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Numerical Analysis on Flow Characteristics in the Reactor
of an Integrated Adsorption/Catalysis Process
with Bag Filters
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Abstract

Numerical analysis has been performed to understand flow characteristics in the reactor with bag filters in an

integrated adsorption/catalytic process which can treat dioxin and NO, together. Computational fluid dynamics

technique was employed with Euler-Lagrangian model to consider flue gas and activated carbon particles simulta-

neously, so that residence time of flue gas and activated carbon particle could be obtained from the numerical analy-

sis directly. The numerical analysis has been performed with different three particle sizes and compared each flow

characteristics with particle’s size. Fundamental flow patterns of flue gas and activated carbon particles, pressure

distribution, residence time of flue gas and activated carbon particles, and distribution of activated carbon have

been obtained from the numerical analysis. Flow patterns of flue gas and activated carbon particles in the reactor

were very complicated and they moved along very various paths. Therefore, their residence time in the reactor was

also various. The results obtained would be effectively used to estimate the removal efficiency in the reactor once

the residence time is combined with the reaction equation.
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Fig. 2. Flow pattern in the reactor and dimensions.

Fig. 3. 3D mesh system of the reactor.
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Table 1. Residence time of flue gas.

Time [s] Ratio [%] Time [s] Ratio [%]
5<t<10 9.3 30<t<35 39
10<t<15 22.7 35<t<40 2.6
15<1<20 15.8 40<1<45 1.9
20<t<25 i1.4 45<t<50 0.9
25<t<30 1.9 50<t 19.6
Average [s] 15.6 Standard deviation 18.6
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Fig. 9. Pressure distribution in the reactor.
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Table 2. Residence time of activated carbon particles.

Tirne [s] Ratio [%] Time [s] Ratio [%]
2<t1<4 0.0 18<1<20 52
4<1<6 0.0 20<1<C22 5.7
6<t<8 0.0 22<t<24 6.3
§<1<10 3.8 24 <126 10.3
10<t<12 12.5 26<t<28 3.5
12<t< 14 15.8 28 <t<< 30 3.5
14<t<16 11.1 30<t 12.2
16<1<18 10.1
Average [s] 15.3 Standard deviation 8.6
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Table 3. Residence time of flue-gas with particle’s size.

Ratio [%]

Time [s]
Nocarbon 43um 49um  74um
5<t<10 11.7 7.1 93 8.9
10<t<15 21.3 25.7 22.7 28.3
15<t<20 17.3 16.9 15.8 15.5
20<t<C25 14.5 1.7 14 1.2
25<t<30 6.0 10.1 11.9 8.4
30<t<35 6.2 8.4 3.9 3.2
35<t<40 2.2 4.1 2.6 2.5
40<t<45 1.5 09 1.9 0.6
45<t<50 1.7 1.2 0.9 1.2
50<t 17.5 13.8 19.6 20.1
Average [s] 15.8 17.4 15.6 14.6
Standard deviation 17.8 15.8 18.6 18.9
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Fig. 12. Residence time of flue-gas with particle’s size.
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Table 4. Residence time of activated carbon particles
with particle’s size.

Ratio [%]
Time [s]

43 um 49 um 74 um

2<1<4 0.5 0.0 0.0
4<1<6 0.0 0.0 0.0
6<t<8 0.0 0.0 0.8
8<t< 10 2.3 38 9.3
10<t<12 15.9 12.5 3.9
12<t< 14 15.9 15.8 20.5
14<t< 16 7.7 11.1 9.7
16<t< 18 59 10.1 73
18120 7.4 5.2 7.7
20<t<C22 14.1 5.7 7.7
22<1<24 6.9 6.3 2.7
24 <1<26 6.9 10.3 3.9
26 <1< 28 49 35 3.1
28<t< 30 4.6 35 4.6
30<t 6.9 12.2 189
Average [s] 16.5 15.3 13.5
Standard deviation 6.9 8.6 9.6

Ratio [%]
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Fig. 13. Residence time of activated carbon particles with
particle’s size.
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