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AHOTALIA Tpaouyiiino esaxcaemscs, wjo npoyec copoyii xapakxmepusyemovcsk KOHCMAHMOow ougysii mamepiany. 3anponoHo8aHo
ssaoicamu Koeghiyienm oughysii ninitinoo QyHKYiclo 6i0 KoHyenmpayii piounu é mamepiani. ¥ ybomy eunaoxy oas onucy npoyecy
copoyii neoOXioHi 06i koncmanmu mamepiany. ugepenyianvue piguanHa copoyii 6 ybomy 6uUnaoky cmae HemiHiunum. Y cmammi
PO3po6ReHi Memoou supiwieHHs mako2o pieHanus. Hasedeno piwenns 011 Kpaniosux ymog abcomomHo2o 3MOUY8aHHs 3 00H020 OOKY
Mmamepiany. Ompumane piwieHHa NOBHICMIO 8I0N0BIOAE BCIM 8I0OMUM eKCNEPUMEHMATbHUM Oanum. Bono moowce 3acmocosysamucs
0151 onucy npoyecy copoyii 8 0068LIbHOMY Mamepiai.

Knrwwuosi cnosa: copbyis, koegiyicum ougysii, HeniniliHe PIGHAHHS, KOHYenmpayis piouHu.

AHHOTALIHA Tpaduyuonno cuumaemcs, umo npoyecc copoyuu Xapakmepusyemcs KOHCMAHmou oug@ysuu mamepuand.
Tlpeonooiceno cuumamov rkod3uyuenm Oug@yzuu auneliHol GyHKyuel om KOHYeHmpayuu dcuoKocmu 6 mamepuaie. B amom
cayuae 01 ONUCAHUSL npoyecca copoyuu HeobXooumvl 0ge KoHcmanmul mamepuaia. [upgepenyuanvrioe ypasuenue copoyuu
9MOM CIyHae CMAHOSUMCs HeluHelHbiM. B cmambe paspabomanvi memoobl peutenus makozo ypasnenus. [Ipusedeno peuwienue 0as
Kpaegvix yCio8utl abCOMOMHO20 CMAYUSAHUSL ¢ OOHOU CmOopoHbl Mamepuana. Tlonyuennoe peuieHue nOTHOCMbIO COOMBEMCMEyem
8CEM U3BECHHBIM DKCNEPUMEHMANbHBIM OAHHbIM. OHO MOJMCEm NPUMEHAMbCA O ONUCAHUS NPOYecca copoyuu 6 NPOoU360IbHOM
Mamepuare.

Knrwueswie cnosa: copbyus, koapduyuenm oughpysuu, Herurnetinoe ypagHenue, KOHYEHMPAYUs HCUOKOCHU.

SIMULATION OF THE REAL PROCESS OF PASSING WATER THROUGH THE
MATERIAL

M. L. RIABCHYKOV

Department of technology and design, Ukrainian engineer and pedagogic academy, Kharkiv, UKRAINE

ABSTRACT The use of materials subject to the sorption of water recently expanded. Distribution of these materials is hampered by
lack of theoretical bases of their creation and operation. Traditionally it is considered that the sorption process is characterized by
the diffusion constant of the material. Experimental data demonstrate the dependence of the concentration of water in the material
times. Another characteristic is the dependence of the concentration rate over time. In this paper the technique of solving the
linearized differential equation of sorption is developed. The solution is obtained in the form of concentration versus depth and time.
Analysis of the solution showed a partial agreement with the experimental data. It has been suggested to represent diffusion
coefficient as a linear function of the concentration of liquid in the material. In this case the description of sorption process requires
two material constants. The first line corresponds to the diffusion coefficient. The second factor corresponds to changes during the
accumulation of moisture sorption in the material. The differential equation of sorption in this case becomes nonlinear. The paper
developed methods for solving this equation. The solution for the boundary conditions for the absolute wetting one side of the
material is presented. The solution comprises two constants that are analogues of diffusion constants. The resulting solution is fully
consistent with all known experimental data. It can be used to describe the adsorption in arbitrary material. Using this equation also
allows to predict the time of accumulation of moisture in the material and to select the material with predetermined properties
sorption.

Keywords: sorption, diffusion coefficient, nonlinear equation, the concentration of the liquid.

Introduction

Analysis of global trends in textile materials
demonstrates the high priority research and development
related to production of modern textile engineering
purposes. A significant number of technical textile
materials used as a geotextile material (drainage,
insulation, separation), materials for construction (noise
isolation, interior - to absorb the noxious fumes in
hospitals and public buildings), medical supplies
(operational textile linings for severe patients) etc. [1-3].

In this regard, there are some questions about the impact
of the commodity composition and structure of textile
fabrics for heat and mass transfer processes including the
appointment of products.

Innovative line of multifunctional materials -
combining in one package type of "sandwich" of
materials with different capillary-porous structure that
allows mass transfer purpose fully change processes,
including adjust the intensity of heat transfer, humidity,
noise. This gives ample opportunity to vary the properties
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of textile composites by the individual properties of each
functional layer [4, 5].

The mechanisms of water absorption described in
a number of studies [6, 7]. However, a reliable
mathematical models for them have not been established.
Such models can significantly develop the perspectives of
materials by absorbing water.

The proposed calculation model [8, 10] built on a
linear basis and does not correspond to the actual
experimental data.

Aim of the work

Develop a model of the passage of moisture
through the material, based on the account of non-linear
effects, which most closely matches the experimental data
to predict the process of water absorption in any case.

Development of the methodic

Creating multifunctional multilayer materials with
predictable properties requires determination of individual
properties of each element of the package and taking into
account when designing a product designation. This
necessitates the study of structure and regularity water
absorption and other physical properties of individual
source of textile fabrics, depending on their structure and
fiber composition.

Typical dependence
occasionally shown in Fig. 1, 2.

of water absorption
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Fig. 1 — Typical dependence of water sorption

For all indicators studied paintings U,,.; Ve and
V30700, determined with an accuracy of 3-6%, 12.7% and
12.7% respectively.

Data from the kinetic curves of water absorption
are fairly complete description of sorption properties of
textile materials. We can assume that such characteristics
of water absorption as U,u; Viax: twax fOr each textile
material is its constants.

Note that these curves show data
macroexperiments in which sorption parameters obtained

for the entire material layer. It remains an unknown
question, what happens inside the material.
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Fig.2 — Typical dependence of water sorption velocity

The answer to this question is important in the
mathematical prediction of sorption through several layers
of material (Fig. 3)
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Fig.3 — Scheme of passage of moisture through the layers
of material

To determine the total sorption need to know the
function of the concentration change of moisture through
the thickness of each material.

Differential equation of moisture passing through
the material has the form [10].

oU 0 U
a0z {D(U’ R } M

where U - the concentration of moisture;

z - coordinate that goes from the top to the bottom surface

of the material,

t — time;

D - diffusion coefficient.

As we know from many experimental studies
[8-10], diffusion coefficient of liquid in porous body
depends on its concentration. But to understand and
simplify the process of finding solutions of (1)
conventionally, in a first approximation, taking the
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coefficient of diffusion constant value. Then the
differential equation becomes:
oU ’U
—=D—-+. 2
ot oz* @

To solve the problem let's get to dimensionless
coordinates:
— coordinate z varies from zero to one,
— concentration varies as a function of time unit on a
surface in contact with moisture, to a certain current value
to its opposite surface.

Imagine searched concentration in a series that is
the product of two functions:

u=

Vi-We, )

i

M

i

where V; - a function of concentration, depending only on
time;
W; - a function of concentration, depending only on
coordinates,
i - the number of Fourier series.

Given boundary conditions, a single member of
several functions W, which depends only on coordinates,
represented as

W, = C{l—sin@j, 4)

i

where C; - constant that appears at integration.
Approximate solution in this case has form

D 2 . 2 .
W sin( e(2i— I)J

< 2 )
v=l Z(; 7(2i—1)

Let's give the diffusion coefficient of some
arbitrary value and build some graphs that reflects the
changes in the concentration of moisture in the material as
a function of time

Specific concentration around the layer of
material:

U= [U(zndr. (6)

After the integration process, we get:

8efﬂz(%l)zf.cos(ﬂz(%—l)j 1

2

Ut)=| z+ i 7

2 (i-1}

Substituting the boundary, we get the equation of
moisture absorption layer material:

Dp (2i-1)¢

- 4
Ut =1 —Zl—”ez yerY: ®)

and the equation of concentration change in thickness
(absorption rate):

dU ki b (2i-1)¢

—=>"2De *
o = 2De | ©)

Calculated curve of moisture absorbing of material
layer in time can be presented graphically dependence
curve Fig. 4, and speed of absorption of moisture -
in Fig. 5.

Comparison of calculated curves of the form (Fig.4
and Fig. 5) and experimental [8-10] shows that the
mathematical model with constant coefficient of diffusion
is not the real data. But this assumption is made
exclusively for us finding ways of solving equations of
fluid motion, taking into account the nonlinearity of the
process. Finding and solving an equation of the liquid in
the general case when the diffusion coefficient depends
on the amount of accumulated fluid will be shown below.
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Fig.5 — The curve of material moisture absorbing for the
model with constant diffusion coefficient
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Fig.6 — Curve speed of material moisture absorption for
the model with constant diffusion coefficient
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Analysis of nonlinear model

Let's go back to the main form of transmission of
moisture (1).

In a number of sources [2, 10] determined that the
diffusion coefficient can be represented as:

D(U)=D,(1+0U), (10)

where U - the concentration of moisture at some point the
material layer;

x - coordinate of a point at a time;

t - time;

D - diffusion coefficient;

D, - the initial diffusion coefficient;

o - coefficient of nonlinearity.

In this case equation (8) rewritten as:

oU oD U U
—_— =+ > (11)
ot Ox Ox ox
We get the solution of equation in form
4. AR G (2i—1)ﬂz)
- 2 (12)

Uz, =1-)

i=1

r(2i-1)

The unknown coefficients A and B are in explicit
form in the equation (12), allowing them to operate freely.
In particular, taking the specific meaning, you can find a
function of concentration changes depending on the
thickness and time (Fig. 7 and Fig. 8)
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Fig. 7— Changing the concentration of moisture in the
layer thickness of material for different times (t; <t, < ...
<t5<... <twar)

Change of concentration rate in thickness as a
function of time, you can find during differentiation of
expression (12) for concentration:

Fig. 8 — Dependence of concentration of moisture in the
material coordinates and time

. ZiA ‘Bt e -sin[—(ZI _;) : m)} (13)

For some material, characterized by specific values
of coefficients 4 and B, depending on location and speed
time is shown in Figure 2.

Since the coefficients obtained in explicit form,
you can find the dependence of concentration and speed
since the average thickness

1 ( ) oo 86—,4(21'—1):5
U)=\U\z,))dz=1- ) ———, 14
'([ %"7r2~(2i—1)2 (14)
dU & 8A4Br™ e
V) =—=) ——F——— 15
« dt Z x*-(2i-1) (1)
Charts that show the dependence of these

randomly selected coefficients 4 and B are shown in
Figure 8, Figure 9. Qualitatively they are close to
experimental.

i

{

Fig. 9 — Change of moisture concentration for a single
layer of material
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Fig. 10 — Speed change of water sorption for one layer of
material

These nonlinear relationships are very close to the
experimental data. This fact allows to recommend
methodology of nonlinear expressions (14, 15) to describe
the water absorption in material.

Conclusions

It is shown that the solution of linear equations of
fluid passage does not match experimental data.

A non-linear equations of unsteady transfer of
moisture perpendicular to the plane textile material is
proposed, which takes into account the dependence of the
diffusion coefficient of moisture content in the material at
any given time at a given point. The equation contains
two constants (A and B), which are the characteristics of
the material and take into account the braking process
water sorption durong the accumulation of moisture.
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