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Data are given on the computation of surface moisture transfer coefficients and vapor permeabili ty co- 
efficients for the diffusion of water vapor through wails, The theoretical results are compared with the 
available experimental  values. 

In the building physics literature it is usually assumed that the surface resistance to transfer of moisture in vapor 
form is zero or insignificant [4, 2], 

Field and laboratory data, however, indicate that this resistance varies quite strongly as a function of the relative 
humidity of the room air and that these variations are one of the reasons for the discrepancy between the theoretical  and 
actual values of the moisture contents of walls and other elements of buildings. 

Thermodynamic equilibrium between the processes of evaporation and adsorption (condensation) *may be ex- 
pressed by the Clapeyron-Clausius equation: 

d& ) T \ ~  ,(v v - v  z) : r .  (1) 

The integral of this equation, which expresses the law of the process of evaporation under conditions remote from 
the condensation point, gives the following relation for the total work of adsorption in the isothermal regime: 

v2 

A= RT f dV~ RTln V' =RTlnPS'. (2) 
J Vo V2 P,~ 
V~ 

This reasoning has been further developed by Academician P. A. Rebinder [1]. 

Moisture transfer resistance will depend not only on the conditions of motion of the air near the wall but also on 

the energy level  necessary for equilibrium adsorption of the molecules of water vapor at the surface of the pores and 
capillaries of the boundary zone of the material.  

Until this level  is exceeded, as a resuk of a decrease in the heat transfer coefficient and the related fall  in wall 
surface temperature or an increase in the partial pressure of water vapor in the boundary layer of air, the process of 

wetting by diffusion of water vapor through the thickness of the mater ia l  can not continue. 

On the basis of the expression for the total work of adsorption, it is possible to determine the moisture transfer 

resistance at the surface of a wall through which water vapor is diffusing. In order to obtain the moisture transfer resis- 

tance,  it is necessary to divide (2) by the corresponding value of the heat transfer coefficient at the surface. This heat ~ 

transfer is the result of air bathing the surface of the wall, and therefore from the viewpoint of dimensionali ty,  the co- 

efficient should correspond not to the ordinary heat transfer coefficient c* w but to the quantity c~w/c y. 

According to Lewis' data, as corrected by Schmidt [3], this coefficient a B =3.72 c~ w m / h r .  

If on the basis of the experimental  data we take ct w = 5.0 X 1.163 wat t /m 2. deg**, then c~ B = 18.6 m/hr .  

This can be used as a transitional value in determining the moisture transfer coefficients on the basis of the above 

mentioned energy level of the total  work of adsorption. Then the moisture transfer resistance may be defined as follows: 

Ri. V == R T  In Ps 1 
Pu ~ 

(3) 

* Adsorption equilibrium is completely analogous to equilibrium of the condensed phase and its vapor, if the sur- 

faces at which adsorption and evaporation take place are equivalent [9]. 

** Value obtained in tests conducted in a room about 2 .8  m high with a controlled cl imate.  Coefficient varies 

With the geometry of the test element.  
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In [3] Ri. v is determined from an expression of the form: 

1 
Ri .v  = R T - - -  (4) 

The dimensionless term Ps/Pu, which takes into account the adsorption energy level ,  has been omit ted and 
values-of the moisture transfer resistance computed from an expression of this type do not depend on the relat ive humid-  

ity of the air and the equil ibrium moisture content of the m a t e r i a l  

In fact ,  the lower the relat ive humidi ty  of the air in the room ~0, the greater the resistance to moisture absorp- 
t ion at the wai l  surface, which at the lower l imi t  of re lat ive humidi ty increases to a very high value of the energy of 

adsorption of a monomolecular  layer of water vapor. 

With increase in re la t ive  humidi ty the resistance falls and when Pu = Ps' L e. in the presence of free water in the 
mater ia l ,  is equal  to zero. 

For any values of the relat ive humidity at the surface the energy leve l  at which the process of wetting of the wal l  
in the vapor phase can proceed may  be obtained from expression (2). 

We can find the energy level  for ~0 = 0.25 and t = 18"C,  starting from the adsorption isotherm, as follows: A = 

= R T l n  p~ = 186.103 j / k g .  
Pu 

If we measure the energy leve l  in units of pressure (newton/mS),  we must introduce into the  above result in j / k g  

a correction factor equal  to the ratio of the corresponding numer ica l  values of the universal gas constant mul t ip l ied  by 

the molecular  weight of water vapor [8]. 

By dividing the energy level  by the coeff icient  cxg in accordance with (3), we get the required value of the mois t -  

ure transfer resistance at the  inside face  of the wall.  

Having performed these calculat ions for typ ica l  values of the relat ive humidity,  we can conclude that the moist-  
ure transfer resistance at the inside face of exterior  wails may  in very dry rooms reach values equal  to the resistance to 

vapor penetrat ion of solid dense piaster. 

Taking into account the necessary correction for the  fa l l  in temperature  and increase in re la t ive  humidi ty  at the 
surface of exterior walls as compared with the analogous data for the air  of the room means that  these values wil l  be re- 
duced, but, nevertheless, the effect on the wetting process in dry rooms remains considerable.  

If we assume that under average conditions in the cold season the fa l l  in temperature  at the surface of the wails 
st st = min wil l  be up to 5 ~ and in damper  rooms when R o = max of the order of 2-3 ~ then for an of dry rooms when R o 

approximate  computat ion of the moisture transfer resistance, assuming a l inear interpretat ion of the nonlinear depen-  
dence,  we may use the following simple formula: 

R i ' V = (  1 lOOq~ ) "  (5) 

At the outside face  of the wal l  Ro. v wi l l  obviously approach zero, since in the cold season the re la t ive  humidi ty  
of the outside air is about 90%. 

The above thermodynamic  relations can also be used to determine  changes in the values of the vapor permeabi l -  
i ty coefficients of wal l  mater ia ls  in different moisture states. 

The vapor permeabi l i ty  coefficients published in the  l i terature and in standards are obtained under isothermal 
conditions for re la t ive  humidit ies  of t00% on the inside face  of the specimen,  and 60~ on the other face.  Thus, the 
mean moisture content of the air medium acting on the specimen is 80% (~0s0), This mean moisture content of the air 
in the pores of the specimen corresponds to a par t ia l  pressure of water vapor Ps0" At a cer ta in  lower value of the humid-  

i ty of the  inside air  (~  << 100~o), corresponding to the water vapor pressure Px' the values of the  vapor permeabi l i ty  
coefficients wi l l  be different, These values may  be determined from the ordinary laws of thermodynamics.  Under iso- 

thermal  conditions, the work done by the process of diffusion of the water vapor wil l  be [6, 7]: 

W=RTln  ploo Q. (6) 
& 

Suppose we have two s imi lar  specimens of ma te r i a l ,  in one of which the part ia l  pressure of water vapor is Px 
whiie in the other it is Ps0. Assuming that  the differences of the outside part ia l  pressures are the same in both cases 
and equating the expressions for the work done by diffusion of water vapor in these specimens,  we have: 
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~x In [ 1 0 0  __ ~80 In Plo____~o 

& Pso 

or (7) 

~ .  In ~ .  = ~ o  in  %0, 

where gx = RTQ and gs0 = RTQs0 are the vapor permeabi l i ty  coefficients for humidit ies ~ = x and ~ = 80%, respec- 

t ively.  * 

The quantity In  ~o is the principal  character is t ic  quantity of the sorption isotherm equation and has the more 
general  form: 

1 1 
- -  = ~ + B  l n t p .  

(0 x (010 o 
Thus, the relation between gx and gs0 depends on the sorption isotherm of the mater ia l .  

Replacing the value of the integral  Pz00/Px by its boundary values at the sorption isotherm, we have:  

O3100 O) 10 0 
t~x - -  ~ ' s o - -  , 

~ x  0)80 

whence finally 
(.0)~ 

o180 

The direct  link between the va~or permeabi l i ty  of the mater ia ls  and their  sorption properties enables us to con-  

clude that the variations of g as a function of the equil ibrium moisture content wil l  be different for individual  groups 
of mater ia ls  character ized by sorption isotherms of different kinds. For wet table  mater ia ls  with a high sorption capac i ty  
these variations wi l l  be part icular ly wel l  expressed, whereas for unwettable mater ia ls  (e. g. minera l  wool and fel t )  they 
will  be re la t ive ly  impercept ible .  

It is of interest to compare the computed values of the vapor permeabi l i ty  coefficients with the ava i lab le  exper i -  
menta l  data,  par t icular ly  the measurements of [8]. 

These experiments established that at 45% rela t ive  humidi ty  the vapor permeabi l i ty  coefficients are reduced as 
compared with the values at 80~ by 1.5 t imes for organic and 2-3 t imes for inorganic mater ials .  Only minera l  wool 
gave no changes in vapor permeabi l i ty  due to moisture content. This is in comple te  agreement  with the nature of the 
sorption isotherm for this ma te r i a l  which has a direction almost para l le l  to the x axis (i. e. re la t ive  humid i t y ) .  The 

data on the sorption capac i ty  of the corresponding mater ia ls ,  needed for comparison, were ascertained in accordance 
with [4] and [2] and are presented in the table.  

TABLE 

Experimental  and ca lcula ted  values of vapor permeabi l i ty  coefficients 

Mater ia l  

Lime mortar  . . . . . .  
Cement mortar . . . .  
Vibrated concrete . , . 
Mineral wool . . . . . .  

Vapor permeabi l i ty  coeff, for humidi t ies  of: 

expt. 

3o% 50% 70% 

calc,  expt. 

0.0065 
0,0035 

iO 0018 
01075 

i 

t a l c ,  

0.0058 
0.0047 

expt. 

0,0110 
0.0065 

O,W5 

0,003 
0.002 

o~75 

0.0043 
0,0028 

calc.  

0,0090 
0.0068 
0.0030 

a c e .  t O  

CNS 

--0,018 
0.012 
0.004 
0.065 

The last column of the tab le  contains values given by CNS (Soviet Construction Norms and Specifications).  For 

wet table  mater ia ls  these values roughly correspond to the moisture state at 80-90~ 

The table  convincingly shows that  the order of the exper imenta l  and ca lcu la ted  values of tl for different  moisture 

states of the mater ia ls  are the same. 

* The inequal i ty  of the quantities of water vapor (Qx < Q 8o) diffusing at different transfer potentials (aSp) through 

comparable  specimens is l inked with the different thermal  effects of adsorption and the corresponding increase in en-  

tropy (AS x ; AE/T = --R In  ~0 x > --R In  ~080), and hence with the unequal resistance to diffusion. In the first and sec-  

ond cases the work done by diffusion in comparable  specimens with the same transfer potentials,  but different the rmo-  

dynamic  functions of the system wil l  be the same. 
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This raises the question of the introduction of the corresponding data into the CNS in order to improve the values 
of the vapor permeabi l i ty  coefficients used in heating calculations,  

The introduction into calculat ions of the moisture states of walls of the proposed values of the permeabi l i ty  co -  
efficients and moisture transfer resistances wil l  bring the results of computations closer to the real  conditions applying 

to buildings. In particular,  more realist ic results wil l  be ensured for brick and concrete walls insulated on the inside 
with ce l lu lar  concrete and other sufficiently dense insulating mater ia ls ,  when this type of construction is used for dry 
rooms with normal humidi ty of the inside air. 

NOTATION 

Ps -- equil ibrium water vapor pressure; V v and V l - molar  volumes of vapor and liquid ; r -- la tent  heat  of 
evaporat ion;  Ps. and Pu - -sa tura t ion  and investigated water vapor pressure; c - - h e a t  capaci ty  of mixture of air and 
vapor ; }, - weight of mixture by volume ; R st -- heat  transfer resistance of wails required by standards ; W -- work; 

Q - quantity of moisture in vapor form moving by diffusion; co x and tol00 equil ibrium and max imum sorption moisture 
content of ma te r i a l ;  B -- a constant. 
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