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From “Analysis of a Building in Turkey: How Much Condensation Occurs With 
Various Insulation Thicknesses?” by Gökhan Kahraman, Erdem Isik 

The equa�on for temporal one-dimensional heat conduc�on in a mul�layer wall can be writen as 
follows: 

𝑘𝑘𝑗𝑗 ∗
𝜕𝜕2𝑇𝑇𝑗𝑗
𝜕𝜕𝑥𝑥2

= 𝜌𝜌𝑗𝑗 ∗ 𝑐𝑐𝑗𝑗 ∗
𝜕𝜕𝑇𝑇𝑗𝑗
𝜕𝜕𝜕𝜕

,        𝐽𝐽 = 1,2, … … . . ,𝑀𝑀                                           (1) 

In Equation 1, x and t are space and �me coordinates, respec�vely. Tj is the temperature of the jth layer, 
while ρj, cj, and kj are the density, specific heat, and thermal conduc�vity of the jth layer, respec�vely. To 
solve Equation 1, it is necessary to specify an ini�al condi�on and two boundary condi�ons. As an ini�al 
condi�on, a random uniform heat zone can be assumed. Boundary condi�ons for the external and 
internal wall surfaces are defined in Equations 2 and 3, respec�vely: 

−𝑘𝑘1 ∗ �
𝜕𝜕𝑇𝑇
𝜕𝜕𝑥𝑥
�
𝑥𝑥=0

= ℎ𝑒𝑒 ∗ (𝑇𝑇𝑒𝑒(𝑡𝑡) − 𝑇𝑇𝑥𝑥=0)                              (2) 
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= ℎ𝑖𝑖 ∗ (𝑇𝑇𝑥𝑥=𝐿𝐿 − 𝑇𝑇𝑖𝑖)                              (3) 

In Equation 2, he is the combined heat transfer coefficient on both sides, Te is the external temperature, 
and Tx=0 is the temperature at point 0 of the x coordinate of the building component. In Equation 3, hi is 
the combined internal heat transfer coefficient, Ti is the internal temperature, and Tx=L is the temperature 
value at point L of the x coordinate of the building component. 

For the provinces of Antalya, Istanbul, Elazıg, and Erzurum, the internal temperature of the building was 
taken as 19°C (66°F). Average external temperatures by month are shown in Table 3.20 

As a result of solving Equation 1, the heat flux formula to be used for the condensa�on calcula�on was 
obtained, as shown in Equation 4: 

𝑞𝑞 = 𝑈𝑈 ∗ ∆𝑇𝑇 (W/m2)                   (4) 

 

In Equation 5, the formula for the total heat permeability coefficient of the building component is 
shown: 

1
𝑈𝑈

= 1
∝𝑖𝑖

+ 1
𝑅𝑅𝑒𝑒

+ 1
∝𝑒𝑒

                                  (5) 

In Equation 5, 1
∝𝑖𝑖

 is defined as the surface convec�on resistance of the inner surface (m2K·W), 1
𝑅𝑅𝑒𝑒

 as the 

total thermal conduc�vity resistance (m2K·W), and #1
∝𝑒𝑒

 shows the surface convec�on resistance of the 

outer surface (m2K·W). 

A�er calcula�ng the heat flux via Equa�on 4, the calcula�on method for the temperature values for each 
surface of the building component shown in Equa�on 6 was applied: 

𝑇𝑇𝑗𝑗 = 𝑇𝑇𝑗𝑗−1 − 𝑅𝑅𝑗𝑗−1 ∗ 𝑞𝑞 (°C)                                 (6) 

With Equation 6, a�er the temperature differences were found for each surface of the building 
component, the water vapor pressures (Pa) corresponding to each temperature were determined. The 



rela�ve humidity ra�os were then determined for internal and external condi�ons and mul�plied by the 
water vapor pressures corresponding to the internal and external temperatures. In this case, the 
resul�ng graph line forms the boundary line for the occurrence of condensa�on. If the rela�ve humidity 
graph line created for the surfaces coincides with the boundary line, we can say that condensa�on will 
start at the point of overlap. 

To calculate the amount of condensate on the walls of heated buildings, one-dimensional steady-state 
condi�ons are accepted. Air movements through the building elements are not considered. It is assumed 
that the moisture transfer is only through water vapor diffusion. The formula for calcula�ng the amount 
of condensa�on is shown in Equation 7.20 

𝑔𝑔𝑠𝑠𝑠𝑠 =  𝛿𝛿 ∗ � 𝑃𝑃𝑖𝑖−𝑃𝑃𝑠𝑠𝑠𝑠
𝑆𝑆𝑑𝑑𝑑𝑑−𝑆𝑆𝑑𝑑𝑠𝑠𝑠𝑠

−  𝑃𝑃𝑠𝑠𝑠𝑠−  𝑃𝑃𝑑𝑑
𝑆𝑆𝑑𝑑𝑠𝑠𝑠𝑠

�    (kg/m2)                                                           (7)  

In Equation 7, gsw denotes the water condensed in one second. δ is the water vapor diffusion resistance 
that shows minimal changes depending on temperature and barometric pressure. In this calcula�on, the 
effects of these variables were neglected and taken as δ=2 × 10-10 (kg/m.s.Pa). Pi and Pd represent par�al 
water vapor pressure, while Psw represents saturated water vapor pressure. SdT is defined as the thickness 
of the total air layer showing the resistance equivalent to the resistance of a building element layer to the 
passage of water vapor. Sdsw is defined as the thickness of the s�ll air layer and shows the resistance 
equivalent to the resistance of a structural element layer to the passage of water vapor, as calculated with 
Equa�on 8: 

𝑆𝑆𝑑𝑑𝑠𝑠 =  𝜇𝜇 ∗ 𝑑𝑑                  (8) 

In Equation 8, µ represents the water vapor diffusion resistance coefficient and is a physical property of 
the building material. d refers to the thickness of the building material in meters. 

 

 

 

 


