonian fluids apparently at rest, if affected drpvitational forces. The above means (in
accordance with Galileo’s principle of relativitihat the notion of “fluid at rest” makes no
physical sense locally. That a space filled withdlis a kind of an arena of physical events
influenced by various organizational fields (inbigi to a naked eye), creating “molecular
chaos” in fluids at rest.

On Earth, the terrestrial gravitational field arral fluid molecules with gravitons.
Experience shows, that molecules armed with grasitoscillate (vibrate) constantly. This
means, that each vibrating molecule of the analyaasgs of Newtonian fluid (conventionally
considered to be at rest) is a carrier of the apaticeleration parametgr: 9,81 m/$, which
translates to a directional intensity veckor 0,5 g and a sense intensity veaor 0,25 g.
This means that external gravitational forces ere@aforce field in the fluid of the intensity
A substitution of static conditions with dynamicnelitions (or fluid dispersion) does not
really change that value.

In static conditions, any mass of fluid affected the Earth’s gravitational field is
shapeless. Its external boundaries are determifettlaaily. These are phase boundaries, on
the surface of which the fluid forms monolayersltoi densely packed molecules, oriented
in space (with the positive charge facing the abjath a greater dielectric constant). In other
words, a monolayer is a two-dimensional one-mokethick layer.

4.2. Kinematics of motion in solid state physics

In solid state physics, velocity is the first dative of displacement with respect to time.
Acceleration is the first derivative of velocity tiirespect to time and the second derivative
of displacement with respect to time.
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4.3. Dynamics of motion in solid state physics

In solid state physics, work is a measure of engnayysmitted between physical systems. It
is a product of force and distance, as long addie® and the distance have the same sense
and direction, and the force has a constant value.

4.4. Friction in solid state physics

In solid state physics, friction refers to forchattoppose relative motion of two or more
objects. These forces are generated on contaetcasrbf the objects and are in the opposite
direction to the velocity vector.

4.5. Cycloid — the curve of fastest descent

In 1697, brilliant Swiss mathematician and physi&gsrnoulli (Bernoulli Johann 1667-
1748) asked the following question to his conterappmathematicians: “Given two points A
and B in a vertical plane, what is the curve traoatlby a point acted on only by gravity,
which starts at A and reaches B in the shortese?imHe received numerous answers
containing equations of the requested curve, buhd@gli demanded a name for this curve,
provided it was known. He received an anonymousrdétom England, reading as follows:
“The requested curve is a cycloid going throughhbpbints”. Having read the letter,
Bernoulli exclaimed: “I recognize Newton”. And irel it was the ingenious English
physicist and mathematician who provided the sotuf?].

Remembering this event from the past is importamiot only proves that cycloid is a term
known since long among mathematicians. Solid statgsicists called the cycloid a
brachistochrone (Greek: brachistosthe shortestchronos —-time). It is the curve between
two points that is covered in the least time byomplike body, under the action of constant
gravity. An extrapolation of the above fact onitjuld state physics is presented below.

In order to develop a physical interpretation otloid motion, it is necessary to first
determine the position of each fluid molecule af given moment of time, in a Cartesian
coordinate system. For a two-dimensional motiomilitbe determined as follows:

X:fx(t,xo,yo) [1-7]
y:fy(tvxofyo) [1_8]

where: § , fy refer to constant time functions in a constaatascfield f (X, y).

Time t is a variable. The initial conditions ardetenined by the following equations: x =
Xo; Y = Yo With t = t,. Having determined the coordinates of any elenfeim consecutive
moments of time t, one will receive the motionacpry of that element. If one assumes, that
the said trajectory defines displacement, then wile obtain a constant function of the
components of the velocity vector of each individelamentdm:

oOx(t,x ,y )
V = 0707 [1_9]
X ot
0y (t,x,.y,)
y =— 0°0° 1-10
y ot [ |
Similarly, components of acceleration:
0% (t,x.Y,)
a, =— 070 [1-11]
dt2
0%yt x,.y,)
a =— 0707 [1-12]
y 912
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For the axially-symmetrical flow under the actioh @pnstant gravity the description
becomes much simpler, because it allows one to itetheconsideration lines defined on a
plane. For a simple cycloid, the motion trajectoan be defined using the following system

of equations:
S, =— (ot -sinot) [1-13]

X
[1-14]

NI NI

Sy = (1— coswt)

Velocity components are defined by the followingteyn of equations:

H
Vx = wz(l-COSu)t) [1-15]
H
Vy =o—sinot [1-16]
Acceleration components are defined by the follgnsgstem of equations:
a, =m2ﬂsinmt [1-17]
[1-18]

ay :(,02 gCOS(D'[
In order to determine the physical mechanism o&acpful, steady and two-dimensional

flow of fluid, it is assumed that motion trajectasydetermined by a dynamic cycloidal curve,
which takes the following form in the constant scdield f (S, S):

_n)2 h)2 h)2
S, = {arccos M—1 -2 (H h) 1- (H h) [1-19]
H2 H2 H2
H-h) (H-h)?
—y=h 1+—( =HO1-———~ 1-2
Sy 7Y EE H } EE H? 1-20]
where: Y
0<S  <H o<s, <= [1-21]
y X 2
In cycloidal motion, equations describing the veetelocity field take the following form
H-h)? h h
Vx = Vmax.x {1'( H2) } = Vmax.x [ﬁ(z'ﬁﬂ [1-22]
2 2
V.=V \/(H'h) [1- (H-h) } [1-23]
y max.y H2 H2

[1-24]

where: Max.x = Vimaxy = Vimax = oH
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0,0 05 Vy
Vmax.y
Fig. 3/1. Distribution of velocity ¥/ Fig. 4/1.Distribution of velocitny
at altitude H

at altitude H

The resultant vector of the local velocity attaims following value:

_ (H-hP | o oo
VW _Vmax.x {1- H?2 - Vx Vmax.x [1-25]

Equations describing the vector acceleration fiake the following form:

a =a 2 (H-n)? !1- (H'h)z} = 2a \/VX (1— Vx ] [1-26]
max.x | \/ . vV

X max.Xx
H 2 H 2 mal max

h)2 _h)2 2V
a, =a 1-2{ 1M] =a [M—llza (1— X J [1-27]
y max.y 2 max.y 2 max \Vj
H H max

where the resultant vector of local acceleration:

V2
ZE — _ max [1_28]

a a =a =
w max.x — maxy  max 2 2H

Note: In cycloid motion, the resultant vector of intdr@@celeration always attains the

same valuemaxc. This means, that in peaceful flows the flowingsmaf fluid creates a

homogenous, dynamic field of centripetal acceleretj where each particle (molecule) of

the fluid carries the same resultant acceleratextoramax.c. This also means that the said

dynamic field of accelerations is identical to thece field of active forces.

Local values of the dynamic field of active forc@molecular forces of motion) are
generated in the process of conventional slide4fodleng of drops over each phase border,
and their sum is equal to the value of active feriee:

m
I:)CZ = J.dm&max.c [1' 29]
0
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0,0 amax.x ax

Fig. 5/1. Distribution of acceleration,a Fig. 6/1. Distribution of accelerationya
at altitude H dtitude H

5. Initial definitions

5.1. Peaceful flow

In what follows, peaceful flow will be discussedeéelcoinage of a new term into the liquid
state physics is purposeful, because it introducelvision of laminar, straight-axis duct
flows (0 < Re < approx. 2300) on peaceful (0 < R4962) and no peaceful (1962 < Re
approx. 2300). A discussion of the entirety of laariflows in the new system of the dualism
theory would require more than a single paper. dloee the description of no peaceful and
other flows (including turbulent) will be presentedhe next papers in the series.

Definition of peaceful flow

The peaceful flow, in a uniform gravitational forfield, is a flow that induces — within a
homogenous mass of fluid — resistances of cyclawation equal to resistances of laminar
motion, where active forces (cz) are equal to opjeosforces (op), which could be expressed
as follows:

J=J _+1J where J =1 [1-30]
cz “op cz “op

P=P_+P where P_ =P [1-31]
cz op cz op

5.2.Linear resistance of flow

The object of the following analysis is linear stance of peaceful flows of Newtonian
fluid. The definition of this resistance is well dwn. First introduced in 1856 by Darcy
(Darcy, Henry Philibert Gaspard803 — 1858), it was subsequently transformed mnto
formula known as the Darcy — Weisbach equation gi&sh Julius Ludwig 1806 — 1871)
a1 Ve
2H 29

The original version of Darcy’s formula was as delk [4]:

.With a steady turbulent flow of real fluids thrdugtraight-axis, circular cross-section
ducts, head losses are directly proportional tostieare of mean velocity of the flow and the
length of the duct, and inversely proportional e tliameter of the duct; furthermore, head
losses depend on a certain value, referred tmaarlresistance of flow'.

The above formula was subsequently extended byy3afallowers to include the whole
range of flows, and the coefficiehtbecame subject to analyses of many researchets asu

J=2 [1-32]



XX Fluid Mechanics Conference KKMP2012
Gliwice, 17-20 September 2012

Moody (Moody Lewis Ferry 1880 — 1953), Blasius (Blasitaul Richard Heinrich 1883 —
1970), Nikuradse (Nikuradse, Johannes 1894 — 187 @)pthers. The said analyses resulted in
a single theoretical formula, introduced on theidad Poiseuille’s physical model (see
below). Taking a step further, the said formula Wesved on the basis of Newton’s classical
internal friction hypothesis, expressed as follows:

dv
dP, = dF
N AH-h)

The formula of the coefficierit derived theoretically on the basis of Newton’s hHjesis
from Darcy — Weisbach formula (for an indefinitéligh number of layers, wheh = H),
has so far proven true only with regard to steaghcpful flows of Newtonian fluids (0 < Re
1962) through straight-axis ducts of a circularssrgection in a uniform gravitational force
field. For other kinds of flows, the value of theetficientl is determined empirically.

[1-33]

6. Classical laminar flow theory

Since long, Newton’s classical internal frictionetiny and Poiseuille’s mathematical-
physical model have provided a basis for theorkintarpretation of parametric dependencies
of laminar flow. An overview of these dependendgegresented below [4]:

Fig. 7/1. Distribution of flow forces and velocgie

Active forces are measured by the value of the @omapt of the gravity force along the
axis of the duct:

P., = (gravity) x (energy line slope) = L (H - hY y JoH [1-34]

=1 le +&j ; (Wz +&H [1-35]
L Y Y

Opposition forces result from fluid viscosity an@ apposite to active forces:

where:

av
P, = -2n(H-h)Ln——2~ 1-36
op 11',( ) nd(H-h) [ ]
When the values,Pand B, are added, one arrives at the following classqalation:
dv
L(H-h)?yJ+2x(H-h)Ln— X+ =0 1-37
T ( )Y 71:( ) ﬂd(H_h) [ ]

10
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When discussing fluid motion, it is more convenientse the fluid kinematic viscosity
rather than the fluid dynamic viscosifywhose dependency is expressed as follows:

v=1 [1-38]
p
After an integration of both sides of this claskagpendency:
v, =- 9 H a2 e [1 - 39]
4v
dla: h=0; V,=0; C= 99 2 [1-40]
4v

gJH2 | (H-h)?
V, = 1- 1-41
X 4V |: H2 [ ]

JH?
Vmax = 94 [1' 42]
v
Mean velocity (vertical distribution of velocity mtube is described by a parabola)
1 gJH?

\ =Evmax = v [1-43]

Reynolds number:
_2Vs'r H — 2Vmax Rh

Re [1- 44]
v v
The resultant coefficient of linear resistancelowf(Darcy — Weisbach formula):
=54 [1- 45]
Re

6.1. Comments on the classical laminar flow theory

A critical review of Poiseuille’s model and its rhamatical description discloses some
“paradoxes” embedded into it, i.e. embedded assongptvhich — although contradicting the
reality — lead to conclusions supported by expegen

One of them is the fact that classical modeling wased on the phenomenon of phase
boundary roughness, which is not reflected in thathematical description of the
phenomenon. This means, that mathematical desworipfithe model takes into account only
relatively small friction forces within the streaaf fluid, resulting of the fact of relative
sliding of the laminas inside the mass homogentud, fsimultaneously ignoring the high
resistance on the rough side surface (on the pghasedary, on the duct’s wall), despite the
fact, the high resistance on the model wall thevflexist, irrespectively of the wall's
“slipperiness”.

Another paradox is the fact, that in solid statgsids slide friction depends on the pressure
force acting perpendicular to the direction of thetion. The pressure force is not determined
in Newton’s hypothesis. It is simply not there.

The above indicates that the classical model ismmadete. On the other hand one should
remember, that dependencies derived from it areuestgpnable, because they have been
confirmed empirically. Thus, one can use them &rdefor model supplements, rather than
model changes. Such a development, consistingtajduaction of cycloidal motion to the
model, is presented below.

11
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7. The structure of peaceful flow in a new interpreation

The dynamic structure of peaceful flow is createcdaesult of transformation of external
force into internal forces of motion, forming pregsive motion of a fluid mass and motions
its individual particles. The shape of the struetareated in this way is determined by the
shape of vector fields of forces (accelerations) lamear momentum (progressive velocities),
each considered separately. In the analyzed dsssfructure of velocity field of translational
motion is generally known. It takes the form of tparaboloid and is identical both in
Poiseuille’s classical model and in the new cya@bmotion model.

The shape of the structure of the force field, fiognthe paraboloid structure of the
velocity field of progressive motion has not be@&satibed so far. Friction forces caused by
relative movement of laminas, resulting from Newgohypothesis, do not create such a
structure. They are merely a measureable effe¢h®finteraction of a not-yet-determined
force field. Assuming, that the same rights appiybbth, solid and liquid state physics, a
conclusion may be drawn, that Newton’s hypothes Roiseuille’s classical laminar flow
model based on it must be supplemented by pre$sioes causing friction within the fluid,
acting transverse to the lines of momentum of ekshina (in the analyzed case —
perpendicular to the axis of the flow).

Forces perpendicular to the direction of momentamesa novelty in fluid mechanics. They
cannot be found neither in Newton’s hypothesis, modifferential equations of Navier-
Stokes. They can only be found in the mathemapbgkical description of the new cycloidal
motion model. The trouble is, that these forceseappnly on the wall of the duct and in its
axis. They do not permeate the entire mass ofltihe ih motion and in general they do not
belong in Poiseuille’s model. We cannot find th&sees until a statement of fact, that in the
new model the transfer of forces is possible onllotvs a dynamic semicycloid, not a full
cycloid line, transverse forces are released in flhiel. This fact constitute the missing
element of Poiseuille’s model, as will be presentedetail below.

Despite the fact, that in the cycloidal motion miatie direction of forces is different from
the perpendicular direction (with the exceptiorfamtes on the duct’s wall and axis), in both
models these forces generate the same effect dihglifriction between laminas. The
foregoing results from the definition of frictionrtes which are opposite to the velocity Vx
of progressive motion which field shape — as shabve — is exactly the same (parabolic) in
both models.

Therefore, in the analyzed case one deals withgatetration of two structures of field of
forces (accelerations), which jointly form a paraiodal structure of the field of momentum
(progressive velocities) of progressive motionisTimplies full separation of the force field
of motion from the momentum field generating fldiol, even though momentum and force
fields together form the joint vector field.

The above does not mean that molecular forcesicgefield forces (fluid molecules, each
armed with a unit of directional acceleration oftion) do not create motion. That would
contradict Newton’s laws (but not the hypothesis)the analyzed case these forces create
oscillatory motion of molecules. This motion is natcidental. It is a two-directional
oscillation, one way along the lines of the dynamsgenicycloid and second way along the
lines that are perpendicular to direction linesmaftion. The said oscillation is superimposed
on the “molecular chaos” of the gravity field. Tredationship between the vector of unitary
directional acceleration of motion, denotedaas,, and the vector of directional gravitational
acceleration, denoted asis discussed below as well.

The oscillation on the duct’s wall and in its aigshighly specific. It is a unidirectional
oscillation. This specific nature determines the,fthat in the analyzed case it is the wall and
the axis that constitute the boundary of the dywearactor field of motion.

12
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7.1. Directional oscillatory motion

Before proceeding with further deliberations, itnisrthwhile to once again take a look at
the trajectory of oscillatory motion, determinedtfie cycloidal model by the dynamic cycloid
which — look at equations [1-19] and [1-20] — takes following form in a continuous scalar
field in a rectangular coordinate system, (§):

S =% arccos!M—l}—z (H-h)? E{l- (H-h)2]

X H H2 H2
S =
, =Y

If the parameter H denotes the distance betweewahend the axis of a duct of a circular
cross-section, then it is easy to notice that & riudtion along the arc of the cycloid is
impossible. The only possible motion is semicyclaid the path from the wall to the axis, i.e.
a motion that stays within the following limitsoedk at equation [1-21]:

0<S <H o<s <™H
y X~ 2

The above results from mathematical rules, and ispaty from the fact, that
determinability of the arcus cosine function is gibe only within the range [GtH], as a
result of which the determinability of ti& function is limited to the range [@H/2].

A similar situation is encountered on the opposige of the duct’'s axis. Since the
discussed type of motion is fully symmetric in tela to the axis (an axially-symmetric
flow), then such an interpretation will lead to anclusion that super-concentration of
oscillatory motion and formed it forces have arisen the axis of the duct. This super-
concentration blocks the said motion and causesesruttion of the cycloidal motion
structure (or semicycloidal, in this case). Theefming has not been observed empirically,
which means that Nature knows how to launch a nmastra of discharging such super-
concentration. The Nature creates specific mecharo$ transverse oscillatory motion,
perpendicular to the directional lines of momentaransverse penetrating through the entire
mass of the fluid in motion. Transverse forces mauthis motion are the missing element of
Poiseuille’s model.

And this is the space for the birth of the new dcumltheory. This theory assumes, the
Newtonian (viscous) fluid in motion create 2 forfields; an active forces field and a
opposition forces field. Their intensity is detened by the value of the characteristic vector
of unit directional acceleratiommax, being the sum of two unit acceleration vectors of
oscillatory motion:

— semicycloidal Aax.C
- laminar Fhax.L
- where; @ax = @naxct Gnaxl = 2 Gaxc = 2 Gaxl- [1'46]

Conventionally, the vectoamax.c draws the path of “ascent” in the mass of thedflun
motion, following the arch of dynamic cycloid inethange [X Sy < H, 0<S(<nH/2]. Itis a
carrier (quantum) of energy within the fluid, tréoresned from the forces of external
influences. It creates a dynamic force field ofloygdal motion, whose intensity is determined
by the value of the vector of unit active forde,; = dm gaxc

In its turn, the vectoamnax . draws the path of “descent” in the mass of th&lfim motion,
following the line perpendicular to the axis of tdect, in the direction of the flow, in the
range [0< $,< H, S(= 0]. In this way, it generates a dynamic forcédfief laminar motion,
whose intensity is determined by the value of thetar of unit opposition forcdPy, = dm
Amax.L-
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Fig. 8/1.Structure of field of forces (accelerations) inalki-symmetric peaceful flow

7.2. Dualism theory of Newtonian fluid flows

The new theory of cycloid-laminar dualism suggettts,dynamic motion restores order to
“molecular chaos” in fluids by the creation motistructures. The theory also talks about
external forces that cause the flow and discovienpdrtantly) internal forces created as a
result of external influences. One particular noved transverse forces (perpendicular to the
axis). Thus far they have not been addressed ordtieal deliberations despite the fact that
the transverse oscillatory motion in the dynamicédield of the fluid (being the result of the
said transverse forces) has been known to praetsosince long.

In the approach proposed by the dualism theorytrresverse motion is the result of the
migration of the molecular force of flu@P., on the path from the wall to the axis of the duct,
following a semicycloid (a half of a dynamic cyadiand the return of the forai,, on the
path from the axis to the wall, perpendicularlythe directional line of the momentum. Since
the said migration takes place in Newtonian (visydluid environment, it is accompanied by
motion energy losses related to flow resistancethm analyzed case, in a homogenous
environment with the omnipresent veci@y.x ascending motion resistances are equal to
return motion resistances. The ascending motiocydoidal, the descending motion is
transverse (perpendicular to the directional lihthe momentum).

The new theory proposes an alternative into thexgmenological approach of describing
the transport of fluids. This is a microstructuspproach, consisting in the deductive analysis
of each fluid molecule flow. This is difficult bagse the structure of the fluid in motion is
unstable. Everything that is built with active ferdP., is immediately destroyed with the
opposition forcelPyp.

7.3. Binary physical state of fluid molecules

The new theory of cycloid-laminar dualism talks ab@a binary physical state of the
molecules of the fluid in motion, which in a micsoale means that the molecule either
directs its oscillatory motion, or oscillates inchaotic way. In a micro-scale, pulling
individual molecules from the state of “molecul&i@os” in the fluid and embedding them in
the structure of motion is not gradual, but abr(giscrete). This means that there exists a
threshold molecular forcgP,,, which causes this abrupt change. The said fertieei product
of the molecule’s mass dm and the threshold deatiacceleratio@max pr. Below it will be
demonstrated that.a.r= 0,25 g.

In a macro-scale, individual physical states of ivitihal molecules are not
phenomenologically measurable, because the flugd aaphysical body), consists of an
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indefinitely great amount of molecules of the mdss, creating a continuum that fills in a
certain enclosed area of the mass m. Each changhiofkind is fractional, and the
participation of molecules creating the structeredetermined by the coefficiebtof the state

of the structure of the fluid in motion, where<OU < 1. In a macro-scale, these changes
remain invisible even if the value U is close toeoifhis results from the fact that the
ensemble of molecules in a fluid is not a classe@emble, but its range (it has only two
values: 0 and 1) and is devoid of the measure ocdatdom event.

Therefore, for the purposes of further deliberagitime coefficient) has been considered
to be a substitute measure, allowing one to transfenomenologically non-measurable
events from the micro-scale to the macro-scalea Assult, the notion of unit acceleration of
oscillatory motion gains a substitute definitiorpeessed by means of the following relations:

- anax.c= U anaxpr (114
- Anax.L = U @max.pr [B{4
where aax = 2 U &axpr [1-49]

7.4. Basis for modeling the structure of peacefldw of Newtonian fluids
It has been assumed that the fluid, as a physody,bconsists of an indefinitely great

amount of point particles (molecules) of the m@&ss creating a continuum that perfectly fills

in a certain enclosed area (phase space). Froraghisnption it follows that:

1. In Earth’s conditions the entirety of the analyzedss of fluid is always a carrier of the
terrestrial gravitational field, whose value isetetined by the spatial scalgr 9,81 m/é
and the vector of reverse intensity of the gramtatl field z= 0,25 g. In static conditions
the said mass is filled by “molecular chaos”. Otilg mass’ boundary is created by a
directionally arranged monolayer of the intensity @,25 g.

2. In dynamic conditions, the “molecular chaos” of 8tatic gravitational field is gradually
systematized by means of the field of forces (areébns) of a strictly determined
structure. This systematization consists in dirgcthe oscillatory motion of an increasing
number of fluid molecules, growing in line with tgeowth of the dynamics of the flow.
In this way the structure of the field of forcescalerations) and its derivative in the form
of a field of momentum (translational motion velgtis created.

3. The linear momentum of a point particle (molecwgjhe fluid is the product of its mass
dm and the progressive motion velocity. The direction and the sense of the momentum
matches the direction and the sense of the velad&ityin the analyzed case, the field of
momentum takes the shape of a paraboloid, andeirotigitudinal profile of the flow —
the shape of a parabola.

4. The active force of the point particle (moleculéjhee fluid dP; is the product of its mass
dm and the directional acceleratianax.c. The force of oppositiodP,y, is the product of
its massdm and the directional acceleratiafax. ., Where @ax.c= anax.- In a longitudinal
axial profile, the joint flow directional transfepute lines of molecular forces taks a
sawtooth shape, where the face of each tooth fdqa@erpendicularly to the directional
lines of the momentum. The sense of the activeeis partially centripetal, partially
matching the sense of the momentum, and never agpgoshe momentum. The sense of
the forces of opposition is always centripetal pagbendicular.

5. In the range of peaceful flows, both forces (actme opposition) are equal. Their effects
manifest themselves by the directional oscillatorgtion of individual fluid molecules
which — within the mass of the fluid — become @siof energy provided from the
outside.Oscillatory motion is visible experimentally, thiew of forces is not showm
the flow, becauseverything that is built with active foraP., is immediately destroyed
with the opposition forcePq.
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6. The progressive motion of the fluid is created tluéhe surplus of the work of “ascent”
over the work of “descent”. This results from tlaetfthat the path of “ascent” along the
arch of the dynamic semicycloid (using the actioecé) is longer than the path of
“descent” perpendicularly to the axis of the duatl dhe direction of the flow (using the
force of opposition).

7. In a micro-scale (molecular-scale) the processstesnatization of the oscillatory motion
of individual molecules is not gradual, but abr(giscrete), although in a macro-scale the
process of pulling individual molecules from thatstof “molecular chaos” in the fluid is
not experimentallyvisible.

8. In the dynamic structure of peaceful flow of Newton fluids the momentum field is
separated from the forces field, even though bields overlap, creating one joint vector
field.

9. The structure of the field of momentum and thecddtme of internal friction forces are
derivatives of the structure of the force field.

10.The boundary of the dynamic vector field of the imotare determined by the wall and
the axis of the duct.

If the convex phase space of the fluid is filledthwihomogenous point particles
(molecules), then the basic values used to desthibedynamic phenomena taking place
within it are the overlapping vectors of dynamicedtional acceleratioanax and longitudinal
velocity V, which may be represented graphically by mearssrofvs.

In the proposed mathematical-physical model, thscigtion of the evolution of the
convex phase space, irrespectively of its comptekias been reduced to the description of
the motion of a single point of that space in thealion determined by the encountered
arrows of the velocity vector (the first temporairidative of the changes to the shape of the
phase space), in the force field determined byetheountered arrows of the acceleration
vector (the second temporal derivative of the clearig the shape of the phase space).

8. Links between the classical laminar motion thegrand the new cycloidal motion theory

Physical dependencies in semicycloidal and trassvenotion imply that on the side
surface there appears normal (i.e. directed perpalady from the side surface to the interior
of the fluid mass) dynamic, centripetal pressurgluced by the fluid motion. The said
pressure is created by unit centripetal forceschhi
— have not been defined thus far
— the sense is directed centripetally (away fromviia8l), as a result of it there are no forces

exerting pressure on the wall which remains “pelyesmooth”.

8.1. Transformation of dependencies of Newton’samal friction hypothesis

In accordance with the accepted basis of modelisteady peaceful flow of fluids, unit
forces of motion resistances are in proportionrid centripetal forceslPy, which means that
they have already been defined by one of Newtogjgeddencies, which — for a single layer
of the thickness H — is expressed with the follapfiormula:

v
dP =1 % dF [1-50]

The above definitioms similarto the definitionshownin equation[1-33]. That is still the
Newton’sdefinition, butso formulated, thas no longer fito build the modelaminar flows

The above definition may be formulated in an engiige unit system. As a rule,
contemporary physics uses Sl units. Having madesfoamations from the engineer’s units
system (kilogram-force kG) to the Sl system (kilogram-mass kg), the resultant
dependencies of Newton’s internal friction hypotkéake the following form:
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dp = dp, Amax M _ o Bmax _  Vimax gp Bmax [1-51]
gdm g H g

The above dependency allows one to modify Newtorternal friction hypothesis, which
—in his own words — can be formulated as follodjs [

“Theflow resistance which arises from the lack of slippessof the parts of the liquid,

other things being equal i8) the Earth's gravitational field,
proportional to the velocity with which the partistbe liquid are separated from one another
and the intensity of force field created insideltqaid in motior?

A modification of Newton’s internal friction hypatkis lends credibility to the classical
theory of laminar motion. It introduces to the as&éd a force that is perpendicular to the
direction of the displacement of laminas. Thusnékes the definition of sliding friction in
the fluid closer to the definition of sliding frion forces known from solid state physics.
From this moment on, both in fluid state physidsidf mechanics) and in solid state physics
the sliding friction forces depend on the frictioaefficient and normal pressure force. The
above becomes a contribution to the general thebryiction and lubrication, pointing to
mechanisms of origin of friction forces.

8.2. The description of thpeaceful flomvector field

The extension of Newton’s internal friction hypatiseallows one to analyze parametric
dependencies in semicycloidal oscillatory motioor Eomparative purposes, the said analysis
has been made in the same order as presented abthweJaminar motion analysis.
— mean velocity adopted from the classical delibereti(vertical distribution of velocity in

a tube is described by a parabola) - look at equdfi-43]:

2
. Q 1 _ gJH
Vs’r_—z_EVmax— 8
nH v
— characteristic relations of the dynamic vectordiel
2
H JH
Vipay = 20— = 2V = 2 [1-52]
2 4vy
V 2V, JH
o= —max — ~ s _ G [1-53]
H H 4v
2 2 2 12,43
a :(DZE — Vmax - 2VSI’ - g ‘] H [1_54]
max 2 2H H 2

32v

8.3. Parametric dependencies resulting from the §rsis of semicycloidal motion

The extension of Newton’s internal friction hypatiseallows one to analyze parametric
dependencies in semicycloidal oscillatory motioor Eomparative purposes, the said analysis
has been made in the same order as presented abtwe)aminar motion analysis.

The resultant of active forces of semicycloidal imot(in accordance with Newton’s
second law of motion):

P., = (mass) x (vector field intensity) &=p L H? anax [1-55]

The resultant of opposition forces (resulting fremcosity, opposite to the resultant of
active forces of semicycloidal motion (in accordamdgth Newton’s updated internal friction

hypothesis): v 10a
max max

kG _ 98,19

where: 1 { } [1-56]
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When the valuesPand B, are summed, the following classical equationsoatained:
Vmax 10 amax

npLH%a,,, = 2nHLY [1-57]
g
V2 Vg 10 @
npLHZ ZMaX — oy p | g —max == Tmax [1-58]
2H H g
2V .. R a Ula
£ Tmax th _ 1g9gp Tmax — 192 — Maxpr [1-59]
v g/2 Ul g/4
a a
Re = 1962 SM& = 1962 — Pl — 1962 [1-60]
0/2 g/4

9. Definition of threshold Reynolds number

The notion of Reynolds threshold numlig, is understood as a characteristic value of
Newtonian fluid flows which separates peaceful #ofkom no peaceful flows (both flows
being laminar). It is a new value which is assun@dunction in the same way as other
characteristic values of this kind, such as:

— boundary Reynolds numbBRey, separating laminar flows from turbulent flows

— critical Reynolds number Reseparating supercritical flows from subcritidals.

A
H
A
9 o2| Vore Pare ‘
1}0_ ______ - - e | —_ ax|s
/ k o2 ° g
- > g=9,81m/s* - o2
k=0,5g tJ
5 v  2=0,25g \D [Noe
17N 5
~ g/4 l\g‘/E Flow
! | BM os2 S———
ol ¢ % w7 lsE
0,2929 o - Iy e 1_978 T
0,0 fz 1z tz [9/2 IQ/E o’z cduct wall
Fig.9/1. Static state Fig. 10/1. Dynamic state
Molecular chaos Full structure of motion

Definition of threshold Reynolds humbee,,

The threshold Reynolds number refers to the cheniatt number used to describe of the
dynamics Newtonian fluid flows. It is a value atiaththe fluid attains full “molecular order”,
and the stat® of the fluid’s structure takes the value U = 1,0.

In the analyzed case of steady, an axially-symmgteaceful flow of homogenous
Newtonian fluid through a straight-axis duct ofiecalar cross-section under the action of
constant gravity, the intensity of the dynamic, tdpetally directed vector field afax)
achieves a double the value of the natural tera¢sgravitational field, which can be
expressed as follows:

dla:  amax = 28maxpr = 0,59= 22 [1-61]

Re o = 1962 gdzie : Re, # Rey ; Rep # Rey [1-62]
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10. Summary and conclusions

1.

The subject of this article is an axially-symmetpeaceful flow of homogenous
Newtonian fluid, over a straight-axis duct of acaiar pipe, in a homogeneous
gravitational field of natural forces. This flow ¢éaused by the external forces, which are
transformed into 2 kinds of internal forces; inedractive force, the builder of internal
motion structure and internal opposition force, destroyer of internal motion structure,
previously built by internal active force.

Internal forces are ordered. Inside the fluid maseotion, these forces are developing
the internal structure of molecular motion. Thisisture can be modeled, visualized, and
theoretically described in mathematic formulas.dbahis, the new theory was introduced
to fluid state physics (fluid mechanics). The thesuggests, that Newtonian fluid flows
are dual in character. The dual character of tbhes fallows one to describe selected
features of flows by means of the cycloidal (serligiglal) motion theory, and others by
means of the amended laminar motion theory.

The review of actual achievements of fluid mechaild and the innovative analysis of
kinematics cycloidal motion are the inspiration tbe new theory of cycloid-laminar
dualism of Newtonian fluid flows. The highlight tfis new theory is the transformation
of dependencies of Newton’s internal friction hypexis.

In the light of the new dualism theory, the struetof flow created by 2 organizational
fields: force field of cycloidal motion (field ofcive forces) and force field of laminar
motion (field of opposition forces). The intensitf both fields are equal which is
expressed in relatiodnax.c = amax.L. With this arrangement, the structures of forcedBel
are unstable. Everything built by active forcesmsediately destroyed by the opposition
forces. The only stable and measurable result dfomads the structure of the momentum
field (velocities), a derivative of the structuritioe field force with respect to time.
Modeling of force fields was based on 2 physicaldei® of motion; cycloidal and
laminar. The route of forces transfer in the cydddimotion model is longer, than the
transfer route of the same forces in the lamination model. This means, the work
(work = force x distance) taking place in the fofiedd of cycloidal motion is greater than
the work taking place in the force field of laminaotion. The result from the above
difference is the phenomenon of progressive forriuad flow.

In an axially-symmetric peaceful flow through accilar pipe,the visualization of the
unstable structure of force motion fields allowsstwow the direction lines and sense
arrows of the field forces (accelerations).

In a transverse section, this is the perpendiqlkare to the line directions of momentum,
fully covered with molecules performing oscillatonyotion with equal intensit@max.
This motion is orderly, which is graphically illuated by the sense arrows on the force
directional lines. The arrows denoting the sensethaf active forces are partially
centripetal, and partially match the sense of tlmmentum. The arrows denoting the
sense of the opposition forces are always cendlipg¢rpendicular to the line direction of
momenturm.

In an axial longitudinal profile, the joint flow idictional transfer route lines of molecular
forces takes a sawtooth shape, where the facectfteath is profiled perpendicularly to
the directional lines of the momentum.

. In an axially-symmetric peaceful flow through acailar pipe, the visualization of stable

structure of velocities field is well known, becaushe distribution of progressive
velocities is fully measurable. This structure éinsteady flow) is a derivative of the
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structure of the field force, with respect to tindgrections of the field lines are parallel to

the axis of the duct. In an axial longitudinal gieyfthe velocity distribution is parabalic.

8. The structure of internal friction forces (in a alg flow) is also a derivative of the
structure of the field force. Directions of thesgckes are parallel to the direction of the
momentum. Their sense arrows are on the contrargeéhse arrow of momentum.

9. The resistance internal flow (internal friction des) results mostly from Newtonian fluid
viscosity. The viscosity suppresses the oscillatoogion of molecules triggered by both;
active forces (cycloidal motion field) and oppasitiforces (laminar motion field). In the
laminar motion the fluid viscosity provokes an duhal friction between sliding relative
to each other laminas.

10.The growth in the resultant flow resistance is ciseproportional to the participation of
molecules covered by the motion structure. The sgedicipation is defined by the
coefficientU of the state of fluid in motion structure, wherec@J < 1. The molecules
outside the motion structure create the “molecualaos”, typical for static fluids. This
participation of “molecular chaos” decreases adlthd motion dynamics grows.

11.A half of the structure of a peaceful flow is cezhtby "new molecular bricks",
representing molecular motion active forc#%,,. The other half is created by gravitons,
applied to proper molecules, constituting “"regaimleaular bricks" of the Earth’s
gravitational field. Once they are arranged in ordeey change on the molecular
opposition forces of motiodPp.

12.0n the walls and in the axis of the duct the arroWthe field force intensity are always
centripental. In this way, the fluid in motion segtas its dynamic vector field from its
surrounding by means of a liquid boundary, being@ @f the elements of the flow
structure. The boundary structure is similar to shecture of a static monolayer of the
fluid.

13.The new dualism theory introduced supplements ith® Newton’s internal friction
hypothesis, which:

- directly indicate, the existence of fluid motiorrde field, which is described by the
characteristic vector of the intensilgmay, indirectly indicate, the existence of
perpendicular pressure forces to the directionhef momentum, which provoke the
friction between sliding relative to each other iaas

— suggest, that in case of the lack of gravitatidoade, the laminar flows do not occur,
and all flows have the structure of turbulent flowsowadays this suggestion has not

found an experimental confirmation.

14.The article introduces a new notion of thresholgroéds numbeRe, = 1962 which
separates peaceful flows from no peaceful flowsh(lflows are laminar). In the case of a
threshold flow the share of molecules covered lgyrtotion structure is 100%J(= 1).
All gravitons of the mass of the fluid in motioredully covered the motion structure and
converted to directional acceleration vectors ofitear motionamax,. = 0,25 g

15.The new dualism theory confirms theoretically kngwhrenomenon, that in the quiet flow
of the internal friction grow in proportion to theverage flow velocity. The classic
description expresses it in direct relation J =¢)VThe new description of cykloidal
motion expresses it indirectly, that the force mernal friction grows in proportion to
fluid structure state coefficient value J = f(U).

11. Issues to address in Paper 2

Paper 2 will contain more new informations abow tossibilities of the theory on
cycloid-laminar dualism of Newtonian fluid flowsniphasis in this case will be placed on no
peaceful flows, more complex in their structurearttpeaceful flows discussed above. The
sophistication of motion dependencies will increase
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The deliberations will continue to focus on a stddcexample of a steady an axially-
symmetric flow of no peaceful Newtonian fluid thghua straight-axis duct of a circular
cross-section, under the action of constant gravityis will enable simple comparison of
peaceful and no peaceful flows. The highlight obé&ta2 will be a precise, theoretical
calculation of Reynolds number, resultantly deteedi by the valu®key = 2302 It will be
tantamount to fully opening the previously lockembdto the theory of turbulent flows.
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