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1. INTRODUCTION

An effect of moisture transport in porous buildingaterials is a complex
process, since apart from a molecular flow a serfaiffusion, capillary
transport and other forms of transport are preSérg.processes of sorption and
desorption as well as phase transitions may oatua condition of thermal
nonequilibrium of thermal diffusion effect. The ocence and intensity of the
phenomena depend on the porous structure of theriadaand its thermal and
moisture properties. The environment also affdugsttansport processes inside
the space dividing elements by natural atmospluerclitions.

These phenomena influence the properties and dityabf building
materials.

Building materials feature a capillary-porous stie enabling absorption
of water, penetrating the inside of the material fifing the pores either in full
or in part. A moisture state of space dividersafirked as a whole of processes
related to moistening and drying of the materials.

Currently, a significant scientific issue relatedrhass and energy flow
through the space dividers is a need for theoletinalysis of the discussed
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processes on the basis of the principles of dymgmddfusion and sorption
theory.

To carry out thermal and technical calculationsd&iermine transient
temperature and humidity fields in capillary-pordusiding materials, data of
heat and moisture transfer coefficients are requifdese coefficients define a
specific material and are used in heat transfermasls flow equations. One of
the coefficients is a moisture transfer coeffici€ltuid moisture diffusion
coefficient) [1, 2, 3, 4, and 5].

Articles [6, 7, 8, and 9] present a method to deilee a moisture transport
coefficient in building materials on the basis ahdtics of a one direction
capillary rise. An experimental part of the metramhsists in the measurement
of material sample weight variable in time. The pharis a rectangular prism
and all sides, apart from the bottom one, are coatith waterproofing
membrane. A bottom sample surface shall be in comtidh water att = 0.

2. MATHEMATICAL PRESENTATION AND CALCULATION
PROCEDURE

An equation describing moisture transfer and samgight change in time:

ow 0
Ly ax[ﬁ( )—j (2.1)

where:

Po
wx,)

- material volume weight;

moisture content by weight (moisture weight tg dample
ratio), depending on coordinate x and time t,

L(w) - moisture transfer coefficient of the material.
The initial condition is an assumption that the penatt =0 was dry:
w(x,0)=0,-----0<x< L, (2.2)

where L is the sample length.

Boundary conditions show that for the bottom swefaomersed in water, the
sample maximum moisture content

\N(O t) Winaxs " 20, (2.3)

where w, . is the maximum material moisture content by weiglth moisture

flux density through the surface coated with wateofing membrane is equal to
zero:
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LW)—=0,------ X=L, eeee t>0. (2.4)
ox

Change of sample weight in time is defined as
L
m(t) =m, + o, (8 w(x t)dx, (2.5)
0

where Sis the surface area of sample cross-section.
Value of p, andw,,, can be calculated by the following formula:

_m ., _mD)-m

Po=— max m(O) (2 . 6)

SIL
where T is a specific moment, after which it is assumedt tihe sample is
completely saturated with water, im(t) = m(T), att=T.

The task is to determine the moisture transferfooent as a function of mo-
isture S(wW) on the basis of functiom(t) and sample dimensiorfs and L .

To solve the problem, let us assume that the vaftiedepends on
coordinates and time, and not considexind he equation (2.1) is expressed as:

2 —awgf’t) =%[ﬂ(x,t)—a“§§’t)j (2.7)

At the monotony of a functionv over x andt, a sufficient and necessary
condition, that the valug is a function ofw, i.e. g (X, t) = 8 (w(x, t))is the
following equation:

0p(x.t) w(x.t) _ 9p(x.t) ow(x.t)
0X ot ot 0X

Equation (2.7) and (2.8) are a system of two egostwith two unknown
[ andw, dependent on coordinates and time. Apart fron, tifve conditions

(2.2) to (2.5) shall be met.
Let us integrate the equation (2.7) with respest:to

- ﬁ(x,t)% = p{j%df + C(t)j, (2.9)

0

(2.8)

WhereC(t) is a specific time function.
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For x = L, the right side of the integral (2.9)eigual to zero. A sufficient
and necessary condition to meet the boundary dondi{2.4) isC(t) =0.

Value £ is determined by the following formula:

EL

ot

[”(X’t)=—,00°wﬁ)—-

0X

Let us substitute (2.10) to (2.8) to obtain a fnybn-linear differential - integral
equation for one of the unknowns:

[az\év)(()z(,t) Iwxt) 02w(xt) E@W(x,t)j EJL- owé,t) dé +

ot oxot ox ot

N ow(x,t)’ EJL.az\,\,({,t)d5+(6m1(x,t)2Jd)w(x,t) -0
ot

(2.10)

(2.11)

oX ot? ox

X

As boundary conditions of the equation, let us mersthe correlation (2.2),
(2.3) and (2.5) and that the sample is completatiyrated with moisture it .

w(x,t)=0 t=0, <xslL (2.12)
w(x,t)=w_, ~ 0<t=T, x=0 (2.13)

L —

jw({,t)d{:M. 0<t<T, (2.14)

0 IOOS

wix,t)=w,, t=T, O<x<L. (2.15)

Equation (2.11) considering the conditions (2.t2§2.15) describes the
change of sample moisture content in time and spawkfor a specific change

of sample weightm(t), such as the diffusion equation (2.1) is satisfigdere

the moisture transfer coefficient is a functiomudisture content.
The equation can be linearised for a relativelylsomrectionSw(x, t)for
w(x, t) by the Newton’s method. Obtained linear equatian be solved for a

rectangular grid of coordinate(sgt). The matrix of linear system of equations
for the grid is a block tridiagonal. The Thomasoaithm is applied.
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As a simple approximation in the Newton's method,aan use the result
obtained in article [2, 3, 4, 5] from the equat{@l) with boundary conditions
(2.2)-(2.4) and coefficierg (w) chosen to satisfy the relation (2.5) in the most
accurate way. A solution of an equation (2.11)donditions (2.12) to (2.15) is
substituted in the relation (2.10) and an unknovaistare transfer coefficierft
(w) is calculated.
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WYZNACZENIE WSPOLCZYNNIKA PRZENOSZENIA WILGOCI W
MATERIALACH BUDOWLANYCH NA PODSTAWIE DANYCH O KINETYCE
JEDNOKIERUNKOWEGO PODCAGANIA KAPILARNEGO

Streszczenie

Zjawiska transportu wilgoci zachogt2 w porowatych materiatach budowlanych
sktadaj sie na bardzo skomplikowany proces, gdyprocz przeptywéw molekularnych
moze wystpowa w ich porach réwnie dyfuzja powierzchniowa, transport kapilarny i
inne rodzaje transportu. RGwnoéae mog zachodz procesy sorpcji lub desorpcji,
przemiany fazowe, w warunkach nieréwnowagi ciepljayiska termodyfuzji. To, czy

i z jaka intensywndcia beda sie ujawni& poszczegdlne zjawiska, zajeod struktury
porowatdci danego materiatu i jego wigwosci cieplno-wilgotndciowych.

Materiaty budowlane w wkszagci maj budow kapilarno-porowat,
umazliwiajaca pochfanianie wody, ktéra me wnika w glab materiatu wypetniaca
catkowicie lub tylko czsciowo jego pory. Przez stan wilgotwoiowy przegrod
budowlanych rozumie sicatoksztatt przebiegu proceséw zmanych z zawilgoceniem i
wysychaniem materiatéw w przegrodach budowlanych.

W artykule zaproponowano przez autora oryginalnig apatematyczny i procedura
obliczeniowa wyznaczenie wsp6iczynnika przenoszemidgoci w materiatach
budowlanych na podstawie danych o kinetyce jedmokleowego podaigania
kapilarnego.





