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Abstract. The uniformity of velocity distribution is the key factor that affects the De-
NOx efficiency. A three-dimensional SCR model of a 660 MW power unit is
established by commercial software Fluent16.0 to obtain the flow field distribution in
the reactor. Some optimization measures are put forward for the optimization of flow
field. Finally, the distribution of flow field of AIG (Ammonia Injection Grid) section
achieved desired effects.

1. Introduction

Selective catalytic reduction (SCR) as a kind of efficiently NOx control technology has been widely
used in coal-fired power plants, which use NHs to react with NOx and transfer it into harmless H.O
and Nz between 300°C~400°C on the surface of catalyst. Under the conditions of catalyst volume and
space velocity been confirmed, the uniformity of both velocity distribution and NH3/NO mole ratio are
the key factors to achieve the desired De-NOx efficiency [1]. The numerical simulation method has the
characteristics of high efficiency, economy and speed, which can provide effective guidance for the
setting of SCR [2]. Therefore, the flow field distribution in a SCR reactor of 660MW power unit is
studied by numerical method.

2. Numerical Model

2.1. Geometric structure of CFD mode

The object is a SCR system of 660MW coal-fired unit, the size of the inlet section of the reactor is
14000mm X 9262mm, and the size of the exit section is 11000mm X 3000mm. Plate catalysts are used
in SCR system with three layers arrangement. The following two layers of catalyst are arranged, the
upper layer is a reserved layer for catalyst. Gambit software is used in grid division and model
establishment. The total number of grids of the model is about ten million. The following pictures
show the details of the model.
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Fig.1.Diagram of the model

Fig.2.Grid division of the model

2.2. Mathematics method of CFD model

The main mathematics models include mass, momentum, energy balances, turbulence and species
transport governing equations, which were described as reference [3]. A porous medium model was
used to simulate flow in catalyst layers. The commercial software Fluent16.0 was used for simulation.

3. Results and discussion

3.1. Boundary Conditions
The boundary conditions are shown in table 1.

Table. Boundary Conditions

Parameter Values
Inlet velocity (m/s) 4.555
Entrance equivalent diameter(m/s) 11.15
Inlet turbulence intensity(%) 2.83
Inlet flue gas temperature(K) 623

3.2. Results and Discussion
The results of the flow field distribution are displayed in Fig.3 and Fig4.
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Figure 3. Flow field distribution at Y=8m (m/s)
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Figure 4. Flow field distribution at AIG section (m/s)
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As shown in Fig4, the velocity distribution of AIG section is uneven, the maximum of velocity is
about 22m/s, while the minimum of velocity is Om/s, there are even reflux conditions in some areas.
The coefficient of variation of velocity(Cv)is used to express as a percentage of the standard deviation
with respect to mean value, Cv is defined as:

C, =2100% (1)

Where
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The value of Cv is 28.5% of the AIG section, however the value of Cv is generally set not more
than 15% [4]. The velocity distribution has great influence on reactor performance, the more uniform
distribution of flow field of AIG section, the more uniform distribution of the ratio ammonia to
nitrogen, which can increase the De-NOx efficiency [5]. Therefore, it is very important to improve the
uniformity of velocity distribution of AIG section.

3.3. Optimization measures

The reasonableness of the arrangement of the guide plates is the key factor for improving the
uniformity of the velocity distribution. Optimization and reconstruction of the guide plates inside the
vertical flue have been taken in this paper. There are 12 guide plates in the original design scheme, and
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B (the angle between the guide plates and the horizontal direction) vary from 42° to 85° , as shown in
Fig5.

Fig.5.Guide plates inside vertical flue

The value of Cv of AIG section is obtained by adjusting both the number of guide plates and the
angle between the guide plate and the horizontal direction, the results is shown in Fig.6.
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Fig.6. The results of optimization

Fig. 6 show that, as the increasing of the number of guide plates, the value of Cv is decreasing step
by step, when the number of guide plates is above 16, the value of Cv decreases slowly. As the
decrease of f5, the value of Cv decreases first and then increases. But, the value of Cv is still above
22%. When the number of guide plates is 16 and f vary from 35° to 85° , the velocity distribution of

AIG section is shown in Fig7.
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Fig.7.Velocity distribution of AIG section (m/s)
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Although the porous plate will increase the pressure drop of the system, but it has good rectifying
effect. A porous plate is installed in the vertical flue, which has 50% hole opening rate of the porous
plate, and Smm thickness. Due to the thinner thickness of the porous plate, and small opening size, the
porous plate is simplified as a porous-jump model. Its principle can be expressed as formula (4):
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Where u is the laminar fluid viscosity, a is the permeability of the medium, C: is the pressure-jump
coefficient, v is the velocity normal to the porous face, and 4m is the thickness of the medium.
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Fig.9.Diagram of porous plate

When using porous plate, the velocity distribution of AIG section was shown in Fig.10, the
maximum velocity magnitude is about 18m/s, the minimum velocity magnitude is about 9m/s, the
relative deviation coefficient of velocity decreased to 12.5 %. The pressure drop of the system was
increased by 180pa.
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Fig.10. Velocity distribution of AIG section (m/s)

4. Conclusion

A three-dimensional SCR De-NOx reactor model of a 660 MW power unit is established, commercial
software Fluent16.0 was used for simulating the flow field distribution in the reactor. The results show
that: the velocity distribution of AIG section is uneven, the maximum velocity magnitude is about
22m/s, the minimum velocity magnitude is nearly Om/s, there are even reflux conditions in some areas,
the relative deviation coefficient of velocity is 28.5 %, by optimizing the arrangement of the guide
plates in vertical flue, the uniformity of velocity distribution of AIG section is improved, the relative
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deviation coefficient of velocity is reduced to 23%, when a porous plate having an opening rate of
50 % is arranged, the relative deviation coefficient of velocity is reduced to 12.5 %.
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