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Abstract: This paper focus on the airflow distribution in the Electrostatic-Fabric Integrated Precipitator
(EFIP) . 3-D structure of 600MW EFIP was established and numerical simulation method was used.
Airflow distribution was studied by changing the number of flow deflector and the structure of deflectors. A
k-¢ model was used in the simulation. At the same time, the boundary of bags were defined as the Porous-
jump and a appropriate permeability was defined. The simulation results shown that: when three flow
deflectors were placed with a suitable opening rate, the airflow distribution was uniform. In another word,
the mean velocity was 0.728 m/s and the mean square velocity is 0.2799, at the same time, the speed of
airflow in the fabric area was 0.6m/s. The numerical simulation results were reasonable and could be used as
the reference to the designing of EFIP.
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Nomenclature

Wi gas velocity, m s-1

Xi i direction

P pressure, pa

Fi electric field force, N

Uy viscosity coefficient

o the relative average

Wi thei" velocity, m s-1

@  the average of velocity, ms-1
Re Reynolds coefficient

| Turbulence intensity

1. Introduction

Electrostatic-Fabric Integrated Precipitator (EFIP) is an effective kind of particle control technology
which combines electrostatic precipitator (ESP) with fabric filter(FF). EFIP could removal 99.0% above of
fine particles in the boiler smoke, enhance efficiency and improve the quality of atmosphere obviously.
Many factors could affect the efficiency of equipment and the life of filter because of its complex structure.
Among them, air distribution is one of the key elements. If the air distribution was bad, some unstable states,
such as severe turbulence, would appear and they would not only increase the operation pressure but also
reduce the life of bags. We could see the distribution of pressure and velocity in the EFIP directly by using
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the numerical simulation method. The airflow distribution in the 300MW EFIP by using numerical
simulation method has been studied [1]-[5]. In that way, the operation pressure was reduced. Gas flow
distribution in the ESP with the simulation method has been calculated [6]-[11], also they have investigated
the vector of velocity. In their experiment, Navier-Stokes equation and k-¢ turbulence model have been used
to solve the linear calculation of the gas flow. At the same time, data coming from power plant was collected
and combined with the simulation result. According to literatures [12]-[16], if the CFD technology was used
in the design of lateral plate electrostatic precipitator, then we could calculate the airflow distribution in the
dust area with a high speed. Some results showed that the airflow went across the plate gap with a much
higher speed than usual, in that way, the rate of ion recombination reduced and the concentration of corona
ion increased while we also could find that a lower speed has produced in the back of plate, it was good to
collect the dust particles. In the meanwhile, literature [17] provided another process to probe into the
mechanism of collecting dust in the ESP, and they paid more attention to the impact of ion on the dust
removal results. According to the result, the cross-flow swirling produced in the electrostatic field had a
great influence on the ion flow direction and at the same time it also affected the efficiency of dust removal
seriously, especially, which could reduce the rate of fine particle removal. In the contrary, the efficiency of
dust removal in the ESP could increase if the airflow direction was same. Someone adjusted velocity in the
fabric filter field to reducing the impact of airflow jet on the bag by changing the structure with some
suitable methods, thereby enhanced the life of bags [18]-[21].

Therefore, this paper focus on the numerical simulation of 600MW EFIP equipped in one power plant. A
3-D structure model of EFIP was established, by which the numerical simulation of airflow distribution was
carried on, and some optimizing method for the operation of EFIP was provided.

2. Mathematical Model

2.1. Mathematical equation

Continuity equation:
ou.
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Momentum equation:
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As we know that the state of air flow is turbulent, so the k-& equation can be used. Turbulent kinetic
energy K equation:
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Dissipation rate € equation:
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The turbulent viscosity coefficient  is calculated according to k and &:

(4)
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“t = pCu ? (5)

There are many ways to evaluate the airflow distribution now, but one method has been mainly used
which measures ¢ of the velocity in some planes, it is shown as follow:

(6)

2.2. 3-D structure model of EFIP

We attach the importance to airflow distribution of the large-scale EFIP equipped for the 600MW power
plant and the 3-D structure model of EFIP is established. There are two sets of EFIP for each 600MW unit.
Every EFIP is consisted of two ESP parts and two fabric filter parts, the ash bucket. Air chamber and central
control room are also included. The 3-D structure of EFIP is established with the Pro/Engineering. The inlet
box is 4.2 m wide and 4.1 m long. The ESP room is 14.6 m high, 15.4 m wide and 9.8 m long, while the bag
precipitators are departed into two rooms and each is 15.4 m wide, 6.3 m long, but their height is different
from each other, one is 13.3 m high and the other is 11.1 m high. Meanwhile, each part is equipped with 250
bags. And the diameter and length of each bag is 300 mm and 8 m, respectively. In the process of mesh,
tetrahedron is used in the gambit tool.

2.3. The setting of boundary conditions

Velocity—inlet and pressure-outlet are defined as the model boundary. To some extent, the bag is a kind
of porous media, so we define the bags plane as the porous—jump medium. Others are set to wall-slip
boundary condition. According to the data collected from the operation, the gas velocity is 14.38 m s and
flux is 891444.96 m®h™, the temperature is 20°C, dynamic viscosity v=15.06x10° m?s™; the hydraulic
diameter D=4.149 m, so we could calculate Re and turbulence intensity as follows:

Re = % 7

H
Turbulence intensity:

| =0.16Re™® (8)

Based on the above calculation, we make sure that the state of inlet is turbulence. We supposed that the

fluid in the EFIP is steady and the time has nothing to do with the motion parameters. And the fluid can't be
compressed because of its low speed. Also the whole simulation process is isothermal.

3. Simulation Results and Discussion

This paper made a deeply discussion in the purpose of investigating the airflow distribution in the EFIP.
Four kinds of operating model were involved.

3.1. Contour of pressure
The pressure contour when there are no airflow deflectors in four different kinds of operating models

are shown in Figure 1~ Figure 4. These figures can show up the difference of pressure among them. From

the first figure, we can see that the biggest pressure in the EFIP is only 340Pa while it is 800Pa in the figure 5.
And the total pressure goes up as well as the number of flow deflector increases. After analyzing the
structure of EFIP, we could understand that the more flow deflectors in the EFIP, the bigger resistance of
airflow. In the contrary, the pressure in the fabric area would drop severely. In the other words, these bags
would bear the less resistance and they could be used more long time. At the same time, more and more
money would be saved.

Fig 1: No flow deflector
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3.2. Contour of velocity
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Fig. 2: One flow deflector
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Fig. 3: Two flow deflectors

Fig. 4: three flow deflectors

The velocity contours in the EFIP are shown in Figure 5 ~ Figure8.

Fig. 5: No flow deflector
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Fig. 6: One flow deflector
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Fig. 7: Two flow deflectors
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Fig. 8: Three flow deflectors

When the airflow deflector does not exist, the gas flows into the electrostatic area horizontally, which
leads to severe turbulence, in the meanwhile, the gap between the maximum and the minimum of velocity is
great. This kind of non-uniform air distribution is adverse to removing dust in the electrostatic area. Data
coming from literature indicated that it is able to achieve a better result of removing dust in the ESP when the
velocity is lower than 1.5 m/s. It would destroy much more bags if the velocity of gas is great.

Conclusion could be made by comparing Figure 7 with Figure 8 that the airflow in the ESP is becoming
more and more uniform as well as more and more deflectors are placed. Such as when there are 3 flow
deflectors in the inlet, the gap between the minimum and maximum in the electrostatic area is 1.4, and the
mean velocity is 0.782m/s, lower than 1.5 m/s. Also, it is good for the fine particles removing. In order to get
specific data about velocity distribution in every kind of operation model, four faces are made in the next
paragraph.

3.3. Airflow distribution in the ESP area

As shown in the Figure 9 ~ Figure 10. Several cross-sectionals of electrostatic are gained which are
located at x=2.4m in every EFIP. We can decide that the velocity of airflow in the center of EFIP is up to
14m/s when there is not flow deflector in the electrostatic area, and the minimum of velocity in the whole
EFIP is only Om/s. At the same time, a small reflux would appear in the boundary of the electrostatic area,
which is mainly caused by the great velocity of airflow. With the setting of flow deflector, the speed of
airflow in the center decreases slowly, and it is 0.2m/s when three flow deflectors are placed. The residence
time increases in this way. It is good to removal those fine particles. In the meanwhile, most of the velocity
in the electrostatic area is lower than 1m/s and it is 2.4m/s at the border.
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Fig. 10: Velocity of EFIP with two and three deflectors

3.4 Plots of velocity in different position

In order to analysis the linear characteristic, 1000 data about velocity of airflow located at the cross-
sectional were extracted. We draw 4 curves about velocity by Tecplot 360. They are shown in the Plot 1 ~
Plot 2. In the Plot 1, the mean speed was 6.78m/s and the mean square was 0.6113. But in the second
operation model, much reflux appears though its velocity is lower than the first one. In the Plot 1, the mean
velocity is 1.64m/s and the value of o is 0.5596 while in the Plot 2, the velocity is only 0.7281m/s and o is
0.2799. According to the reference, when the mean square velocity is 0.25m/s, the airflow distribution is
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acceptable in law. So we could regard the air distribution in the EFIP with 3 flow deflectors as uniform
taking into account the complex structure in the EFIP.
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Plot 1: No and one flow deflector
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Plot 2: Two and three flow deflectors

3.5. Small scale model of EFIP

In order to test and verify the accuracy of simulation, one small scale model of EFIP has been

established in our laboratory. In this model, some specific data could be got, such as velocity, temperature
and electric field force and so on.

Clean gas

Electrostatic Electrostatic -
Smoke |::> Field 1 Field 2 Bag Filter

Fig. 11: Experimental model of EFIP
4. Conclusions

Results could be gained fast and accurately by the numerical simulation method, this avoids the limit of
model experiment, also some specific conclusions could be made by this way. Numerical simulation could
reflect the air distribution in the electrostatic really, which is useful to the design of EFIP.

By comparing the simulation results in four operation model, we found that the mean velocity was
0.7281 m/s and the ¢ was 0.2799 when 3 flow deflectors are placed, which reaches to the standard value set

Results shown that most velocity located at the 0.6m/s ~ 1m/s when three deflectors were placed. And
the reflux does not appear in the boundary of the electrostatic. Also, the speed among bags is 0.6m/s. The air

One small-scal model has been designed to test the accuracy of simulation by comparing the results
coming from different methods, in the meanwhile, some specific data could be got with the test model.
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