energies

Article

Structure Optimization Research Based on Numerical
Simulation of Flow Field in Ammonia-Based Wet Sintering Flue
Gas Desulfurization

Ling Li !, Buting Zhang "*, Ping Zhu 2, Liangying Yu 3, Guangjin Zhao !, Min Li ! and Hecen Wang !

check for
updates

Citation: Li, L.; Zhang, B.; Zhu, P,; Yu,
L.; Zhao, G.; Li, M.; Wang, H.
Structure Optimization Research
Based on Numerical Simulation of
Flow Field in Ammonia-Based Wet
Sintering Flue Gas Desulfurization.
Energies 2022, 15, 7771. https://
doi.org/10.3390/en15207771

Academic Editor: Dino Musmarra

Received: 25 August 2022
Accepted: 10 October 2022
Published: 20 October 2022

Publisher’s Note: MDPI stays neutral
with regard to jurisdictional claims in
published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

State Grid Henan Electric Power Research Institute, Zhengzhou 450052, China

Wuhan Longking Science & Technology Co., Ltd., Wuhan 430205, China

School of Power and Mechanical Engineering, Wuhan University, Wuhan 430072, China
*  Correspondence: zhangbuting@163.com; Tel.: +86-138-3850-8365

@ ON =

Abstract: Although more and more desulfurization equipment has been put into use in sintering
plants, how to effectively remove sulfur dioxide from sintering flue gas in a desulfurization tower
is still a great challenge in China. The desulfurization tower, as a critical part, needs further im-
provement and optimization. Therefore, based on the numerical simulation of the flow field of the
ammonia-based wet desulfurization tower for sintering flue gas, ANSYS CFX is applied to conduct
structural optimization research. Comparing the flow field distribution under different structure
conditions, the results show that the flue gas distribution of the dual inlet tower is more uniform
than that of the single inlet tower. The designed baffle not only effectively blocks the entry of the
spray slurry, but also improves the flue gas distribution; the deflector with its simple structure,
convenient operation, and stepped distribution installed in the entrance section can improve the
uniformity of the flow field distribution. Based on the comprehensive analysis, these optimized
structures are recommended in the design of an ammonia-based wet sintering flue gas desulfurization
tower. This work not only develops a simulation of the desulfurization tower but also provides
practical structures.

Keywords: sintering flue gas; ammonia-based WFGD; structure optimization; numerical simulation;
flow field

1. Introduction

In recent years, sulfur dioxide (SO;) emissions from the iron and steel industry have
attracted worldwide attention. SO, mainly produced in the sintering process accounts for
about 60% of annual emissions from iron and steel plants. Reducing SO, has been a great
challenge for sintering flue gas [1,2], especially in China. As environmental protection
requirements become more and more stringent, more and more desulfurization devices
have been put into use in sintering plants to reduce SO, emissions.

Wet Flue Gas Desulfurization (WFGD) technology is the most widely used desulfu-
rization technology in the world. Among them, the ammonia-based WFGD technology,
compared with other WFGD technologies, is recognized as one of the most popular meth-
ods because it has higher economic efficiency, a more efficient desulfurization process, and
useful by-products, and has been successfully installed and operated in coal-fired power
plants [3-5]. However, due to the peculiarities of sintering flue gas, which is quite different
from that of coal-fired power plants, these technologies cannot be simply transferred to
the desulfurization of steel sintering, although a great deal of research has been carried
out to develop the technology. So far, the application of ammonia-based WFGD is not yet
mature in large-scale sintering enterprises, and particularly in single-tower technology, the
phenomena of “ammonia escape” and “aerosol” are very serious [6,7]. Therefore, further
analysis should be conducted, focusing on the specific sintering process of iron and steel
and optimizing the desulfurization technology.
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As we know, the desulfurization tower is one of the important components of the
WEGD flue gas desulfurization system. The spray tower is the most frequently installed
scrubber in the WFGD device, and its design structure will have a great influence on
the gas-liquid two-phase flow field, thereby affecting desulfurization efficiency. For the
ammonia-based WFGD system, many scholars and research institutions have carried
out a lot of experiments and theoretical analysis, but there is little specific information
about the simulation optimization of the desulfurization tower for sintering flue gas [8-12].
At present, CFD technology has been extensively used in the investigation of the flow
field for the tower of desulfurization. Zhu et al. and Zhang et al. in our research group
developed models using ANSYS CFX to calculate the flow field of a full-scale tower with
ammonia absorption [13,14], but only for specific equipment and structures. Zhu et al. first
successfully simulated the gas-liquid two-phase flow field in a full-size single tower for
the sintering flue gas desulfurization tower by using ANSYS CFX software, in which the
demist area was simulated as a porous medium area. Compared with the distribution of
the flow field under different spray levels, the combination model of second and third
spray levels will make the flow field more uniform, gas-liquid contact time longer and
conductive to heat transfer [13]; Zhang et al. pushed further research to a full-scale double
tower of ammonia-based wet flue gas desulfurization where ANSYS CFX software was
used to simulate the operating conditions of a sintering plant to study the flow field without
fluid spray and with fluid spray, and according to the results, the gas flow distribution
in the evaporating tower was non-uniform and needed to continue to optimization. The
spray flow in both towers was more uniform [14]; based on the simulation research results,
it is found that more efforts should be made to further optimize the tower structure in
view of the current operating desulfurization effect of sintering flue gas, then improve the
operating conditions in the tower.

A two phases flow structure is one of the key problems to meet the requirement of
reactions for the industrial desulfurization process. In order to improve the uniformity of
gas distribution and strengthen the interaction between gas and slurry phases, great efforts
have been made to change the flow pattern of the two phases through precise internal
devices [15-18], such as flow pattern controlling unit, rod banks sieve tray, and groove
separator. Montanes et al. [19] demonstrated that the synergistic rings slowed down the
channeling of flue gas along the wall and improved the removal efficiency by approximately
4%. Chen et al. [20] found that the inlet scrubber with deflectors could efficiently avoid
the localized high-speed gas flow, during which desulfurization efficiency increased by
about 3%. Tseng et al. [21] added perforated sieve trays into the desulfurization spray
tower with the consideration of chemical effects and concluded that the perforated sieve
trays can increase desulfurization efficiency. Zhen et al. [22] optimized the flow field by
adding a FPC (flow pattern controlling) device to the desulfurization spray tower, and
compared with the common spray tower without a perforated plate, the desulfurization
performance of the FPC device is markedly improved. Jin et al. [23] studied the internal
optimization mechanism of the deflector desulfurization spray tower (DST) and the rod
bank desulfurization spray tower (RBST), and the results show that there are gas-liquid
contact intensification effects in DST and RBST. Accordingly, there was more work as well
as the above-mentioned focus on structure optimization, however, there was little research
conducted for the sintering flue gas desulfurization spray tower.

Therefore, based on the previous work, the aim of this work is to develop new internals
and discuss the effect of structure on a full-scale sintering flue gas desulfurization tower
with ammonia absorption by comparing the flow field of gas-liquid two-phase. Based on
the study, the design pattern of the WFGD system was established to manage the tower
efficiently and reliably.
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2. Models and Assumptions
2.1. Physical Model

This paper takes the ammonia flue gas desulfurization spray tower of a large-sized
sintering strand in an iron and steel enterprise as the research object. The flue gas is drawn
from the outlet flue of the fan of each sintering machine, and it enters the absorption
tower and flows upward after being pressurized by the booster fan. Then the flue gas is
in countercurrent contact with the ammonium sulfate slurry droplets in the spray area,
resulting in mass transfer and absorption reactions to remove SO, in the flue gas. Most of
the droplets contained in the flue gas are removed by the demister, and finally discharged
into the atmosphere through the straight exhaust chimney at the top of the absorption
tower. The slurry droplets, after absorbing SO, fall into the slurry pool. There are three
staggered spray layers in the spray area, and 108 spiral nozzles are installed on each layer.
Gas-liquid two-phase characteristics are mainly studied in this area. The inlet flue pipe and
outlet chimney are relatively long, so only one section is selected for analysis in this paper.
It is assumed that the flue gas is uniformly distributed on the inlet flue cross section with
equal velocity, and the inlet direction is parallel to the flue axis.

This paper focuses on the flue gas above the slurry surface and the flow field distribu-
tion of the spray slurry in the tower. The tower body structure is constructed according to
the actual size to ensure that the calculation results have guiding significance for the design
and operation of the absorption tower. The simplified physical model is shown in Figure 1.
The basic parameters of the numerical simulation of the spray tower are shown in Table 1.
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Figure 1. Diagrammatic sketch of the desulfurization spray tower; (a) tower structure; (b) flue gas
inlet angle; (c) designed baffle in flue gas inlet. 1—seriflux level; 2—flue gas inlet; 3—the designed
baffle; 4—first spray layer; 5—second spray layer; 6—third spray layer; 7—demist area; 8—flue
gas outlet.

2.2. Grid Generation

In this paper, CFX software is used to conduct a three-dimensional numerical simu-
lation of the flow field of the desulfurization spray tower. The physical simplified model
is established in UG and then imported into ICEM CFD for grid generation. According
to the characteristics of the ammonia desulfurization spray tower, the physical model is
simplified and modified, and the effect of spray pipelines on the flow field is temporarily
not considered. The porous medium model is used to replace the demister in CFX, and
only the effect of resistance is considered. Considering the difficulty of grid generation,
computation speed, and convergence, the hexahedral structure grid is adopted. The grid
quality is checked from two aspects: the minimum internal angle of each grid element is
greater than 18°, and the ratio of the minimum Jacobian matrix to the maximum Jacobian



Energies 2022, 15,7771 40f 13

matrix determinant is greater than 0.7. At the same time, to obtain the solution as accurately
as possible with as few grids as possible and ensure a reasonable calculation time, the
results are verified by grid independence.

Table 1. Basic parameters of the numerical simulation.

Item Parameter Value
Tower diameter (m) 14
Inlet size (m) 11.08 x 3.13
Outlet diameter (m) 7
Structure Demist area height (m) 2.5
Spray level gap (m) 2
Inlet angle « (°) 10
Designed inlet baffle wide (m) 0,05,1.0,1.5
Inlet flue gas flow rate (m-s~1) 13
Inlet flue gas dynamic viscosity (Pa-s) 232 x 107°
Gas phase Inlet flue gas thermal conductivity (W-m~!-K~1) 3.49 x 1072
Inlet flue gas temperature (K) 413
Inlet flue gas density (kg-m~3) 1.131
Liquid-to-gas ratio (m3/L) 13
Seriflux dynamic viscosity (Pa-s) 432 x 1073
Seriflux thermal conductivity (W-m~LK™1) 0.67
Liquid phase Ser.iﬂux temperature ({(3) 323
Seriflux density (kg-m™°) 1310
Particle specified diameter (m) 2 %1073
Spray nozzle angle (°) 90
Particle injection velocity (m-s~1) 6

2.3. Mathematical Model
(1) Continuity equation

dp | d(pu)  9(pv) | d(pw) _
T T dy T 70 @

where p is fluid density; ¢ is time; % is velocity vector; u, v, and w are the components of the
velocity vector % in the x, y, and z directions, respectively.

(2) Momentum equation

a(pu) . =\ ap aTxx aTyx aTZX

o5 +dlv<puu) ——g—l— o + 3y + e +F (2)
dpv) | ./ =\ _ Odp Oy 0Ty  OTy

o5 +dzv(pvu)— @ﬁL 3 + 3y + % +F (©)]
Ipw) . =\ 0p 0Ty  OTyz 0Ty

o Hdiv(puu) = =55+ T+ ay oz T @)

where p is pressure on the fluid microelement; Tyy, Txy, and Ty, are the components of the
viscosity stress T on the surface of the fluid element; F,, Fy, and F; are the components
of the force on the microelement in the x, y, and z directions, which include gravity and
interfacial interaction from the liquid discrete phase.

(3) Energy equation

9(pT) , 9(puT) | d(pvT) , d(pwT)
o T toa T

Jd ( koT J kai?z d ( k oT (5)
= (&3) +(A%) + 2 (E%) +or
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where ¢y is specific heat capacity; k is the heat transfer coefficient of the fluid; St is vis-
cous dissipation.

(4) RNG k-¢ model equation

On the basis of previous studies [13], the RNG k-e¢ model was better than the standard
k-e model in turbulent flow simulation when considering the average flow in rotating flows,
so this paper used it to simulate the flue gas.

2 3 ) e ok
at(pkHaaq(Pk”’)_axj[(’”@)ax + P — pe (6)

]

&
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0 0 _ 9 pe 9
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where k was the turbulence kinetic energy; ¢ was the turbulence eddy dissipation; j is the
effective viscosity; P’ is the corrected pressure; y; is the turbulence viscosity.

(5) Equation of motion for droplet particles

In this paper, the effects of gravity and drag on the droplets are mainly considered.
According to the force analysis of the droplets in the flue gas flow field, the motion equation
of the droplet particles can be expressed as [24]:

du g(op —pg)
p p 8
=F - 1
dt D (Mg Llp) + Pp ( 5)
where Fp(ug — up) is the drag force per unit mass of the particles subjected to flue gas, and
its expression is as follows:
_ 18u CpRe

ppds 24

D (16)
where Re is the relative Reynolds number (or particle Reynolds number), which is de-

fined as:
Re — ppdp|up — ug| (17)

K

CFX provides three empirical models for the drag coefficient between the continuous
phase and the discrete phase. For the spray droplet particles in the spray tower, the
Schiller-Naumann model is chosen in this paper, and the relevant equations are as follows:

_ 24 0.687
Cp = %o (1 +0.15Re ) (18)
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where g is the flue gas flow rate; U, is the particle velocity; p is the hydrodynamic
viscosity; p, is the fluid density; pp, is the particle density; dj, is the particle diameter; g is
the acceleration of gravity.

(6) Porous medium model

The porous medium model which was applied in most studies [25], is also carried out
to approximately simulate the demister area in the desulfurization spray tower in order
to reduce the complexity of analysis in the current work, and the model is simplified by
determining different parameters such as volume porosity or surface porosity. The pressure
loss of the flow in the porous medium is determined by the momentum equation of the
porous medium. The porous medium model is based on the Navier-Stokes equation and
Darcy’s law, and the convective and diffusional phases are retained, which can be applied
to the flows in rod or tube bundles where the effects of two terms are important.

2.4. Assumptions and Simulation Verification

Due to the complex structure of the tower, it is hard to compute all processes exactly by
mathematical theory. To better discuss the process in the WEGD tower, some assumptions
are as follows:

(1) There is only 15% O, 68.694% Ny, 10% H0O, 5.7% CO,, 0.548% CO, 0.037% SO,,
and 0.021% NO, in the gas phase, and the gas phase is regarded as incompressible
Newtonian fluid.

(2) The seriflux consists of NH4;HSO3, (NH4)»SO3, and (NH4);SO4. Other components
are neglected. The spray droplet particles are spherical particles of the same size. The
collision is considered a perfectly inelastic collision between the particle and the wall.

(3) The influence of components such as the tower spray pipe on the flow field is ignored.

(4) The demist area is simulated as a porous media region, a specified pressure drop is
100 Pa, and the main parameters are set in accordance with the true conditions.

(5) The seriflux pond is regarded as a solid wall, and the interaction between the liq-
uid level fluctuation and the flue gas is ignored. The wall is regarded as a no-slip
insulation wall.

(6) The mass transfer as well as reactions are ignored between the flue gas and droplets.

(7)  To simplify the modeling, the chimney is only 10 m, the horizontal flue is 5 m, and the
gas velocity distribution is considered to be uniform.

Similar physical and mathematical models have been employed in previous work [13,14],
and the results showed that it was feasible to simulate the flow field of the tower with a
rational predigest model and proper qualitative analysis methods.

3. Results and Discussion
3.1. The Influence of Different Inlet Layouts

According to the general design of the flue gas desulfurization, the common layout is
shown in Figure 2a: first, two sets of flue gas fans lead the exhaust gas into the main flue
pipe and then enter the spray absorption tower with inlet and outlet, finally discharging the
desulfurization flue gas to the chimney. This traditional design will cause a larger number
of U-shaped bends between the outlet of the flue gas fan and the inlet of the absorption
tower, resulting in a larger local resistance between the local flue pipes and high energy
consumption. In contrast, the dual inlet design shown in Figure 2b can perfectly solve this
problem, and the spray absorption tower is located between the two flue gas fans. The dual
inlet design has two types of inlets, namely straight dual inlet and tangential dual inlet, the
vertical view of which is shown in Figure 3.
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Figure 2. The layout of flue gas desulfurization tower; (a) Single inlet; (b) Dual inlet. 1—flue gas fans;
2—main flue pipe; 3—the spray absorption tower; 4—entrance valve; 5—exit valve; 6—by-pass valve.

>

(@) (b)

Figure 3. Vertical view of tower with Dual inlet; (a) Straight dual inlet; (b) Tangential dual inlet.

The gas-phase streamlines and the gas velocity vector of the single inlet, straight
dual inlet, and the tangential dual inlet without spray are shown in Figures 4 and 5,
respectively. From Figures 4 and 5, it is found that there is a marked difference between
the three layouts: Figures 4a and 5a show that the high-speed flue gas habitually rushes
to the opposite tower wall after entering the tower, a large whirlpool is formed near
the inlet and the slurry surface in the single inlet tower; Figures 4b and 5b show two
high-speed flue gases entering the tower and oppose each other in the straight dual inlet
tower, preventing each other from moving forward. The incoming flue gas flows upward,
downward, left and right, and finally, two small vortices are formed near the inlet above the
slurry surface; Figures 4c and 5c show that in the tangential dual inlet tower, high-speed
flue gases spiral up, which not only extends the running track of flue gas in the tower but
also avoids the phenomenon that the flue gas is too dense locally at the middle which exists
in Figures 4b and 5b and makes the distribution of the flue gas uniform.
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(a) (b)
Figure 4. The gas phase streamlines without spray; (a) Single inlet; (b) Straight dual inlet; (c) Tangen-
tial dual inlet.
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Figure 5. The gas velocity vector diagram without spray; (a) Single inlet; (b) Straight dual inlet;
(c) Tangential dual inlet.

The gas velocity vector of the single inlet, straight dual inlet, and the tangential dual
inlet with spray are shown in Figure 6. For the dual inlet tower, the flue gas velocity
distribution is more uniform, and the phenomenon of flue gas rushing to the wall nearly
disappears; on account of the strong interference of the downward spray droplets, two
bigger gas flow whirlpools are formed on both sides of the inlet above the slurry surface,
however, the whirlpools of the tangential inlet are smaller than those of the straight inlet,
and as a result, the dual inlet design can reduce the possibility of byproduct depositing at
the bottom of the inlet, and can enhance the stability of the system operation.
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Figure 6. The gas velocity vector diagram with spray; (a) Single inlet; (b) Straight dual inlet; (c) Tan-
gential dual inlet.

In contrast, the dual inlet design only changes the entrance pattern of the flue gas,
however, it makes progress toward a remarkably uniform distribution, which enhances
heat transfer and avoids byproduct deposition on the bottom of the inlet.

3.2. The Influence of Designed Flue Baffle at Inlet Area

As we know, the inlet section is always corroded by the sprayed slurry. If a flue baffle
is placed in the inlet area, the baffle can block the spray slurry and guide the flow. The flow
field with and without the flue baffle is mainly investigated, and the widths of the baffle
are 0 m, 0.5 m, 1 m, and 1.5 m, respectively, as shown in Figure 1.

The gas-phase streamlines of the desulfurization tower with and without flue baffles
are shown in Figure 7. It is seen that high-speed gas more easily flows to the center of
the tower with baffles than that without baffles, meanwhile, there are few streamlines
downward to the seriflux surface in Figure 7b, and as a result, the whirlpool becomes
smaller and the intension decreases markedly at the bottom of the tower. All the results
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indicate that the flue baffle can help the flue gas avoid sticking to the wall, and thus the
flow distribution in the absorption zone tends to be uniform.

Velock

Velocit
Streamiine

Streamline
F 13.00 13.00
11.70 H 1.70
10.40 . i 10.40 TR

9.10 | (e 9.10
780

| 6.50
5.20
390

\ I
zeo |71
130 fhsS

IS

7.80 .l
| Te‘su
| 5.20
3.80
2.60
' 1.30
0.00
[m s*-1]

0.00
[m s*-1]

Figure 7. The gas phase streamlines diagram with and without flue baffle; (a) d =0 m; (b) d = 0.5 m.

Figure 8 shows the standard deviations of the representative section velocity [13]
in the absorption area as a function of baffle width. The results indicate that when the
baffle width ranges from 0.5~1.0 m, the gas flow distribution is uniform; on the contrary,
if the baffle width is larger than 1.5 m, the velocity uniformity is worse than without the
baffle. The desulfurization tower requires the flue gas to be distributed as uniformly as
possible in different cross-sections. In theory, the uniform distribution has the advantages
of long gas-liquid contact and mixing time, thereby improving desulfurization efficiency
and reducing the desulfurized slurry required.
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Figure 8. Velocity standard deviations of the representative section.

Figure 9 shows the average temperature of the absorption area as a function of the
baffle width. The results show that due to the strong heat transfer between the flue gas and
spray droplets, the gas temperature decreased rapidly, especially in the lower part of the
absorption zone; the temperature in the lower part with baffles is lower than that without
baffles. This shows that the additional baffles can promote heat transfer in the tower.

The pressure drop of the tower for different width baffles is shown in Table 2. It can
be seen from the table that the pressure drop increases as the baffle width increases. The
possible reasons are that due to the increase in the width of the flue gas baffle, the gas flow
path will be extended, that is, the gas hold-up will increase, and then the density of the
gas-liquid mixture and the frictional resistance will also increase.

Table 2. Drop of pressure between inlet and outlet.

Baffle Width d/(m) 0 0.5 1.0 1.5
Drop of pressure AP/(Pa) 743.78 781.74 796.85 816.67
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Figure 9. Average temperature in representative section.

Therefore, the baffles can improve the uniformity of the gas-liquid field, and can also
lead to pressure increase, and at the same time, it is suggested that the baffle should be
placed in consideration of the angle effect.

3.3. The Influence of Designed Deflector at Inlet Area

Normally, the flue gas inlet is located on one side of the absorption tower, and the flue
gas enters the tower at a certain angle. Depending on its turbulent diffusion, inertia, and
drop gravity, the gas flow distribution effect is limited, and the flow is still uneven, reducing
the space utilization of the tower. The deflectors have been added to help optimize the flow
uniformity. The schematic diagram of the installation of deflectors installed in the tower is
shown in Figure 10.

deflector
[N N 7 7 7]

H“Uj I

Figure 10. The schematic diagram of the installation of deflectors installed in the tower.

The gas-phase velocity vector of the desulfurization tower with and withouta deflector
is shown in Figure 11. The result shows that the flue gas under the deflector accelerates after
hitting the deflector. Then, due to the entrainment of the high-speed stream, a counterflow
zone is formed along the leeward side of the deflector. Therefore, the flue gas velocity
distribution around the deflector is not uniform, and the area of the counterflow zone
gradually decreases as the deflector is farther away from the inlet. However, it can be seen
that the flue gas is distributed evenly in the area above the deflector.

Figure 12 shows the gas velocity contours of the cross-section at z = 1 m under the
second spray layer. The standard deviation of the velocity is 1.36 with the deflector and
1.52 without the deflector. This means that adding a deflector is beneficial to the uniformity
of the flow distribution in the absorption zone. The arc function designed at the bottom
of the deflector can maintain the gas flow in a better direction and effectively reduce the
influence of gas flow force on the deflector. Furthermore, the deflectors are distributed in
a stepped order, which can also effectively reduce the energy loss of the gas crushing on
the deflectors.
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Figure 11. The gas velocity vector diagram with and without deflector; (a) Without deflector;
(b) With deflector.

(b)

Figure 12. The gas velocity contours of cross-section at z = 1 m under the second spray layer.
(a) Without deflector; (b) With deflector.

The average temperature of a representative section with and without a deflector is
shown in Figure 13. The temperature quickly decreases after the high-temperature flue gas
enters the tower, and the temperature of the absorption area changes greatly. The average
temperature with a deflector is lower than that without a deflector, indicating that adding
the deflector can promote heat transfer in the tower.
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Figure 13. Average temperature of a representative section with and without deflector.

4. Conclusions
Based on a full-scale 3-D simulation of an ammonia-based WEGD tower in a sintering

plant by using ANSYS CFX, the effect of structure on the gas-liquid two-phase flow field
was investigated. From this study, the conclusions can be summarized as follows:

(@) The flue gas distribution of the dual inlet tower is more uniform than that of the single
inlet tower, and the mass and heat transfer effects are also better. In addition, the
entrance of the dual inlet tower is not easy to deposit, which is conducive to safe
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operation. Moreover, the tangential dual inlet tower increases the residence time of
the gas in the tower and avoids the frequent concentration of the gas in an area.

(b) The designed baffle not only effectively blocks the entry of spray slurry, but also
improves the flue gas distribution. According to engineering practice, flow field
distribution, and pressure drop, the width of the baffle is preferably 0.5~1.0 m. At this
time, it is recommended to install the baffle at a certain angle to prevent liquid from
accumulating on the surface. The baffle, on the other hand, can make the flue gas flow
toward the bottom of the tower first, increasing the flow path of the gas.

(¢) Adding a deflector with a simple structure, convenient operation, and stepped distri-
bution in the inlet section can improve the uniformity of the flow field distribution
and promote heat transfer and mass transfer, but there are also problems, such as
the increased operating cost caused by the increased resistance, and this should
be considered.
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