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 Nowadays, modern windows with standard caulking are used in most buildings. Study of air infiltration 
and  caulking  these  windows  in  several  ways  such  as  energy,  indoor  air  quality,  thermal  comfort  and  
pollution entering in the building is important. This study consists of two parts, first the airtight 
performance of various window gaskets is experimentally investigated. For this purpose, 8 different 
types of gaskets are used and modern window gap is simulated, and air infiltration rates are measured at 
different pressure differences. The results show that the airtight performance of various gaskets is 
different. Also, experimental results are fitted by power law equation, and relations and coefficients are 
used to calculate air infiltration rate of modern windows (sealed windows), respectively. In the second 
section due to the very low air infiltration rate of the experimental results, indoor air quality is assessed 
by numerical modeling methods. In the sample model, air infiltration of modern windows as ventilation 
and human breathing as a source of CO2 is simulated. Indoor air quality is weighed by the CO2 
concentration in the interior space. The results show that the air infiltration of window gaps to ensure air 
quality during the 8 hours is insufficient. Then, assuming uniform distribution of CO2 in the sample 
space, and solving the transfer species equation for the problem situation, analytical equation for 
evaluating indoor air quality were achieved. Analytical results match numerical simulation results 
exactly. The results of this study can be very useful for HVAC engineers. 
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Fig. 1 Dimensions of gaps. a- Straight gap. b- Z shape gap 
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Fig. 2 Schematic of experiment device ISIRI 7822 
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Fig. 3 Stand profiles 
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Fig. 5 Gasket placement into gap 
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Table 1 Maximum error for gaskets of figure 4 

 E1 E2 E3 E4 E5 E6 T1 T2 

(%)  18.5 3.7 9.1 9.1 14.2 3.1 7.4 10.2 
  

2  E1 
Table 2 Error analysis for  values and E1 gasket 

 1 2 3 4 5   % 
10 0.00 0.00 0.00 0.00 0.00 0.00 0.00 - 
25 0.35 0.35 0.35 0.35 0.35 0.35 0.00 0.00 
50 1.06 1.13 1.24 1.24 1.06 1.15 0.09 15.43 
75 1.77 1.94 2.12 1.87 1.84 1.91 0.13 18.52 

100 2.47 2.65 2.65 2.47 2.47 2.54 0.10 6.94 
150 3.71 3.89 3.78 3.68 3.71 3.75 0.08 5.65 
200 4.59 4.88 4.59 4.77 4.81 4.73 0.13 5.98 
250 5.65 5.83 5.80 5.65 5.65 5.72 0.09 3.09 
300 6.36 6.61 6.64 6.54 6.36 6.50 0.13 4.35 
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Fig. 6 Overview of simulated sample space 
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Table 3 Dimensions and location details Model 

  (m)  (m) 
 z y x  z y x 

  0 0 0  4 3 3 
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Fig. 7 CO2 concentration on the line (x = 1.5, x = 1.5) in terms of height  
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Fig. 8 Velocity on the line (x = 1.5, x = 1.5) in terms of height 
8   ) = 1.5, = 1.5 ( 

  

 
Fig. 9 The model used for validation of simulation [20] 

9 [20] 

 

Fig. 10 Velocity in the center of the room in terms of height compared 
with the results of Ref [20] 
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Fig. 11 Temperature in the center of the room in terms of height 
compared with the results of Ref [20] 
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Fig. 12 Air infiltration rate in terms of pressure difference for straight 
gap 
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Fig. 13 Air infiltration rate in terms of pressure difference for different 
orientations gasket 

13    

Fig. 14 Air infiltration rate in terms of pressure difference for Z shape 
gap 
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Fig. 15 The average results of air infiltration rate for straight and Z 
shape gap  

15 Z  

 

Fig. 16 Stream lines in the room at the cut plaine x = 1.5 m 
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Fig. 17 Distribution of CO2 concentrations at different cuts plane in the 
room. a) = 1.5 b) = 2.5 c) = 1.5 m 
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Fig. 18 Distribution of CO2 concentration in different time period. a - = 2 h, b- ( = 4 h, c- = 6 h, d- = 8 h 

18 CO2   .- = 2 h- = 4 h- = 6 h- = 8 h 

 

Fig. 19 Distribution of CO2 concentration after 8 hours for 2 people breathing. a - = 1.5, b- = 1.5 
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Fig. 20 Schematic of analytical solution model 
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