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a b s t r a c t

To overcome the drawbacks of the conventional foam technology used for dust suppression, including
large pressure loss, high water pressure and low driving pressure, a new pneumatic foaming system is
introduced. Then an original design of foaming agent mixing device is proposed, and its performance
is investigated and evaluated under different pressure compensations. Experimental results show that
the maximum absorption amount increases by 2.9–6.7 times at a pressure compensation of 0.04–
0.2 MPa compared with no pressure compensation. The pressure loss and pressure fluctuation both
reduce significantly with increasing pressure compensation. The critical outlet pressure increases by
30.4–240%. Field application indicates that the proposed mixing device ensures the reliable addition of
foaming agent used for foam dust suppression. The effect of foam on dust suppression is remarkable,
and the economic cost of foam is low. Therefore, there is reason to believe that the new mixing device
will greatly promote foam technology to be widely used for suppressing dust in underground coal mines.

� 2016 Published by Elsevier B.V. on behalf of China University of Mining & Technology.

1. Introduction

Given that mechanized coal mining has become popular
recently, dust production capacity has increased sharply in the
mining process. Mine dust has become a serious hazard in under-
ground coal mines, which may lead to coal dust explosions and
coal workers’ pneumoconiosis, causing heavy casualties and huge
economic losses [1]. In 1949–2012, 24 major accidents occurred
in China, each resulting in more than 100 deaths. Of these, 14
involved dust or methane/dust explosions, causing a total of
2359 fatalities. According to official statistics, the number of pneu-
moconiosis cases has reached 607,570, 49% of which occur in the
mining industry and which is maintaining growth of 15% each year
[2]. Hence, the investigation of technical measures to control dust
in the underground environment has long been the focus of much
research effort.

With the advantages of a simple system, easy operation and low
cost, water spraying is widely used at present to suppress mine
dust in underground coal mines. This conventional method has
played an important role in reducing mine dust concentration,
but still has obvious drawbacks. For instance, it consumes a large

amount of water, and the spray nozzles are easily blocked and
damaged when subjected to the poor water quality underground
[3]. To achieve effective dust capture, a high water pressure (over
8 MPa) is required to atomize water droplets [4,5], a condition
which is difficult to meet in practical applications in underground
coal mines. Worse, most mine dust particles have hydrophobicity
[6], making it difficult to wet them so that they can be captured
by water. Thus, water spraying has low dust suppression efficiency,
especially for respirable dust with a particle diameter less than
5 lm, the efficiency of which is always less than 30% [7].

Dust suppression with foam (DSF) refers to a technology that is
used for suppressing dust by foamwhich is generated by a physical
mixture of air, water and foaming agent [8]. Compared with water
spraying, foam distributes moisture on dust particles much more
evenly over a large contact area, thereby enhancing the wetting
and adhesion ability and improving the dust control effect [9]. It
has been reported by the US Bureau of Mines [10,11], that foam
was applied at Kent Colliery in England and the Karaganda coal-
field in the USSR. The tests showed that foam increased dust sup-
pression efficiency by 30–50% and the water consumption was
reduced by 50% compared with water spraying [12–14]. Recently,
Chinese scholars have successively carried out many industry
applications in drilling, loading and transport, heading faces and
longwall faces, and have found that the dust suppression efficiency
improves notably [15–18].
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To simplify the operating system, the present foaming system
mainly uses the high-speed water jet principle to add foaming
agent. However, it has proved that this method has drawbacks of
large pressure loss and high water pressure demand. In some cases,
the pressure loss even reaches as high as 90% [19,20], which makes
the mixing device operate at a low driving pressure after adding
foaming agent. As a result, the foam is sprayed weakly, hardly
forming an effective coverage for the dust source. In addition, the
dust control system on the working face mostly uses the static
pressure water available underground, while the water pressure
is always very low as a result of long pipelines and numerous water
consumption points. There is no choice but to add an electric boos-
ter pump to increase water pressure [5,21], which not only compli-
cates the operating system but also reduces intrinsic safety in
underground coal mines [8]. Restricted by the above weaknesses,
DSF has developed slowly in the past decades and has not been
widely used in underground coal mines. Therefore, a new pneu-
matic foaming system is proposed in the present paper, based on
field conditions. It utilizes compressed air to add foaming agent.
Through compensating pressure in the throat of the jet device,
the problems of large pressure loss, high water pressure and low
driving pressure are all solved. Furthermore, field trials of the dust
suppression capability of the new mixing device are being carried
out in a heading face driven by a powerful roadheader.

2. Pneumatic foaming system used for dust suppression

It is a common phenomenon that the air supply volume is large
and air pressure is high on the working faces of underground coal
mines, and so the proposed pneumatic foaming system uses com-
pressed air instead of pressurized water to provide the active
working force, as shown in Fig. 1. The working principle of the
device is as follows: firstly, compressed air creates negative pres-
sure in the mixing device and the foaming agent is sucked into
it; secondly, compressed air, foaming agent and water mix in the
foam generator by the combined effects of energy and mass trans-
fer, and the high performance gas–liquid foams are produced;
finally, foam is sprayed over the dust source to capture dust.

Fig. 2 shows the profile view of the mixing device which mainly
comprises of a nozzle, a throat and a diffuser. When compressed air
flows through the nozzle, the air velocity increases and the static

pressure decreases, and the air velocity reaches a maximum at
the nozzle exit. Due to the turbulent effect of the jet edge, the
surrounding air is entrained and negative pressure is produced in
the throat. The foaming agent is then automatically sucked
into the device and mixed with compressed air. In the diffuser,
the flow velocity reduces and the static pressure recovers. Since
it is necessary for the jet device to consume a large pressure loss
to form negative pressure, a large energy loss is inevitable.
However, if the outside barometric pressure is altered, the
absorption process will undergo a significant change, as marked
in Figs. 1 and 2.

3. Design and experiment of a new mixing device

3.1. Design

Fig. 3 illustrates the new design of mixing device. It is com-
prised of a tee, a jet device, a control valve and a foaming agent
tank. A feed inlet and a pressure relief opening are set on the foam-
ing agent tank. Compressed air is bypassed through the tee, most of
which flows into the jet device and the other flows into the tank.
The high-speed compressed air creates a negative pressure in the
throat, and the compressed air in the tank exerts pressure on the
foaming agent, making it flow smoothly into the jet device. By
adjusting the control valve, the pressure compensation of the
foaming agent tank can be changed, its value being shown on the
pressure gauge P4. Since the foaming agent tank has internal pres-
sure, it is necessary to open the pressure relief opening before add-
ing foaming agent.

3.2. Experimental process

In order to compare the performance of the new mixing device
and the conventional one, we carried out a series of experiments to
measure the absorption quantity, pressure loss, pressure fluctua-
tion and critical outlet pressure. The layout of measuring points
is shown in Fig. 3. A pressure transducer was employed to test
the outlet pressure P3, with a sampling frequency of 1.0 Hz. The
experimental process is as follows:

(1) Connect each part of the experimental system according to
Fig. 3. Close the feed inlet and pressure relief opening, and
increase P4 to 0.25 MPa by adjusting the control valve,
ensuring that every connection is firm and well-sealed.

(2) Maintain the compressed air flow rate at 45 m3/h and keep
the pressure compensation P4 at 0.04 MPa. Increase the out-
let pressure P3 to 0.02 MPa in each group experiment until
the foaming agent cannot be drawn up further, and measure
the inlet pressure P1, throat pressure P2, and agent absorp-
tion amount q.

(3) Change the pressure compensation P4 to 0.08 MPa, 0.12 MPa,
0.16 MPa and 0.2 MPa, respectively, and repeat steps (2).
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Fig. 2. Schematic diagram of jet mixing device.
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Fig. 1. Pneumatic foaming system used for dust suppression.
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Fig. 3. New design of foaming agent adding device.
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