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ABSTRACT: An integrated after-treatment device model was
established for our target engine based on the fluid simulation
software (Converge), and simulation was performed to determine
the NH3, temperature, and velocity uniformity at the front-end
cross section of its SCR catalyst, urea deposition rate, liquid film
mass of the mixer, and its positions under a low-load condition.
Moreover, the structure of the mixer and injection pressure were
optimized to improve the uniformity and reduce the liquid film
mass. Our simulation results show the following facts: the liquid
film is easily accumulated under a low-load condition and the
structure of the mixer and the injection pressure significantly affect
the urea deposition rate and uniformities and accumulation masses
of the liquid film. As a result, our final optimization results indicate
that the mass of the NH3 and the NH3 uniformity at the front-end cross section of the SCR catalyst increase by 2.83 times and
5.65%. The urea deposition rate and the cumulative mass of the liquid film fall by 4.82 and 10.4%, respectively. This study has certain
theoretical guiding significance for the optimal design of this type of after-treatment devices.

1. INTRODUCTION

Diesel engines have advantages such as high thermal efficiency,
wide power coverage, and good durability, but solution of their
emission issues shall be an urgent and important demand for
construction of national ecological civilization. At present, the
technical route including the in-engine evolution technology
and integrated after-treatment device is integrated with various
single-item systems such as DOC, DPF, and SCR1−3 taken to
meet the national VI diesel engine emission regulations.4

However, there are still some issues in its application processes,
for example, NOx emission exceeds its standard requirements5

and ammonia is leaking, because NH3 and exhaust gas are
mixed unevenly due to its compact structure. Especially, the
most serious issue is urea crystallization which will result in the
following issues such as insufficient vehicle power and
excessive emission.6 Thus, analysis and optimization shall be
necessary for these key issues.
Model simulation was carried out to analyze effects of nozzle

parameters on the concentration distribution of the inlet
section of the catalyst carrier.7 A static urea spray
crystallization test platform was established, and the relation-
ship between the minimum amount of urea spray wall collision
and the risk of urea crystallization was presented.8 The urea
crystallization was studied in an SCR system under low flow
rate and temperature.9 Analysis of causes for the urea
crystallization of the vanadium-based catalyst was performed.10

The interaction between urea spray droplets and the wall

surface was studied.11 In the study of urea crystallization
byproducts, research mentioned in ref 12 was carried out to
study the formation and byproducts by thermogravimetric
analysis and differential scanning calorimetry and research
mentioned in refs13,14 was carried out to study the distribution
of byproducts by numerical simulation, and the mixer structure
was optimized.
In summary, various aspects of Urea-SCR systems were

currently explored in many studies which can act as the
foundation for research and prediction of the SCR urea
crystallization mechanism and crystallization risk of diesel
engines. However, research on urea spray characteristics and
crystallization is rarely carried out for any integrated after-
treatment so far. Thus, a certain integrated after-treatment
device was modeled here to study the urea spray atomization
and mixing processes by means of the numerical simulation
method and performing predictive analysis of the urea
decomposition rate, uniformities, cumulative masses, and
formation locations of the liquid film under high and low
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loads. Finally, an optimized design is performed based on the
analysis results to reduce the risk of urea crystallization in an
integrated after-treatment device but provides a certain
theoretical basis for improvement of the SCR reaction
efficiency.

2. EXPERIMENTAL SECTION
2.1. Experimental System. This experimental system is

composed of the thermodynamic system and an integrated
after-treatment system. The thermodynamic system consists of
an intake pump, air flowmeter, and natural gas supply system.
The integrated after-treatment system consists of a urea pump,
urea injection control system, urea nozzle, and integrated after-
treatment device. The urea crystallization experimental system
is shown in Figure 1. The thermodynamic system simulates the
temperature and flow rate of engine exhaust by controlling the
combustion volume of natural gas and pumping in quantitative
air.

Figure 2 shows the integrated after-treatment device and the
position of the sensors. The total length of the device is 1219
mm, the inner diameter is 287 mm, the front end is the exhaust
inlet (radius: 38.5 mm), and the back end is the exhaust outlet
(radius: 49.5 mm). Figure 2a shows the position of the
pressure sensors and the position of the urea nozzle. The urea
nozzle (three-hole injection) is primarily used to atomize and
spray urea. Its spray hole diameter is 186 μm. Three holes are
distributed in a circle (diameter: 1.9 mm; spacing angle: 120°).
Five pressure sensors measure the inlet (DOC front end)
pressure, DOC back-end (DPF front end) pressure, DPF back-
end (mixer front end) pressure, mixer back-end (SCR front
end) pressure, and outlet (SCR back-end) pressure. The
pressure drop between the catalyst and mixer can be obtained
by subtracting the measured pressure values.
The mixer is shown in Figure 2b, which can fully spray urea

and mix urea and exhaust gas to ensure the smooth progress of
the subsequent reactions. The mixer is directly equipped below
the urea nozzle from whose top the urea solution is sprayed
into the inner sleeve of the mixer which is primarily made up of
inner and outer sleeves and a baffle dividing the mixer tube
into the upper and lower parts; thus, gas can only pass through
the inner sleeve and the spray urea can be mixed here; the
mixture finally enters the SCR catalyst part through the lower

outer sleeve to exit the system after reactions. The temperature
sensor is fixed at the bottom of the outer sleeve to measure the
wall temperature of the mixer during urea injection. The inlet
temperature sensor is indicated in Figure 1.

2.2. Experiment Condition and Methods. The previous
research15 indicates that urea crystals are closely related to the
exhaust gas flow rate and temperature and the urea injection
amount; research16−18 verified the CFD model by the pressure
drop of catalysts, NOx conversion efficiency, wall temperature,
and urea crystallization position, and study19 indicates that the
surface reactions on the relevant catalyst result in only a small
result difference for study of the flow field distribution in an
after-treatment system. Thus, the effect of the catalyst on the
back pressure rather than the relevant surface reactions was
taken into account here. Therefore, this experiment is designed
to measure the back pressure of catalysts under steady flow, the
wall temperature of the mixer, and the position of urea
crystallization; the effectiveness of the CFD model is verified
by the abovementioned experimental results.
In order to observe the obvious phenomenon of urea

crystallization, the engine condition shown in Table 1 is

Figure 1. Experimental system.

Figure 2. Integrated after-treatment device and the position of the
sensors. (a) Position of the pressure sensors. (b) Mixer and position
of the wall temperature sensor.

Table 1. Experiment Condition

OP1

engine speed (rpm) 1700
load (%) 10
exhaust mass flow rate (kg/h) 393.12
exhaust flow temp (K) 461.02
urea spray mass rate (g/s) 1.35
urea spray pressure (bar) 5
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selected and the urea−water−solution (UWS) is injected. The
working condition is the low-load condition of the diesel
engine with low exhaust temperature and low exhaust flow rate.
This experiment is divided into two parts, experiment 1: the
exhaust temperature and flow rate are set according to the
boundary conditions shown in Table 1 and the pressure value
is recorded after the temperature and flow rate become stable
and experiment 2: after the temperature and flow rate are
stable, we start to record temperature values and start to spray
urea. The duration of urea injection lasts for 1 h. After urea
injection, the system is closed and the integrated after-
treatment device is left in the atmospheric environment; then,
urea crystallization is checked and the relevant experimental
data are recorded.

3. MODEL AND MATHEMATICAL MODEL
3.1. Geometric Model of an Integrated after-Treat-

ment Device. Our integrated after-treatment device is
schematically shown in Figure 3. The whole device is

simplified as a hollow cylinder with the same inner diameter,
and the geometric size is consistent with the real device. The
dark part represents the catalyst part including DOC, DPF, and
two SCR blocks from the front to the back. The geometric
model of the mixer is shown in the right figure, which is
installed below the urea nozzle.
3.2. Molten Solid Urea Decomposition. The molten

solid approach is chosen to model the decomposition of a
UWS; the Frossling correlation models the evaporation of the
water in the UWS, while an Arrhenius correlation models the
decomposition of the urea in the UWS.20,21 In the molten solid
approach, urea decomposes to gaseous ammonia and isocyanic
acid. Equation 1 shown below gives the formula for the
decomposition

CO(NH ) HNCO NH2 2 3= + (1)

The Arrhenius correlation (given in Equation 2) models this
decomposition by computing the time rate of change in
droplet radius as a function of a prefactor, the activation
energy, the droplet temperature, and the density of urea. The
correlation is
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where rd is the droplet radius, A is the prefactor, Ea is the
activation energy, Td is the droplet temperature, and md is the
droplet mass. For this model, the droplet density is equivalent
to the urea density.
3.3. Flow and Porous Media Model. In the whole area,

the exhaust gas flow follows the mass, momentum, and energy

conservations and conforms to the characteristics of turbulent
flow.22 Thus, the k−ε model was selected for turbulence
simulation.23

Because the space utilization rate is high and the distribution
of each catalyst is compact in an integrated after-treatment
device, catalysts can greatly affect the back pressure. The DOC,
DPF, and SCR catalysts were set as porous media regions to
simulate the effects of actual catalysts on the exhaust back
pressure. The permeability equation is expressed as

K vI i i iα β= | | + (3)

where KI represents the permeability of the material, αi and βi
represent the coefficients which determine the material
permeability in the direction of gas flow, and vi represents
the velocity of the gas flow, whose unit is in m/s.

3.4. Urea Spray and Liquid Film Formation Model.
While the urea spray model was established, the Rosin-
Rammler model distribution was selected to simulate the
droplet size change. Its distribution coefficient was set as 3.5.
The turbulent diffusion of the droplet was performed by means
of the O’Rourke model. The Taylor Analogy Breakup model
was selected, and it is assumed that droplets only collide
twice.24 The atomized droplets undergo the complex processes
of pyrolysis and hydrolysis to generate ammonia gas while they
are sprayed into the urea nozzle. It is assumed that urea and
aqueous solution are uniformly mixed in each droplet. The
multicomponent Frostling droplet evaporation model, urea
decomposition mechanism, Kuhnke liquid film/splash model,
and liquid film evaporation model were selected to simulate
this complex process.
Research25 was carried out using an analytical model for the

heat transferred which was developed by Wruck and Renz26

who calibrate with their own experiments of isopropanol drops
impinging on a NiCr surface, given as

Q C A
t b b

b b
T T

2
( )w d Wruck cont

dc w d

w d
w dπ

= ·
+

−−
(4)

where Acont is the contact wall, tdc is the direct contact time, Tw
is the wall temperature, Td is the droplet temperature, and bw
and bd are the thermal effusivities of the droplet and the wall,
respectively.
Research25 indicates that Wruck and Renz experiments26 use

isopropanol for calibration, whereas the liquid of current
interest is UWS. The different liquid properties may explain
why a new factor (CWruck) was needed, and the CWruck was set
to 1.7 for this CFD model to match experimental data.

3.5. Boundary Conditions and Spray Initialization.
The exhaust temperature and flow rate set in the simulation
process are consistent with the experimental condition OP1.
The urea solution (mass fraction: 32.5%) is sprayed at 5 bar
and 5 Hz. The total simulation duration is 0.3 s. Urea is
injected at a time of 0.1 s. The urea injection duration is
determined by the total urea injection mass and urea injection
pressure, which is 0.1 s. The first period of 0.1 s is used to
observe whether the gas flow can reach a stable state. Figure 4
shows the spray characteristics.

3.6. Distribution Uniformity Coefficient and Urea
Deposition Rate. The SCR reaction mechanism indicates
that the hydrolysis and pyrolysis of urea droplets that finally
participate in the denitration reaction generate NH3 whose
concentration and distribution uniformity is the most
important influencing factor in the entire SCR system. The

Figure 3. Model of the integrated after-treatment device.
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uneven distribution of NH3 will cause the changing degrees of
reaction in different channels. NH3 may be excess or
insufficient in some channels so that the denitration efficiency
may fall and NH3 can be leaking. Also, the temperature
uniformity at the front end of the SCR catalyst that is equally
important as the NH3 uniformity can result in different degrees
of heating of the catalyst which may be aging in different
positions and different degrees after a period of operation time
so that its service life can be shortened. If the flow uniformity is
poor, the gas flowing into the catalyst pores may be unevenly
distributed. Also, the catalyst efficiency and service life will be
affected. The uniformity coefficient of the front-end section of
the catalyst is often used as an evaluation factor,27 which is
defined as

n
1

1
2

( )

i

n

1

i
2

∑γ
α α

α
= −

−

= (5)

where αi represents the NH3 concentration, temperature, and
velocity at a certain point of the front-end section of the
catalyst and α represents the average NH3 concentration,
temperature, and velocity of the cross section. The flow will be
more evenly distributed, and its uniformity will be better while
γ goes close to 1.
At the end of the simulation, the percentage of the total

mass of the liquid film to the total mass of urea injection is
defined as the urea deposition rate, which is used to evaluate
the performance of the mixer. The correlation is

m
m

100%Urea
film

Urea
β = ×

(6)

where βUrea is the urea deposition rate, mfilm is the mass of the
liquid film, and mUrea is the total mass of urea injection.

4. RESULTS AND DISCUSSION
4.1. Experimental and Simulation Results of OP1.

4.1.1. Back Pressure Analysis. The back pressure measure-
ments of each catalyst and the fitted permeability coefficients
for DOC, DPF, and SCR catalysts are shown in Table 2.

Figure 5a shows the pressure cloud diagrams of each catalyst
and the longitudinal section of the device in the simulation

process. The position of the cross section is consistent with the
position of the pressure sensors in the experiment. Figure 5b
shows the curves of the average pressure value on each section
with the simulation time; the pressure values of each cross
section reach stability at the simulation time 0.025 s. The
simulation pressure values are 103653.38, 103598.43,
102583.73, 102158.28, and 101746.93 Pa; the experimental
pressure values are 103642.55, 103586.44, 102583.87,
102165.35, and 101748.33 Pa, respectively. The pressure
drop of catalysts and the mixer between simulation and
experiment is shown in Table 3, indicating that the pressure
drop between the catalyst and mixer is well fitted and the error
is less than 2%.

4.1.2. Results of Wall Temperature. The experimental and
simulated wall temperature curves with time are shown in
Figure 6; the simulation value is well fitted with the
experimental value, which is stable at 462 K before urea
injection and decreases when urea is sprayed. The final
simulation and experimental values are stable at 338 K.

Figure 4. Spray characteristics.

Table 2. Catalyst Permeability Coefficient

α (kg/m4) β (kg/m3·s)

DOC 18.92 458.87
DPF 1282.6 2495.71
front SCR 424.76 716.27
back SCR 424.76 716.27

Figure 5. Results of simulated pressure values. (a) Pressure cloud
diagrams of each catalyst and the longitudinal section of the device.
(b) Simulation pressure value of each section.

Table 3. Pressure Drop between Simulation and Experiment

experiment (Pa) simulation (Pa) error (%)

DOC 56.11 55.18 1.66
DOF 1002.57 1014.48 −1.19
Mixer 418.52 425.45 −1.65
SCR 417.01 411.35 1.36
total 1894.22 1906.45 −0.65
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4.1.3. Results of the Film Mass and Urea Deposition Rate.
Figure 7 shows the liquid film distributions of the outer and

inner sleeves of the mixer under OP1, where the gas flows
leftward. The experimental result shows that most of the urea
deposited at the bottom of the spherical shell of the outer
sleeve, only a thin layer of the urea crystal is found on the wall
of the inner sleeve, and a small amount of crystal is generated
on the baffle. The simulated liquid film thickness is basically
consistent with the experimental results, indicating that the
model has certain prediction accuracy.
Figure 8 (the cumulative mass of the liquid film vs the

simulation time) indicates that the liquid film mass increases
sharply to accumulate the liquid film, while urea is sprayed
under a low-load condition. While the urea spraying stops, a
small part of the liquid film will continue to dissipate under the
action of gas flow and wall temperature and 1.25 × 10−4 kg of

the liquid film will remain at the end of the cycle. The urea
deposition rate is 46.3%.
At the end of the simulation, the film mass of the inner

sleeve is more than that of the outer sleeve. In the experiment,
urea crystallization will move downward under the influence of
gravity, but this influence is not obvious in the simulation
process.

4.1.4. Results of the Uniformity, the NH3 Mass, and the
NH3 Volume Fraction at the Front-End Cross Section of the
SCR Catalyst. The mass of NH3 and the NH3 volume fraction
at the front end of the SCR catalyst are shown in Figure 9. In

the case of a simulation time of 0.255 s, the NH3 volume
fraction of the SCR front-end cross section can reach a peak
value. Instead, the low temperature and low flow ensure that
NH3 remains in the system and only 2.28 × 10−8 kg NH3
passes through the front-end section of SCR at the end of the
cycle.
For convenience of observation, the moment when the

volume fraction of NH3 at the front end of the SCR peaks
under OP1 is selected (at the simulation time 0.255 s). The
SCR front-end section cloud is shown in Figure 10, and the
corresponding uniformity coefficient curves are shown in
Figure 11. The uniformity coefficient of NH3 is stable after
0.25 s, which is about 0.8971, indicating that there is still a
large space for optimization, while the uniformity coefficients
of velocity and temperature are all above 0.95.

4.2. Simulation Results of Mixer Structure Optimiza-
tion. The previous results indicate that accumulation of the
liquid film is more serious on the mixer under a low-load
condition (low flow rate and temperature). For reducing the
crystallization risk but also improving the anticrystallization
ability of the integrated after-treatment system, the mixer
structure and the injection pressure are optimized.
The optimization scheme of the mixer structure is as follows:

(1) the diameter of the eight rows of small holes in the inner
sleeve is changed to 10 mm and there are 18 evenly distributed
holes in each circle and (2) the diameter of four rows of small
holes in the outer sleeve is changed to 10 mm, whose
arrangement is as follows:
scheme 0: the scheme that was not optimized before;
scheme 1: small holes are evenly distributed in the outer wall

(namely, they are fully occupying the circumference);
scheme 2: small holes are distributed in a total of 75% of the

circumference;

Figure 6. Results of wall temperature.

Figure 7. Liquid film distribution.

Figure 8. Film mass of each part of the mixer.

Figure 9. Mass of NH3 and the NH3 volume fraction at the front-end
cross section of the SCR catalyst.
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scheme 3: small holes are distributed in a total of 50% of the
circumference; and
scheme 4: small holes are distributed in a total of 25% of the

circumference.
The abovementioned schemes are schematically shown in

Figure 12, where Figures a, b, c, d, and e correspond to
arrangements where the small holes below are distributed in
the inner sleeve and layouts of small holes in schemes 1, 2, 3,
and 4.
4.2.1. Results on the NH3 Mass and the NH3 Volume

Fraction at the Front-End Cross Section of the SCR Catalyst.
Figure 13 shows the relations (the total NH3 mass at the front-
end cross section of the SCR catalyst vs time) of each scheme,
which indicates that all schemes have higher NH3 mass and the
NH3 volume fraction at the front-end cross section of the SCR
catalyst compared to the scheme without optimization. At the
end of the simulation, the total NH3 mass of schemes 1, 2, 3,
and 4 are 6.58, 5.14, 4.23, and 2.92 × 10−8 kg, respectively.
With the ratio of small holes distributed decreasing, the NH3
mass and the volume fraction will also decrease. Scheme 1 is
the highest among all schemes.

4.2.2. Results on the Uniformity. Figure 14 shows the
uniformity coefficient of each scheme. Compared with the
original unmodified structure, the velocity uniformity of each
scheme falls to varying degrees except scheme 1. The fact that
temperature uniformity is maintained above 0.97 indicates that
changing the structure to this type of after-treatment system
dose basically does not affect its temperature uniformity.
Before 0.23 s, the NH3 uniformity coefficient of scheme 3 is
higher than that of scheme 1; after 0.23 s, the NH3 uniformity
coefficient of scheme 1 and scheme 3 is basically the same,
which is the highest among all schemes.

Figure 10. NH3 volume fraction, temperature, and velocity cloud diagrams. (a) NH3 volume fraction. (b) Temperature. (c) Velocity.

Figure 11. Uniformity coefficient curve.

Figure 12. Mixer optimization scheme. (a) Inner sleeve. (b) Scheme
1. (c) Scheme 2. (d) Scheme 3. (e) Scheme 4.
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4.2.3. Results on the Film Mass. The relations (film mass vs
time for each scheme, Figure 15.) indicates that schemes 1, 2,
and 3 can reduce the liquid film mass, whose cumulative mass
are 1.21, 1.17, and 1.19 × 10−4 kg, respectively. Scheme 4 has a
slight growth of cumulative liquid film mass compared to the
scheme without changing its mixer structure because gas flows
out of the left small holes so as to weaken the gas fluidity to a
certain extent; thus, the cumulative mass of the liquid film
grows.
To sum up, scheme 1 has the highest NH3 mass, NH3

volume fraction, and NH3 uniformity coefficient, except the
film mass being higher than that of schemes 2 and 3. Scheme 1
is optimal among the four schemes. Thus, the injection

pressure is optimized based on the mixer structure of scheme
1.

4.3. Simulation Results of Injection Pressure Opti-
mization. The study28 indicates that the growth of the
injection pressure results in a better urea atomization effect
and a quicker evaporation and decomposition of urea. The
effects of the optimized structure of scheme 1 on the urea
injection pressure are studied. While the urea injection amount
is unchanged, its injection time changes to change the injection
pressure. The effects of the urea deposition rate, various
uniformity coefficients, and the cumulative mass of liquid film
are under study, while the injection pressure is 7, 9, 11, and 13
bar, respectively.

4.3.1. Results on the NH3 Mass and the NH3 Volume
Fraction at the Front-End Cross Section of the SCR Catalyst.
Effects of each injection pressure on the relations (total NH3
mass at the front-end cross section of the SCR catalyst vs time,
Figure 16) indicate that the growth of the injection pressure

can significantly improve the NH3 mass and the NH3 volume
fraction at the front-end cross section of the SCR catalyst.
While the injection pressure is 13 bar, at the front-end cross
section of the SCR catalyst, the total NH3 mass peaks at 8.82 ×
10−8 kg. When the injection pressure is 7 bar, the mass of NH3
is slightly lower than that of 13 bar, which is 8.75 × 10−8 kg,
and after 0.23 s, the NH3 volume fraction on the cross section
is higher than other injection pressure conditions.

4.3.2. Results on the Uniformity. The uniformity coefficient
of the SCR front-end cross section under each injection
pressure (Figure 17) indicates that various uniformity

Figure 13. Mass of NH3 and the NH3 volume fraction at the front-
end cross section of the SCR catalyst for each scheme.

Figure 14. Uniformity coefficient curve for each schemes. (a) NH3
uniformity coefficient. (b) Temperature and velocity uniformity
coefficient.

Figure 15. Mass of the film in each scheme.

Figure 16. Mass of NH3 and the NH3 volume fraction at the front-
end cross section of the SCR catalyst for each injection pressure.
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coefficients also increase accordingly and NH3 is more evenly
distributed with the growth of the injection pressure. Instead,
the change in injection pressure does not greatly affect the
temperature and the velocity uniformity.
The average value of the uniformity coefficient of NH3

between 0.25 and 0.3 s is 0.95, 0.94, 0.93, and 0.94,
respectively.
4.3.3. Results on the Film Mass and Urea Deposition Rate.

The relation (liquid film mass vs. injection pressure, Figure 18)
indicates that with the growth of the injection pressure, the
cumulative mass of the liquid film decreases. The cumulative
mass and maximum mass of the liquid film is minimum, while
the injection pressure is 7 bar. For this model, too high

injection pressure will make the urea droplet collide with the
wall prematurely and form the liquid film. Therefore, the
injection pressure should be appropriately increased to meet
the optimization requirements. Thus, the cumulative masses of
the liquid film are 1.12, 1.17, 1.13, and 1.14 × 10−8 kg,
respectively, and the urea deposition rates are 41.48, 43.33,
41.85, and 42.22%, respectively.
Figure 19 shows the film distribution of scheme 0 and

scheme 1−7 bar. After the structure of the mixer is optimized,

the flow field in this region is also changed. The urea droplets
may come into contact with the high-temperature wall (in
Figure 18b, it is circled in a red line) which cannot be
contacted by the previous structure, so it can decompose more
NH3 and reduce the mass of the liquid film.
Thus, selecting the mixer structure of scheme 1 and

changing the injection pressure to 7 bar is the final optimized
solution. Compared with the original scheme, the final
optimization results are that the mass of the NH3 and the
NH3 uniformity at the front-end cross section of the SCR
catalyst increase by 2.83 times and 5.65%, and the urea
deposition rate and the cumulative mass of the liquid film fall
by 4.82 and 10.4%, respectively.

5. CONCLUSIONS

(1) A corresponding CFD model was established based on
the integrated after-treatment device of a certain engine,
and the model is verified by experimental data. The
results show that the error between the simulation value
and the experimental value of pressure drop and wall
temperature is low, and the distribution of the liquid film
is basically consistent with the experiment, which shows
that the model can well predict the urea crystallization.

(2) The performance of four different mixers was evaluated
by taking the uniformity coefficient of the front-end
section of the SCR catalyst, the mass and volume
fraction of NH3, and liquid film accumulation mass of
the mixer as indexes. The results show that the
performance of scheme 1 is the best.

(3) The injection pressure is studied based on the mixer
structure of scheme 1, and the results show that for this
model, too high injection pressure will make the urea
droplet collide with the wall prematurely and form the
liquid film. The mass and volume fraction of NH3 and
the NH3 uniformity coefficient peak, but the urea
deposition rate and the cumulative mass of the liquid
film are minimum while the injection pressure is
changed to 7 bar.

Figure 17. Uniformity coefficient curve for each injection pressure.
(a) NH3 uniformity coefficient. (b) Temperature and velocity
uniformity coefficient.

Figure 18. Liquid film mass at each injection pressure.

Figure 19. Film distribution of scheme 0 and scheme 1−7 bar. (a)
Scheme 0. (b) scheme 1−7 bar.
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This study can provide a certain guidance on optimization
design of structural parameters of this type of integrated after-
treatment device.
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