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Abstract: Compared with large size foam, pressure micro-
foam has the characteristics of a good pipeline transpor-
tation stability, good jet orientation, strong impact force,
and strong ability to capture fine dust, which is more
suitable for dust removal. The traditional foam prepara-
tion device has the disadvantages of high-pressure loss,
poor foaming effect, and foam uniformity. To overcome
the above shortcomings, the annular air supply vertical
foam preparation device was proposed in the article. The
foaming cylinder of the device adopts a vertical design to
avoid the influence of uneven distribution of foam caused by
gravity; the spiral nozzle is used to evenly spray the foaming
liquid on the foaming mesh to increase the contact area
between foam and airflow. The stainless steel wire mesh
and cotton wire mesh are adopted to improve the reliability
and durability of concave foaming mesh. The performance
of the new device was obtained by the self-built experi-
mental system. Finally, the field test shows that the condi-
tions of the heading face could fully meet the requirements
of the device for pressure water and compressed air, and the
produced pressure microfoam can effectively control dust.

Keywords: pressure microfoam, foam preparation device,
dust removal, mines

1 Introduction

The water-based two-phase foam has the characteristics of
large dust receiving area, good adsorption dust perfor-
mance, and strong ability to wet dust. By accumulating
at the dust source, foam can suppress dust diffusion and

significantly improve dust control effect [1,2]. The existing
foam dust removal technology has been developed from
the traditional full-section coverage to the directional
cover dust source. That is, foam is transported to the
nozzle through the pipe and sprayed directionally to the
dust source within a certain distance from the dust source
[3–7]. Compared with large size foam, pressure microfoam
has the characteristics of a good pipeline transportation
stability, good jet orientation, strong impact force, and
strong ability to capture fine dust, which is more suitable
for dust removal [8–11]. A typical mesh foam preparation
device is shown in Figure 1. Foaming liquid is evenly
sprayed on the foaming mesh through the nozzle. Then
the airflow produced by the fan to the mesh can continue
to produce foam in large quantities. The foam produced by
the device is directly transported to the dust source, which
cannot meet the demand of dust removal [12–14]. In the
early 1980s, the former US Bureau of Mines first developed
a compressed-air foam preparation device [15–20]. Through
the turbulence component, foaming fluid and airflow create
turbulent vortices, which increase the chance of mixing,
collision, and extrusion of air and liquid, thus producing
pressuremicrofoam. The device has been applied in crusher,
transfer point, and roadheader. The turbulence components
mainly consist of metal wire, small ball, and baffle, which
have the disadvantages of high-pressure loss and poor
foaming effect [21,22]. Due to the influence of gravity, the
flow rate of foaming liquid in the upper and lower parts of the
turbulence component is uneven, so the uniformity of the
foam becomes worse. To overcome the above shortcomings,
a new foam preparation device is proposed in the study.

2 Structure and design principle of
the novel foam preparation
device

Figure 2 shows the designed annular air supply vertical
foam preparation device, including foaming liquid inlet
and compressed-air inlet, the foaming cylinder, the concave
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foaming mesh, the foam outlet, the foaming liquid spiral
nozzle, and annular air supply chamber. The structure of
the spiral nozzle is a ring cavity and a spiral. The foaming
liquid disperses into small droplets after being contacted
and impacted with the gradually smaller spiral surface.
The divergence angle of the nozzle is 90°–120°, which can
form a uniformly atomization area. The number of concave
foaming mesh ranges from four to ten. The annular air
supply chamber is separated by the outer wall of the
foaming cylinder and the outer wall of the cylinder, and
communicates with the air inlet. Two small air inlets are
symmetrically opened on the small cylinder to ensure that
the air enters the foaming chamber evenly.

When the device is working, the foaming liquid is
sprayed evenly to the foaming mesh through the spiral
nozzle, forming a liquid film on the mesh surface. At
the same time, the compressed air enters the foaming
cylinder from the two small air inlets. The foam solution
film on the foaming mesh produces foam continuously
and uniformly under the action of the compressed air.
Driven by the upstream pressure, the foam is transported
to the downstream spraying device through the foam

transportation pipeline at a high outlet pressure and,
finally, pressure microfoam is produced with high foaming
ratio and a long spraying distance.

The foaming cylinder of the device adopts a vertical
design to avoid the influence of uneven distribution of
foam caused by gravity; the spiral nozzle is used to
evenly spray the foaming liquid on the foaming mesh to
increase the contact area between foam and airflow. The
stainless steel wire mesh can maintain the stability of the
mesh hole for a long time, and the cotton mesh can retain
an adhesive foam.

3 Experimental test system of foam
preparation device

3.1 Foam preparation device

To obtain the working parameters of the foam prepara-
tion device, we designed the related experimental system
to test the foaming capacity, which included the effects of
the foaming liquid flow rate, the airflow rate, the foaming
agent adding ratio, and the outlet pressure on foam
amount and the expansion ratio.

Figure 3 shows the experimental system to test the
device’s performance constructed by the author. The
3WH95-10/10 variable frequency piston pump (water volume
0–10m3/h, pressure 0–10MPa) is used to provide the
foaming liquid. By adjusting the frequency converter, the
foaming liquid can be transferred to the foam generator quan-
tificationally. The compressed air is provided by BLT-75A air
compressor (airflow is 0–600m3/h, pressure 0–0.8MPa).

In the experiment, an electromagnetic flowmeter and
vortex flowmeter were used to measure the flow rate of the
foaming liquid and compressed air. Three pressure gauges
were used to measure the outlet pressure of air pressure,

Figure 1: Typical mesh foam preparation device.

Figure 2: Structure of annular air supply vertical foam preparation
device.
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water pressure, and foam pressure. The foam outlet is con-
nected to the self-designed measuring cylinder to measure
foam volume, and the foaming time is recorded using
mechanical stopwatch to calculate the foam flow rate.

3.2 Selection of foaming liquid

The foaming liquid used in this study is a mixture system
of anionic surfactant fatty alcohol polyoxyethylene ether
sodium sulfate (AES) and nonionic surfactant fatty alcohol
polyoxyethylene ether glucose (AEG), in which the ratio of
AES and AEG is 1:1. The reasons for choosing this combina-
tion are as follows. Anionic surfactants are electronegative in
water, and most coal dust surfaces are electronegative as
well. The electrical repulsion between the two will hinder
the close adsorption of anionic surfactants on coal dust sur-
faces. Nonionic surfactants are not affected by this electrical

repulsion and can adsorbmore closely on the surface of coal
dust, so nonionic surfactants have a stronger ability to wet
coal dust. However, compared with anionic surfactants,
nonionic surfactants have a weak water-locking ability,
resulting in a poor foam stability. Through some previous
experiments, we know that foaming and wettability are best
when the ratio of the two is 1:1.

4 Discussion on the results of
device’s performance

4.1 Effect of foaming liquid flow rate on
foaming performance

It can be seen from Figure 4 that when the foaming liquid
flow rate remains unchanged, with the increase of the

Figure 3: Experimental system of foam preparation device.

Figure 4: Diagram of the influence of airflow on foam volume and expansion ratio.
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airflow rate, the foam amount tends to increase linearly
and then tends to be stable. When the foaming liquid flow
rate is 1, 1.2, 1.4, 1.6, 1.8, and 2.0m3/h, the corresponding
maximum foam amount is 25.6, 28.2, 33.8, 38.5, 40.9, and
44.1m3/h, the expansion ratio also shows similar changes.

The reason is as follows. When the airflow rate is
small, the gas is sufficiently in contact with the foaming
liquid, the gas flow rate is not enough to make the solu-
tion fully foamed, and the liquid film of the foam is thick.
At this point, the gas flow rate determines the foam
amount. Therefore, the foam amount increases with the
increase of airflow rate. When the airflow rate increases to
a certain value, the gas content of the foam reaches a
critical value, and the foam amount reaches a maximum
value. At this time, the ratio of the airflow rate and the
foaming liquid flow rate is optimal, and the expansion
ratio is the highest. As the airflow rate continues to increase,
the foaming liquid is not enough to wrap all the gas, the
stability of the foam becomesworse and bursts seriously, the
size distribution is uneven, and foam amount significantly
decreases. It can also be seen from Figure 4 that at the same
airflow rate, with the increase of foaming liquid flow rate,
the foam amount gradually increases, but the expansion
ratio gradually decreases. This is because the larger the
flow rate of foaming liquid, the more chances it has to
form foam. It is still possible to produce foam with the out-
side air after foam is sprayed. However, the foam amount is
mainly determined by the airflow rate. Under the same air-
flow rate, the smaller the foaming liquid flow rate, the more
chance it has to produce foam with the compressed air, and
the greater the expansion ratio.

Figure 5 shows that as the airflow rate increases, the
air–foam ratio remains unchanged first and then gradually

increases. As the foaming liquid flow rate increases, the
airflow rate at the inflection point also gradually increases.
The airflow rate at the inflection point is substantially the
same with the airflow rate corresponding to the maximum
foam amount at the liquid flow rate. This is because the air
is basically used for foaming until the maximum amount
of foam is reached. Therefore, the air–foam ratio is kept
stable, and the air–foam ratio of different foaming liquid
flow rate has little difference. When the maximum foam
amount is reached, excessive air cannot be used for foaming,
resulting in a rising air–foam ratio, as shown by the curve.

4.2 Effect of foaming liquid flow rate on
foaming performance

As shown in Figure 6, the trend of foam amount varies
with the liquid flow rate can be divided into three parts,
depending on the airflow rate. When the airflow rate is
≤30m3/h, the foam amount remains basically unchanged
with the increase of the liquid flow rate. This is because
the gas flow rate at this time cannot reach the minimum
gas flow rate amount required for the liquid flow rate of
1 m3/h; therefore, the gas flow rate determines the foam
amount. When the gas flow rate is fixed, the foam amount
is basically kept constant. When gas flow rate is >30m3/h
and ≤50m3/h, the foam amount increases first with the
increase of the liquid flow rate and remains basically
stable afterward. This is because the gas flow rate at
this time has exceeded the optimal value required for
the liquid flow rate of 1 m3/h. As the liquid flow rate
increases, more foam will be produced. When the liquid
flow rate increases until the airflow rate is its optimal
value, the foam amount is basically stable. When the
gas flow rate is ≥50m3/h, the gas amount has exceeded
the optimal gas flow rate of 2 m3/h. At this time, the
foaming liquid flow rate determines the foam amount,
and the foam amount gradually increases as the foaming
liquid flow rate increases. The variation exhibited by the
expansion ratio can be explained by the above theory.

4.3 Effect of foaming agent addition ratio on
foam amount and expansion ratio

As shown in Figure 7, when the foam generator is in the
optimal liquid and airflow rate, increasing the foaming
agent addition ratio from 0.1% of the foaming liquid, we
can find that the foam amount will increase first, thenFigure 5: The relationship between airflow rate and air–foam ratio.
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remain unchanged, and the optimal addition ratio is
0.4%. The reason is as follows. Surfactants can form
foam because of the adsorption of molecules on the sur-
face of the liquid film. When the number of surfactant
molecules increases, the amount of adsorption on the
liquid surface also increases, and the ability to form bub-
bles is enhanced. When the adsorption is saturated, the
surfactant will no longer accumulate on the surface of the
liquid film. At this time, the foaming ability is maximized.
After the surfactant saturates the surface of the liquid, the
molecules will form micelles in the solution. In the pro-
cess of foam formation, the presence of micelles leads to
the thickening of foam liquid film, and some foaming
agents in the liquid film are not involved in the formation

of foam. As a result, the carrying rate of foam increases,
leading to the decrease of foaming efficiency.

4.4 Effect of outlet pressure on air pressure
and foam amount

Figure 8 shows that the air pressure increases linearly
with the increase of outlet pressure. Therefore, the outlet
pressure is mainly determined by the air pressure. The
outlet pressure of the device can be increased effectively
by increasing the air pressure. When the outlet pressure
is below the critical value, the fluctuation of the pressure

Figure 6: Relationship between the foam amount and expansion ratio of liquid flow rate.

Figure 7: Relationship between foam amount and expansion ratio of different foaming agent addition ratio.
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does not substantially affect the foam amount. When the
critical value is exceeded, the increase of the pressure

will cause severe foam breakage, and the foam amount
drops linearly. The critical outlet pressure varies with the
liquid and airflow rate. The larger the liquid and airflow
rate, the greater the critical pressure. To ensure that there
is sufficient foam amount for dust reduction, the outlet
pressure must be below the critical outlet pressure during
operation.

5 Field test

As shown in Figure 9, a water mist-foam integrated pre-
paration system was made by combining the new foam
preparation device and water mist device. The water mist
part of the system has been introduced in the related
articles, this study focuses on the effect of foam dust
removal.

Figure 8: Relationship between air pressure and foam amount of outlet pressure.

Figure 9: Water mist-foam integrated preparation system.

Figure 10: Location of dust point in fully mechanized mining face.
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A roadway in Guizhou province was selected as the
test site for foam dust removal. the foam preparation
device is fixed on the body of the roadheader, and the
downhole compressed air and pressure water are, respec-
tively, connected to the device. The produced foam is
distributed to the nozzle on the cutting arm of the road-
header through the distributor. The nozzle is mounted on
a movable flexible support. After installation, adjust the
air supply and water flow of the foam system to achieve
the optimal value.

In this study, the dust removal effect of the foam
technology was evaluated based on the safety industry
standard AQ 1020-2006 “Technical specifications for inte-
grated control of dust in underground coal mines.” During
the tunneling of the roadheader, two dust measuring
points were arranged at the driver’s position and the road-
header’s return wind side, which is 5m away from the
driver and 1.5 m away from the floor. Figure 10 shows
the location of the dust measuring points.

According to the test, as shown in Tables 1 and 2, the
dust removal efficiencies of total dust and respirable dust
at the driver’s side is 94 and 93%, respectively, and 92
and 93%, respectively, at the return wind side. Through
the use of foam technology, the site environment has
been significantly improved.

6 Conclusion

(1) The annular air supply vertical foam preparation
device, which can produce pressure microfoam was pro-
posed. The new foaming device adopts vertical design
to avoid uneven distribution of foam caused by gravity.
The spiral nozzle is used to spray foaming liquid,
and the annular air supply can ensure even airflow and
increase the contact area between foaming liquid and airflow.

(2) The working parameters of the foam preparation
device were obtained by self-built experimental system.
With the increase of the airflow rate, the foam amount
tends to increase linearly and then becomes stable when
the foaming liquid flow rate remains unchanged. As
the airflow rate increases, the air–foam ratio remains
unchanged first and then gradually increases. The airflow
rate at the inflection point is substantially the same with
the airflow rate corresponding to the maximum foam
amount at the liquid flow rate. When the foam generator
is in the optimal liquid and airflow rate, the optimal addi-
tion ratio is 0.4%. The outlet pressure is mainly deter-
mined by the air pressure, and the fluctuation of outlet
pressure does not substantially affect the foam amount
when the outlet pressure is below the critical value.

(3) The foaming device was tested on the spot. The
existing pressure water and compressed air in the mine
were used to prepare microfoam, and the foam was
sprayed into the dust producing area of the roadheader
in a directional way through the nozzle arranged near the
cutting head, so as to suppress the dust production. The
dust removal rate of the technology is more than 90%,
significantly improving the site environment.
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