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Abstract 

We developed an airflow control unit for small chambers for uniformly controlling airflow on 

the surface of tested building material in the small chambers. We will present the mass 

transfer rate on the surface of tested building materials corresponding to an actual building 

in order to exactly evaluate the performance of the reduced amount and concentration of 

released chemical materials with the small chambers. We measured the airflow velocity on 

the surface of building materials in the small chamber with the developed airflow control unit 

and the fan speed for airflow control. We reviewed the distribution of water vapor 

concentration in the small chamber by means of CFD (Computational Fluid Dynamics) and 

estimated the mass transfer rate on the surface of building material to confirm test reliability. 
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Introduction 

For measuring the amount of chemical materials released from building materials and the like, 

many countries including Korea have instituted laws or specifications for measurement 

methods applicable to their own country. For measuring the amount of chemical materials 

released from building materials, small chambers are generally used, considering the 
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advantages of easy experiments, expenses, etc. Meanwhile, in Korea, KS M ISO 16000-9 was 

instituted and publicized as a criterion for the small chamber law to specify small 20-liter 

chambers (ADvanced Pollution and Air Quality Chamber: ADPAC) for measuring the 

amount of released chemical materials. In Japan, the small 20-liter chambers are generally 

used for measuring the amount of released chemical materials (JIS A 1901) and for 

evaluating the performance of reduced concentration of materials for reducing the 

concentration of chemical materials (JIS A 1905-1, 2) as well. 

The aforementioned small chambers keep the mass transfer rate for water vapor diffusion on 

the surface of tested building material uniform at approximately 2 to 3m/h, which is far below 

the mass transfer rate of 9 to 18m/h (12 to 18m/h in the method of evaluating performance of 

reduced chemical material concentration) recommended in JIS A 1901, JIS A 1905-1,2, etc. 

This means that actual material transfer in the small chamber is different from the inside of an 

actual architectural space. 

In order to settle the aforementioned problems in this study, we developed an airflow control 

unit for small chambers for uniformly controlling airflow on the surface of tested building 

material in the small chambers. We will present the mass transfer rate on the surface of tested 

building materials corresponding to an actual building in order to exactly evaluate the 

performance of the reduced amount and concentration of released chemical materials with the 
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small chambers. We measured the airflow velocity on the surface of building materials in the 

small chamber with the developed airflow control unit and the fan speed for airflow control. 

We reviewed the distribution of water vapor concentration in the small chamber by means of 

CFD (Computational Fluid Dynamics) and estimated the mass transfer rate on the surface of 

building material to confirm test reliability. 

 

Configuration of the airflow control unit and the small chamber 

The airflow control unit consists of a case made of SUS 304 and a Teflon fan to avoid 

chemical materials to be adsorbed and decomposed and is shown in Figure 1. 

The fan for generating uniform airflow in the airflow control unit was installed on the bottom 

of the chamber in order to minimize the influence of air flow formed by air supply and 

exhaust of the chamber as shown in Figure 2. In the chamber, 3 types of mechanical 

ventilation are performed and can be controlled to keep wind velocity uniform on the surface 

of the tested building material according to fan rotation. To avoid pollutants to be generated 

by the fan in the chamber, the fan rotates by means of magnetic force in connection with the 

driving unit out of the chamber. The area for installing the tested building material in the 

airflow control unit is 0.043m
2
, which corresponds to the product loading factor of 2.2 m

2
/m

3
.  
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Method 

The example of analyzing the airflow field on the basis of average wind velocity (Ucenter) in 

the center of the airflow control unit and the wind velocity (Ufan) of the fan is shown in Table 

1. The temperature and the number of ventilations in the small chamber was set to 28°C and 

0.5 times/h, respectively. With respect to the average wind velocity Ucenter in the airflow 

control unit, the airflow field was analyzed for 5 cases from 8.27×10
-4

m/s(Ufan =0.01m/s) to 

3.57×10
-1

m/s(Ufan =4m/s). For each case, the Reynold's number (=U0L0/v: U0 is an average 

wind velocity in the airflow control unit[m/s]. L0 is a half of the internal height of airflow 

control unit (Line X×1/2, shown in Figure 3)[m]) was 1, 10, 160, 350 and 600, respectively.  

The airflow field was subject to 3 dimensional analysis with the low Reynold's number type 

k-ε model (Abe–Nagano model). The wall coordinate (y
+
) of the first mesh on the surface of 

the building material in the airflow control unit is at most 1. Numerical analysis was carried 

out only for the 1/2 of the space as shown in Figure 2(a), considering symmetry of the 

analyzed object. The boundary condition of CFD analysis is shown in Table 2. 

After analyzing the airflow field, the boundary condition of evaporation dominating building 

materials was given on the side where the building material was provided, as a model of 

releasing chemical materials. The surface of the evaporation dominating building material 

was modeled with liquid of a simply single component. The model of building material was 
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water (distilled water) and water evaporation from the liquid surface to the air, that is, the 

mass transfer rate was reviewed on the surface of the building material. Diffusion field 

analysis was carried out, assuming the isothermal state (28°C) without considering latent heat 

on the surface of building material in the surface model of the building material for this 

analysis. The surface concentration of the building material was set to being uniform 

(Cs=constant) to use the water saturation concentration as a boundary condition. In this study, 

it was assumed that water is a passive contaminant to calculate the distribution of water 

concentration, and water (vapor) diffusion in the air is expressed as a diffusion equation (1). 

The water (vapor) diffusion coefficient in the air was calculable by means of the equations 

(2) to (4). 
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    (Eq. 4) 

where, 

C1 : pollutant concentration at a spatial point (µg/m
3
) 
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Da : molecular pollutant diffusion coefficient (m
2
/s) 

Uj : wind velocity (m/s) 

vt : eddy viscosity (m
2
/s) 

ϭt : turbulent Schmidt’s number (-) 

Pw : water vapor pressure (Pa) 

A, B, C : empirical constant (A:7.7423, B:1554.16, C:219) 

T : temperature (°C) 

C0 : saturation concentration (g/m
3
) 

ρa : air density (g/m
3
) 

M1, M2 : molecular weight 

P : atmospheric pressure in the chamber (Pa) 

Tc1, Tc2 : critical temperature (°C) 

Pc1, Pc2 : critical pressure (Pa) 
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The water (vapor) diffusivity Da in the air calculated by means of equations (2) to (4) is 

2.30×10
-5

m
2
/s and the water concentration at the small chamber supply is zero (0). 

 

Results and Discussion 

Figure 4 shows the average velocity vector (case 3) of airflow in the airflow control unit and 

the small chamber. The air supplied from the small chamber supply is mixed with the air in 

the small chamber just before reaching the airflow control unit. It is seen that the mixed air 

flows uniformly from the upper part to the lower part of the airflow control unit. 

Table 3 shows the velocity of released water on the surface of building material and the mass 

transfer rate. Figure 5 shows correlation among the airflow velocity, the velocity of released 

water in the airflow control unit and the mass transfer rate in the airflow control unit.  

For the case 1 where the Reynold’s number is 1, the average velocity of released water is 

3.29g/m
2
·h. As the Reynold’s number increases to 10 and 160, the velocity of released water 

increased to 4.07g/m
2
·h (case 2) and 4.49g/m

2
·h (case 3). It is considered that the increased 

Reynold’s number depending on the increased central wind velocity in the airflow control 

unit contributes to smooth diffusion of the material in the airflow control unit, thus to make 

the difference (gradient) between the water surface and the water concentration in the air 



1154 

 

larger. Meanwhile, in cases 4 and 5, although the Reynold’s number increased as in Figure 5, 

the average velocity of released water did not increase and was kept almost at a constant 

number. It is considered that, although airflow due to fan rotation occurs, the materials in the 

airflow control unit are completely mixed when the airflow in the airflow control unit reaches 

at a given velocity and a water concentration difference between on the water surface and in 

the air is not caused any more. The result of average mass transfer rate exhibits similarity to 

the result of average release velocity. The mass transfer rate of case 3 where the Reynold’s 

number is 160 and case 4 where the Reynold’s number is 350 was 14.43m/h and 18.07m/h, 

respectively, and it is estimated to be similar to the material transfer phenomenon in an actual 

architectural space. In particular, case 3 analyzed with the same condition as that of the 

experiment did not exhibit significant difference from the mass transfer rate measured in the 

experiment. For case 5 where the Reynold’s number is 600, the mass transfer rate was 

predicted to be 21.55m/h which is slightly above the specification of JIS and the like.  

Table 3 and Figure 6 show the result (the average concentration (Cs) on the surface of 

building material released side is 1) of non-dimensionalizing the chamber exhaust 

concentration and the concentration distribution in the chamber on the basis of the surface 

concentration of the building material. 
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In case 3, the concentration at the chamber exhaust for the surface concentration of the 

building material became 0.98, so that it is seen that the water concentration in the chamber 

reached almost saturation and it was almost the same as the measurement result checked in 

the experiment. In cases 1 and 2, the water concentration in the airflow control unit exhibited 

uniform distribution, but a slight concentration difference from the concentration distribution 

in chamber outside of the airflow control unit was observed. A small concentration boundary 

layer was formed by means of airflow caused by the fan around the surface of the building 

material. Meanwhile, in case 3 where the mass transfer rate is 14.43m/h, a concentration 

boundary layer was observed, e.g. a certain concentration gradient was formed around the 

surface of the building material.  

If the wind velocity is not strong on the surface of the building material as in cases 1 and 2, 

non-uniform concentration distributions (35 to 90% of the surface concentration of the 

building material) were exhibited in the small chamber. Since the small chamber method of 

installing the building material as an experiment sample in a small chamber to test release or 

evaluate performance of reduced concentration assumes complete mixture, it is considered 

that it is desirable to control airflow in the chamber to form uniform concentration 

distribution higher than a certain level. 
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Conclusions 

In this study, we developed an airflow control unit for small chambers for controlling the 

mass transfer rate to be constant on the surface of tested building material in a small chamber. 

We presented the mass transfer rate on the surface of tested building material corresponding 

to an actual architectural space for which the amount of released chemical material and 

performance of reduced concentration can be exactly evaluated. The conclusion derived on 

the basis of such results is described in the following.  

When installing an airflow control unit in a small chamber to control fan speed (Ufan) at 1m/s 

(Ucenter=9.31×10
-2

m/s, Reynold's number of 160), the mass transfer rate of water vapor 

diffusion was shown approximately 12m/h for the experiment number, and 14.43m/h for the 

numerical analysis. Therefore, it is considered that the numbers are the most similar to the 

mass transfer rate in an actual architectural space. Therefore, it is expected that application of 

the airflow control unit and the airflow velocity proposed in this study will contribute to 

achieving an even higher level of measuring the amount of released chemical materials and 

evaluating performance of reduced chemical material concentration of reduced pollutant 

concentration materials. When using the airflow control unit in the small chamber, it was 

seen that the velocity of released materials and the mass transfer rate highly depended on the 

airflow velocity by the fan, that is the Reynold's number. Increasing the Reynold's number 
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depending on the increased airflow velocity of the fan resulted in smaller concentration 

difference (gradient) of the materials on the surface of building material and in the air thus to 

enable smooth material diffusion in the chamber. However, it is necessary to be careful 

because the amount of release from tested samples might be overestimated when measuring 

the amount of released chemical materials.  
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(a) Front view      (b) Side view 

Fig. 1 Airflow control unit 

 

         

30cm

5cm

2cm

 

(a) Airflow control unit and small chamber        (b) Airflow in small chamber 

Fig. 2 Simplified view of airflow control unit and small chamber  
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Fig. 3 Point for measuring wind velocity in airflow control unit 
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Fig. 4 Velocity vector (cross section X-Y) : case 3 
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Fig. 5 Correlation between airflow velocity and mass transfer rate/released velocity in the 

airflow control unit  
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      (c) Case 3 (Reynold's number: 160) 

Fig. 6 Distribution of water (distilled water) concentration in the small chamber (C/CS), cross 

section X-Y 
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Table 1 Cases of numerical analysis (Temp: 28°C) 

Case 
Ucenter (Ufan) 

[m/s] 

Reynold's 

[U0L0/v] 

Ventilation 

rates[h
-1

] 
Release model 

1 8.27×10
-4 

(0.01) 1 

0.5 

Evaporation dominating 

building material 

(distilled water) 

2 3.86×10
-3 

(0.05) 10 

3 9.31×10
-2 

(1) 160 

4 2.07×10
-1 

(2) 350 

5 3.57×10
-1 

(4) 600 

Table 2 Conditions of numerical analysis 

Turbulent flow model  Low Reynold's number type k-ε model (Abe-Nagano model) 

Number of meshes 270,690 

Scheme Space difference : Second order upwind 

Inflow boundary  

Ux,in=7.2×10
-2

m/s, Uy,in=0, Uz,in=0 

kin=3/2·(Uin×0.05)
2
, εin=Cμ·kin

3/2
/Lin 

Lin=1/7Lo, Lo =7.0×10
-4

m 

Outflow boundary Uout=Mass flow, kout, εout=free slip 

Fan boundary  Ufan=0.01, 0.05, 1, 2, 4 (m/s) 

Wall boundary No-slip 

Analysis of diffusion field 

Considering 3-dimensional symmetry, only the 1/2 of the chamber 

area was analyzed. After airflow field analysis, the water (distilled 

water) saturation concentration on the surface of building material was 

set to the condition of Cs=constant to analyze pollutant diffusion in the 

chamber.  

Table 3 Result of predicting average release velocity and average mass transfer rate  

Case 
Ucenter 

[m/s] 

Reynold's 

number 

[U0L0/v] 

Cout/Cs Cs 

Average release 

velocity 

[g/m
2
·h] 

Average mass 

transfer rate 

[m/h] 

1 8.27×10
-4

 1 0.72 

1 

(constant) 

3.29 0.61 

2 3.86×10
-3

 10 0.89 4.07 1.89 

3 9.31×10
-2

 160 0.98 4.49 14.43 

4 2.07×10
-1

 350 0.99 4.52 18.07 

5 3.57×10
-1

 600 0.99 4.53 21.55 

 


