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DOES NOT CHANGE AND IN THE CASE WHEN THE VOLUME CHANGES
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Abstract

A liquid is a physical body that has the property of fluidity, so it does not have its own shape and takes the form of a
vessel that it fills. Liquids are divided into two types: drip and gaseous. Droplet liquids are characterized by high
compression resistance (almost complete incompressibility) and low resistance to tensile and tangential forces, due to
the insignificance of the coupling forces and friction forces between the liquid particles.An incompressible fluid is a
mathematical model of a continuous medium whose density is preserved when the pressure changes. When defining an
incompressible liquid, it is assumed that it retains the basic properties of the liquid, in particular, to change shape at a
constant volume.The article presents the experiments demonstrating two types of incompressible fluid are presented.
The first type is the motion of fluid not changing its volume due to elastic deformation. The second type is the
formation of vortices during the expansion of the fluid that has received additional kinetic energy. Formulas for
calculating and modeling vortices are proposed.
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AHxoamna
C.0.060imananos %, J1.F Kacenosa *
YKaszax sxonomura, kapocwl scane xarvkapanvix cayoa ynusepcumemi, Hyp-Cyaman x., Kazaxcman
KOJIEMI O3I'EPMEI'EH )KOHE KOJIEMI O3I'EPI'EH KAF I[AFIJIAPBIHI[AFLI CYFIBIKTI)IKTI)IH
KO3FAJIBICBIH 3EPTTEY ’KOHE MOJAEJIBJAEY

Cy#BIKTBIK — aKKBIIITHIK KACHETKE He, CoJl cebenTi o3iHiH aepOec (GopMachl jKOK KOHE €31 TONTHIPFaH bIIBIC
(dopmacsiHa ue 6oaThiH Gusnkaiblk qeHe. CyHbIKTBIKTap TaMIIbI )KOHE Ta3 Topi3ai 6okl ekl Typre Oesineai. Tamiubl
CYWBIKTHIKTap CHIFBUTYFa JETE€H YJIKCH KeAepriMeH (TONBIKTail CHIFBUIMAHTHIHABIKIICH), COHBIMEH KaTap CYUBIKTHIK
OenmekTepi apachlHOAFBl TYTAaCYMEH YVHKeNiC KYMITEPiHIH IIamMaikl OONyBbIHA MIAPTTH OOJIATHIH CO3BLIY JKOHE
JKaHACYKYIITEpiHE TOMEH KeaepriMeH cumatTanaabl. CRIFBUIMANTEIH CYHBIKTHIK — KBICBIMHBIH ©3repyi KesiHze
THIFBI3IBIFBl CAKTAJATHIH TYTAC OPTAaHBIH MaTeMaTHUKANBIK Mozeli. ChIFBUIMANTHIH CYWBIKTBHIKTHIH aHBIKTAMAaCBhIHIA
CYWBIKTHIKTBIH HETI3Ti KacHeTTepi CaKTajagsl, HAKTHl alTKaHOa TYPAaKTHl KeJeMJle KalIbl e3repyi MyMKiH.Byn
MaKaiaJa CHIFBIIMAWTBIH CYHBIKTBIKTBIH €Ki TYpiH KOpPCETETiH 3KCIIEPUMEHT YCHIHBUIFAH. BipiHII Typi — cO3BLIMAIBI
nedopmanus eceOiHeH KeJieMi e3repTiIMereH CYHBIKTBIKTBIH KO3FajbIChl. EKIHIIN Typi — yJiFalifaH Ke3Je KOCBIMIIA
KUHETUKAJIBIK SHEPrHUsiFa e 00NaThIH CYHBIKTBIKTAH KYHBIH KaJbINTACThIpY. KyHBIH/BI ecenTey )KoHe MOJIeIb/Iey YIIiH
(dbopmynanap YChIHBIIFAH.

Tyiiin ce3mep: KHHETHKAIBIK DHEPrus, cepmimai aedopmarivs, SKCICPUMEHT, EKIHIN PETTIK KUCBIKTAP.IbIH
nudhepeHIMaIIbIK TCHACYIEPI.

Annomayus
C.A.A60vimananos 1, JI.I Kacenosa 2
'Kazaxckuil ynusepcumem 3K0HOMUKU, (PUHAHCOE U MedcOYHapoOHoll mopzoenu, 2. Hyp-Cynman, Kazaxcman
NCCIEJOBAHUME N MOJAEJINPOBAHUE JBUKEHUSA XKUJAKOCTHU B CJIYYAE, KOI'TA OB BEM
KNJAKOCTHU HE MEHSIETCS U B CJIYYAE, KOI'TA ECTb U3BMEHEHUSI OFBEMA

Kunkocts — puznyeckoe Teno, odaamaroniee CBOWCTBOM TEKYyUECTH, BBUY YEro HE UMeroIIee COOCTBEHHOH GopMBbI
1 IpuHIMaromiee GopMy cocyaa, KOTOPHIA OHa 3anoiHseT. JKUIKOCTH IeNAT Ha JIBa BHUJA: KaleJIbHbIE U Ta3000pa3HbIe.
KarmenbHpIe JXKUAKOCTH XapaKTEPU3YIOTCS OOJBIINM COMPOTHBICHHEM CXKATHIO (TIOYTH MOTHOW HEC)KHMAeMOCTBIO) U
MaJIBIM CONPOTUBJICHUEM PACTATHBAIOIIUM W KacaTEeIbHBIM YCHIUSM, OOYCIOBICHHBIM HE3HAYHUTEILHOCTHIO CHII
CLUEIUIGHHS WU CWJI TPEHUS MEXIY YacTULUAMH >KUIAKOCTH. Hecxumaemas >KMIKOCTh — MaTeMaruieckas MOJIeNb
CIUIOUTHOM Cpeabl, IUIOTHOCTh KOTOPOH COXpaHseTcs NpU HM3MEHEHUU NaBieHus. llpu onpeneneHud HeCKUMaeMOM
KHUJIKOCTH TOJPA3yMEBACTCs, YTO OHA COXPAHSIET OCHOBHBIC CBOWMCTBA JKUAKOCTH, B YACTHOCTH M3MEHATH (HhOpMy HpH
MMOCTOSTHHOM 00BeMe.B cTaThe mpencTaBiieHBl IKCIEPHUMEHTHI, MOKA3hIBAIOIIME JBa THIA HEC)KHUMAEeMOW KHIKOCTH.
[lepBeIii THO — OBIKCHHE XHIKOCTH Oe3 M3MEHeHHs o0beMa 3a cdeT YIpyroi nedpopmanuu. Bropoit tunm —
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(opMupoBaHHE BHXpPEH NpPU PACIIMPEHUM >KHIKOCTH, MOJYYMBIIEH JOMOJHHUTENIBHYI0 KHHETHYECKYIO OSHEPTHIO.
[MpennoxxeHs! GpopMyItbl 1J1s pacyeTa U MOJICIMPOBAHIE BUXPEH.

KaioueBble cioBa:kuHeTHYECKash DHEPTHs, ynpyras aedopMaiys, SKCIepruMeHT, uddepeHanbHble YpaBHEHUS
KPHUBBIX BTOPOTO MOPSAKA.

Introduction. Let us give the definition of a fluid and an incompressible fluid from textbooks. A fluid is
an aggregate state of a substance that is intermediate between the solid and gaseous states. The fluid, while
retaining certain features of both a solid and a gas, has, however, a number of features specific to it only, of
which fluidity is the most specific. Like a solid body, the fluid retains its volume, which is shown in its low
compressibility. The fluid has a free surface.

An incompressible fluid is a mathematical model of a continuous medium, the density of which remains
with a change in pressure. When determining an incompressible fluid, it is assumed that it retains the basic
properties of the fluid, in particular, it changes shape with a constant volume[1].

We show that this property allows an incompressible fluid to create motion in a closed space. For this
purpose, expand the definition of an incompressible fluid. There is the smallest incompressible particle of the
fluid that can change its shape while maintaining its volume.

1. Fluid motion experiments without changing the fluid volume due to elastic deformation.
Water has an insignificant compression coefficient and in many cases is suitable for studying the
processes of incompressible fluid motion.
In Physics classes, the experiment "The fall of the body in a fluid" is demonstrated (Fig. 1). Naturally,
we see only the motion of a solid body. Let us describe the motion of a fluid with a constant volume.Let us
do some imaginary experiments. Let the smallest incompressible fluid particle take the form of a cube of 2 x

2 x 1 conventional units (Fig. 2).
T
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Figure 2. Model of the smallest incompressible fluid particle
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Imaginary experiment 1.

We have a 4 x 4 x 1 cubic vessel. The vessel is absolutely solid. We place
four equal 2 x 2 x 1 particles, three fluid particles and one solid particle of the
same shape, in the vessel (Fig. 3a)

The vessel is closed on all sides. The mass of a solid particle is greater than
the mass of a fluid particle. Under the action of gravity mg, particle 0 will deform
particle 2. According to the Pascal's law, the pressure will apply to all fluid
particles. We obtain the motion of all fluid particles in the vessel (Fig. 3b, 3c).
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Figure 3. Model of a cubic vessel (M sp.>mp)
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Figure 1. The fall of the
body in a fluid
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Imaginary experiment 2.
A solid particle has a mass less than the mass of a fluid particle. The solid particle is placed on the bottom
of the vessel (Fig. 4a). We obtain the ascent of a lighter solid particle (Figs. 4b, 4c).
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Figure 4. Model of a cubic vessel (M sp.< M p)

In addition to the visible motion of solid particles, we obtain the motion of fluid particles.

Imaginary experiment 3.

We replace solid particle 0 with a fluid particle with a momentum different from the momentum of other
particles. In the fluid, an exchange of momenta between particles will occur through the exchange of elastic
shocks. If the difference between the momenta is large enough, elastic deformation of the particles and
topological motion of the fluid will occur during the momenta exchange. Naturally, the topology of particle
shape changes will be much more complicated than in previous experiments. In a real fluid, the momenta
will be aligned and the topological motion will tend to zero.

2. Experiments of the formation of vortices during expansion of a fluid that has received additional
kinetic energy.

"Thus, a trickle can have no beginning or end inside the fluid; it should, therefore, have a beginning and
end at the free boundaries of the fluid or be closed"” [2, Chapter 2, §2].

Physical experiment 4.

Tea leaves are poured into a vessel with solid and transparent walls and a flat bottom. Close the vessel
and spin it. Tea leaves under the action of centrifugal force and friction force will move along the vessel
wall. The air force for this experiment is quite discharged and its effect can be ignored[3], [4].

Physical experiment 5.

A vessel with solid and transparent walls is filled with water to the brim. We place several tea leaves as
motion markers. We close the vessel tightly with a lid, shake it hard a few times and place it on the table. Tea
leaves, having received kinetic energy, will move chaotically and settle under the influence of gravity [3],
[4].

Physical experiment 6.

A vessel with solid and transparent walls is filled with water to the brim. As motion markers, we place
several tea leaves randomly scattered on the bottom. We close the vessel tightly with a lid. Then the vessel is
placed on a rotating circle. We spin and stop it. We see that the tea leaves are grouped in the center of the
vessel bottom [3], [4].

Physical experiment 7.

Let us repeat experiment 6 with a parallelepiped-shaped vessel. The result is the same, tea leaves are
grouped in the center of the vessel bottom. However, the scatter from the center is farther, which is explained
by a more rapid destruction of the rotational motion of the fluid after stopping the rotation of the vessel.

In experiments 6 and 7, the fluid starts to rotate with the vessel and behaves like a solid body. All
molecules get the same angular velocity, and the linear velocity increases from the center to the periphery.
After stopping the rotation of the vessel, the fluid starts to show fluidity and viscosity. Friction on the vessel
walls will reduce the speed of rotation of the fluid molecules from the vessel walls to the center. All fluid
molecules in the vertical direction are affected only by the force of gravity and it is equal for all molecules,
therefore, it is impossible to move molecules up and down a closed curve with the same speed at the
corresponding points of the curve. This means that closed curves of motion in the vertical plane do not occur
in these experiments. In experiments 6 and 7, fluid motion is caused by centrifugal forces, it may be said, in
pure form. Typically, fluid motion is caused by rotation of a solid object in a vessel. For example, of a spoon
in a glass. The end result is the same, tea leaves are grouped in the center of the vessel bottom.

Let us clarify the definition of "fluid has a free surface”. This means that there is a space with a gaseous
substance above the surface of the fluid. The motion of fluid and gas particles is affected by the uneven
distribution of kinetic energy, gravity, and friction [3], [4].

Physical experiment 8.

We fill a vessel with solid and transparent walls with water for about 3/5 and close it tightly. We shake
the vessel randomly for some time with force. Then we quickly put it on a stationary surface. The
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streamlines arise, some of which tend to close themselves. The formation of a vortex from the random
motion of molecules is observed.

If experiment 8 is repeated in a vessel with a square cross section, then the formation of a vortex is not
observed. Hence the conclusion: the following is required for the vortex formation: 1) a sufficient amount of
kinetic energy of the fluid molecules, 2) an additional space, 3) a directing force for the curvature of the
motion [3], [4].

To obtain a vortex for an incompressible fluid with a pressure drop, condition 2 is required.

Figure 6. Vortex from the random motion of molecules (FE-8)

3 Derivation of formulas for calculating and modeling vortices

It is known that inside the vortices, the pressure decreases towards the center, which means that the
density of the fluid decreases not due to compression, but due to expansion. The faster the fluid moves in a
volume of space larger than the volume of the fluid, the less force holding the fluid molecules together. Right
up to the break. A horizontal buoyancy force appears - an analogue of the Archimedes force.

Fyi = aip;V; @

where p;- density of the fluid in the i-th layer,

a; —acceleration,

V;- volume of the i-th layer,

F,;—buoyancy force.

If the acceleration is constant, then formula (1) goes into (2)

Fyi = p;aV; 2)

We have two values that affect the motion of molecules of an excited ideal fluid on the plane: the proper
momentum of the molecule and the horizontal buoyancy force. According to the Newton’s laws, it is known
that the action of at least two forces is necessary for curvilinear motion. In a two-dimensional plane, a vortex
would be obtained from concentric circles of streamlines that coincide with the motion paths of the fluid
molecules.

In three-dimensional space, the Archimedes force, arising under the influence of gravity, was added

Fai = pigVi 3)
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The chaotic motion will pass into the nested cones of rotation with the top down. Since the side surface of
each cone has the same density, the streamlines can form any second-order curves along the conical sections
of the cone. Note that there are no closed curves in the vertical conic section. Attenuation of the vortex will
occur due to the dissipation of energy with the environment.

Conic sections are second-order curves, the motion along them can be calculated by differential equations
of second-order curves [3]. In the above experiments, the vessels are symmetrical with respect to the vertical
axis, therefore, the streamlines on the surfaces of the cones will also be symmetrical with respect to the
vertical axis. This involves using a differential equation of second-order curves with respect to the center

.. _ 2%0%x cos(@(t))*sin(@(6))*(¢)?
¢- 1- 62« cos(g ()2 (4)

When deriving equation (4), a generalized formula Q was used. In real fluid motion, the generalized force
is the sum of the forces

Q = Fa + F,+ Fy(Fig. 7), where Fais the Archimedes force, F, is the buoyant force from the outer layer, F;
is the friction force, and v is the velocity of particle M.

Figure 7. Forces affecting a fluid particle M moving with a velocity v

The demonstrated experiments allow modelling and studying the fluid motion in laboratory conditions.
The system of equations (5) makes it possible to numerically calculate the motion of a fluid in a vortex.

.. _ 2%02x cos(p(D))+sin(p(t))*(9)?
¢ = 1— 02x cos((t))2

Fyi = piaV;

L Foi = pigVi
i=012 ..N. N -the number of vertical layers in the vortex.
For a real calculation, we need to draw a system of equations based on coordinates.

Conclusion

1. The first stage of fluid movement in nature in an ideal form is impossible. A rigid closed vessel is
required. In inanimate nature, topological fluid motion is possible. This should be taken into account when
magma moves inside the planet. In living nature, if the walls of organic cells are considered sufficiently
solid, the motion of intracellular fluid can be considered as the motion of a fluid due to elastic deformation of
its particles.

2. General differential equation of second-order curves [1]

¢ = 2% (r (p(1))) * sin(g) * @2

does not limit the choice of the radius function. You can find a function that describes motion in the vertical
plane in the field of gravity.
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3. Experiments 4-8 are physical, but it is difficult to observe them in this form in nature. There is no clear
boundary between the vortex and the external environment. The formation processes in fluid or gas with
increased kinetic energy do not occur so unambiguously. However, these experimental limitations allow
studying the formation of streamlines and buoyancy forces (1) and it is possible to identify other properties
of fluid motion.

4. When describing experiment 7, the impossibility of vertical closed streamlines was proved. Einstein
probably understood this and proposed the friction effect to equalize the velocities of fluid molecules in
vertical closed streamlines. However, this hypothesis is not confirmed by calculations or experiments [5],

[6].
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