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Part 2 Performance Evaluation of VOCs Concentration Reduction by Photocatalytic Building Materials
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Synopsis:

Indoor air pollutants impact human health and the interests concerning controlling indoor
air quality have been increased. In recent years, photocatalytic oxidation (PCO) and
building materials coated with a photocatalyst have been used to improve indoor air quality.
The photocatalytic oxidation processes are effective for decontamination of volatile organic
compounds (VOCs) in indoor air. We are working to establish a performance evaluation
method of building materials and air cleaners. In addition, it is working on a mathematical
model developed for the quantitative evaluation. In this study, the performance evaluation
of photocatalytic building materials, coated with TiO,, on the toluene concentration
reduction were carried out in a small test chamber of 20L and a large test chamber of 25m”,
and these results show a significant effect. Furthermore computational fluid dynamics
(CFD) simulations were also carried out on the same geometry and boundary conditions as
the experiments of a large test chamber.
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Fig. 1 Schematic diagram for a small chamber test.
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Table 1 The results of toluene concentration mea
-surement

Case 1 2 3 4 5 6 7 8 9 10

Cn | 208 | 257 | 432 | 467 | 530 | 577 | 588 | 885 | 1178 | 1345

Cout | 13 17 6 7 46 6 48 11 29 | 26

Con. | 94 | 94 | 99 | 98 | 91 99 | 92 | 99 | 98 | 98

sunit : Culug/m?], Codug/m?], Conl%)

Toluene concentration

$ : &\ : : ]
4 12 16 20 24
Time [h]

Fig. 2 The results of toluene concentration measurement in

time series.
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Fig. 3 The correlation between the amount of photooxida
-tion reaction and the supply concentration of toluene.
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(2) The interior
Fig. 4 The test landscape for a large test chamber.

(1) The appearance

Table 2 Specification of a large test chamber

Surface material SUS304

Chamber size 3.511; x)X 3.285m (y) X 2.4m (z),
25m

Temperature 15+2°C

Humidity 50+5%

Gas Toluene

Light source Visible light (32W X 4)

Airflow rate U,=0.38m/s, O,=21m’h

Ventilation rate 0.84 air changes per hour

o ) X 2. ,

Pt g | 12207 209)

S'to Vratio : 0.38 m2/m3
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Fig. 5 Schematic diagram for a large test chamber.
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Fig. 6 lluminance distribution at the nine represent
-ative points on the floor. (unit: lux)
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Fig. 7 The results of toluene concentration measure
-ment. (unit: pg/ms3)
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Table 3 Analysis condition

The Low-Reynolds-Number k-¢ Model
Turbulent model (Abe - Kondoh - Nagano)
Mesh number Structured grid(Hexa): 2,334,390
algorithm SIMPLE
Discretization Second order upwind for advection term
scheme
U,=0.38[m/s], Q,=2Im’h
oY e, 32X (U 0.1, 60=C, Ky
C,=0.09, [,,=1/7X L,
Outflow boundary _ . _ . _ .
conditions U,..= free slip, k,,~ free slip, &,,,= free slip

———
Section1 ﬂ Mg

0018901 -0.005

(1)Section 1 (2)Section 2
Fig. 9 Velocity magnitude. (unit: m/s)

(1)Case 1 Section 1 (2)Case 1 Section 2
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(3)Case 3 Section 1
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Fig. 10 Dimensionless concentration.
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Fig. 11 The comparison between measured values and
calculated values of the toluene concentration.
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