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Numerical simulation of the airflow distribution of WESP
Li Haibo, Yin Cheng, Ren Kai, Guo Chun, Yin Yonghui
Xi’an Xikuang Environmental Protection Co., Ltd, Xi’an 710075,PR China
Corresponding author: 1399281701@139.com
Abstract The article describes the airflow distribution numerical simulation process of wet electric precipitator
(WEPS). The numerical simulation used the SIMPLE algorithm and turbulence model as the model. The monitoring section of the airflow distribution is set at the 100mm distance from the top plane of the anode tube bundle. It can analyzed the internal air flowing condition. By means of the reasonable arrangement of guide plate
and the circular hole rate of distribution plate, the airflow distribution on the monitoring section meet the requirements. The results of numerical simulation can provide suggestions for the design of WESP.
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1. Foreword
Along with the continuous progress of science and
technology and the rapid development of social economy, a series of environmental problems have appeared. Cement, metallurgy, electric power, papermaking, and chemical industry are all over china,
environmental pollution problems are becoming more
serious [1]. The national introduced more stringent
standards of the e mission of atmospheric pollutants
more stringent standards [2], and the wet electrostatic
precipitator is an important means to solve the problem of low emission. It will be used more and more
widely.
The uniformity of air distribution is an important
factor affecting the efficiency of dust removal for
WESP [3]. Usually, the electrostatic wind speed is
homogeneous in the shell. But if the air into the shell
is not well distributed, the electrostatic wind speed
will be deviated greatly from the design average wind
speed, even no air flow in some places, thus reducing
the specific surface area of the anode tube bundle actually. And the flow rate is too fast in the anode tube
bundle at the higher velocity zone, so the charge containing fog droplets can’t adsorbed onto the anode
tube timely and effectively. These two factors will
greatly affect the efficiency of WESP.
Currently, there are two kinds of methods to research the distribution of air flow are mainly model
test and numerical simulation at domestic and abroad.
Model tests can display the airflow distribution of
electric field profile clearly and the result is credible.
But numerical simulation can obtain the numerical solution of the flow field and the result is intuitive.
Therefore, the numerical simulation of airflow in the
scheme design process can avoid the blindness of the
design process and ensure the performance of the
product. In recent years, the mainly method which researched on the dust collector at domestic is computational fluid dynamics. And great progress has been
made in the numerical calculation of the airflow distribution of the WESP [4-6].

2. Numerical Simulation
It has illustrated the application of the numerical calculation of airflow distribution by the computational
fluid dynamics (CFD) software FLUENT. The calculation process is shown in figure 1:

Figure 1. The calculation process
2.1. Computational model
Taking the WESP which after the desulfurization of
410t boiler for example. The anode plate of the WESP
adopted the hexagonal tube type, inlet port is upper intake, the horn import is from round change to square,
the dimension of round mouth is ∅3800 mm, the size
of square shell is 11000×11000 mm, the height of the
horn import is 3200 mm. The monitoring section of
the airflow distribution is arranged at the 100mm distance from the plane of the anode tube bundle in the
shell. After several sets of numerical simulation comparison, taking into account the requirements of the
overall resistance of the device, the size of “＃” shaped guide plate and the circular hole type distribution plate combination structure are determined. Fig-
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ure 2 shows the numerical calculation model of
WESP.

2.4. Solve
The convergence of the calculation can be observed
by the residual curve. When the iterative residual error
is less than the 10–3, it is regarded as the convergence,
and the FLUENT stop calculation.
3. Post-processing
Currently, the evaluation parameter of airflow distribution is relative root-mean-square σ, the following is
the evaluation standard of the uniformity of parameter:

Sr =
Figure 2. Numerical model
2.2. Controlling equations
During the numerical simulation, it is assumed that the
fluid is incompressible and steady flow, the whole
process is constant temperature. The controlling equations of the CFD with mass conservation equation
(continuity equation), momentum conservation equation, energy conservation equation (k turbulent kinetic
energy equation and ε turbulent kinetic energy dispersion rate equation).
2.3. Model processing and boundary conditions
It’s preprocessed the model by ANSA, the geometric
model and the actual WESP geometry size ratio of 1:1.
In order to reduce the influence of the pipeline on the
inlet flow, a complete inlet pipeline model was built
and the partial FGD absorbing tower model was added,
increase the flow guide plate to rectify the airflow.
Build a complete export pipeline model on the outlet.
In order to reduce the number of meshes and shorten
the computing time, all the mesh size should not be
less than 200 mm except on both sides of the round
hole distribution plate must be refining. Inlet is speed
inlet and outlet is pressure outlet; the shell and flow
guide plate are treated with no slip wall. The internal
pressure plane of the shell is considered to “interiorface”. The numerical calculation used the SIMPLE algorithm and the turbulence model is k-ε two equation
models. The grid section is shown in figure 3.

Figure 3. Grid section
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In formula:
Vi – flow rate on the measuring point (m/s);
– average velocity of cross section (m/s);
n – the number of points on the cross section.
Calculated the relative standard deviation of each
test section Sr, and then according to the table 1 look
up the values of ∆W (Reaching speed deviation), when
∆W ≤ 12% as qualified.
Table 1.
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After adjust the import pipeline guide plate, the
horn mouth inlet airflow uniform distribution; repeated adjustment the size of "＃" - shaped guide plate
and the circular hole rate of round distribution plate,
make the air velocity distribution optimization. By
calculation, the average velocity in the WESP shell is
1.852 m/s, the root mean square value of the velocity
distribution is 21.7%, It indicates the airflow distribution is good. The structure of "#" - shaped flow guide
plate and circular holes type distribution plate meet
the requirement of air distribution. Table 2 shows the
value of air flow velocity distribution in the plane of
above the anode tube bundle 100 mm. Figure 4 and
Figure 5 show the longitudinal and transverse section
velocity cloud picture respectively.

Figure 4. Longitudinal section velocity cloud picture
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Figure 6 is the outlet horn streamline diagram.

Figure 5. Transverse section velocity cloud picture
Figure 6.Outlet horn streamline diagram
Table 2. Air flow velocity distribution in the plane of above the anode tube 100mm

It can be seen from the outlet horn streamline diagram, the streamlines are smooth, transition velocity is
uniform, the whole resistance in the shell and pipeline
is 316 Pa, conforms to the resistance of the equipment
requirements, so there is no need to add guide plate in
the outlet horn.
4. Conclusion
• By way of CFD numerical simulation, we can get
basic physical quantity distribution on various locations in very complicated flow field (such as the
distribution of velocity, pressure, temperature,
concentration, etc.), and these physical quantities
changed with time, determine the vortex distribution characteristics, cavitation characteristics and
flow separation zone etc. CFD can visually display
the flow field of the precipitator. For the high requirements of airflow distribution of the WESP,
CFD calculation can avoid the blindness of design
and provided the basis for design of the airflow
distribution device.
• CFD numerical simulation technology had become
increasingly concerned as a new method to study
the air flow. With the continuous improvement of
technology, CFD will become an important ways
to research on the gas flow in the WESP.
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