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Small sweeper will become a very popular way to clean roads in cities if its dust removal efficiency 
could be improved by combining the dust collector of blowing-suction type. A new dust collector 
of blowing-suction type used in urban cleaning vehicle is presented by this article, which is named 
W-shaped blowing suction dust collector, and its gas–solid two-phase flow field is numerically analyzed 
by computational fluid dynamics (CFD) method, including effects of its structural parameters and 
operating parameters on the dust removal efficiency. It has been demonstrated that the flow field 
characteristics and the overall dust removal efficiency of the blowing-suction dust collector depend 
on the diameter-width ratio and the inclination angle of the baffle/slot-shaped nozzle, and the air 
blowing velocity and the sweeper traveling speed. The optimal combination of structural parameters 
is the diameter-width ratio of 0.25 and the inclination angle of the baffle/slot-shaped air blow of 69.5°, 
and the ideal operating parameters are an air blowing velocity of 15 m/s at each port and a sweeper-
traveling speed of 1.3 m/s. In the conditions mentioned above, the average near ground velocity of 
the dust collector is greater than the particle start-up speed of 15m/s and the average velocity of the 
surrounding air inlet surfaces increases significantly. The negative pressure of the dust collection port 
is relatively high. Meanwhile, the blowing suction dust collector in this study achieved a dust removal 
efficiency of over 95%. This study will provide a useful reference for its fabrication followed.

Keywords  Blowing-suction dust collector, Computational fluid dynamics, Flow field characteristics, Dust 
removal efficiency

List of symbols
α	� Inclination angle, °
d	� Diameter of the particle, mm
δ	� Height of slit-shaped nozzle, mm
D	� Diameter, mm
ε	� Turbulent dissipation rate
F	� Force
g	� Gravitational acceleration, m/s2

G	� Mass flow rates
H	� Height, mm
k	� Turbulent kinetic energy
L	� Width, mm
m	� Mass, kg
μ	� Dynamic viscosity, N s/m2

ρ	� Density, kg/m3

P	� Pressure, pa
q	� Tensor variables
σ	� Prandtl-Schmidt number
T	� Reynolds stress
u	� Velocity, m/s
U	� Dust particle starting speed, m/s
v	� Kinematic viscosity coefficient, m2/s
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W	� Width, mm
Ar	� Archimedean number
Re	� Reynolds number
x	� Coordinate
Superscript
′	� Dust collector port
″	� Air supply duct
Subscript
c	� Air distribution duct
i	� Fluid
in	� Inlet
out	� Outlet
p	� Particle

The presence of dust and garbage on the road, as well as their flying, harms human health and the city’s 
appearance1, especially in the rapid urbanization of China2–4. This issue can be relieved by using more small 
cleaning vehicles with high efficiency. The dust removal efficiency of the sweeper vehicle mainly depends on 
its dust collector, including dust removal method and airflow organization (structure, operating parameters)5.

By incorporating wing plates and side baffles into the pure-suction dust collector, Chen et al.6 reduced the 
retention time of the dust particles in the dust collector and enhanced the dust removal capability of the sweeper 
vehicle. WU et al.7,8 involved a gas–solid two-phase flow model in the dust collector to analyze the impact of 
driving speed, negative pressure and particle size on the dust removal efficiency of a pure-suction dust collector, 
and the theoretical efficiency is 92%. Zhang et al.9 numerically analyzed the dust removal effect by changing the 
outside wall around the pure-suction dust collector to a streamlined curved surface. Considering the suspension 
particle is easier to be captured than the stationary one on the road, the efficiencies of sweeper vehicles mainly 
depended on the suction method5–9 could be improved by combining blowing and suction method.

For the blowing-suction collector, Jing et al.10 numerically studied the vortex flow effect on pulverized coal 
removal performance in the fully enclosed blowing-suction collector. With the help of the numerical method, 
Xi et al.11,12 investigated the impact of the dust collector structure and the airflow distribution of the L-shaped 
blowing-suction collector on the dust removal performance. Qin et al.13 also proposed an L-shaped blowing-
suction dust collector with some make-up air channels and numerically analyzed its dust removal efficiency 
which is 94.7%. Huang et al.14 conducted an experimental study on the operating parameter and structure impact 
of U-shaped blowing-suction dust collector on the dust removal efficiency of the small sweeper vehicle, which 
is 93.28%. Zhang et al.15 proposed a sweeper vehicle with a blowing-suction dust collector for Subway Track 
and numerically analyzed its structural effect on dust removal performance. Fayzullayevich et al.16 investigated 
the particle starting speed of a blowing-suction dust collector which has two spouts in both sides and one 
suction port in central section, and found that the dust removal efficiency could be significantly enhanced by the 
secondary blowing airflow.

In order to obtain a small sweeper vehicle with better efficiency, this paper provides a new blowing-suction 
dust collector named W-shaped collector, which has a suction port in the central section and slit shaped nozzles 
around the perimeter. To optimize the structure and operating parameters of this W-shaped collector, the 
numerical model and method will be firstly built and verified, and then, the airflow distribution effect on the dust 
removal performance of the collector will be analyzed, including the suction port diameter, the inclination angle 
and the blowing velocity of slit nozzle, and the travel speed of vehicle. The paper aims to serve as a theoretical 
reference for following sweeper vehicle design and fabrication.

Numerical model and method
Physical model
The airflow organization in this paper refers to the parameters of the dust collector domain which could affect 
the dust collection efficiency of a sweeper vehicle, including the structure of the dust collector, the shape and 
the air speed of the outlet and the inlet, as well as the resulting velocity field and dust concentration field in the 
dust collection domain. The airflow organization of the dust collector domain is the key factor on the sweeper 
vehicle’s performance, whose improvement has been expected.

The sweeper described in this paper mainly consists of the W-shaped blowing-suction dust collector, the 
dustbin, the filter, the fan, and the vehicle driving system. The dust collector shown in Fig. 1 is square-shaped 
with a side length of L = 400 mm and a height of H = 44 mm respectively, mainly including the dust collector 
port in the central section, two air supply ducts, and the air distribution duct, and the slit-shaped nozzle in the 
surrounding layout.

Firstly, the airflow is forced by the fan from both air supply ducts into the air distribution duct, and then, is 
assigned to the inclined slit nozzle. Secondly, the airflow blows towards the ground to kick up dust particles on 
the road. Finally, the drifting particle is captured easily by the dust collector port because of its negative pressure 
effect.

In Fig. 2, D′ refers to the diameter of the dust collector port, while D″ denotes the diameter of the air supply 
duct. Additionally, the air distribution duct surrounding the dust collector has a width of Wc and a height of Hc. 
The slit-shaped nozzle has an inclination angle of α and a gap of δ less than 10 mm from the ground to allow 
external air into the sweeping domain7,9. As a result, the physical model in this paper includes not only the dust 
collector but also the extended air domain around the dust collector as shown in Fig. 5 ref.7,9,11.
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Mathematical model and method
The calculation in this paper is based on the following assumptions: (1) No heat exchange occurs between 
the inside and outside of the dust collector; (2) The boundary conditions of the dust collector model remain 
constant; (3) The dust collector moves at a uniform speed; (4) The airflow is incompressible.

Because the turbulent fluid with a high Reynolds number in the scavenging domain happens17, the Reynolds 
number equations17, Navier–Stokes gas control equations18–20, k-ε model19,21, and DPM multiphase flow model 
are used to predict the airflow and the dust removal performance in the dust collector. The finite volume method 
and the second-order windward format are used for region and equation discretization.

Turbulence model
The three-dimensional, viscous, incompressible flow in the blowing-suction dust collector can be described by 
the following equations20,22–25: 

(1) Continuity equation

	
∂ui

∂xi
= 0� (1)

where ui is the velocity of the fluid in the xi coordinate direction, xi is the coordinate component.
(2) Momentum equation
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where ρ is the fluid density, P is the fluid pressure, Tij = −ρui′uj′ is the Reynolds stress, and gi is the gravitational 
acceleration.
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where k represents the turbulent kinetic energy, μ is the gas dynamic viscosity, ε refers to turbulent dissipation 

rate, σk denotes the Prandtl-Schmidt number,Zk = Tij
∂

−−
ui

∂xj  is the generation term for the turbulent kinetic 

Fig. 2.  Working principle of the dust collector.

 

Fig. 1.  The W-shaped blowing-suction dust collector. (The figure was created using Microsoft Office Home 
and Student 2019 https://www.microsoft.com/).
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energy k due to the mean velocity gradient, σk is equal to 1.0, while the constants C1ε, C2ε, and σε represent 1.44, 
1.92, and 1.3 respectively9,13,16,21. 

Discrete phase model
To describe the gas–solid two-phase flow inside the dust collection domain, the Euler–Lagrange multiphase 
flow model is used, and the Navier–Stokes equations are used to describe the physical characteristics of the 
continuous gas-phase flow. The physical characteristics of the discrete-phase particles are described by the DPM 
(Discrete Phase Model) model11,12. The Lagrangian method is used to track the particle motion, and Newton’s 
second law provides the equation of motion7,12,26:

	
mp

dup

dt
=

n∑
k = 1

Fk� (5)

where mp is the particle mass, up is the particle velocity, and Fk is the various forces acting on the solid particles. 
To understand the air–solid two-phase flow within the dust collector, it’s crucial to consider the various forces 
acting on the particles in the airflow field. These forces include gravity (Fg), lift (Fs), and drag (Fe)

10,16,27.
The gravity force acted on the particles is:

	 Fg = mpg� (6)

The particle in contact with gases inside the dust collector follows the trailing force model27.

	
Fe = 18µ

ρpd2
p

CeRep

24 mp(u − up)� (7)

where u is the gas velocity, Ce is the coefficient of drag, ρp is the particle density, dp is the particle diameter, and 
Rep is the particle Reynolds number based on the relative velocities, which is expressed as10,16,28:

	
Rep = ρp |u − up| dp

µp
� (8)

The traction coefficient is expressed as follows10,16,28.
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, Rep ≤ 1
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When solid particles experience a force, they can move. The expression for this force is as follows10,16.

	
Fs = 2Kv0.5ρq1

ρpdp (q2q3)0.25 (u − up)� (10)

where q1, q2, q3 are tensor variables and v is the air kinematic viscosity coefficient with constant K = 2.594.

Particle start-up speed
When the airflow velocity exceeds a critical value, the particle on the road starts to move, and even to fly. 
According to Bagnold’s theory29 and the individual particle initiation velocity of the particle diameter of 10 to 
1000μm10,22,30–33 the initiation velocity can be expressed as Eq. (11).

	 U =
[
1.27Ar−1/3 + 0.036Ar1/3 + 0.45

]
·
[
0.7Ar−1/5 + 1

]
Up� (11)

where Up is the individual particle starting speed, U is the dust particle starting speed, Cf is the drag coefficient, 
Ar is the Archimedean number, and the Archimedean number is:

	
Ar = gd3(ρp − ρ)

ρv2 � (12)

According to Bagnold29, the relationship between the particle size and its starting velocity can be described as:

	
U = A

√
ρp − ρ

ρ
gdp� (13)

The sweeper provided by this paper is used for the city roads, whose particle size distribution is illustrated in 
Fig.  3, and so, the particle with a diameter smaller than 10mm is mainly considered in this paper. Figure  4 
ref.7,32,33 indicates the minimum starting speed of particles in size of 0-10mm is less than 15m/s, of which, 
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the starting speed of particles in size of 0 to 20μm is nearly constant due to inter-particle viscous forces, that 
of particles in size of 20 ~ 100 μm decreases with increasing size, and that of particles in size of 0.1 ~ 10 mm 
increases with particle size acted by buoyancy and gravity. Therefore, in order to firstly fly the dust particles on 
the city road, a start-up speed of blow air with 15m/s is necessary11,12.

Performance evaluation indicator
In this paper, the overall dust removal efficiency η(dp) shown in Eq. (14) and the graded dust removal efficiency 
η(dpj) shown in Eq. (15) are used to evaluate the sweeping performance of the dust collector7, respectively.

	
η(dp) = Gout

Gin
× 100%� (14)

	
η (dpj) = Gout(dpj)

Gin(dpj)
× 100%� (15)

where Gout and Gin represent the outlet and inlet mass flow rates of dust particles. Gout(dpj) and Gin(dpj) indicate 
the outlet and inlet mass flow rates of particles of different sizes.

Boundary condition
The dust collector port at the center section is set as the pressure outlet boundary condition, and the slit-shaped 
nozzle around the dust collector is set as the velocity inlet boundary condition7,16. The gap between the nozzle 
and ground connecting the dust collection domain and the extended air domain is set as the pressure inlet 
boundary condition with the standard atmospheric. The dust collector moves at the same speed as the sweeper 
vehicle7,16.

The particles are discrete-phase and evenly released with zero initial velocity from the 2mm high surface 
surrounding the dust collector with a 20 mm distance7. When the particle in the dust collection domain moves 
with the airflow and collides with walls, the “reflect” boundary condition is adopted and its momentum is 
determined by the restoration coefficient method. When the particles reach the dust collector port, the boundary 

Fig. 4.  The relationship between size and starting velocity.

 

Fig. 3.  The particle size distribution of the accumulation of road dust in urban areas.
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condition is changed to “trap”, namely all particles at the outlet of the dust collector are captured7. The dust 
particle at the gap entrance between the nozzle and the ground is set as “escape”, namely the particles are not 
effectively captured. The Rosin–Rammler model is used for the particle size distribution shown in Fig. 3 ref.7. 
Table 1 presents the main parameters.

Regional discretization and grid independence assessment
In this article, the finite volume method and the unstructured grid are utilized to discretize the sweeping domain. 
The result is presented in Fig. 5. The mesh is densified at the dust collector port, the blowing nozzle, and the slit-
shaped nozzle. To ensure that the calculation results are independent of the grid number34, several sets of grid 
systems are first tried to simulate the flow field, and the monitoring indexes include the airflow average velocity 
at the front, rear, left, and right slit-shaped nozzle of the sweeping domain, the average pressure drop at the dust 
collector port, and the airflow average velocity at the 4 mm high cross-section of the dust collection domain. 
The results are shown in Fig. 6. When the grid number is more than 400,000, the relative difference between two 
continuous results is less than 6%, which indicates the dependence of the calculation result on the grid number 

Fig. 6.  Grid independence assessment.

 

Fig. 5.  Grid of blowing-suction dust collector. (The figure was created using ANSYS 2021 R1. ​h​t​t​p​s​:​/​/​w​w​w​.​a​n​s​
y​s​.​c​o​m​/​​​​​)​.​​​​

 

Parameter Value Parameter Value

Gas density, ρ(kg/m3) 1.225 Particle mean diameter, dm (μm) 168

Grid number 403,597 Particle model Rosin–Rammler

Turbulence model k-ε Normal restitution coefficient, enormal 0.95

Spread parameter 1.478 Tangential restitution coefficient, etangential 0.85

Total flow rate, qm(kg/s) 0.5 Initial particle velocity, up(m/s) 0

Particle density, ρp(kg/m3) 2500 Particle sphericity 0.6

Table 1.  Simulation parameter.
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could be neglected in the case of this paper23,35. Considering the calculation accuracy and computer resources, 
the 400,000-grid system will be used for the subsequent calculations.

Validation of numerical model and method
To verify the numerical method provided in this paper, the same model as that of literature7 shown as Fig. 7 
and Table 2 is firstly built, and then, the same evaluating indicators are calculated by the help of the numerical 
method proposed by this paper. The results calculated by this paper are given in Figs. 8, 9 respectively, which is 
named Calculated in this.

By the test and numerical method, literature7 has conducted a study on the performance of a pure-suction 
dust collector shown as Fig. 7 and Table 2. Figure 8 gives the test data and the numerical result of literature7 for 
airflow velocity at different points along the sweeper’s traveling direction on the line (Y = 900mm, Z = 20mm), 
when the negative pressure inside the dust collector is 2000Pa and the sweeper speed is 10km/h. Figure  9 
illustrates three overall dust removal efficiencies of the same dust collector from the test data and numerical 
result of literature7 at different sweeper speeds respectively. The test data and numeral results of literature7 are 
named Tested in7 and Calculated in7 respectively in Figs. 8, 9.

It’s clear that the result calculated by this paper is consistent with the experimental data and numerical result 
of literature7, and the maximum deviation from the experimental data of literature7 is less than 10%, which 

Fig. 8.  Airflow velocity along the traveling direction of the sweeper at Y = 20mm.

 

Parameter name Parameter value (mm) Parameter name Parameter value

Length 1800 Fluid Air

Width 400 Compressibility Incompressible

Height 430 Time dependence Steady state

Narrow slots height

Front 15 Turbulence model RSM

Left 10 Particle density 2500 kg/m3

Right 10 Particle shape factor 0.6

Rear 10 Particle mean diameter 81 μm

Outlet diameter 200 Spread number 5.95

Table 2.  Main simulation parameters of pure suction dust collector described in the literature7.

 

Fig. 7.  Pure suction dust collector structure in literature7 (Cited references).
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indicates the numerical method provided by this paper is valid to carry out the numerical calculation of this 
paper.

Results and discussions
Structural effect of the dust collector
A reasonable structure is the prerequisite for the efficient dust collector. This section will analyze the effect of the 
dust collector port diameter and the inclination angle of the slit-shaped nozzle on the dust removal performance 
of a sweeper.

Diameter effect of the dust collector port
The diameter-width ratio id refers to the dust collector port diameter D to the side length L of the dust collector, 
which will be used to indicate the diameter effect on the flow field of the sweeping domain, the static pressure 
of the dust collector port, as well as the efficiency of the dust collector, respectively. The numerical calculation 
results are given in Figs. 10, 11, which are based on the following conditions, 1.3 m/s of the sweeper-traveling 
speed, 1500 Pa of the fan pressure head, 69.5° of the inclination angle of the slit-shaped nozzle, and 15 m/s of 
the air speed into the dust collection domain from the slit-shaped nozzle. The other parameters are the same as 
previously described.

In this paper, 1500 Pa of the fan pressure head is assumed to be constant and equal to the total resistance 
including the duct system resistance between the fan outlet to the slit-shaped nozzle, the collection domain 
resistance, and the duct system resistance between the dust collector port and the fan inlet. As seen in Fig. 10, 
when the diameter of the dust collector port and connected pipe increases, the exhaust air volume increases 
and the outlet resistance decreases. It results in that, except for the airflow velocity at the collector port, other 
velocities indicated in Fig.  10, the resistance of the collection domain and the negative pressure at the port 
increases sharply until 0.25 of id. When id is greater than 0.25, the velocity increase is slowing down and the 
negative pressure at the port decreases until 0.3 of id. The reason could be that the resistance of the collection 
domain decreases.

In Fig. 11, the grade efficiency significantly increases as the particle size decreases, especially when id is less 
than 0.25. Because the airflow velocity increases and the captured distance for the dust particle shortens in 
the collection domain as id increasing, more and larger particles can be lifted and captured, which results in a 

Fig. 10.  Effect of diameter-width ratio.

 

Fig. 9.  Effect of sweeper-traveling speed on overall removal efficiency.
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significant increase in the overall dust removal efficiency and the grade dust removal efficiency. 0.3 of id could be 
a critical value to the dust collector discussed in this paper, because the overall efficiency and the grade efficiency 
decrease when id is between 0.25 and 0.3, especially that of the larger particles, and the grade efficiency is even 
less than 50% when the particle size is greater than 300 μm. When id is greater than 0.3, both efficiencies increase 
again.

Based on the above analysis, id of 0.25 is recommended for the dust collector discussed in this article.

Inclination angle effect of the slit-shaped nozzle
To fly the dust particles in the collection domain to nearby the collector port, the inclination angle of the slit-
shaped nozzle around the dust collector is the key factor on the dust collection efficiency. Figures 12, 13 illustrate 
the inclination angle effect of the slit-shaped nozzle on the flow field in the sweeping domain and the dust 
collection efficiency respectively. All parameters remain the same as before.

In Fig. 12, as the nozzle angle increases to 69.5°, because the air vortices and the air collision are enhanced, 
the resistance of the collection domain and the negative pressure at the port increase. This leads to the increase 
in the exhausted air rate at the collector port and the external airflow velocity at the gap inlets. But when the 
nozzle angle is larger than 69.5°, the reverse situation happens. The reason could be that the less air outside the 
collection domain enters and the resistance of the collection domain decreases. These findings are consistent 
with the results of research conducted by Xi et al.11,12.

In Fig. 13, when the nozzle angle increases to 69.5°, the airflow impact effect and its fly dust effect to the 
dust particle in the collection domain are improved, which results in the significant growth of the collection 
efficiency, even that of the 425 μm size particle. However, when the nozzle angle is greater than 69.5°, because 
the less air outside the collection domain enters due to the nozzle airflow obstruction, the situation is reversed 
and the collection efficiency of the large particle is seriously deteriorated. The difference in the grade efficiency 
between various size particles is significant when the nozzle angle is away from 69.5°, especially for the large size 
particle. At 69.5°, the grade efficiencies of all size particles reach the maximum value and the difference between 
the grad efficiencies is also the minimum.

Based on the above analysis, 69.5° is recommended for the slit-shaped nozzle of the dust collector discussed 
in this article.

Fig. 12.  Effect of inclination angle on evaluation indicators.

 

Fig. 11.  Effect of diameter-width ratio on dust removal efficiency.
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Operating parameter effect of the dust collector
The dust removal performance of the dust collector also depends on the nozzle airflow velocity and the sweeper-
traveling speed. This section aims to determine their optimal values.

Blowing velocity of dust collector
Figures 14, 15 show a crucial role played by the airflow velocity from the nozzle on the collector performance.

Fig. 15.  Effect of blowing velocity on grade efficiency.

 

Fig. 14.  Effect of blowing velocity on evaluation indicators.

 

Fig. 13.  Effect of inclination angle on dust removal efficiency.
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The nozzle airflow is divided into two streams when it hits the ground, and one blows towards external areas, 
which will interfere the external airflow into the collection domain. When the airflow velocity at the nozzle 
outlet increases, the air volume and its interference effect on the external airflow entering the collection domain 
increase. The average near ground air velocity increases, but the air velocity at the collector port decreases. 
When the airflow velocity at the nozzle outlet is more than 20m/s, the average near ground air velocity and the 
air velocity at the collector port all decrease because the interference effect on the external airflow entering the 
collection domain is enhanced more.

The grad efficiency of the large particle is significantly lower than that of the small particle, especially when 
the nozzle air velocity is less than 15 m/s. When the airflow velocity at the nozzle outlet increases, because 
its effect to start dust is improved, the overall removal efficiency increases from 67.1 to 95.5%, and the grade 
efficiencies also increase, especially for the large particle. When the airflow velocity at the nozzle outlet is larger 
than 15 m/s, because the air effect to deliver dust decreases due to the decreasing airflow velocity in the collection 
domain, the overall removal efficiency gradually decreases to 85.9%, and the grade efficiencies are also reduced.

Sweeper-traveling speed of dust collector
In Fig. 16, it can be seen that the pressure drop between the inlet and outlet of the dust collector port remains 
constant even when the sweeper-traveling speed changes. This means that the total energy supplied by the fan 
remains unchanged, which does not affect the airflow velocity in the flow field. However, as the sweeper-traveling 
speed increases, the relative velocity between the dust collector and the dust on the ground also increases. The 
kinetic energy obtained by the dust particles decreases and the collision angle of the dust particles increases as 
they move toward the main suction area. As a result, some of the particles leak out of the other surfaces due to 
inertia, and some of the particles being captured are lowered. Therefore, the overall removal efficiency decreases 
as the sweeper-traveling speed increases.

In Fig. 17, when the pressure drop remains unchanged, an increase in sweeper-traveling speed leads to a 
decrease in the probability of a single dust particle being captured. Therefore, when the particle size is the same, 
the grade efficiency and dust removal decrease with the increase in sweeper-traveling speed. At a certain velocity, 
smaller particle size dust follows the airflow and is sucked into the middle of the dust collector port, reducing 

Fig. 17.  Effect of sweeper-traveling on grade efficiency.

 

Fig.16.  Effect of sweeper-traveling on evaluation indicators.
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the probability of it escaping from the intake surface. As a result, the grade efficiency decreases with an increase 
in the size of particles. In conclusion, for better sweeping effect, it is recommended to operate the sweeper at a 
lower driving speed. However, if the ground dust is less, increasing the speed can improve operational efficiency.

Flow field analysis
Velocity field analysis
The study analyzed the impact of different structural and operating parameters on the internal flow field of the 
blowing-suction dust collector, aiming to identify the best parameter combination. Figure 18 shows the velocity 
pattern along the Y direction, with the velocity gradient on the left side of the graph. At Y = 4 mm, the surface 
velocity was recorded to be around 20 m/s11,12, which was sufficient to create the required starting velocity for 
dust particles. Additionally, a strong vortex was generated due to the large tangential velocity around the surface, 
which gradually moved towards the dust collector port with the increase in height. The negative pressure of the 
port near the outlet attracted the vortex, and in the horizontal section of Y = 32 mm, the airflow from the center 
to the outside showed an initial increase followed by a decrease.

In Fig.  19, we can see that the outlet of the dust collector has an average velocity of 30  m/s. This speed 
is sufficient to collect common dust on the road surface to a certain extent. The velocity distribution is 
symmetrically distributed in both the X = 0 cross-section and the Z = 0 cross-section. The gas enters the dust 
collector from the surrounding air domain. With the help of the airflow from the air distribution duct, a stronger 
vortex is generated, the airflow is weakened, and the central part of the dust collector due to the combined effect 

Fig. 19.  Contours of velocity for X = 0 and Z = 0 cross-section.

 

Fig. 18.  Contours of velocity for Y-direction.
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of the surrounding airflow and negative pressure, the central suction pipe velocity increases, enabling the dust 
to be smoothly sucked away.

Pressure field analysis
In Fig. 20, it can be observed that the blowing-suction dust collector demonstrates a gradient distribution of 
the internal pressure field during the working process. This distribution helps external gas inflow to drive the 
internal dust flow and enable smooth absorption. The external gas enters the dust collector’s interior through 
the surrounding air inlet surface. As a result, the static pressure value inside the extended air domain is 0 Pa, 
indicating that the boundary conditions are reasonably set according to the actual situation. Moreover, the 
negative pressure value in the center of the main suction area of the dust collector is the largest, and there is an 
obvious pressure gradient.

Conclusion
In order to promote the application of small sweeper in cities, a new type dust collector of blowing-suction 
named W-shaped collector is provided and the effect of structure and operating parameters on its dust removal 
efficiency are analyzed. The conclusions are drawn as followed.

	(1)	� Based on the experimental data and numerical results of a pure-suction dust collector in literature6, the 
numerical method used in this paper is verified.

	(2)	� The structural parameters and operating parameters of the blowing-suction dust collector have a direct 
impact on the flow field characteristics, and then, the dust removal efficiency. The optimal combination 
of parameters includes diameter-width ratio of 0.25, inclination angle of the baffle/slot-shaped air blow of 
69.5°, air blowing velocity of 15 m/s at each port and sweeper-traveling speed of 1.3 m/s.

	(3)	� The sweeper combined the blowing-suction dust collector of W-shape provided in this paper has higher 
dust removal efficiency. In the condition of optional parameters, the dust removal efficiency of this sweeper 
will be over 95%.

Data availability
Data can be obtained from the corresponding author upon request.
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