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Abstract: Intake quality is crucial to gas turbines’ operation. The cartridge filter in the gas turbine
intake system filters the gas and outputs a highly clean gas into the gas turbine, while pulse cleaning
technology ensures the continuous and efficient operation of cartridge filters. While the current
cylindrical pleated filter cartridge used in pulse cleaning usually suffers from insufficient upper
cleaning, the conical pleated filter cartridge can effectively solve this issue by providing a greater
upper cleaning area with significant application prospects. Despite the existing potential, research
on conical filter cartridge cleaning performance is limited; thus, this paper aims to investigate the
advantages of pulse cleaning using a conical filter cartridge via numerical simulation. Results
demonstrate that while the conical filter cartridge enhances the cleaning strength, cleaning uniformity
decreases slightly. To address this shortcoming, this paper innovatively proposes a combination
of scattering nozzles and conical filter cartridges to explore the impact of the installation position
of scattering nozzles on the cleaning. The modeling and cleaning performance analysis in our
research illustrates that the optimal cleaning effect can be achieved under specific conditions when
the scattering nozzle is installed parallel to the conical filter cartridge’s inlet. The research work in this
paper provides a solution for optimizing the pulse cleaning performance of conical filter cartridges.

Keywords: numerical simulation; pulse cleaning; conical filter cartridge; evaluation of ash removal effect

1. Introduction

The 27th United Nations Climate Change Conference (COP27) was held on 6 Novem-
ber 2022, which posed a great challenge towards green technology innovation [1]. As a new
complete set of power machinery equipment using clean energy, the gas turbine has been
widely adopted in the field of clean energy [2–4]. Due to the large amount of air needed by
gas turbines during operation [5,6], the intake system plays a critical role in ensuring that
clean air is supplied. This system typically includes a rain shield, insect screen, heating
device, pre-filter, final filter, silencing device, and so on.

In recent years, a lot of final filter devices used in gas turbines are pleated filter
cartridge dust collectors [7]. The pleated structure on the surface increases the filtration
area per unit space and significantly improves the dust removal efficiency [8–10]; however,
there is a poor cleaning effect when cylindrical pleated filter cartridges are used. It manifests
as an insufficient cleaning of the upper part of the filter element (the minimum cleaning
pressure of 600 Pa cannot be reached [11]) or an excessive cleaning of the lower part. To
solve this problem, numerous scholars have conducted research on the pulse cleaning
process through numerical simulation [12–14] or experiments [15–19]. Signal processing
technology [20–26] and high-speed cameras are required for experimentation purposes,
while professional fluid analysis software is needed for numerical simulation [27]. Many
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researchers have compared experiments with numerical simulations, showing that the
pulse cleaning process can be accurately reproduced using computational fluid dynamics
(CFD). Ju et al. [28] established a pulse cleaning experimental system. Through experiment
and numerical simulation, it is concluded that there is an optimal injection distance for the
induction nozzle, which can improve the uneven pressure distribution on the side wall
of the filter cartridge. Yan et al. [29] found that increasing the pulse width prolonged the
duration of the peak pressure of the filter cartridge and reduced the incidence of incomplete
cleaning. Chen et al. [30] discovered that multi-pulse injection technology enhances the
cleaning strength. Su et al. [31] conducted experiments and numerical simulations on
different combinations of a venturi nozzle, a normal nozzle and an ordinary filter cartridge,
and a gold cone filter cartridge. The results show that the combination of the venturi
nozzle and gold cone filter cartridge has the highest cleaning efficiency. Gao et al. [32]
optimized the cleaning process by orthogonal experimentation and numerical simulation.
They found that the diameter of the cone’s bottom had a greater influence on the cleaning
performance of the cartridge filter than the cone angle. In most of the above studies, a
numerical simulation is the main method, and experiments play a verification role. Because
the duration of the pulse cleaning is only about 0.1 s [33], it is impossible to observe the
important parameters, such as velocity and pressure, inside the filter cartridge with our
eyes. However, the CFD is used to study the pulse cleaning process, which can vividly
reproduce the flow condition of the fluid and visualize the airflow and pressure distribution
inside the filter cartridge [34]. It can also solve problems that are difficult to measure due to
experimental techniques. Establishing multiple numerical models for comparative analysis
can also more systematically explore the influence of a certain factor on the effect of pulse
cleaning.

Recently, the conical pleated filter cartridge has increased the upper cleaning area and
has been gradually applied; however, there are few studies on the cleaning performance
both of the conical filter cartridge and the upper opening scattering nozzle. A few scholars
have studied some of them, such as Zhu et al. [35], who simulated the process of forward-
blowing ash deposition and reverse-blowing ash removal of the combined filter cartridge
and denoted that the Laval nozzle without scattering had a better cleaning effect on the
combined filter cartridge. Wang et al. [36] studied the influence of the structural factors
of the upper opening scattering nozzle on the cleaning performance of the cylindrical
filter cartridge. They found that the upper opening scattering nozzle can improve the
cleaning uniformity to 0.16. Therefore, this paper studies the conical filter cartridge and
the scattering nozzle, mainly using the CFD to study the cleaning performance of the
conical filter cartridge. The modeling and cleaning performance analysis in our research
illustrate that the optimal cleaning effect can be achieved under specific conditions when
the scattering nozzle is installed parallel to the conical filter cartridge’s inlet. The research
results provide a reference for further optimizing the working efficiency of the conical
cartridge filter in the gas turbine intake system. The innovations and contributions of this
paper are summarized as follows:

(1) The issues discussed are novel in view of the fact that the pulse cleaning performance
of conical filter cartridges is studied for the first time in this paper, and it is proposed
to install scattering nozzles to further optimize the cleaning performance of conical
filter cartridges;

(2) The CFD of ICEM and FLUENT were adopted to establish a 2D axisymmetric model
of the conical filter cartridge dust collector. The results denote that the conical filter
cartridge increases the pressure peak on the upper part of the conical filter cartridge,
but the cleaning uniformity needs to be improved;

(3) To improve the uniformity of the conical filter cartridge, a scattering nozzle is proposed
to improve the pulse cleaning effect of the dust collector in conjunction with the conical
filter cartridge. The numerical simulation results indicate that adding the scattering
nozzle improves the cleaning uniformity inside conical filter cartridge by nearly two
times;



Processes 2023, 11, 2584 3 of 14

(4) The influence of the installation position of the scattering nozzle on the cleaning effect
was studied. It is found that the cleaning performance of the conical cartridge filter
is the best when the scattering nozzle is installed in parallel with the inlet of the
conical cartridge filter. The research results serve as a valuable for optimizing the
pulse cleaning effect of the conical cartridge filter.

The subsequent parts of this paper are organized as follows: Section 2 introduces
the establishment process of the numerical model of the conical filter and the setting of
the numerical simulation. Section 3 uses the numerical simulation method to study the
cleaning performance of the conical filter cartridge and the way to improve the cleaning
effect. Section 4 concludes the whole paper by giving necessary discussions and main
conclusions.

2. Model and Methods
2.1. Modeling and Meshing

Figure 1 shows the gas turbine inlet filtration system that uses a conical filter. In this
paper, the conical cartridge filter in the system is modeled and optimized, so as to improve
the working efficiency of the gas turbine inlet filtration system.
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Figure 1. Gas turbine intake filtration system.

As shown in Figure 2, the conical cartridge filter mainly consists of a filter chamber, a
filter cartridge, a dust baffle, a filter cartridge plate, a clean air chamber, a pulse valve, a
nozzle, and other parts. The cartridge filter has the following two working states: filtering
state and cleaning state. Most of the time, the dust collector is in the state of positive
blowing filtration: the filter gas with low wind speed flows out from the filter chamber
through the filter cylinder and then through the clean air chamber. When the ash deposition
on the side wall of the filter cartridge reaches the critical value, the pulse valve is opened for
pulse cleaning. At this time, the filter cartridge is still filtering, but only a very small amount
of gas enters the purge chamber through the side wall of the filter cartridge. The high-speed
airflow is ejected from the nozzle, inducing a large amount of gas around to enter the filter
cartridge together. After entering the interior of the filter cartridge, the dynamic pressure
of the airflow is converted into static pressure, the filter cartridge expands and vibrates,
and the dust attached to the side wall of the filter cartridge falls into the ash hopper. This is
the “self-cleaning” process of the filter cartridge.

To establish a two-dimensional physical model of a conical filter cartridge dust collector
and simplify the model for better application in CFD. The outlet of the pulse valve is
simplified as the pressure inlet of the physical model, and only the pulse ash removal
process of a group of filter cartridges and nozzles is considered. The ash removal gas
is regarded as ideal gas, and the temperature change is not considered. Figure 3 plots
a two-dimensional axisymmetric model and monitoring point selection location for the
combination of the upper open scattering nozzle (hereinafter referred to as the scattering
nozzle) and the conical filter cartridge for ash cleaning. The spraying distance is h = 250 mm
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(the distance from the normal nozzle outlet to the filter cartridge inlet), and the scattering
nozzle outlet is placed on the same horizontal line as the filter cartridge inlet. The spraying
time is 100 ms. We selected monitoring points every 100 mm along the side wall of the
filter cartridge, which were p11~p17.

Processes 2023, 11, x FOR PEER REVIEW 4 of 15 
 

 

 
(a) (b) 

Figure 2. Working status of filter cartridge dust collector. (a) Positive blowing filtration; (b) blow-
back cleaning. 

To establish a two-dimensional physical model of a conical filter cartridge dust col-
lector and simplify the model for better application in CFD. The outlet of the pulse valve 
is simplified as the pressure inlet of the physical model, and only the pulse ash removal 
process of a group of filter cartridges and nozzles is considered. The ash removal gas is 
regarded as ideal gas, and the temperature change is not considered. Figure 3 plots a two-
dimensional axisymmetric model and monitoring point selection location for the combi-
nation of the upper open scattering nozzle (hereinafter referred to as the scattering nozzle) 
and the conical filter cartridge for ash cleaning. The spraying distance is h = 250 mm (the 
distance from the normal nozzle outlet to the filter cartridge inlet), and the scattering noz-
zle outlet is placed on the same horizontal line as the filter cartridge inlet. The spraying 
time is 100 ms. We selected monitoring points every 100 mm along the side wall of the 
filter cartridge, which were p11~p17. 

 
Figure 3. Numerical model and monitoring points. 

Figure 2. Working status of filter cartridge dust collector. (a) Positive blowing filtration; (b) blowback
cleaning.

Processes 2023, 11, x FOR PEER REVIEW 4 of 15 
 

 

 
(a) (b) 

Figure 2. Working status of filter cartridge dust collector. (a) Positive blowing filtration; (b) blow-
back cleaning. 

To establish a two-dimensional physical model of a conical filter cartridge dust col-
lector and simplify the model for better application in CFD. The outlet of the pulse valve 
is simplified as the pressure inlet of the physical model, and only the pulse ash removal 
process of a group of filter cartridges and nozzles is considered. The ash removal gas is 
regarded as ideal gas, and the temperature change is not considered. Figure 3 plots a two-
dimensional axisymmetric model and monitoring point selection location for the combi-
nation of the upper open scattering nozzle (hereinafter referred to as the scattering nozzle) 
and the conical filter cartridge for ash cleaning. The spraying distance is h = 250 mm (the 
distance from the normal nozzle outlet to the filter cartridge inlet), and the scattering noz-
zle outlet is placed on the same horizontal line as the filter cartridge inlet. The spraying 
time is 100 ms. We selected monitoring points every 100 mm along the side wall of the 
filter cartridge, which were p11~p17. 

 
Figure 3. Numerical model and monitoring points. Figure 3. Numerical model and monitoring points.

Figure 4 displays the physical appearance and specific dimensions of the conical filter
cartridge and scattering nozzle. The inlet inner diameter of the conical filter cartridge is
270 mm, the bottom inner diameter is 178 mm, the thickness is 50 mm, and the length
is 800 mm. The upper inlet diameter of the scattering nozzle is 16 mm, the lower outlet
diameter is 74 mm, the nozzle height is 60 mm, and the opening taper is 60◦.
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ICEM is used to mesh the 2D structure grid. Inside the cylindrical nozzle, the longitu-
dinal and radial grid size is about 1 mm. Inside the filter cartridge, the longitudinal and
radial grid size is about 2 mm. Inside the scattering nozzle, 65 nodes are taken vertically,
and 20 nodes are taken radially. The boundary layer is drawn on the side wall of the
nozzle, the side wall of the filter cartridge, and the outer wall of the scattering nozzle. The
boundary layer is taken as 0.1~0.3 mm, and the growth rate is set to 1.2. The number of
grid cells is 149,379. When the grid quality is determined by the Determinant 2 × 2 × 2,
the worst grid quality is 0.871. In total, 99% of the mesh quality is between 0.95 and 1, and
the mesh quality is good, which meets the requirements of numerical simulation.

To verify grid independence, the grid is encrypted. As shown in Figure 5, it is the
pressure at the p 15 monitoring point of the three models with different numbers of grids.
In the case of 14.9 w and 16 w grids, the pressure changes at the same monitoring point
are almost coincident. Therefore, it can be considered that the grid of 14.9 w has met the
requirement of grid independence and is adopted in this paper. Figure 6 shows the overall
effect of meshing and the meshing around the scattering nozzle. Under the conditions
of this grid, the peak pressures of the monitoring points p 11, p 14, and p 15 are 769.8 Pa,
922.6 Pa, and 1244.3 Pa. It is basically consistent with the experimental results of Liu
et al. [37] using a 59◦ diffuser and a spraying distance of 210 mm, so it is considered that
the grid is realistic.
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2.2. Solution Method and Boundary Conditions

Pressure-inlet and pressure-outlet boundary conditions are used. The inlet of the
normal nozzle is the pressure inlet boundary (p = 0.5 MPa). The external environment at
the top and bottom of the model is set as the pressure outlet (p is atmospheric pressure).
The turbulence intensity I and the hydraulic diameter DH are used as the transport scalar
values, where the nozzle DH = 20 mm. Equation (1) is shown as follows:

I =
u′

uavg
= 0.16(ReDH )

− 1
8 (1)

where u′ denotes the velocity pulse quantity, uavg is the average velocity, and DH is the
hydraulic diameter.

There is no relative motion on the wall in the pulse jet model of the conical filter
cartridge. The wall is set as a solid wall and a non-slip boundary condition is adopted.
The simplified model of the pulse jet of a conical filter cartridge is rotating geometry. In
FLUENT, the axis of rotating geometry can be set as an axis boundary condition, and the
two-dimensional simulation of a three-dimensional situation can be used. The side wall of
the filter cartridge is set as a porous jump boundary condition, defined by Darcy’s law, and
an additional inertia loss, as shown in Equation (2):

4p = −(µ

α
v + C2

1
2

ρv2)×4m (2)

where µ denotes laminar viscosity; α is the permeability; v represents normal velocity; ∆m
is the thickness of the medium. The filter material used on the surface of the conical filter
cartridge in this simulation ∆m = 0.6 mm.

The impulse injection process is a transient, compressible, unsteady in three-dimensions
that follows the laws of mass, momentum, and energy conservation as outlined in
Equations (3)–(7) [38]. The transient solver is applied in Fluent, and the solution time
is 0.1 s, the time step set to 0.0002 s. Coupled algorithm and realizable k-ε model are
selected to describe the pulse cleaning process.

Mass-conservation equation:

∂ρ

∂t
+

∂(ρu)
∂x

+
∂(ρv)

∂y
+

∂(ρw)

∂z
= 0 (3)

Momentum conservation equation:

∂(ρv)
∂t

+ div(ρv
→
u ) = −∂p

∂y
+

∂τxy

∂x
+

∂τyy

∂y
+

∂τzy

∂z
(4)
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∂(ρu)
∂t

+ div(ρu
→
u ) = −∂p

∂x
+

∂τxx

∂x
+

∂τyx

∂y
+

∂τzx

∂z
(5)

∂(ρw)

∂t
+ div(ρw

→
u ) = −∂p

∂y
+

∂τxz

∂x
+

∂τyz

∂y
+

∂τzz

∂z
(6)

Energy conservation equation:

∂(ρT)
∂t

+ div(ρ
→
u T) = div

[
k
cp

gradT
]
+ ST (7)

where ρ denotes density; t is time;
→
u is the velocity vector; u, v, and w are the

→
u in x, y and z

directions. τxx, τyx, τzx, etc. are the components of the viscous stress τ acting on the surface
of the microelement; CP is the specific heat capacity; T is temperature; K is the heat transfer
coefficient of the fluid; ST is the internal heat source of the fluid and the part of the fluid
mechanical energy converted into heat energy due to viscous action.

More boundary conditions and calculation model settings are shown in Tables 1 and 2.

Table 1. Boundary conditions and parameter settings.

Boundary Conditions Parameter Setting

Inlet Pressure-inlet, 0.5 Mpa
Hydraulic Diameter 20 mm
Turbulent Intensity 5%

Outlet Pressure-outlet, 0 Pa
Wall Roughness 0.5
Shear Condition No Slip

Table 2. Calculation model and settings.

Calculation Model Model Setting

Solver Pressure-Based
Time Transient

Pressure-Velocity Coupling Coupled
Energy On

Viscous Model Realizable k-ε
Near-wall Treatment Standard Wall Functions

Materials Ideal-gas
Gradient Least Squares Cell Based

3. Results and Discussion
3.1. Dynamic Analysis of Pulse Cleaning with Conical Filter Cartridge

The pressure and streamline distribution of the cylindrical filter cartridge and the
conical filter cartridge are shown in Figure 7. In this working condition, normal nozzles are
used, the injection pressure is 0.5 MPa, and the injection distance is 200 mm.

As shown in Figure 7, compared to cylindrical filter cartridges, conical filter cartridges
exhibit a higher internal pressure and a more prominent pressure accumulation effect,
especially in the middle and lower parts of the filter cartridge. This is due to the smaller
space inside the conical filter cartridge (especially in the middle and lower parts). When the
air intake in the filter cartridge is similar, the gas is more likely to accumulate upward, and
more airflow dynamic pressure is converted into static pressure conducive to ash removal.
When the cleaning is in a stable state (t = 100 ms), the airflow in the conical filter cartridge
flows out along the middle and lower parts of the filter cartridge, and some airflow in the
cylindrical filter cartridge has a tendency to form a vortex outside the filter cartridge. This
vortex formation leads to cleaning resistance in localized areas that ultimately affects the
pulse cleaning effect.
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Figure 7. Pressure and streamline distribution diagram inside the filter cartridge. (a) Pulse cleaning
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As shown in Figure 8, it is the pressure curve of the side wall of the filter cartridge.
It can be seen that the pressure peak in the middle and upper part of the filter cartridge
is formed when the pulse airflow reaches the side wall of the filter cartridge for the first
time, and the formation period is the initial stage of pulse cleaning. The pressure peak in
the lower part of the filter cartridge is formed by pressure accumulation, and the formation
period is in the latter part of the pulse cleaning; however, the upper part of the filter
cartridge always has insufficient dust removal. In the following research, in order to
improve the dust removal strength of the upper part of the filter cartridge, the airflow that
reaches the upper part of the filter cartridge for the first time should be larger. And the
direction of the airflow should be more vertical on the side wall of the filter cartridge.

The performance of the pulse injection of the filter cartridge is expressed by the
injection intensity and injection uniformity [39], in which the average value of the pressure
peak at different monitoring points on the side wall of the filter cartridge is expressed as
pulse injection intensity, and the index of injection uniformity is expressed as KP [40]. The
smaller the KP, the more uniform the pressure peak distribution on the side wall of the
filter cartridge and the better the ash removal performance [41]. Equations (8)–(10):

kp =
σp

p
(8)

σp =

√
∑
i
(p1i − p)2

p
, i = 1− 7 (9)

p =

∑
i

p1i

n
, i = 1− 7, n = 7 (10)
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Table 3 lists the pressure peaks of each monitoring point when the normal nozzle
is combined with a cylindrical or conical filter cartridge. It is calculated from Table 3
and Equation (10) that the injection intensity is 1140.7 Pa when the normal nozzle and
the cylindrical filter cylinder are combined. The injection intensity is 1499.4 Pa when the
normal nozzle and the conical filter cylinder are combined. When the conical filter cartridge
is used, the injection intensity is increased by 1.31 times.

It is calculated from Table 3 and Equations (9) and (10) that the injection uniformity
index KP is 0.31 when the normal nozzle is combined with the cylindrical filter cartridge.
When the normal nozzle is combined with the conical filter cartridge, KP is 0.38. When the
conical filter cartridge is used, KP is increased by 1.2 times.

In summary, it can be seen that the cleaning intensity can be improved when the
conical filter cartridge is used for pulse cleaning, but the cleaning uniformity is reduced.

Table 3. The pressure peak of each measuring point of cylindrical filter cylinder and conical filter
cylinder.

Monitoring Points
Normal Nozzle and Cylindrical Filter Cartridge Normal Nozzle and Conical Filter Cartridge

Primary Pressure Peak
(Pa)

Peak Pressure
(Pa)

Primary Pressure Peak
(Pa)

Peak Pressure
(Pa)

p11 591.9 591.9 635 635
p12 871.7 871.7 1077 1077
p13 976.4 976.4 1197.1 1197.1
p14 1018.3 1018.3 1346.6 1346.6
p15 1002.7 1126.4 1350.3 1665.5
p16 1462.7 1580.7 1863.1 2182.5
p17 1667.8 1819.6 2070.7 2392.7

p 1084.5 1140.7 1362.8 1499.4
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3.2. Synergistic Effect of Scattering Nozzle and Conical Filter Cartridge

When the conical filter cartridge was combined with the normal nozzle, we changed
the injection pressure and injection distance. The best working condition was the following:
injection pressure p = 0.5 MPa, injection distance h = 250 mm. For this condition with
conical cartridge, we added the diffuser nozzle.

As shown in Figure 9, the pulse cleaning cloud diagram of the conical filter cartridge
with and without the scattering nozzle. The negative pressure area in the upper part of
combination A is significantly reduced, indicating that the diversion and flow guide of the
scattering nozzle can make the pulse gas act more on the upper area of the filter cartridge,
and achieve the effect of improving the cleaning performance of the conical filter cartridge.
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Figure 9. Dynamic cloud picture of pulse cleaning with conical filter cartridge. (a) Pulse cleaning
combination A of the scattering nozzle and conical filter cartridge; (b) pulse cleaning combination B
of normal nozzle and conical filter cartridge.

Quantitative analysis of pulse cleaning performance of conical filter cartridges with
the scattering nozzle installed from peak pressure. As shown in Figure 10, the pressure
peak of the p11 monitoring point of the A combination is 769.8 Pa, and the pressure peak
of the B combination is 619.7 Pa. The pressure peak of the upper side wall of the filter
cartridge increases by 1.24 times. The pressure peak at the p 17 monitoring point at the
lower part of the filter cartridge of the A combination is 1244.3 Pa, and the pressure peak at
this point of the B combination is 2227.2 Pa. The pressure peak at the lower part of the filter
cartridge is reduced by 1.79 times.

From the trend of the pressure peak curve, the A combination is relatively flat, and
the B combination curve is steep, indicating that the installation of the scattering nozzle
under the normal nozzle can effectively improve injection uniformity. It is calculated that
the injection uniformity index KP decreases to 0.17 after the installation of the scattering
nozzle, while the injection uniformity index KP is 0.32 in the case of only the normal nozzle.
The installation of the scattering nozzle increases the uniformity of the cleaning inside the
filter cartridge by nearly double.
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Figure 10. Axial distribution of sidewall pressure peak under two working conditions.

3.3. Optimum Installation Position of Scattering Nozzle

In order to further explore the influence of the installation position of the scattering
nozzle on the pulse cleaning effect of the conical filter cartridge, we established several sets
of numerical models for comparison. The parameter selection values are shown in Table 4.
As shown in Figure 11, the installation position of the scattering nozzle changes from the
outside of the filter cartridge to the inlet of the filter cartridge (H = 250 mm), and finally
enters the inside of the filter cartridge.
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Table 4. Parameter selection.

Injection Parameter Variable Invariant

Installation position
(H/mm)

H = 100, 150, 200,
250, 300, 350

p = 0.5 MPa
H = 250 mm

As shown in Figure 12, the overall injection intensity curve shows a trend of rapid
rise first and then slow rise. This is because when the distance between the scattering
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nozzle and the filter cartridge increases, its entrainment effect on the external gas gradually
weakens, and the air intake of the filter cartridge no longer increases significantly. In
engineering, the overall injection intensity can be improved by adding the scattering nozzle
with a higher installation height.
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Figure 12. Pulse cleaning performance of scattering nozzles at different installation heights.

The injection uniformity index KP shows a trend of increasing first, then decreasing,
and then continuing to rise, indicating that there is an optimal installation position for
injection uniformity. When H = 300 mm, the inlet of the scattering nozzle is just parallel to
the inlet of the filter cartridge. Because a greater blowing intensity and a smaller KP mean
better cleaning performance, at this time, the injection uniformity is 0.11, and the injection
intensity is also at a large value, which can optimize the pulse cleaning performance of the
conical filter cartridge to the greatest extent. The peak pressure of each monitoring point is
893.7 Pa, 1151.3 Pa, 1046.1 Pa, 1015.9 Pa, 1125.3 Pa, 1233.1 Pa, and 1319.4 Pa.

4. Conclusions

In this paper, a numerical model of the pulse cleaning of a conical cartridge filter is
established, and the pulse cleaning performance of a conical cartridge filter is studied by
CFD. Compared to the state-of-art methods, including Zhu et al. [32] and Wang et al. [33],
Zhu et al. found that the injection intensity of the upper part of the combined conical
filter cartridge was sufficient, but the blowing strength of the lower part was insufficient.
Wang et al. installed a scatting nozzle on cylindrical filter cartridges to reduce KP to 0.16.
This paper proposes a new strategy to improve the cleaning performance of conical filter
cartridges by using the scattering nozzle. And the optimal installation position of the
scattering nozzle is studied. The conclusion is drawn as follows:

(1) The numerical simulation reveals that the accumulation of pressure inside the conical
filter cartridge is more obvious when applying normal nozzles. Although the injection
strength of conical filter cartridge is better than that of the cylindrical filter cartridge,
the injection uniformity needs to be improved;

(2) The scattering nozzle is installed under the normal nozzle to improve the cleaning
effect with the conical filter cartridge. The results denote that, compared to the
pulse cleaning combination lacking a scattering nozzle, the injection uniformity KP
decreased from 0.32 to 0.17, the injection uniformity increased by nearly double, and
the cleaning intensity satisfied the cleaning demand;

(3) The influence of the installation position of the scattering nozzle on the cleaning effect
was studied. The results denote that the cleaning performance of the conical filter can
be optimized to the greatest extent when the scattering nozzle is parallel to the inlet
of the conical filter. At this time, the injection uniformity is 0.11, and the upper and
lower parts of the conical filter can ensure the cleaning power (higher than 600 Pa).
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The above conclusions provide a solution for enterprises to optimize the cleaning
effect of the conical filter cartridges and improve the work efficiency of gas turbine intake
filtration systems.

Finally, here in this paper, numerical simulations were conducted to validate the
effectiveness and superiority of the proposed approach, and they achieved pretty good
results. But still, the future work of our research will focus on the experimental verification
of the proposed combination of the conical filter cartridges and the scattering nozzle
approach under practical scenarios.
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