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s — 3 1 ~ i
e=a+/ rf_z + v + n,

where a, B and y are constants that depend on the Hall effect sensor used as well as the geometry of
the system and n is the noise process that corrupts the measurement [4]. It follows from Newton’s
second law that

1

md = mg — kd_4
Moreover, it follows from the Kirchhoff’s voltage law that
v = Ri+ Li.

Conclusion.

According information marked above prototype of this system was made and tested. Now
this system must be improved to achieve maximum precision.

The initial objective was completed successfully. The result of the conducted research is the
ability to contemplate the effect of magnetism in reality. It can be said for certain that magnetism
will find its place in many appliances and that there are many ways to develop and improve the
levitation system.
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TWO-PHASE FLOW IN A POROUS MEDIUM MODELING

Pabuxuna A.C.
(Tomck, Tomckuil nonumexHuecKuil yHusepcumen)

This research is devoted to the multiphase modeling in substances containing pores. The
experimental setup is built in Comsol Multiphysics package and constitutes a soil column that deals
with two substances when one of them goes from above of the column while the other one goes
from below. Throughout the experiment air represents the “upper’ substance while the second one
varies. The varying matter allows checking the model for its accuracy. After the check the transition
to the air/oil system is done. The result of simulation is distribution of substance pressure in the
laboratory column at the final time.

Multiphase Flows. In general, porous medium stands for a solid object that contains pores
or voids. Studies of flows in porous media form the basis in soil mechanics, industrial filtration,
groundwater hydrology, water treatment and others. In oil extraction, flow modeling is used to
model processes when water or gases are entered to the oil-saturated medium in order to displace
and collect oil [1].

Phase is one of the substance states which could be liquid, solid or gaseous. Multiphase flow
is a simultaneous flow of a few liquid-and-gas mixture phases [2].

Experimental Setup. The whole experiment is divided into 2 parts: the first one employs
water and air while the second one includes air and oil. As two substances take part in this
experiment one of them is referred to as ‘wetting fluid’ (water or oil) while another one is referred
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to as ‘nonwetting fluid’ (air). To study processes that occur in multiphase flows peculiar
experimental setups are constructed the way as it is shown in Fig.1.
The experimental setup consists of: 1 — inlet; 2a,
Pow 2b — pressure sensors; 3 — soil column; 4 — ceramic disk;
{ 5 — buret; 6 — wetting phase pressure sensor.
?_fﬂ_? Initial time, the soil column posed on a ceramic
4 j disk 4 is saturated with the wetting fluid located in the
receiving buret 5. Then, air is injected over the surface
of the laboratory column 3 through the inlet 1 from 0.2
meters height under pressure of p, (t). Air pressure is
7.6sm Y u increased in time in order to observe the wetting fluid
pressure behavior. The two-phase flow experiment
covers 170 hours [3].
Governing Equations. The following equations
0.74%i i 1 describe two-phase flows in porous media for the
M=o wetting fluid and the nonwetting fluid respectively [3]:
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Fig.1. Experimental setup

Kintkr,nw

_Cp,wg (pnw - pw) +V-|- (Vpnw + ingVD)] =0,
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where  C, ., (Cpnw) — Wetting (nonwetting) fluid specific capacity (1/Pa); t — time (hrs); Kip —
intrinsic permeability of the porous medium (m?); kyw (kenw) — relative permeability function for
the wetting (nonwetting) fluid; n,, (n,w) — dynamic viscosity for the wetting (nonwetting) fluid
(kg/m*s); pw (pPnw) — Wetting (nonwetting) fluid pressure (Pa); pw (Pnw) — Wetting (nonwetting)
fluid density (kg/m®); g — acceleration of gravity (m/s®); D — the coordinate (for example, X, y, or
z) of vertical elevation (m).

Boundary and initial conditions for both systems are shown in Table 1.

Table 1.Boundary and Initial Conditions.

Air/Water System | Air/Oil System
Wetting phase
Initial Conditions Boundary Conditions
N inlet and sides: n- [—5 (Vpy + prVD)] =0,
pw'" = —pwgD. i , :
base: p,, = 0.1 * p,,g, where n is the unit vector
normal to the boundary.
Nonwetting phase Nonwetting phase
Initial Conditions | Boundary Conditions | Initial Conditions Boundary Conditions
Pt = 02p,g + | inlet: Pow = | Piy’ = Zao
(8.34 — D) pnw8, Pnw8h(t), — a0 0.2p 8 Pow Oaw pnwgh(t)’ )
where 0.2 — the | base and sides: Ogw =V where g, (0,,) — interfacial
first air pressure | . [—E(Vpnw+ +(8.34 — D)pyyg. | tension between air and oil
head (m water); n (air and water); pcaw (Pc,ao)
8.34 — soil column pnwgVD)] =0, — capillary pressure for
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length (m). where h(t) - pressure air/water (air/oil) system.
head (m water).
) = Modeling. Such equations are difficult to solve because of

its nonlinearity, however computers allow to find a solution
via approximate numerical methods. Finite element method
(FEM) built-in Comsol Multiphysics is one of them.

To prove model robustness via comparison with other
authors experimental observations were made for air/water
system. The experiment showed that results corresponded to
the outputs obtained by other researchers thus the created
model can be used for further observations and substances
may be varied.

After that the model was modified so that the wetting fluid
would be represented with oil instead of water. The study
output is oil pressure in the laboratory column at 170 hours
(Fig.2). Conclusively, the experiment showed that despite air
injection through the column’s inlet, oil concentration is
higher on top of the column thus the model can be used to

Fig.2. Oil pressure distributionn”) study problems which require oil or any other substance
(t = 170 hrs) extraction.
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CIIOCOBb OHEHUBAHUS B3AUMHBIX ®A30BbIX CUT'HAJIOB 110 ®YHKIIMHU
KAUECTBA IIPU ®A30YACTOTHOM MMPOCJIEXKUBAHUU CEHCMHUYECKHUX
BOJIH

Cuoopenxo C.H.
(e. Tomck, Tomckuii nonumexHuyeckuil yHugepcumen)

HpI/I AHAJIN3C PCAJIbHBIX MATCPHAIIOB aAHAJIU3UPYCMbBIC CUTHAJIBI 4acCTO I/IHTCp(I)CpI/IpyIOT

Mexay co0oil, TO3TOMY BBIJACIUTh UX U MPOCIEAUTH MO HMCXOIHBIM pa3pe3aM MPAaKTHUYECKH He
ynaerca. ®dazouactotHoe npociexuBanue (PUIT) mo3Bossier 3HAYMMO TMOBBICUTH BO3MOXKHOCTB
BbIIETICHUS] HHTEP(EPUPYIOIINUX CUTHATIOB U YBEJIMYUTh UX pa3pelleHue.

CranmapTHeIii mHTepBan muckperTmsammu At =2.10"7c, wucmons3yemeiii B 1H(pPOBOI

00paboTKe ceCMUYeCKHUX JaHHBIX, OKAa3bIBAETCS HEJIOCTATOYHBIM MIPH OI[EHKE B3aMMHBIX CIIEKTPOB
OTpaXEeHHbIX BOJH. [loaTOMy wHcmonb3yercs Crnocod, MO3BOJSIONMN W3MEHUTh HHTEpPBa
JUCKPETU3AIUHU IIPU MPOCIICKUBAHUN CUTHAJIOB.
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