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ABSTRACT

The flow rate and temperature of the flue gas from a sintering machine can fluctuate in a wide range; thus, the
follow-up desulfurization facility should be operated stably and maintained on-line. A new type of horizontal spray
tower, which can achieve high efficiency with low pressure loss and easy maintenance, was invented by the University
of Science and Technology Beijing. A 3D multiphase computational fluid dynamics (CFD) model of the horizontal
spray tower was constructed with Fluent software to study the internal flow field and the reaction of the horizontal
spray tower. The standard k—¢ model and the Eulerian—Lagrangian model were adopted in this study. Results show
that the flow field in the spray tower can be numerically simulated utilizing the CFD technology. The inlet angle exerts
an important effect on the flue gas flow field of the horizontal tower. When the first-order efficiency and the economic
indicators are taken into account, an inlet angle of 75° is recommended in the top inlet intake mode, whereas a 30°
inlet angle performs the best in the side inlet intake mode. The spray configuration exerts an important influence.
When the spray cone angle is 110° and the installation height is controlled at 0.8 m from the top surface, the smoke
residence time is long, and the contact is sufficient. The results can provide theoretical support for the optimization of
the structure of the spray tower.
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1. INTRODUCTION

The problems of air pollution caused by industrial flue gases have attracted increasing attention, especially in the
field of metallurgy. SO, is not only an important source of acid rain but also an important precursor to haze (Song et
al., 2009; Fan et al., 2017). Technologies for SO, emission control have been developed for decades. Among these
technologies, wet flue gas desulfurization has been widely used in the metallurgical and other industries (Wei et al.,
2014; Liu et al., 2018). Wet desulfurization requires a desulfurizer with fast reaction speed, high desulfurization
efficiency, and high utilization rate. However, the traditional vertical spray tower process has high system pressure
loss and high construction and operation costs. Therefore, desulfurization facilities are difficult to maintain, and high
desulfurization is difficult to keep (Nygaard et al., 2004; Marocco, 2010). A new horizontal spray desulfurization
process was developed by the Environmental Engineering Center of University of Science and Technology Beijing.
The technology has lower construction and operation costs than those of the traditional vertical spray desulphurization
process but can yield high desulfurization efficiency with nonstop maintenance. The new horizontal spray tower
(HST-FGD) is based on the original tower type. The desulfurization nozzles are mounted on the top wall of the tower.
The injection direction of the nozzles can easily be adjusted to achieve multi-angle gas—liquid contact reaction and
eliminate dead zone. In consideration of the need of frequent overhauls of nozzles in the wet process, a nozzle can be
directly replaced at the top of the tower without entering the tower, thereby reducing the difficulty of maintenance.
HST-FGD has run in a practical scale and has received an authorized invention patent. However, some aspects of
this new technology need to be improved. Furthermore, the characteristics of the flue gas discharged by the sintering
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machine lead to wide fluctuations in the gas flow rate and temperature. Therefore, the following desulfurization facility
is required to achieve high impact resistance, stable operation, and even on-line maintenance. Correspondingly, the
entire desulfurization reaction process can be greatly influenced by the pressure and temperature of the flue gas.
Therefore, the internal flow field and the reaction of the horizontal spray tower should be studied. Some studies (Wen
et al., 2015; Calautit et al., 2014) constructed the model of the tower, in order to investigate the influence caused by
different factors such as the inlet angle.

Also, optimizing studies need to be conducted to increase the desulfurization efficiency utilizing the model.

In this study, a model for the horizontal desulfurization spray tower was constructed by computational fluid
dynamics (CFD) software (Du et al., 2010). The influences of the different inlet methods on flow field, pressure loss,
flue gas residence time, and relative factors were studied. The results can provide guidance for a practical engineering
design.

2. CALCULATION PARAMETERS AND MATHEMATICAL MODEL

2.1. Model construction

The structure of the horizontal spray tower is shown in Fig. 1. The tower is 26 m long, 5.4 m wide, and 9.8 m high.
The slurry is 3.4m in the tower. The amount of flue gas is 500,000m?/h. The nozzles are installed at the top of the
tower, and the adsorption solution is sprayed from top to bottom. All of the 40 nozzles are divided into 5 groups evenly
distributed at the top of the tower. The diameter of the gas inlet is 3.0 m, whereas the outlet is 4.4 m. An unstructured
mesh is adopted in this case. The total number of grids is approximately 430,000. The inlet speed of the flue gas is 20
m/s, and the temperature is 400 K. The outlet relative pressure of the flue gas is defined as 0 Pa compared with the
atmosphere. The ratio of spray liquid to gas is 4.7.

Qutlet

9.8m

Slurry

e s s e - 3.4m

Figure 1. Structure of the horizontal spray tower.
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2.2. Basic assumptions
The following assumptions are made in constructing the model.

(1) The gas flow is incompressible. The effect of the heat transfer between the gas—liquid phase and the wall surface
is negligible.

(2) The slurry inside the tower is defined as the wall. The droplets that fall onto the slurry surface will be trapped at
once to stop them from affecting the flow field inside the tower.

(3) The droplets are regarded as rigid balls. The coalescence and breakup of the droplets are ignored. Therefore, the
heat transfer is considered, whereas the evaporation of the droplet is neglected.

(4) The initial particle size distribution of the slurry droplets conforms to the Rosin—Rammler distribution. The
distribution parameters, initial velocity of the flue gas, flow rate, and slurry flow rate are selected in accordance
with the literature (Liang et al., 2007).

(5) The axes are set as shown in Fig. 2. The origin is in the lower middle of the top wall of the inlet, the X-axis is in
the longitudinal direction of the tower, the Z-axis is in the transverse direction, and the Y-axis is in the vertical
direction.

(6) The flue gas flow field is simulated with the Fluent software. The double equation model is the turbulence model.
The Lagrangian discrete phase model is used to simulate the turbulent flow. The second order windward difference
scheme is selected by the discrete equation. The SIMPLE algorithm is used to calculate the pressure coupling.
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Figure 2. Schematic of the system coordinate system.

2.3 Models

After the assumptions and simplification have been made, two mathematical models are calculated in the numerical
simulation of the flow field in the tower. The first model is for the flue gas, which occupies most of the volume in the
flow field and is used as a continuous phase. The second model is for the droplets, which account for less than 10% of
the volume of the total flow field and are applied as discrete phases (Zhou et al., 2005).
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(1) Gas flow field control equation

Smoke is considered the incompressible continuum of the main body; thus, the Euler method is used. Based on the
given assumptions, the equation describing the continuity of the flow field for incompressible gases can be expressed as

diviu)=0. (1-1

The momentum conservative equations are

a(p”)+div(mz)=—2—p+diV(#gmd(u))+ F, (1-2)

X

—a(g‘})+div(vﬁ)=—2—p+dl'v(#grad("))+ E, (1)
Y

6(pw) +div(wﬁ):—Z—p+div(ygrad(w))+Fz. (1-4)
Z

In Equations (1-2)—(1-4), p is static pressure; F,, F,, and F’ are the forces acting on the slurry droplet and gas phase
flow field. Equations (1-2)—(1-4) can be treated as the Reynolds-averaged (time-averaged) Navier—Stokes equations.

The turbulence & control equation is
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The value of G, in the Equations (1-5) and (1-6) is
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The turbulent viscosity model is expressed as y, = pC, —, and the values of the constants in the equations are

C,.=144,C, =192,C,=009,5,=10,and 5, =13.

The energy equation is

g(ph)+a’iv(puh):div(%divhj+s. (1-8)

The first term on the right side of the equation includes the heat transfer and diffusion sections, and the viscous
dissipation is included as a protected form in the second term. Sampling (inhalation) contains the user-defined chemical
reaction, heat, and any other volumetric heat source, which is defined as

h=3Yh,, (1-9)
J

where Y is the mass fraction of component ;.
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T 0
h, =ij ¢, dT+H)T,, ), (1-10)
where H j’ (Tmﬁ j) is the generation of component j at a reference temperature of j, and 7,,,is 298 K.

(2) Liquid flow field control equation

Droplet particle motion equation: A discrete model is often used to describe the particle morphology and movement
law of the gaseous material accounting for a very small proportion of the total volume. The droplets formed by the
shower account for much less than 10% of the volume in the flow field of the tower. Therefore, a discrete model can
be reasonably used to describe the droplet trajectory. This model can describe the movement of droplets in Lagrangian
coordinates, fully consider the interaction between particles and smoke, and accurately predict the droplets in the
flow. Inside the desulfurization spray tower, the trajectory and change of each droplet are not the same. Thus, they
cannot be tracked in numerical simulations. Only a certain number of droplets are considered. Each of these droplets
represents the same droplet. The tracking of the droplets with a certain scale for each orbital calculation represents a
certain number of clusters of droplets. The discrete phase of motion has good properties. The orbital model applied
to the method determined in Fluent is as follows: the Eulerian coordinate system is used in the prediction of the
continuous fluid phase, whereas Lagrangian processing is used for the orbital motion characteristics of a large number
of particles.

The droplets in the flow field are subjected to various forces. The gravity and resistance forces acting on the
droplets are mainly analyzed. In accordance with the force condition of the particle in the fog effect of the smoke
movement, the control equation of the droplet trajectory is

(ug_up)+w’ (1_11)

pp

du
P=F
e °

In Equation (1-11), F,, (u, —u, ) is the unit mass resistance that the droplets receive in the meteorological flow field.
Its expression is

o _18u CyRe

= , 1-12

vopd 24 (1-12)

where Re is the relative Reynolds number defined as
d |u —u
Re = w_ (1-13)
U
In Equation (1-12), Cj is determined by
24 . bRe

C. =2 (14b Re?)+ 2 , 1-14

" Re (+hRe™) b, +Re ( )
where the constants are
b, =exp(2.3288 — 6.4581+2.44864°), (1-15)
b, =0.0964 +0.5565¢, (1-16)
b, = exp(4.905-13.8944¢ +18.42224° —10.25994°), (1-17)
b, =exp(1.4681+12.2584¢—20.7322¢4> +15.88554). (1-18)

In Equations (1-15)—(1-18), the non-equivalent factor can be defined as ¢ = s/ S, where s is the surface area of the
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ideal sphere with the same particle size and S is the actual surface area of the particles. Here, the effect of smoke flow
on the motion of the discrete droplets needs to be analyzed.

Droplet particle size distribution: The calculation of the two-phase gas—liquid flow is largely related to the
distribution of droplet sizes. The diameters of the droplets in the spray tower can reach a minimum of 0.2 mm, whereas
the coarser droplets can have a diameter of 5 mm. The Rosin—Rammler model is a mathematical model that describes
particle size distribution. This model can accurately represent the distribution of fine particles, such as droplets, and
calculate droplet trajectory. Here, the particle size distribution provided by the manufacturer is fitted to the Rosin—
Rammler distribution curve. Accordingly, the correlation coefficient is solved, and the function parameters are set.

Y, =exp[—(d/3)"], (1-19)

where d=0.003696 and »=1.51 in accordance with the nozzle test data of the manufacturer.
(3) Droplet and gas phase coupling

Momentum exchange: To realize the calculation of the coupling of the gas and liquid phases, the force of interaction
between them should be considered. This force is represented by

F=Y[F,(u,-u,)+F,]|mAr, (1-20)

where F'is the force between the particles and gas phase, N; Fj is another unit mass force, N/kg; m, is the liquid
mass flow rate, kg/s; At is the time step, s.

Energy exchange:

m_p Amp T, -
Q=|—Lc,AT, + ~hy+h o+ jTW ¢, dT ||m (1-21)

mP 0 mp 0

where £, is the latent heat during the volatile separation, J/kg; m_,, is the average mass of the controlled particles,
kg; C, is the specific heat capacity of the particles, J/(kg-K); M, is the initial particle quality, kg; AT, is the change in
the temperature of the controlled particles in the body, K;

h,y0 1s the amount of heat required for pyrolysis at the time of volatile separation, K; ¢,; is the specific heat
capacity of the controlled particles during volatile separation, J/(kg-K); Am, is the mass of the controlled particles, kg;
T, is the outlet temperature of the controlled particles, K; 7,.,is the corresponding reference temperature, K;

m , is initial mass flow rate of the tracked particles, kg/s.

Mass exchange: When the number of particles passing through each model is controlled, the quality of the discrete
phases is calculated by the change in the mass of the particles. The change in particle mass can be expressed as
Am, -m_
p.0

M =

o (1-22)

3. RESULTS AND DISCUSSION

In this study, different entry modes of flue gas, different spray configurations, and different deflector settings are
simulated.

3.1 Different inlet modes

Figure 2 shows the system diagram of the model. According to the actual flue gas pipeline laying, the flue gas
is defined along the direction of tower axis and the horizontal direction perpendicular to the axis in this case, which
means the flue gas is along the X axis and the Z axis direction, whereas the latter corresponds to the top intake mode
and side air inlet mode.
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In the top inlet intake mode (Fig. 3), in which 90° from the X-axis is the reference inlet angle, the flue gas flow
is investigated. The effects of other inlet angles from the X-axis, including 75°, 60°, 45°, 30°, 15°, and 0°, are also
examined.

In the side inlet intake mode (Fig. 4), in which the inlet is 90° from the X-axis and 0° from the Z-axis is the
reference inlet angle, the flue gas flow is investigated. The effects of other inlet angles from the Z-axis including 15°,
30°, 45°, 60°, and 75° are also taken into account. Subsequently, the flow field, pressure loss, and other factors were
analyzed by numerical simulation. The characteristics and advantages of the two inlet modes were compared.

3.1.1 Flow field analysis

Fig. 3 shows the flow field at different angles of the top inlet. The figure shows that the variation in the angles
exerts a significant effect on the flow field of the flue gas. When ¢=0°,15° and 30°, the tower presents two distinct air
vortex areas, and the flue gas is not dispersed well in the tower. When it flows into the stock, the space within the tower
is not maximized. The flue gas flow in the tower is not smooth. This type of flow is inconducive to the desulfurization
reaction. When ¢=45°, 60° and 70°, the flue gas is sideling into the tower. Although the flue gas is dispersed in all
directions under the pressure of the tower wall and the liquid resistance, the development of flue gas is still insufficient.
Most of the flue gas is distributed close to the slurry surface, whereas only a small portion of the gas flows to the upper
half of the space. When ¢p=45°, the flue gas dispersion is relatively uniform, making full use of tower space.

Figure 3. Different angles of top intake.
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Fig. 4 shows the diagrams of the side inlet flow fields at different angles. The flue gas entering the tower on the side
directly impacts the tower wall and then disperses in the remaining parts of the tower. When the angle is small, the flue
gas is close to the opposite side of the tower wall. As the angle increases to 90°, the effect gradually weakens, and the
gas is dispersed in the tower uniformly. This condition is conducive to gas and liquid contact.

Figure 4. Flow field at different angles of the side inlet.

3.1.2. Pressure loss

Fig. 5 shows the pressure loss of different inlet modes. The pressure loss between the inlet and outlet of the
desulfurization tower is simulated in different inlet modes. In the top inlet intake mode, the pressure loss increases
with the increase in the angle when the angle is less than 45°. When the angle is more than 45°, the pressure loss is
more than 70 Pa, which is remarkably higher than that when the angle is 45°. The minimum pressure loss (62.78 Pa)
is achieved when the angle is 45°. At angles less than 45°, the variation in pressure loss is minimal. The order (from
highest to lowest) of pressure losses is 90°>75°>60°>0°>15°>30°>45°. In the side inlet intake mode, the pressure loss
is the least when the angle is 0°, reaching only 76.97 Pa. The pressure losses at other angles are approximately 95 Pa.
The order of pressure losses is 75°>60°>45°>30°>15°>0°,
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Figure 5. Pressure loss in different inlet modes.

3.1.3. Spray zone residence time

The flue gas residence time is defined as the time at which the flue gas microelement moves from the inlet to the
outlet. Fig. 6 shows a comparison of the average residence times of the flue gas in the spray area in different inlet
modes. In the top inlet intake mode, the average residence time decreases first and then increases with the increase
in angle. When the inlet angle is 30°, the average residence time is the shortest (3.30 s). As the angle increases, the
average residence time is gradually extended. When the inlet angle is increased to 90°, the average residence time
reaches its maximum of 5.45s. The order of residence times is 90°>60°>75°>0°>45°>15°>30°. In the side inlet intake
mode, the longest average residence time is 5.39 s at an inlet angle of 30°. The average residence times of the other
angles show remarkable differences. The order of residence times is 30°>0°>60°>75°>15°>45°,
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Figure 6. Effect of inlet mode on gas—liquid contact time.

3.1.4. Turbulence intensity

Turbulence intensity is equal to the ratio of turbulence pulsation velocity to the mean velocity, which is the relative
index for measuring the strength of turbulence. As the turbulence intensity increases, the gas—liquid contact, gas—
liquid mass transfer effect, and desulfurization efficiency are improved (Meikap et al., 2002; Guo et al., 2008). Here,
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five cross-sections, which are 4, 5, 6, 7, and 8 m from the bottom of the tower height, are simulated to compare the
average cross-sectional turbulence intensities.
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Figure 7. Top inlet turbulence intensity distribution. Figure 8. Side inlet turbulence intensity distribution.

Fig. 7 shows a comparison of the results of turbulence intensity in the top inlet intake mode. The trends of the
turbulence intensities when the angles are 90°, 75°, 45°, and 30° are approximately the same, indicating a uniform
distribution of the flow field. The turbulence intensities at 90°and 75° are relatively large. At such intensities, the
gas turbulence is enhanced, and slurry contact is relatively frequent. At 0°, the turbulence intensities at 5 m and 6
m are significantly higher than those at 4, 7, and 8 m. This difference indicates the uneven distribution of flue gas,
which hampers gas—liquid contact and decreases desulfurization efficiency. At 15° and 60°, the flue gas concentration
distributions at 4 m and 5 m are likewise inconducive to gas—liquid contact.

Fig. 8 shows the turbulence intensity distribution in the side inlet intake mode. At 0°, the most uniform turbulence
intensity distribution is achieved, but the overall turbulence intensity maintains a slightly low level. At other angles, the
turbulence intensity distributions show high values at the bottom and low values at the top. These results indicate that
the flue gas is mainly distributed in the bottom layer and that less flue gas passes through the upper space. This condition
forms an empty layer, which is inconducive to the full use of tower space. Similar results are shown in Fig. 4.

In summary, having all the indicators optimal at the same time is impossible, but the operation scheme can be
selected based on the need. For example, if the efficiency and the economic indicators are the first-order priorities,
then an inlet angle of 75° is desirable in the top inlet intake mode. However, the gas—liquid contact time is nearly the
longest, and the turbulence intensity along the vertical axis is evenly distributed under this condition. In the side inlet
intake mode, 30° can perform better.

3.2. Different spray configurations

After the tower shape and the inlet mode have been determined, the effect of spray configuration as an important
parameter affecting the process is examined. The components of spray configuration include spray cone angle, spray
height, and spray direction (Li et al., 2014). The nozzles used in most of the existing wet spraying technologies adopt
spiral nozzles, with which the sprayed droplets form a solid cone. The spray cone angle is the size of the cross-section
of the solid cone. The height of the spray is defined as the height of nozzle installation. The jet direction refers to the
direction of the central axis of the solid cone, which actually represents the orientation of the nozzle. The direction
vector is denoted by (X, ¥, 2).

3.2.1. Effects of different spray cone angles

The commonly used spray cone angle is between 60° and 120°. A larger nozzle pressure is needed for a larger cone
angle. In other words, the use of a powerful slurry circulation pump can increase pressure and energy consumption.
The default jet direction is set at 30° down from the vertical direction, and the spray height is 0.1 m from the top
surface; that is, the spray height is 9.7 m from the ground.
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Figure 9. Relationships of spray cone angle to average outlet flue gas temperature and flue gas residence time.

Fig. 9 shows the relationship between the spray cone angle and the outlet flue gas temperature. As the spray cone
angle increases, the average flue gas temperature at the outlet decreases, indicating that a larger spray cone angle
favors droplet dispersion and full gas—liquid contact. Fig. 9 also shows the relationship between spray cone angle and
smoke residence time if the total length of the spray zone in the tower is 22m. The total length of the spray zone is
divided by the relative velocity of X in the flue gas to obtain the residence time of the flue gas in the spray zone, which
can be defined as the stay time. When the angle is less than 90°, increasing the nozzle cone angle can significantly
extend the residence time, but increasing the angle blindly does not always yield favorable results. When the angle
exceeds 90°, the time extension effect becomes unremarkable. The optimum spray cone angle is 110°.

3.2.2 Effects of different spray heights

The actual top height of the physical model in this study is 9.8 m. In practice, a low spray height can cause a spray
dead angle. Therefore, the spray heights in the simulation experiments are 9.7, 9, and 8 m, which are 0.1, 0.8, and 1.8
m from the top surface, respectively. The spray cone angle is 90°, and the spray direction is at an angle of 45° to the
vertical downward direction.

Fig. 10 shows the relationship between the spray height and the outlet flue gas temperature. The outlet flue gas
temperature is the lowest, and the gas—liquid contact is optimum when the distance is 0.8 m from the top surface.
When the spray is farther away from the top surface, the outlet flue gas temperature rises significantly. This outcome
may be attributed to the formation of more spray dead corners, especially in the top area. This part of the smoke cannot
establish contact with the shower liquid, resulting in a “short-circuit smoke.” If the spray height is too high, then the
contact of the spray droplets at the bottom of the air flow will be insufficient, the heat exchange at the bottom of the
air flow will be insufficient, and the overall outlet smoke temperature will increase. Fig. 11(a) shows a cross-section
of the smoke temperature distribution in the tower when the spray height is 0.1 m from the top surface. The smoke
temperature at the bottom is higher than the smoke temperature at the top. The bottom flue gas, which causes a high
temperature, passes directly through the spray zone and mixes with the rest of the flue gas; as a result, the average
outlet flue gas temperature increases. This outcome is attributed to the liquid droplets falling to the bottom flue gas
flow because of the excessively high spray position. During evaporation or when the temperature is close to the
smoke temperature, the underlying gas flow is fast, and the contact is insufficient. Fig. 11(b) is a cross-section of the
smoke temperature distribution in the tower when the height of the spray is 0.8 m from the top surface. The smoke
temperature distribution in the tower is relatively uniform, and the smoke and liquid droplets in the upper and lower
layers have enhanced contact. Fig. 11(c) is a cross-section of the smoke temperature distribution in the tower when
the spray height is 1.8 m from the top surface. The smoke temperature at the top of the tower is higher than that in the
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middle layer, and the spray angle is high at the top. The top of the flue gas cannot fully function with the droplets and
is directly discharged through the tower body.
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Figure 10. Relationships of spray height to average outlet flue gas temperature and flue gas residence time.

(a) 0.1 m from the top of the tower (b) 0.8 m from the top of the tower

(c) 1.8 m from the top of the tower

Figure 11. Spray height and smoke temperature distribution cloud diagrams.

3.3 Comparison of the baffle plates assembling

The reasonability of the flow field distribution of the horizontal desulfurization tower is related to the improvement
in the desulfurization efficiency and the reduction in the pressure loss of the absorption tower. Previous studies (Yang,
2017) have indicated that the main optimization measures for the flow field in the tower are changing the geometry
of the inlet and adding internal deflectors in the tower. In this section, based on the existing experience with diversion
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arrangement in engineering combined with the actual conditions of the model, a deflector plate type is set up, and
its function and effect are analyzed through numerical simulation. The deflector plate type model is compared with
the no-diversion plate model. The distribution of the flow field can provide a reference for engineering practice. The
layout of the baffles or deflector is shown in Fig. 12.

Figure. 12. Arrangement of the deflector.

3.3.1. Flow field distribution

Fig. 13(a) shows the flow field distribution before adding the deflector, whereas Fig. 13(b) shows the flow field
distribution after adding the deflector. An intersecting surface is added at 6, 10, 14, and 8 m after entering the tower.
A cross-section is made, and contour maps of speeds are made on each section. The velocity cloud diagram shows
that before the deflector is added, the smoke distribution is very uneven, and the larger part of the smoke flows close
to the tower wall. According to a previous study, the flue gas attached to the wall cannot be fully reflected because
of the small spray coverage around the tower wall and the low slurry density. The SO, contained therein will also
be discharged out of the tower without being fully absorbed, thereby reducing the overall system desulfurization
efficiency. With the addition of the deflector, the distribution of the flue gas becomes evenly distributed in the transverse
direction, and the streamline along the tower becomes smooth and even. Under this condition, the flue gas adherence
flow can be reduced, and the flue gas and the spray slurry can establish contact. As a result, the two-phase gas—liquid
mixing becomes uniform, the mass-to-phase mass transfer efficiency is enhanced, and the desulfurization efficiency is
improved. After the deflector is added, the flue gas in the tower space becomes full and saturated, and the spray space
in the tower is fully utilized. This outcome shows that the deflector presents a certain rectification effect such that the
distribution of the flow field of the flue gas achieves enhanced uniformity. This condition is beneficial to the stability
of the flow field in the tower and the uniform distribution of the turbulent slurry spray. Thus, the deflector can enhance
the mass transfer and increase the desulfurization efficiency.
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(a) No added deflector flow field (b) With deflector flow field

Figure 13. Flow field distributions before and after adding a deflector.
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3.3.2. Pressure loss situation

Before the deflector is added, the pressure difference between the inlet and the outlet is 246 Pa. After the deflector
is added, the pressure difference between the inlet and the outlet is 371 Pa; the pressure difference increases by 125 Pa.
Fig. 14 is a pressure cloud diagram in the middle section of the tower before and after the baffle is added. Fig. 14(a)
shows that if the deflector is not added, then a large pressure concentration area will exist at the bottom of the inlet
and outlet. This pressure concentration area is due to the direct impact of the air flow in the tower, reflecting that the
air flow is not smooth in this case. The corners gather and form whirlpools, which are inconducive to gas—liquid mass
transfer and desulfurization reactions. By contrast, the pressure cloud diagram in Fig. 14(b) shows that the pressure
changes are evenly stratified, suggesting that the flow field in the tower is smooth. Furthermore, a large vortex area
does not exist, and the lower outlet is also a pressure concentration area, indicating that the air flow in the area is
smooth.
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(a) Pressure cloud diagram without deflector (b) pressure cloud diagram with deflector

Figure 14. Pressure clouds before and after adding the deflector.

3.3.3. Temperature distribution

Before the deflector is added, the temperature of the flue gas outlet is 335 K. After the deflector is added, the
flue gas temperature drops significantly and becomes 325 K, which is close to the temperature of the spray liquid,
indicating that the flue gas rectification effect of the deflector is considerable. The gas—liquid contact effect and heat
transfer effect are enhanced. Fig. 15 shows the temperature cloud diagrams of the flue gas in the middle section of the
tower before and after the deflector is add ed.

A comparison of Fig. 15(a) and 15(b) shows that, without the deflector, the airflow is very turbulent after passing
through the spray area, the top and bottom flow phenomena are very serious, and the top and bottom of the tower
are sprayed. The areas where the leaching effect is the weakest result in the insufficient contact between the airflow
and the spray liquid in the two areas and the high temperature of the smoke. When the baffle is added, the flue gas
is rectified by the baffle plate and evenly distributed in the spray area, the space utilization rate is high, the flue gas
adherence on top at the bottom is weakened, the contact with the spray droplet is relatively sufficient, and the heat and
mass transfer effect is achieved. More importantly, the exit smoke temperature naturally decreases.
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(a) Temperature cloud diagram without deflector  (b) Temperature cloud diagram with deflector

Figure 15. Temperature cloud before and after adding the deflector.

4. CONCLUSIONS

(1) A horizontal column technology has changed the traditional gas—liquid reverse contact mode. The flow field in
the spray tower can be numerically simulated by CFD technology. The numerical results can reflect the gas and
liquid flows in the spray tower. These results can provide theoretical support for the optimization of the structure
of the spray tower.

(2) The inlet method exerts an important effect on the flue gas flow field of the horizontal tower. In the top inlet
intake mode, the pressure loss is the lowest (approximately 62.78 Pa) when the angle is 45°. When the inlet angle
is increased to 90°, the average residence time reaches a maximum of 5.45 s. In the side inlet intake mode, the
pressure loss is 76.97 Pa when the angle is 0°. The average residence time is the longest (5.39 s) at an inlet angle
of 30°.

(3) When efficiency is taken as the first-order priority and the economic indicator is also taken into account, an inlet
angle of 75° is recommended in the top inlet intake mode, whereas an inlet angle of 30° performs the best in a side
inlet intake mode.

(4) The spray configuration exerts an important influence. Under the process conditions investigated in this study,
when the spray cone angle is 110° and the installation height is controlled at 0.8 m from the top surface, the smoke
residence time is long, and the contact is sufficient.

(5) Under the process conditions studied, adding a reasonable deflector is favorable. Although minimal pressure loss is
added, the flue gas rectification effect is remarkable, the flue gas traces in the tower is smoothened, the distribution
becomes uniform, and the local eddy and energy loss are reduced. Furthermore, the improved gas-liquid contact
can promote the occurrence of desulfurization reactions.
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