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Results are given of an investigation of the thermal  regime in a i r -pe rmeab le  joints by an e lec t ro thermal  
analog method.  

One of the factors governing the temperature field of a joint  is its pe rmeab i l i ty  with respect to air. 

Building codes recommend that the pe rmeab i l i ty  of joints should not be less than the value corresponding to the 
condition that the addit ional  heat  loss due to infi l t rat ion shall not exceed 5% of the main  heat  loss from the room. This 
recommendat ion is difficult  to apply: firstly, because in every form of jointed construction the joints acquire a definite 
permeabi l i ty ,  depending on the construction conditions; secondly, because the addit ional  heat  loss due to the infil tration 
of air through the joint  cannot be a criterion for est imating its thermal  quali ty.  It is shown below that in this case the 
determining factor is the temperature ~'x at the inside surface. 

The movement  of air through an outside wall is caused by a difference in air pressure between the two sides of the 

wall .  This pressure difference depends on many factors: the veloci ty  and direct ion of the wind, the aerodynamic coeff i -  
cients of the building, the pe rmeabi l i ty  of the external  and internal  building mater ia ls ,  the temperature  of the outside 
and inside air, the size of the building, and the vent i la t ion system. To determine the effect ive pressure difference, i t  is 
necessary to solve a system of air balance equations with components for a l l  the rooms of the building, with numerous 

factors taken into account.  

However, an accurate value of the air pressure difference Zip is necessary only in ca lcula t ing  the leakage through 
windows, since in this case there is a considerable increase in the addit ional  heat  loss. Calculat ions of the amount of in-  

f i l t rat ing air can be approximate where only joints or building panels are concerned.  

The criterion for choosing the thermal  qual i ty  of an outside wall should be the temperature  of its inside face.  When 

infi l t rat ion occurs, this temperature falls in the neighborhood of the joint .  In engineering calculat ions this fact must be 
taken into account,  and the jo int  must be checked for condensation, in the same way as other hea t -conduct ing  elements .  

In order to separate the influence of infi l t rat ion on the temperature conditions at the wall  from the other factors 

and to derive quanti tat ive relations, le t  us consider a joint  between two similar  panels.  

There are two types of joint: an open joint  (crack) and a closed joint  formed by a highly permeable  mixture.  The 

first type is typical  of walls that have stood for two or three years. 

These two types differ only with respect to the conditions of heat  transfer between air moving through the joint  and 
the surface mater ia l .  In the first case this is the surface of the crack, and in the second i t  is the surface of the pores and 

capi l lar ies  of the jointing mixture.  

.Open joints: We can represent the panel  adjoining the crack as a semi- inf in i te  p la te .  The temperature  distribution 

in a section of the panel  is described by the Laplace equation 
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The boundary conditions at the outside and inside faces are the 
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The similarity criteria determining heat transfer are: 
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Here c%/Wx(C7) i is the conventional convection parameter, equal to the ratio of the Nusselt and Peclet numbers and 
characterizing the ratio of the heat transfer intensity to the specific enthalpy of the air stream. 

In examining the temperature field of the wall, it is convenient to use the ratio Bib/Bi c instead of Bib: 

K1 = Bib /Bic = k/L(c~) i. (7) 

K 1 characterizes the ratio Of the intensity of the heat supply to the surface of the crack inside the wall to the inten- 
sity of the heat drain. 

Closed joints. In this case the temperature distribution in the joint is complicated, since the joint and the part of 
the wall adjacent to the joint form a two-layer structure with the layers arranged in the direction of heat flow. If X < Xj, 
the joint should be regarded as an open, thermally conducting wall element, and if X > Xj, as a non-conducting wallele- 
ment.  The solution of problems of this kind is familiar to heating engineers. 

In our case the problem is complicated by the fact that outside air moves across the joint, affecting the tempera- 
ture field of the part of the wall adjacent to the joint. 

In the steady state, heat transfer through the joint is described by a system of two differential equations. We have 
the Laplace equation giving the distribution of the temperature t over a section of the wall adjacent to the joint: 

ax e --F oy-- ~ = 0  when y >  2 (8) 

and the Laplace equation with an additional term (heat "drain"): 

(a,t, when xj \ + o y v  - -  (c T)i ox 

giving the distribution of the temperature tt over a section of the joint. 

The conditions at the boundary between the two zones (X and Xj) are: 
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Let us examine the remaining conditions of uniqueness of the equations: 
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Oh V = 0 ,  X j ~  = 0 .  (16) 

The quantity Wx(CT) i is the heat  capaci ty  of the air stream filtering through 1 m 2 of joint .  The whole of the last 
term in (9) represents the intensity of the heat  drain, uniformly distributed over the section of the joint .  

The simultaneous solution of (8) and (9) with known uniqueness conditions determines the temperature  field in the 
wall with air f i l tering through the joint .  

Analysis of the equations shows that here the temperature distribution is determined by the re la t ion between the 

following s imilar i ty  cri ter ia:  

), ), 
K2 = K z -  Bio = a~176 , 
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Bii = ~aic_ ' Bioj = %B =i,~. (17) "Xj' Biij = 
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The parameter  K 2 is s imilar  to K 1 examined above, and is the ratio of the intensity of the hea t  supply inside the 
walt to the surface dividing the panel  from the joint  to the intensity of the heat  drain. It can be ca lcu la ted  thus: 
Kz = X/L(c7)i, where I-(cT)i is the heat  capac i ty  of the air stream fil tering through 1 1in. meter  of joint .  

Thus, this case differs from the previous one only in that the temperature  distribution over the wall section at the 
inside face and the hea t  loss are determined not only by the thermal  resistance of the wall R0 and K s, but also by the 
ratio of the thermal  conductivit ies of the panel  and jo int  mater ia ls .  

The influence of infi l t rat ion was investigated further by solving the equations on an e lec t r ic  integrator.  

The analog method of solution using an e lec t r ic  model ,  and the results for an open joint  (crack) have been pub-  
lished previously [2] and will  not be examined here.  

The results obtained for the closed joint  are given below. As with the open joint ,  analog computat ions 'gave the re-  

lations 

�9 ~ = [i (Ro Kz), AL = [~ (RoK~), Az = f3 (RoK2) 

with the correction b X for the different value of K x. 

The quanti tyT x represents in dimensionless form the min imum temperature 7" x of the inside of the wall panel  in the 

immedia te  vic ini ty  of the joint.  

"~x = (ti - ~Jl(ti -- to). (18) 

Figure 1 gives this quantity as a function of R 0 and K s. From the graph the value of T x may be determined, if the 

thermal resistance of the wall and the permeability of the joint to air are known: 

= t i ( t i  - t o )  (19) 
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Fig. 1. Dimensionless temperature Yx as a function of 
K s for a closed joint  with 6j = 10, 6 = 160 mm: 

%/Xj = 1.0; 1 -R0 - 0.88; 2 - 1.0; 3 - 1.8; 4 - 1.6. 

1 2 5 1o x~ 

The correction b x m a y  be determined from Fig. 2. 

With the help of the graph (Fig. 1) we can also select  the required value of the wall resistance for a given min imum 

permissible value of r x, which is usually found from the condition r x < td.p.  (dew-point  temperature  of room air). 
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Analysis of the results obtained allows certain conclusions to be drawn. 

It is impossible to es t imate  the pe rmeab i l i ty  of joints from addit ional  heat  loss alone.  Infil tration of air causes a 
sharp drop in temperature  at the inside face of the joint ,  which can lead to the condensation on this surface of water 
vapor from the air of the room. 

The temperature drop at  the inside face  depends equal ly  on the amount 
of air fi l tering through the joint  and on the thermophysical  properties of the 
joint  mater ia l .  The more ef fec t ive ly  the wall is heated,  the more pronounc- 
ed is the temperature drop at the inside surface. 

To avoid condensation, the joint  must be checked by determining the 
value of r x (as for thermal ly  conducting wall  e lements) .  For this purpose the 
graph in Fig. 1 may be used, or a ca lcula t ion m a y  be performed on an elec- 
tric model  by the method referred to above. 

Calcula t ion of joints of various types by this method makes i t  possible 
to reduce the effect  of inf i l t rat ing air by applying a thermal ly  conducting 
layer to the inside face of the wall ( e . g . ,  plaster or a layer of st~ucturalma- 
ter ial) .  

NOTATION 

C~o, c~i and C~c, ~'o, r i ,  and ~'c - h e a t  transfer coefficients and t emp-  
eratures at outside and inside faces of wall  and at the surface bathed by air 

f i l tering through the joint:  to, t i, and tc - temperature of the outside and 
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Fig. 2. Curve determining correction bx: 
1 - K 2 = 0.56; 2 - 0.80; 3 - 1.40; 4 - 5 , 6 ;  

inside air and of the air in the joint;  X, Xj - thermal  conductivit ies of the 
wall and joint  mater ia ls ;  w x - veloci ty  of air in crack, equal to 1/6c; 6 c - height  of crack; 6/6 c - dimensionless ratio 
of crack length (wall  thickness) to crack height;  T o, Toj, T i, Tij -- temperatures of outside and inside wall panel  and joint .  
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