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Abstract: Moisture regime of enclosing structures is one of the most complicated and controversial directions in construction
industry. Temporary climate impact on enclosing structures and low moisture inertia of building materials lead to the
situation in which it is impossible to calculate the steady-state moisture regime. Numerical methods are usually used to
assess the moisture behaviour of the enclosing structures. In the current paper, a differential equation of moisture transfer
is formulated. The solution of the unsteady-state equation of moisture transfer was obtained using the discrete-continuous
approach. Thus, a formula which allows scientists to calculate unsteady-state moisture transfer in multilayer walls of
buildings was obtained. A two-layer building enclosing structure with aerated concrete base and mineral wool insulation
was calculated.
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HNCIOJIB30OBAHUE JMCKPETHO-KOHTHUHYAJIBHOT O
MOJAXOJIA K PEHIEHUIO YPABHEHUS HECTAIIMOHAPHOI'O
BJIAT'OIIEPEHOCA B MHOT'OCJIOMHBIX CTEHAX 3IAHUI

K.I1. 3yoapes "*

! HarioHabHbI HCClie[oBaTelbcKii MOCKOBCKHIA TOCY/IapPCTBEHHBIH CTPOUTEIbHBIN YHHBEpcHTET, I. Mocksa, POCCHU S
2 HayuHO-HCCIIeIOBATENILCKA HHCTUTYT CTPOUTENBHOM (HH3UKH POCCHIICKOM akaleMUH apXUTEKTYPhI B CTPOMTEIBHBIX
HayK, . MockBa, POCCUA

AHHoOTauus: Bra)XHOCTHBIM PEXUM OTPaXTAIOMINX KOHCTPYKIWH 3MaHUHN SBIAETCS OOHUM M3 HambOoJee CIOXKHBIX U
MIPOTUBOPEUMBBIX HANPABICHUI B CTPOUTENLCTBE. [I0CTOSHHOE N3MEHEHNE KIMMAaTHUECKUX BO3/IEHCTBHI HA Orpaxkja-
IOLIYI0 KOHCTPYKIMIO M HU3Kasl BIAXHOCTHAsI MHEPLUS CTPOUTENBHBIX MAaT€PHUAIOB MPUBOAAT K CHUTYaIlH, B KOTOPOH
HEBO3MOKHO MPOHM3BOANTH PAcUeThl CTAMOHAPHOTO BIAKHOCTHOTO pexuMa. /I OLEHKH BIAKHOCTHOTO COCTOSIHHS
OTpaXkIaroIIel KOHCTPYKIIMK HCTIONB3YIOTCS YHCIEHHBIE MeToabl. B HacTosmeit padore chopmymmpoBano auddepen-
LHaIbHOE ypaBHEHHE BiaronepeHoca. [lomydeHo pemeHne HeCTalMOHAPHOTO YPABHEHMS BIATOIEPEHOCA C MOMOIIBIO
JMCKPETHO-KOHTHHYAJIBHOTO NO/IX0Aa. B pe3ynbrare Obla nmomydeHa popmyia, KOTopas TO3BOJISIET PACCUUTHIBATH HECTA-
LIMOHAPHBI BJIArornepeHoc B MHOTOCIIONHBIX CT€HaX 31aHuil. bblia paccunTaHa AByXCIIOMHAs OrpakIaoLasi KOHCTPYKLUS
C OCHOBAaHHEM M3 ra300€TOHA ¥ yTEIUTUTENIEM U3 MUHEPAIbHON BaThI.

Ki1ro4eBble €j10Ba: BIaXHOCTHBIN PEKUM, MaTeMaTHIECKas MOJIEIb, JUCKPETHO-KOHTHHYAIbHBIN METOI, TOTEHINAT
BIIQ)KHOCTH, MHOTOCJIOIHAS OTPayK1AF0Iast KOHCTPYKIIHSL.
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1. INTRODUCTION

Heat and moisture transfer inside enclosing
structures is a vital problem in modern
construction industry [1-7].

In nowadays, there are many multilayers walls
that are used in building, so it is crucial to assess
heat-conductivity coefficients under various
climate conditions [8, 9], durability of building
materials [10—13] and influence of the moisture
content inside enclosures on human health [14—
18].

Calculations of moisture transfer are based on a
transfer potential. For instance, it can be
gradient of water vapor partial pressure [19].
Moreover, moisture transportation can be
described by some moisture transfer potentials.
For example, gradient of water vapor partial
pressure and gradient of capillary pressure [20]
or liquid content pressure [21]. The most
convenient method is a moisture potential
theory, which allows scientists to solve only one
moisture transfer equation using the moisture
potential [22]. A huge number of moisture
potentials exist but in Russian Federation the
moisture potential F, which is included in
regulatory documents, was developed by V.G.
Gagarin and V.V. Kozlov [23].

The moisture potential F' can be written as a
function of moisture and temperature [23]:

F(w,n=E,<r>-¢(w>+%jﬂ(4)d¢. (1)

where F' — moisture potential, Pa; E,— saturated

water vapor pressure, Pa; ¢ — relative air
humidity, %; u — vapor permeability coefficient,
kg/(m-s-Pa); f — moisture conductivity
coefficient, kg/(m- s- kg/kg), which depends on
moisture, ¢ — temperature, 'C; w — material
moisture , % by weight (1 kg/kg = 100 % by
weight).

Moisture transfer differential equation based on
the moisture potential F can be formulated as [23]:
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aF(gwt)_( BOw)+ 8(p(w)E(l))£6F(wt) 2)
Yo Ox°

where y, — enclosing structure dry material
density, kg /m’, T —time, s; x — coordinate, m.

In 2010, the new discrete-continuous approach
was developed by Zolotov A.B., Akimov P.A.,
Sidorov V.N. and Mozgaleva M.L. This
approach gives an opportunity to find an
analytical solution of the unsteady-state heat
transfer equation [24, 25].

The heat transfer equation can be formulated as
[24, 25]:

ot o’t

—=a—. 3

or o @)
where ¢ — thermal diffusivity coefficient, m?/s.

First-order boundary conditions for the heat
transfer equation can be written as [24, 25]:

tsz = texr' (4)
Z‘)c=l = tin‘ (5)
where ¢_, — temperature in x=0, °C; 1_,—

temperature in x=/, °C; t,, — temperature of

ext

; 1, — temperature of inside air,’C;

| — thickness of researched enclosing structure,
m.

If inside and outside temperatures do not change
during time, it is possible to use discrete-
continuous formula:

outside air,’C; t,

Ur)=e" U, - A" (E—e“)-g. (6)

where U — temperature distribution column
vector; U, — initial temperature distribution

column vector; A4 — coefficient matrix; S —
boundary conditions column vector.

Opportunities of the formula (6) has been
developed by V.N. Sidorov and S.M.
Matskevich [26-28]. First-order boundary
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conditions varied with time, and temperature
distribution was described by the following
expression at any moment of time:

Ur)=e""-U, + j " .S(o)do. ()
0

The integral in equation (7) can be determined
by method of trapezoidal.

2. THE PROBLEM
To obtain analytical solution of the unsteady-
state moisture transfer equation (2) for

multilayer building walls using discrete-
continuous method.

3. MATERIALS AND METHODS

The formula (2) was reformulated as [29,30]:

2
OF (w, 1) 0 F(w,1)
ek CE({)———. (8)
ot FO ! axz
where Kp, ~ average material heat-humidity

characteristic coefficient, m?/(s -Pa).

Thus, saturated water vapor pressure E,
depends on temperature and can be calculated
by the following expression:

E (t)=1.84-10" -exp(—5330/ (273 +1)). 9)
In order to simplify equation (8) let us consider

the steady-state heat-transfer equation with third
order boundary conditions:

o’t
—=0. 10
P (10)
ot
-A—| = t,—t). 11
ax o a&rt ( ext 1 ) ( )
ot
A—l =a,l(t,—ty) 12
ax Ly am ( in N) ( )

where ¢ — temperature of the enclosing

structure surface which contacts with outside
air, °C; a,, — heat exchange coefficient of
outside air and enclosing structure section,
W /(m*-°C); t, — temperature of the enclosing
structure surface which contacts with inside air,
Pa; «, — heat exchange coefficient of inside air
and enclosing structure section, W /(m" -°C).

Third-order boundary condition for moisture
transfer equation can be written as:

oF

—-u—1 = F_—-F). 13
:Ll ax o ﬁext( ext 1) ( )
oF
—| =B (F -F,). 14

/’lax . ﬂl ( in N) ( )

where F,_, — outside air moisture potential equal

to partial pressure of outside air water vapor,
Pa; F, — inside air moisture potential equal to
partial pressure of inside air water vapor, Pa; F,
— moisture potential of the enclosing structure
surface which contacts with outside air, Pa; F,
— moisture potential of the enclosing structure
surface which contacts with inside air, Pa; g, —
moisture exchange coefficient of inside air and
enclosing structure section, kg/(m’-s-Pa);
B.,— moisture exchange coefficient of outside
air and  enclosing section,
kg /(m*-s- Pa).

According to the analytical expressions (9) —
(14), there is a possibility to find discrete-
continuous solution of the moisture-transfer
equation for the multi-layer enclosing structure:

structure

F=p-(G+K-E,-A) 2. K7 _

—r(G+K-E,-A) ' —(G+K-E,-A)>-L+
+(G+K-E, .A)fl(e(G+K.Et.A).z' —E)-E+

L GHKE AT

(15)
F,

where G — matrix of coefficients for materials

joint; K — matrix, which takes into account the

differences in the thermal and moisture
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properties of the materials of the calculating
enclosing structure; 4 — matrix of coefficients for
a multilayer enclosing structure; L — a column
vector, the first element of which is equal to one,
other elements are equal to 0 for a multilayer
enclosing structure B — a column vector, the first
and last elements of which describe the boundary
conditions on the outer and inner surfaces of the
enclosing structure, other elements are equal to 0
for a multi-layer enclosing structure; E, — matrix
of the saturated water vapour pressure; p — the
coefficient of the external boundary condition for
a multilayer building enclosing structure, Pa/s>.
A computer program based on formula (15)
has been created. It was made by MATHLAB
application, which is able to use an engineer’s
work.

4. RESULTS AND DISCUSSION

The new discrete-continuous formula was used for
calculation of the moisture regime of the building
wall with aerated concreate base and mineral wool
insulation. The climate data of Moscow (Russian
Federation) for temperature and moisture field was
taken as initial conditions for moisture behaviour
assessment.

The results of the moisture behaviour calculation
in the building wall with aerated concreate base

5.0
Mineral Wool Aerated Concreate Base
= 4.0 Insulation
=
g
230 ’-—.—_.__a_ A
S
)
L 1

g 2.0
8
h]
S 1.0
=

0.0 }

0.2 0.3 0.4
Coordinate x, m

Figure 1. Result of the moisture behaviour
calculation in building wall with aerated concreate
base and mineral wool insulation in January (1 —
a moisture behaviour inside enclosing structure;
2 — a maximum sorption zone).
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and mineral wool insulation in January are given
at (Figure 1).

5. CONCLUSIONS

The new efficient method was proposed for
HVAC (heating, ventilation and air conditioning)
engineers. This method is based on the discrete-
continuous approach, which allows scientists
calculate unsteady-state moisture transfer by final
formula (15).
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