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A Prediction of Pollutant Emission Rate using Numerical Analysis and
CFD in Double-Layered Building Materials
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Department of Architecture, Yonsei University, Seoul 120-749, Korea

ABSTRACT: In order to predict the indoor air pollutant, the VOCs emission rate is used
through small chamber in the design process. However, the small chamber method has
limitations as the convective mass transfer coefficient, the most important factor when
predicting VOCs contamination of indoor air, is different between the small chamber. result
and the measured data in the actual building. Furthermore, the existing studies which
analyzed mass transfer coefficient in the small chamber were directed on the small chambers
developed at the time and FLEC(Field and Laboratory Emission Cell), thus, are different
from the current small chamber which has been changed with improvements.

The purpose of this study is to determine the emission rate of pollutant in double-layered
building materials through the CFD(Computational of Fluid Dynamics) and Numerical
analysis based on the mass transfer coefficient on singled-layered building material by using
the current small chamber widely used in Korea. Futhermore, this study used the new
convective mass transfer coefficient(h,’) which indicates the existing convective mass

transfer coefficient(hy) including VOC partition coefficient(k). Also, formaldehyde was
selected as target pollutant.

Key words: Numerical Analysis(5 X #]%1), Computational Fluid Dynamics(RAAHFA 43},
Small chamber(A% A1), Double-Layered Building Materials(H%3d&AA)),
Mass transfer model(EZ dgr )
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Fig. 1 VOCs emission mechanism of
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Table 1 CFD analysis conditions

Analysis conditions

Small Air exchange rate 0.5 ACH
Chamb Volume 10.1m°
er Inlet pollutant concentration 0 mg/m®
Turbulence model Laminar flow
Mesh 518,000
CFD Diffusion coefficient in air 1.5%107°w'/s
Rex* 44
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Fig. 2 Small chamber

(a) small chamber (b) building materials

Fig. 4 Small chamber test
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Fig. 3 CFD analysis result

Table 2 Numerical analysis conditions of

one—layered building materials

Grid 500
Thickness Wall paper | PVC floor material Ggg:;xén
(ram) 05 7 9
Area Wall paper | PVC floor matenal Ggg:ru({n
2
(') 00226745 (148mmx135mm)
, Chamber volume
(mg*}m " 0.022 (L) Analysis 22/
m duration (day)
A exchange 05 Time step (s) | 1800
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Fig. 5 Curve—fit results with measured data
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Fig. 6 Prediction results of double—layered

building materials
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Table 3 Mass transfer coefficients of building

materials
Bmld{ng Di(m?s) Co(mg/m®)
materials
Wall paper 1.30x107' 5.00%10?
PVC floor | 5010716 9.50x10"
material
Gypsum board| 1.80x107'° 1.20x10?

Table 4 Numerical analysis condition of
double-layered building materials
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