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Introduction: Volatile Organic Compounds (VOCs) are the most significant
indoor pollutants that mainly emitted from various building materials and
can do a great harm to human beings. The present study aims to the effect of
different shapes of building materials on the emission characteristics of VOCs
by using Computational Fluid Dynamics (CFD) simulation.

Materials and methods: The indoor air flow is described by the continuity
equation, the momentum equation and the standard k-e model. The transport
of VOCs in materials is described by a transient diffusion equation. ANSYS
Fluent is used to solve the governing equations.

Results: The emission of VOCs from planar building materials is validated
based on the experimental data according to the literature. The numerical
results have proved that the emission VOCs from hollow cylindrical building
materials is faster than that of VOCs from planar building materials. The
thinner the building materials and diffusion coefficient is bigger, the faster
decrease rate of VOCs it is.

Conclusion: The material shape has a significant impact on the emission of
VOCs from building materials. When assessing indoor air quality, the realistic
shape of materials should be used instead of the simplified planar materials.

Introduction

building syndrome, building related illness and
multiple chemical sensitivity [4-7]. Most indoor

Inmostofmodernbuildings, many materials such as
tiles, carpets, paints and wood products are widely
used to decorate the indoor environment. These
materials can release a large amount of pollutants,
mainly including alcohols, hydrocarbons and
amines and Volatile Organic Compounds (VOCs)
[1-3]. VOCs are the most hazardous pollutants
in the indoor environment and can cause sick

VOCs are emitted from indoor building materials
[8, 9]. Therefore, it is essential to investigate the
emission characteristics of VOCs from building
materials in order to provide theoretical guidance
for improving indoor air quality.

Many experimental studies were conducted to
measure the emission of VOCs from building
materials [1, 10-18]. A rectangular material
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with a small thickness was usually placed in
an environmental test chamber. VOCs were
emitted through a planar surface into the air. The
concentrations of VOCs in the test chamber was
measured at intervals. Many researchers, firstly
modelled the emission of VOCs from a carpet in
the environmental test chamber using the Fickian
diffusion [19]. The initial concentration of VOCs
in building materials, the partition coefficient
at the material-air interface, and diffusion
coefficient of VOCs in building materials were
thought to the key parameters describing the
transport of VOCs within the building material.
Subsequently, the diffusion-based emission
model has been improved by many workers
to consider the mass transfer resistance in the
boundary layer [20-23], the emission of VOCs
in multi-layer materials [24—28] and the emission
of SVOCs [29-31]. Although those models have
been very successful in the simulation of VOCs
emission from building materials, they virtually
only considered the emission of VOCs from a
planar surface.

Other researchers developed a method to measure
gas-phase SVOC concentration near material
surface [32]. A cylindrical thermal desorption
tube was used to adsorb VOCs emitted from
the material. A 2D numerical simulation was
performed to study the emission of VOCs in the
cylindrical coordinate. To the best of the authors’
knowledge, no study has yet focused on the
emission of VOCs from the cylindrical surface.
In the present study, the emission of VOCs form
hollow cylindrical materials is considered using a
three-dimensional CFD model and the diffusion-
based emission model. The effect of diffusion
coefficient and the thickness of the material on
the emission from hollow cylindrical materials
and planar materials are discussed in detail.

Materials and methods
Geometry

Many volatile organic compounds can be
emitted from building materials. Total Volatile
Organic Compound (TVOC) is often used to

rank building materials. In a study it was found
that major compounds were emitted from a
particleboard [33]. The concentration of TVOC,
Hexanal and o. Pinene were measured. Herein,
the emissions of TVOC from hollow cylindrical
and planar particleboard are investigated. The
particleboard can emit hexanal and a. pinene.
The surface of planar material has dimensions
of 10 cmx3 cm. The hollow cylindrical material
has an outer diameter of 3.2 cm and a height of
2.986 cm. It is assumed that TVOC is emitted
only from the upper surface of the planar material
and the outer cylindrical surface of the hollow
cylindrical material. Thus, both materials have
the same surface area of 30 cm? to emit TVOC.
The emissions from both materials are simulated
in a test chamber having dimensions of 50 cmx40
cmx25 cm, as shown in Fig. 1

Governing equations

The airflow in the test chamber has a strong
influence on the emission of TVOC from building
materials. It is assumed that the flow in the
test chamber is incompressible and steady. The
continuity equations and the momentum equation
can be described as follows:

d
g, P1) =0 ()
0 —dp 0 duy;
i Ys) = —— 4 — - 2
an (puluj) ax] + ax] {p(v + vt) ax]} ( )
k2
ve = Cu 3)

Where v is the laminar kinematic viscosity, v, is
the turbulent kinematic viscosity, u, and u, are
the velocity components in the 1 and j directions,
respectively, k is turbulent kinetic energy, ¢
is turbulence dissipation rate. The turbulent
kinematic viscosity is solved using the standard
k-& model as follows:
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0.25m

(a) planar material

0.25m

(b) hollow cylindrical material

Fig. 1. Schematic of geometric of building materials
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0 d
o (k) = 5—[p(w + ve/0)] + Gy = pe (4)
j ]

0 ] d¢ £ pe?
o (pwe) = F p(v+vi/0e) a—xj] Gk = Caa = (5)
Where G, is the generation of turbulent kinetic
energy. The model constants were calibrated to be:

C, = 0.09,Csy = 1.44,C,y = 1.92,0

=1.0,0, = 1.3. ©
TVOC is emitted from building materials and
go into the air. Thus, the transport of TVOC in
the air and build materials need to be considered
simultaneously. The distribution of TVOC
concentration in the air is described by the
convection diffusion equation.

aca+a(ujca) :i<<v +£)66a> )

ot 0x; ox; Sc Sc; E

Where C_ is the equivalent TVOC concentration.
As described in the section 2.1, both the planar
material and the hollow cylindrical material are
considered. The transport of TVOC in building
materials is simulated by using the Fickian second
Law, as follows

aC,,

0%,
ot

Dy, 3y2 for0<y<$§ (8)

for the planar material, and

9Cp Dy 0 ( aC,,

w5t = r—ar )forr1<r<r2 (9)

For the hollow cylindrical material, where C_ is
TVOC concentration in building materials, D_is the
diffusion coefficient of TVOC in building materials,

t is time, y is the coordinate along the thickness of
planar building materials, and r is radial coordinate

of hollow cylindrical building materials.

At the initial time, TVOC is assumed uniform
within the material, as follows

Cimle=0 = Co (10)

It is assumed that TVOC can be emitted only
from the upper surface of the planar material
and the outer cylindrical surface of the hollow
cylindrical material. Therefore, at the bottom
of the planar material and the inner cylindrical
surface of hollow material, no TVOC can be
released, which means

aCp, _ 0

o (11)
and

ac,,

_—_m =0

or |-, (12)

At the emitting interface, a linear equilibrium is
assumed between the air phase concentration and
the material phase concentration and no TVOC
can accumulate, which reads

Cm |x=6 = KimaCa

aC,, _ (V Vi )0Ca (13)
—D,, — =—|—4—=]—

0x ly=s Sc Sc/ ox 1 _g
and

ler:rz = Kinalq

ac,, (v vt>6(,’a (14)
—D,, —— =—|—4 —=]—

or |-y, Sc  Sc;/) or

T="r
Simulation detail

As pointed out by researchers, the diffusion of
TVOC in building materials can be categorized
into single-phase model and porous medium
model [34]. Herein the single-phase model
is used to describe the diffusion of TVOC in
building materials. CFD model is used to solve
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the concentration in the air. The computational
domain is discretized using the tetrahedral grid
with 432648 and 931382 cells for the planar
and hollow cylindrical building materials,
respectively. Here a particle board and TVOC
are selected for research.

The diffusion coefficient, TVOC initial
concentration and the partition coefficient of
building materials are 7.65x10!"" m?/s, 5.28x107
ug/m* and 3289, respectively. The inlet velocity,
turbulence intensity and turbulence length scale
are set to be 0.0303 m/ s, 10% and 0.212 m,
respectively. No-slip conditions are adopted at
all walls. The concentration of TVOC at the inlet
is zero. A pressure outlet is set at the outlet. The
gradients of TVOC concentration at all walls are
Zero.

The finite volume method is used to discretize
all governing equations. ANSYS Fluent is used
to solve the discretized equations. The SIMPLE
algorithm is used to treat the pressure-velocity
coupling. The second-order upwind scheme and
the central difference scheme are adopted to
discretize the convective terms and diffusion
terms, respectively. The flow equations are
assumed to converge when residuals are less
than 1.0x10*. After obtaining the flow field, the
TVOC concentration is solved in an unsteady
manner with a time step of 60 s.

Results and discussion
Validation of the numerical model

The numerical model of TVOC emission from
planar building materials was verified by using
the experiment data reported by a study [33]. A
particleboard having dimensions 21.2 cmx21.2
cmx1.59 cm was placed in the test chamber
shown in Fig . 1. The air exchange rate was 1/ h.
The initial TVOC concentration in particleboard
is assumed to be 5.28x107 pg/m?. Fig. 2 shows
the volume-averaged TVOC concentration in
the air. The TVOC concentration increases
sharply and then decreases slowly. The TVOC
concentrations for the experiment and present

simulation reach peak values almost at the same
time. The present results are in good accordance
with the experimental data, indicating that the
present numerical model is capable of predicting
the emission of TVOC from building materials.

The volume-averaged concentration of TVOC

Fig. 3 shows the volume-averaged concentration
of TVOC in the air for two kinds of materials.
Both plots have the same tendency when
time proceeds. The volume-averaged TVOC
concentrations in the air rise sharply to the peaks
and then decrease slowly to a pseudo dynamic
equilibrium due to the nearly the same values
of the TVOC emission rate and the depletion at
the outlet. However, the peak values of those
two materials show an obvious difference. The
maximum concentration of TVOC for the hollow
cylindrical building materials is higher than
that for the planar building materials, indicating
that the emission of TVOC from the hollow
cylindrical building material is faster than that
from the planar building material.

The effect of material thickness

Figs. 4-6 illustrate the effect of the material
thickness on the volume-averaged concentration
in materials. When the material thickness is
0.5 cm, the non-dimensional concentration
approaches zero after 5 to 8 days. However,
the non-dimensional concentration in the
hollow cylindrical material decays faster than
that in the planar material. When the material
thickness increases to 1 cm, the non-dimensional
concentration approaches zero at 20 days for the
hollow cylindrical material, whereas at 30 days
for the planar material. This tendency is further
enhanced when the material thickness increases
to 1.5 cm. It means that the material thickness
plays an important role in the emission of TVOC
for planar and hollow cylindrical materials.
When the material thickness is relatively
big compared to the cylinder diameter, the
simplification of hollow cylindrical material to
planar material may lead to a large error in the
first days of emission.
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Fig. 2. Validation of the computed TVOC concentrations and the experimental data
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Fig. 3. The volume-averaged concentration of TVOC in the air
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Fig. 4. The concentration of TVOC in particleboard with a thickness of 0.5 cm
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Fig. 5. The concentration of TVOC in particleboard with a thickness of 1 cm
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Fig. 6. The concentration of TVOC in particleboard with a thickness of 1.5 cm

The effect of diffusion coefficient

Fig. 7 shows the effect of diffusion coefficient
on the emission of TVOC from two shapes of
materials. The thickness of building materials
is 1 cm for two shapes. The volume-averaged
concentrations of TVOC
gradually decreases with the increase of time
until it tends to the dynamic equilibrium. When
the diffusion coefficient is 7.65x107'> m?/s, the
non-dimensional concentration of TVOC in
the planar materials is still greater than zero

in the material

after 250 days, while the non-dimensional
concentration of TVOC in the hollow cylindrical
materials reach zero around 200 days. When
the diffusion coefficient is 7.65x10°'! m?/s, the
non-dimensional concentration of TVOC in the
planar building materials takes about 30 days
to approach zero, while the non-dimensional
concentration of TVOC in the hollow cylindrical
materials approaches zero around 25 days.
Therefore, The effect of material shape increases
with the decrease in the diffusion coefficient.
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Fig. 7. TVOC concentration in particleboard with different diffusion coefficients
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Conclusion

This study numerically investigates the TVOC
emission from planar and hollow cylindrical
particleboard using CFD. The results show that
emission of TVOC from hollow cylindrical
material is faster than that from the planar
material. With the increase of material thickness,
the emissions from both the planar material and
the hollow cylindrical material last for a long
time. When the material thickness is relatively
big, the difference in the emission from the
planar material and the hollow cylindrical
material tends large. Much care should be taken
when simplifying the hollow cylindrical material
to the planar material. The diffusion coefficient
has a big effect on the emission from the planar
material and the hollow cylindrical material.
The effect of material shape increases with the
decrease in the diffusion coefficient.
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