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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. 

Keywords: 
Air infiltration 
Modern windows 
Air sealing 
Indoor air quality IAQ 
CO2 concentration  
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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 
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Fig. 9 The model used for validation of simulation [20] 
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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 

17 CO2  .- = 1.5 .- = 2.5 .
- = 1.5  

 CO2  .
CO2 

 . 18 19 

CO2  
 .

   
  

20  .
CO2  .

CO2  CO2 
CO2 CO2 

( )  .
(9)    

(9) + ( + ) = +  

(9) 
(0)(10)     

(10) 

=
( ) + ( )

+
+
+  

 20 
 .21 

     .
(10)      

21  
  . 

 CO2 
 .

 .(10)  
  .(11) 

 [21].  

(11) =  

(11)  0-2 1 
[21] .

 CO2  0.5125
10 ACH   .5 10 

 8 
   

 5 1  
 .   

) 10 ( 5% 
 

 ( ) ) 10 (
 .

5%    

3-5 -    

   
  

–c

–a

–b

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
95

.1
6.

11
.3

6.
9 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
5-

13
 ]

 

                             9 / 12

https://dorl.net/dor/20.1001.1.10275940.1395.16.11.36.9
https://mme.modares.ac.ir/article-15-7782-fa.html


    

       

  

32  13951611  

 

 

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 

19 CO2 8 2  . - = 1.5- = 1.5 

 
  

  
 . 

)  UPVC (...   
  

–a–b

–c–d

–a–b

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
95

.1
6.

11
.3

6.
9 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
5-

13
 ]

 

                            10 / 12

https://dorl.net/dor/20.1001.1.10275940.1395.16.11.36.9
https://mme.modares.ac.ir/article-15-7782-fa.html


    

       

13951611  33  

  
 
 
 
  
  
 
 
 
 
 

Fig. 20 Schematic of analytical solution model 
20  

5 ) 10 (   
Table 5 Comparison results of relation no 10 and simulation results  

(ACH) 0.5 1 2 5 10 

(%) 0.58 3.39 2.44 4.31 4.27 
( ) 0.98 0.94 1.00 0.97 0.97 

  
6 ) lit/s ( 

Table 6 Air infiltration rate (lit/s) for one meter of sealed gap length 
) m/s( <10 12 14 16 18 20 

) lit/s( 0 0.04 0.07 0.12 0.18 0.37 

6   
   )14-12 ( 

) CO2 (.  
(12) = × 0.000128 
(13) = 0.0000105 × × .  

(14) =

×
× + 28750 × + 350 ×

+  

CO2  
1500 ppm 

8 5000 ppm   

-6    
 

7822  
 . 

 
 .   

1- 
 

   
2-   .

0.05 
  .

  [6] 
 2000 

   

3-  
  .

  
4-  

  

-7   
Ar  

 ) mm2( 
 ) ppm( 
 ) lit3s-1Pa-n( 
 ) mm( 
 (%)  

Gr  
  )mm( 
 ) m( 
   
  
  

Pr  
 ) Pa( 
 ) lit3s-1)  (m3s-1( 

Ra  
Re  

 ) h( 
 ) s( 
 ) ms-1( 
  
  
 ) m3( 

 
  

  
  

  
B  
e )  

eff  
inf  
int  

  
R  
T  

-8  
   

  

, ,
 

Breathing 

Room 

 

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
95

.1
6.

11
.3

6.
9 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
5-

13
 ]

 

                            11 / 12

https://dorl.net/dor/20.1001.1.10275940.1395.16.11.36.9
https://mme.modares.ac.ir/article-15-7782-fa.html


    

       

  

34  13951611  

 

 
    

  
 

   
. 

-9   
[1] ASHRAE, Handbook of fundamentals, Chapter 16: ventilation and 

infiltration, USA Society of Heating, Refrigeration and Air-Conditioning 
Engineers, 2009. 

[2] C. Chen, B. Zhao, W. Zhau, X. Jiang, Z. Tan, A methodology for predicting 
particle penetration factor through cracks of windows and doors for actual 
engineering application. Building and Environment, Vol. 47, pp. 339-348, 
2012. 

[3] T.O.  Relander,  J.V.  Thue,  A.  Gustavsen,  Air  tightness  performance  of  
different sealing methods for windows in wood-frame buildings, 8th Nordic 
Symposium on Building Physics, Copenhagen, Denmark, 2008. 

[4] T.O.  Relander,  J.V.  Thue,  A.  Gustavsen,  The  influence  of  different  sealing  
methods of window and door joints on the total air leakage of wood-frame 
buildings, Proceedings of the Nordic Symposium on Building Physics, 
Copenhagen, Denmark, 2008. 

[5] K. Hassouneh, A. Alshboul, A. Al-Salaymeh, Influence of infiltration on the 
energy losses in residential buildings in Amman, Sustainable Cities and 
Society, Vol. 5, pp. 2-7, 2012. 

[6] D. HakimiRad, M. Maerefat, B. MohammadKari, H. Rasouli, Field study of 
gap dimensions around conventional doors and windows in Iran and relations 
for calculating air infiltration of them, Modares Mechanical Engineering, 
Vol. 16, No. 7, pp. 83-92, 2016 (in Persian ) 

[7] S. M. Tabatabaei, Building installations calculations: include central heating, 
air conditioning, water supply and sewage disposal building, construction of 
gas piping system, quick calculations, 7th edition, pp. 51-108, Tehran: 
Roozbahan, 2002. (in Persian ) 

[8] V. Vakilorreaya, Reference calculations of mechanical building installations, 
pp. 473-500, Tehran: Sanei Shahmirzadi, 2009. (in Persian ) 

[9] P. Batog, M. Badura, Dynamic of changes in carbon dioxide concentration in 
bedrooms, Procedia Engineering, Vol. 75, pp. 175-182, 2013. 

[10] EN 13779, Ventilation for non-residential buildings – Performance 
requirements for ventilation and room-conditioning systems, Brussels: 
European Committee for Standardization, 2007. 

[11] Ch. Noroozi, M. Maerefat, S. A. Zolfaghari, Effective use of thermal floating 
combustion heating appliances in order to control indoor air quality, Sharif 
Mechanical Engineering , Vol. 29, No. 1, pp. 103-111, 2011. (in 
Persian ) 

[12] Y. You, C. Niu, J. Zhou, Y. Liu, Z. Bai, Measurement of air exchange rates 
in different indoor environments using continuous CO2 sensors, 
Environmental Sciences, Vol. 24, No. 4, pp. 657-664, 2012. 

[13] K. Fiedoruk, D. A. Krawczyk, The possibilities of energy consumption 
reduction and a maintenance of indoor air quality in doctor’s offices located 
in north-eastern Poland, Energy and Buildings, Vol. 85, pp. 235-245, 2014. 

[14] Z.  T.  Ai,  C.M.  Mak,  D.  J.  Cui,  P.  Xue,  Ventilation  of  air-conditioned  
residential buildings: A case study in Hong Kong, Energy and Buildings, Vol. 
127, pp. 116-127, 2016. 

[15] A. Pantazaras, S. E. Lee, M. santamouris, J. Yang, Predicting the CO2 levels 
in buildings using deterministic and identified models, Energy and Buildings, 
Vol. 127, pp. 774-785, 2016. 

[16] ISIRI 7822, Doors and curtain walls and windows of the building, to 
determine the air infiltration – test method, Iranian national standard, 1382. 
(in Persian ) 

[17] DIN, Windows and doors, air permeability – test method, Standard DIN EN 
1026, 2000. 

[18] J. R. Taylor, An introduction to error analysis: The study of uncertainty in 
physical measurements, pp. 150-185, Mill Valley, California: Anonymous 
University Science Books, 1982. 

[19] Y.  C.  Tung,  Y.  C.  Shih,  S.  C.  Hu,  Numerical  study  on  the  dispersion  of  
airborne contaminants from an isolation room in the case of door opening, 
Applied Thermal Engineering, Vol. 29, No. 8, pp. 1544-1551, 2009. 

[20] Y. Xu, X. Yang,  C.  Yang,  J.  Srebric,  Contaminant  dispersion with personal  
displacement ventilation-part I: base case study, Building and Environment, 
Vol. 44, No. 10, pp. 2121-2128, 2009.  

[21] C. Guangyu,  et  al.  A review of the performance of  different  ventilation and 
airflow distribution systems in buildings, Building and Environment, Vol. 73, 
pp. 171-186, 2014. 

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
95

.1
6.

11
.3

6.
9 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
5-

13
 ]

 

Powered by TCPDF (www.tcpdf.org)

                            12 / 12

https://dorl.net/dor/20.1001.1.10275940.1395.16.11.36.9
https://mme.modares.ac.ir/article-15-7782-fa.html
http://www.tcpdf.org

