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ABSTRACT

A foam dust suppression system for fully mechanized heading face was designed, which mainly composed of foaming
agent storage tank, pressured water pipe, compressed air pipe, water-air linkage valve, foaming agent adding device
(jet proportional mixer), foam generator, foam dispenser and foam nozzes. In this system, pressured water and
compressed air was taken as the driving force without any electric device, and the water-air linkage valve was used
to simultaneously control the pressure-water pipe and compressed-air pipe. This new foam system integrates
water-air linkage control, foaming agent automatically adding, foam generation and foam injection parts, with the
characteristics of inherent safety and convenient operation, which makes it suitable for controlling cutting dust at
heading face of underground coal mines.
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INTRODUCTION

Overexposure to respirable mine dust can lead & workers’ pneumoconiosis (CWP), a disabling aa@lflung

disease [1,2,3]. Dust, produced in the cutting essaf roadheader on fully mechanized heading felong been
known to be a serious health threat to miners.ekample of China, More than 85% of CWP’s workingga is on
excavation working face [4]. Therefore, taking effee measures to reduce dust concentration ofihgddce and
limit worker exposure to respirable dust to prevamtelopment of these diseases is of great impoetan

Aiming to control dust on excavation working faeeater spray system mounted on roadheader are wicklg,
which have played an important role in reducingdbst exposure of coal miners. However, mine dastdertain
hydrophobicity and the surface tension of watemhiigh, which causing water sprays have much low wapt
efficiency on respirable dust and large water constiion [4,5]. With the increase of mechanized dryintensity,
the amount of respirable dust generation risesihago it is necessary to develop efficient dusttool equipments.
Compared to water sprays, suppressing mine duktfeatm has obvious advantages. Due to the largagacbarea,
higher wet speed and better adhesion propertias) ftave stronger ability to capture respirable noinst, and its
water consumption is much less [6]. When compaseslater sprays at a belt transfer point, the foaaned a 30%
increase in dust reduction [7]. It was found tlnet toam released from a longwall shearer drumreutiust by 50%
when compared to conventional sprays on the drumd, the amount of water used was one-half that ef th
conventional sprays [8,9,10]. Thus, to control negge mine dust with foam is a promising methodwéver, up to
date, efficient foam systems for fully mechanizeszhdiing face are still lacking, which mainly face tiollowing
problems [4,11].

1) Using extra electric pump to add foaming ag#mére is a hidden danger of electric spark whiakalkg lead to
coal dust and methane explosion accidents, andessiao the large amount of foaming agent used.
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2) Using net-type foam generator to form foam, tle¢ is easily to be clogged that makes the reitgbiff foam
system poor.

3) Conventional water spraying nozzles are usedptay foam, which leads to foam atomization andungp
reducing the dust capture efficiency.

4) The components are scattered layout and coatirodispectively, making the system complex andfansa

So there is an urgent need to enhance the perfaamainfoam dust suppression system. In this papagw foam
system was designed based on the idea of safdighiliey and efficiency. First, the composition darworking
principle of the foam system were proposed. Thee,mhain components were respectively designedagtt the
system’s dust suppression effect was tested thragghal application on a fully mechanized headiagefin
Zhuxianzhuang Coal Mine.

2. Composition and working principle

As shown in Fig. 1, the new foam dust suppressi@tesn consists of a foaming agent storage tankatarvair
linkage valve (combined control switch), a foamagent automatic adding device (jet type proporlioniaer), a
foam generator, a foam dispenser, several foame®and connecting pipes. In which, the wateriakage valve,
foaming agent tank, proportional mixer and foamegator are combined into the integrated foam geingraevice,
as illustrated in Fig. 2.
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Fig. 2. Integrated foam generating device

The storage tank is fabricated by stainless sta#t pf 5mm thickness, and the liquid filling opegiis arranged on
its above surface. The water-air linkage valve nfivgy agent automatic adding device and foam gemewae

arranged on the three sides of the storage tarnikhwhinimizes the device’s occupied space, makinvgiy suitable
for the narrow work places on fully mechanized tegdace. The output pipe of the integrated foamegating

device is connected to the foam dispenser (FigwBj¢h linked with foam nozzles and their braclaet,shown in
Fig. 4.
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foam inlet

nozzle bracket

Fig. 3. Akind of foam dispenser Fig. 4. The foam nozzles and bracket

The working principle of the foam system can beefed as follows. It is powered by pressured watad a
compressed air, and controlled by water-air linkagétch. When open the linkage control switch, thiped
pressured water and compressed air run into theray$Vith the power of pressured water, the je¢ typoportional
mixer generates a stable negative pressure to atitaiy add foaming agent into water pipe to forall mixed
foaming liquid. Then, foaming liquid comes into foagenerator and meets compressed air, forming aagstr
gas-liquid turbulence, thereby generating two-ptfasen. Next, the two-phase foam flow into the fodispenser
by foam conveying pipe, in which foam can be dsttéd evenly. Afterwards, the foam arrives at foaoazles
fixed on their bracket, and inject to dust sourefficiently reduce the dust concentration.

3. Thedesign of the main components
As mentioned above, the foam dust suppression my&temainly composed of four parts, namely the wate
control part, foaming agent automatic adding fagtm generation part and foam injection part.

3.1. Water-air linkage valve

In order to make the system’s operation conveni@etauthors presented a linkage valve which caunltsneously
control the switch of the water inlet pipe andialet pipe. As shown in Fig. 5(a), the linkage wincludes quick
fittings, pressured water inlet pipe, compressednégt pipe, ball valve, valve handle, quadrilalebite as well as
the valve shell. In which, two ball valves with diater 25mm are respectively arranged on the at pipe and the
water inlet pipe, whose import and export both edtto the outside of the valve shell, welded witlic fittings.
The upper surface of the valve shell has a groovedlve handle moving, and quadrilateral bite pateinto shell,
whose two ends respectively stuck with the two ealere of ball valve. When the valve handle mowebé groove,
the two valve core of ball valve are driven to fimia, realizing the function of open or close th@tvalves at the
same time. In this way, the pressured water andpoessed air are controlled simultaneously, whichvasy
convenient for miners to operate the system. Fig) 3s the real object photo of the fabricatedtdige valve.
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(a) structure design diagram (b) real photo

Fig. 5. Thewater-air linkage control switch. 1. quick fittings;2. air inlet pipe;3. water inlet pipe; 4. ball valve;5. valve handle;6.
quadrilateral bite;7. valve shell

3.2. Foaming agent adding device

In view of the shortage of existing adding deviaesmall quantity foaming agent automatic addingiaewas
designed based on jet theory. The new adding dewaiely comprises an ejector, a main pipe, a brapipk, a
suction tube and several valves. Fig. 6 is theabpct photo of the new adding device.
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Fig. 6. Real object photo of foaming agent adding device

The adding principle of the new adding device carbhbiefed as follows. It takes the pressured wasethe power
without any extra electric power. When the highespget ejecting from the nozzle, a strong negagiressure is
formed in the conical cavity with the effect of ufent diffusion and jet entrainment. Then the foayragent is
imported under the action of atmospheric pressand,the foaming agent confluence with water inttineat of mix
chamber, forming the foaming liquid. Afterwardse thtatic pressure of foaming liquid recovers quickith the
velocity decreases in diffusion tube. By using plagallel structure, the cavity vacuum degree oftefeas well as
its outlet pressure can be changed through adguttia stop valve. And the foaming agent addingentan also
be adjusted through the needle valve. This finlalye foaming agent be added at a low ratio (e531M%) stably.

3.3. Foam generation part

In view of the poor reliability of the net-type fimagenerator, the authors proposed to use the fagamithod of
negative pressure suction with jet pump accordinghtysical foaming process of foam. As shown in Fighe new
foam generator mainly comprises compressed ait, ijde pump (including air nozzle, liquid inlet, llmw throat,

mixing chamber and diffusion chamber), cylindeniy and foam outlet, in which the spoiler is gbiely arranged
on the fixed axis in the cylinder. Compressed aanfiing liquid flow into foam generator through niananch pipe
respectively.

7
%

compressed air

AL LIS TIAE,
57 ISR SIISITIIIN,

7

l foaming liquid

Fig. 7. Sructure of the foam generator. 1. air nozzle; 2. jet pump; 3. fixed plate;
4. spoiler; 5. cylinder; 6. fixed axis

Fig. 8 is the installation diagram of the new fogemnerator. Its foaming principle can be briefedadisws. When
compressed air flowing flow through the nozzlewd fet pump, its static pressure decrease whilecitglpressure
increase, and respectively arrives at the minimumoch the maximum value at the throat. The foamingitiqwith

certain pressure flow into the jet pump though lthench pipe under the double action of jet negatnessure of
high speed air and its self pressure, forming aligagl mixed flow. Foaming liquid and compresseid are

contacted and mixed in the jet pump, generatingnfpartially. Afterwards, the remaining foaming ligumoves
forward into the cylinder, where the gas-liquid eidxadequately and foam generated eventually uhdegffect of
spoiler’s turbulence.
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Fig. 8. Installation diagram of foam generator

3.4. Foam injection part

In order to use foam to cover dust source at a wadge and far distance, special foam nozzle wmitleri convex arc
bevel and “V” type groove structure was designedsell on the compression and expansion propertiesuof. As

Fig. 9 shows, the foam nozzle includes shell ba&hg cover, nozzle groove, tooth plate and screve fblam

entrance is arranged at one end of the nozzle lzodithe other end sealed with end cover which ected with

shell body into a whole. The nozzle groove, nariovthe middle and wide in two sides, was opened@line

center of end cover, which looks like “V” font. Ble inner convex arc incline, the outlet velocityfoam is

increased and the phenomenon of foam doesn’t iejtly avoided. And the diffusion angle of foarjeation can
be increased with the “V” type groove.

The nozzle's working principle can be briefed atofes. When foam flow into the shell body, its veity pressure
increase for the block action of the pipe wall ghd end cove. While flowing through the nozzle gmothe
pressure gets release. As the groove is narroheimiddle, wide at two ends, and the depth grehtar the of the
end cover’s thickness, it can be injected like $aape with large diffusion angle.
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Fig. 9. Structure of the special foam nozzle. 1. shell body; 2. end cover; 3. nozzle groove; 4. tooth plate; 5. Screw

Seen from Fig. 9, the nozzle’s structure can berdehed by the five parameters, which are the angaliameter
(D), the intermediate width of “V” type groovd,], the two ends width of “V” type groovely, the cutting depth of

“V” type groove f) and the injection angle). In this paper, the diameter of nozzle entranae selected as 25mm
according to the actual situation in undergrounal caines.

As shown in Table 1 and Table 2, this paper usedtthogonal trial method, takirgas the target function. After
preliminary determining the range of foam nozzéegeriments of nozzle flow quantity and pressureeweade in
this range to obtain the reasonable size parametéhne foam nozzle.

Table 1 Levelsand factors of orthogonal table

“Tevel | 1 5 3

Factor
A(d) | 2mm \Emm\ISmm
B (d;) | 10mm 10mm omm

C (h) 6mm 10mm 10mm

Table 2 Results of orthogonal experiments
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EbrmontNo| L®  2(®  3(C) Experimental group 4 (")
. I I 1 B.C, 55-70
3 2 2 1 MB-Cy 60-75
: 5 3 3 BCo 100-120
. 3 1 1 B.C, 70-85
6 3 3 2 B:C, 90-110

According to the actual need of suppressing dust feam, the injection angle:) should be much large. It can be
inferred from Table 2 that both;B,C,and AB3;Cscan reach the larger injection angle of 120°. Thulsrther flow
and pressure experiments were conducted for thgtawp data, and results was shown in Fig. 10.
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Fig. 10. Therelationship curves between quantity and pressure of four group experiments

See from Fig. 10, the flow quantity ofB,C, increases first and then decrease with the inerehpressure. While
the AB3C; fulfills the requirements well, whose quantityessup along with the pressure’s raising. SgBJ&; is
the reasonable parameters for the foam nozzle. W@% mm,d;=5 mm,d,=10 mm anch=10mm, the nozzle not
only has large nozzle injection angle (120°), Habdhe foam particles can be dispersed evenlfowit clogging,
atomization and rupture. Fig. 11 shows the reatciigphoto of the fabricated foam nozzle and itsatipn effect.

Fig. 11. Special foam nozzle and itsinjection effect

4. Application case

Zhuxianzhuang coal mine is one of the largest mafdduaibei mining area, whose designed output4s 2nillion
t/a. The 810 main return airway is under excavafiom April 2012. It is a typical large section kotunnel with
sectional area of 15.84mAnd high concentration dust was produced in thtiirg process of a high-power
roadheader (Fig. 12). The initial concentratioriatél dust can reach 1300mgjrand the dispersion degree is high
(most dust are smaller thanurB). When the external/internal water spray is ewygdip the dust suppression
efficiency is as low as 25%. A lot of respirablekalust diffused in the working surface, which @asiserious harm
to the health of workers. In order to control thestdof the tunneling face efficiently, Zhuxianzhgacoal mine
employed foam dust suppression technology. The fegstem mentioned above was installed on the reattne
Seen from Fig. 13, when producing and spraying félaraugh several foam nozzles around the cuttirey haf
roadheader, dust was suppressed effectively.
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Fig. 12 High concentration cutting dust Fig. 13 Suppressing dust by injecting foam

The test results from the driver point show tha thust suppression efficiency of foam on the toia$t and
respirable dust reached more than 80%, approxignatet times of external/internal water spray. Seem Fig. 14,

as dust concentration greatly reduced by foam,visibility and operation environment of the headifiage was
significantly improved. In addition, the water floof the foam system was about 40% of the wateryspra
consumption, which saved precious water resouncggjaaranteed the quick tunneling of 810 main re&irway.

Fig. 14 The heading face after suppressing dust by foam

CONCLUSION

A foam dust suppression system for fully mechantzealding face was designed, which integrates aewinkage
control, foaming agent automatic adding, foam prafian and foam injection. The conclusions could be
summarized as follows.

1) A foaming agent adding device of small flow qtilgnwas fabricated based on the jet theory, wigokvered by
the existing pressured water, dramatically imprgvihe system’s safety. It generates a negativespredo suck
foaming agent automatically and mixes into foanliggid evenly. This new device can add foaming agenlow
ratio as 0.5%-1.0%, which reduce the running cbfham system.

2) A foam generator used for dust control on fullgchanized heading face was invented, which caurerike
efficient mixing of gas-liquid. Its interior has mooving parts and foaming-net which easily to gkd, making
it more reliable compared to the conventional gpetfoam generators.

3) A special foam nozzle was developed, whose bh#e the structure of convex arc bevel and “V'tfgroove. It
can inject foam fluently with wide cover range dad injection distance and avoid the atomizatiod ampture of
foam, providing the guarantee for foam to coverdbst sources effectively.

4) The application practice on a fully mechanizedding face in Zhuxianzhuang mine indicates that fiam
system can overcome the defects of the roadheaday system and have realized the goal of redumitad dust
and respirable dust effectively. Hence, the viiipibf workplace was significantly enhanced by atjeg foam,
which provides a new key technology for the effextiprevention of dust explosion and coal miners’
pneumoconiosis disease.
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