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is therefore also influenced by the same factors).

(a) The depth of cut (DOC)

The depth of cut is the amount that the picks moves into the coal during one
revolution of the cutting drum. If the drum moves slowly into the coal or the
revolutions of the drum is very high this amount becomes small. Based on previous
research work done locally and internationally it has been found that the relative
amount of forces required become higher. Although the amount of forces required to
push the pick into the coal, or to make the drum, is lower at the shallower depth of
cut, the relative forces is significantly higher. This means that the amount of energy
required to cut the coal has increased. The main reason for this increase in energy is
because the coal has been broken into smaller fragments.

With blunting picks the forces required to cut the coal increase and therefore the DOG
decreases. The blunting of picks thus not only increases the make of fine particle by
its passage through the coal but also on the effect it has on the depth of cut of the
picks.

(b) The relationship between the DOC and the pick spacing

Previous work into coal cutting has indicated the effect of the spacing to DOG
relationship on the specific energy required to cut the coal. This effect is mainly due
to the way and the angle formed when the coal breaks Out. When the picks are too far
away, there is no interaction between the picks on a drum, and there will be areas left
between the grooves caused by the picks. These areas cause problems when the pick
comes around for the next pass as the amount of coal that has to be removed will
have increased. This cause problems with the forces and the energy requirements
increase dramatically. On the other hand if the picks are too close to each other, then
the breakouts overlap and the cutting process does not utilize the effect of the
breakout, and has the effect of a lower amount of coal to show as output. This
increases the specific energy because the amount of fine that has been created has
increased.

(See Figure 5.3 showing the effect of too close a pick spacing and to big a pick
spacing.)

From work done at the Chamber of Mines Rese~rch Organization (COMRO) it was
found that the most appropriate spacing to depth ratio ~r South Africa coals lay in
the order of between 1 and 2.



41

Sharp Pick

Movement

Blunt Pick

Tensile breaking of
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with blunt pick

Crushing of coal
by compression

Figure 5 2 Comparison between blunt and sharp picks in the creation of dust



42

(c) The continuous miners ability to generate thrust

The cutting of the coal by a continuous miner consists mainly of two parts, the
sumping part and the shearing part. During the sumping part of the cut the continuous
miner forces the revolving drum into the solid coal by means of its tractive effort. The
rate at which this can be done is determined by a balance between the available
tractive force and the total resistance of the coal against the drum. The total
resistance against the drum is the sum total of the normal forces experienced by all
the picks in contact with the coal. As the drum enters the coal the depth of cut
increases and the sum of all the normal forces also increases until it is in balance with
the force exerted by the continuous miner.

In the shearing part similar types of forces are generated by the picks during the

d. (D CC.) Spacing too close

Figure 5 3 Effects of changing the ration between OOG and pick spacing

shearing movement but these are now balanced by the force generated by the boom
jacks of the continuous miners, as well as the weight of the machine (If the weight of

d. (D.O.C.) Spacing too big

d. (DOG.) Right
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the machine is less than the force generated by the jacks the machine could be lifted).

The force generated by the continuous miner is a function of the traction of the
machine which, in turn, is determined by the coefficient of friction between the tracks
and the floor and the weight of the machine.

The coefficient of friction of the tracks of a continuous miner is usually increased by
the grousers on the pads. When these grousers are worn down then the friction
decreases and the machine loses its capacity to cut coal. Another method of
increasing a continuous miners ability to cut coal, using deeper depth of cuts, is to
increase the weight of the continuous miner.

As the dynamic coefficient of friction is lower than that of the static coefficient of
friction trackslip on a continuous miner has to be prevented. Once the tracks of a
continuous miner starts slipping continued pressure to keep the tracks moving will not
increase it forward but will, in actuality, keep it at a lower value. The tracks should

E be stopped so that static friction values are used and the sump should only then
continue.

5.2.1 Actions to reduce primary communication

(i) Maintain sharp picks or picks in a good condition

(ii) Install drums with the right spacing to depth ratio

(iii) If the coal and drum design allows it cut with the slowest drum speed

(iv) See that the friction on the tracks are at maximum so that increased sumping
rates can be maintained

5.2.2 Secondary comminution processes

The other mechanism whereby the coal is broken into smaller particles will be called
the secondary comminution process. This is the process or processes in the normal
mining process whereby the coal that has already been broken from the solid is broken
even further, creating smaller particles and therefore making the potential for dust
release even greater.

The processes under cc ~sideration will include:

(i) Secondary comminution in coal cutting process

(ii) Comminution in the loading process, including crushing or decreasing of coal
size in the section and comminution in the transport process.

It should be pointed out that although some of the processes are necessary, secondary
comminution of coal is not always a negligible matter for mines Apart from the
generation of dust size particles, the whole size of the coal can be made smaller. This
might not be a matter for concern to mines that feed the coal to a power station where
the coal is pulverised. but can be matter of great concern to mines where the coal with
larger sizes are sold at a better price to the customer Increasing the coal size will thus
not only decrease the potential for the release of dust but can also increase the unit
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income per ton of coal.

(i) Secondary communication during the cutting of coal

The secondary comminution during the coal cutting process occurs mainly when the
liberated coal cannot be cleared from the drum.

One ton of coal in the solid has a volume of about .66 cubic meters. The same ton of
coal in a broken form will have a volume of over one cubic meter. Thus by the very
process of cutting the coal from the solid the coal undergoes a volume increase in the
order of 50 %. If the cutting drum is not designed to allow this coal to be released, and
flow away from the cutting area, the coal is contained and will undergo further
crushing due to its own expansion, as well as due to the movement of the drum. This
containment of the coal not only creates comminution but also puts more load on the
continuous miner.

When the normal procedure of sumping in at the top and shearing down is followed
then the coal has a fairly easy escape rout to the bottom of the drum. When the drum
cuts closer to the floor and cuts into the heap of coal already there, secondary
comminution occurs. When the process of sumping in at the bottom is followed, then
a process of upwards shearing has to be used. In this situation the coal still has to
escape to the bottom of the drum but the majority of coal expansion occurs at the top
of the drum where the depth of cut is the greatest. This coal then has to pass around
the whole path where the drum is in contact with the face. Because the coal is
contained, and subject to movement significant secondary comminution must occur.

Another activity that leads to secondary cutting comminution is when the continuous
miner is used to clean up coal on the floor while using the drum at the same time. The
drum will act as a rotary breaker on the coal through action of trying to scrape in onto
the shovel. Apart from causing more dust it is a very expensive method, in terms of
capital equipment to clean a section.

To prevent secondary comminution in the coal cutting process attention will have to
be paid to the following:

- use a drum that enables the coal to be cleared from the cutting area and that
does not constrict the flow of coal

- use the normal sump and shearing process

- Do not use the continuous miner as a loader, rather use equipment like LHDs
to clean up a section. Where it is unavoidable, do this action without the drum
turning.

(ii) Secondary communication during the loading process

Secondary comminution of the coal mix occurs in the coal loading process basically
due to the coal falling for a distance, obtaining energy which is then dissipated through
plastic deformation when the falling particle strikes another oblect or comes to rest at
the bottom of their downward path. As coal can be deemed to be a brittle material,
the dissipation of energy into plastic deformation without breaking is very low, i.e. the
malority of such energy will be used in breaking the coal into smaller particles. This
action is very similar to the process of autogenous milling where the particles are
broken through falling and being impacted by other particles of the same material.

As the coal is transferred from the back of the continuous miners conveyor onto the
shuttlecar it drops and undergoes an amount of breakage. In a similar fashion the coal
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undergoes breakage wherever it is allowed to drop at transfer points. By diminishing
the height that the coal is dropped from, the amount of energy transferred to the
particles is kept to a minimum and therefore the amount of coal that is broken is
reduced. It should be noted that it is not the action of the coal striking a hard surface
that really causes the comminution, although this exacerbates the situation, but more
the act of falling and the subsequent dissipation of the stored energy.

The coal falling to the ground must also have the effect of breaking the coal, but as
it is such an integral part of the mining process there is actually very little that can be
done about it.

A further action that can cause the comminution of the coal is through the action of
the loading arms of the continuous miner. If these arms are designed so that they
move the coal around, while not moving the actual coal mass then the energy
transferred to the coal can cause the breaking of the coal into smaller particles. This
can occur when spinner type loaders are being used rather than gathering arm types.
If the shovel is overloaded, thereby constraining the mass through the sheer volume
that is present, the energy from the arms will be transferred into the breaking of the
coal mix as it cannot effect movement.

In the transport process there is still another area where coal can be ground into finer
particles. When the coal clings to the conveyor belt and it goes between the rollers and
the belt, it is subjected to severe and continued forces. Although the visible reduction
in size does not seem great, this mechanism, due to its continuous nature, can cause
the creation of a large amount of dust sized particles, as well as releasing them.

ACTIONS TO REDUCE SECONDARY COMMUNICATION DURING THE LOADING AND
TRANSPORT PROCESS

- Minimize energy transfer by choosing the right loader arms for the type of coal
and process

- Minimizing the drop height in coal transfer points

• Establish belt cleaning devices that stop coal from being drawn back on the
return belts

- Minimize the crushing action on the coal mix in the crusher.

5.3 Entrainment of Dust

Still to be done in keeping with fundamentals.

5.4 Containment of Dust

Same as above

The entrainment of dust is the mechanism whereby the dust particle is grabbed” by
a source of energy so that it leaves the point in the mix and is released in the air The
source of energy will then keep this particle in the air
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This mechanism is best explained at the hand of how air interacts with a dust particle
Freefall or settlingout speed.
energy to keep it in the air

The containment of dust has basically to do with ensuring that the forces conating the
small coal particles in the mix is larger than the forces that it is subjected to that
would be able to liberate them.

When coal is contained in the coal mix it will be in a loose form but more likely it will
be adhering to another similar particle of different size. This adhering of particles to
another can be enhanced by several means in the mine. The first and most important
is the use of water.

A chisel pick breaks primarily in the direction of movement and a conical or point
attack pick breaks primarily sideways. However both picks exploit the same weakness,
that of a lower tensile strength to effect breakage’.

Point attack Picks have a tendency to make more dust at smaller pick penetrations.
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6 DUST SCRUBBERS

6.1 Introduction

The use of scrubber systems to control the airborne dust in the face area where mining
takes place has recently gained favour.

The efficiency of such systems in removing the dust generated at a coal mine face has
been proved in many coal mines. It should, however, be borne in mind that the on-
board dust scrubber is only part of a larger dust-suppression system and that scrubber
efficiency is only part of the total effectiveness of the dust-control system, which
includes the ventilating pattern.

In a system that operates at 90 % scrubber efficiency, 10 % of the dust would still be
released into the mine atmosphere.

The wet scrubbers most widely used in the South African coal mining industry are the
flooded-bed scrubber and the wet fan scrubber. Wet scrubbers are designed to use
water to scrub or clean the air. The operation of the scrubber systems themselves are
described later in this chapter.

In order to understand the requirements for the proper operation of a scrubber, it is
essential to understand, not only its physical operation, but also the relevant properties
and behaviour of the dust in the system.

It must be remembered that certain external factors such as maintenance, the
condition of the scrubber, the position of the scrubber, etc. will influence the capture
efficiency of a scrubber.

6.2 Dust Behaviour

Wet scrubbers are required to operate efficiently for a wide range of dust particle
sizes. The efficiency of any dust-removal facility is expressed in terms of the
percentage or mass of particles removed. The mass dust-removal efficiency can be
determined from the following equation:

(mass1 - mass
0 xlOO% 6.1mass1

where fl~ mass dust removal efficiency (%)
mass mass in (mg/in

3)
mass

0 mass out (mg/in
3)

The efficiency can also be reported as either a total dust efficiency or a respirable dust
efficiency or in specific particle size ranges.
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6.2.1 Particle motion

Particle motion is a complex science and would take several chapters to describe in
detail. In relation to scrubbers, only curvilinear motion is addressed as most of the
particle movement around obstacles (for removal) is curvilinear. Particle motion is
described in greater detail in other chapters of this document.

Particles approaching an obstacle, such as a single fibre in a fibrous screen, will flow
along streamlines passing the obstacle or will come into contact with the obstacle and
adhere to it. Flow around an obstacle can be described in terms of potential or viscous
flow.

Potential flow assumes an ideal fluid and that flow is non-rotational. As no viscosity
is assumed, no film of fluid forms on the obstacle. The highest velocity is closest to
the obstacle.

Viscous flow, as the name indicates, takes viscosity into account, resulting in a
stagnant surface film of fluid. The drag generated at the obstacle increases away from
the obstacle, resulting in increased velocity.

It can be concluded that the assumption of viscous flow is more accurate close to the
obstacle’s surface and potential flow is more correct a short distance away from the
obstacle. Actual flow close to an object would not follow the indicated streamlines,
as there would be eddies up- and downstream of the object and these would distort
the flow pattern.

6.2.2 Particle collection

The most common means of particle collection in a scrubber system are: impaction,
interception and Brownian diffusion.

These mechanisms interact to effect the total collection of dust particles from a
gaseous medium. The mechanisms by which dust is removed from a gaseous medium
are described briefly below.

(il Impaction

Impaction is the most prevalent means of particulate removal’. Owing to their greater
specific mass, dust particles have more inertia than gas. Resistance to a change in
momentum allows the particles to cross streamlines. Thus, even fine particles can
deviate from the gas streamlines and impact on an obstacle or a water droplet. Figure
6.1 illustrates the process of impaction for dust particles.
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Inertial impaction efficiency is frequently reported as the impaction parameter K,,
which refers to the Stokes number 1St). The expression for the impaction parameter
applies to spherical fine particles that obey cunninghams correction2:

d2p,, 6.2

where d. particle diameter (pin]

p~- particle density Eq/cm3]

Gas

Impaction

Cross Section
of fibre

CentrQline—————

Particle
trajectory

Figure 6.1 Process of impaction

v- velocity &ffference (v-v) [cm/si
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C. Cunningham’scorrection

- viscosity off gas [poiseJ

- diameter of collector (cm]

It can also be expressed as:

2X
6.3

where X8 particle stoppingdistance

If the impaction parameter increases, the particle-removal efficiency increases. This
can, for example, be achieved by increasing the velocity difference between the dust
particles and the water droplets.

When a particle approaches an obstacle on the stagnation streamline a critical Stokes
number is defined (St,,,). Thus for all other particles St> St, for particles to impact on
an obstacle.

(ii) Interception

lnterception occurs when particles do not impact directly on an obstacle
3, but meet it

at angles of less than 90. These particles may adhere to obstacles as they attempt
to pass them or may be engulfed when contacting a water droplet. The mechanism
of interception is illustrated in Figure 6.2.
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Interception due to water droplet action is related to droplet density, i.e. an increase
in droplet density increases the chances of interception. Droplet density can be
increased either by using water sprays that deliver a finer spray mist or by increasing
the water pressure. There is, however, a limit after which a decrease in water droplet
size decreases efficiency. This is reached when the concentration is so high that
coalescence occurs, resulting in larger droplets and a decrease in efficiency.
Interception is most prevalent with submicron particles which tend to follow gas
streamlines.

(iii/ D’f(usion

Diffusion of particles becomes more significant as particle size decreases4. This is a
direct result of the smaller mass of the particles, which decreases the inertia5. These
particles thus move in a random diffusive motion, also known as Brownian motion.
The diffusive movement of a particle and the capture thereof are shown in Figure 6.3.

Centre line —

Cross section
of fibre

Figure 6.2 Process of interception
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Figure 6.3 Diffuse particle collection

Diffusion occurs along lines of irregular gas density, turbulence and temperature. The
effect of diffusion decreases in a system where the gas flow velocities are high.
Diffusion is most prevalent with particles smaller than 0,5 pm.

It can be concluded that inertial impaction and interception are the predominant
mechanisms by which particles > 1 pm are removed from dust-laden air. As the
particle size decreases, the efficiency of particulate removal decreases.

Diffusion is the predominant mechanism in the removal of particles < 0,1 pm.
Particles between 0, 1 and 1 pm are the most difficult to remove from the air as none
of the collection med 3nisms is particularly effec.ive fo that size range.

6.3 Wet Scrubbers

A great variety of scrubbers are available, including:

spray scrubbers

wet dynamic scrubbers

cyclonic spray scrubbers

Centre line

Initial particle
streamline

(non-intercepting) Actual particle

path due to BroWnian motion

impactor scrubbers
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Venturi scrubbers

augmented scrubbers.

The scrubbers in use in the South African mining industry are the flooded-bed scrubber
and the wet fan scrubber. In both, impaction is the primary means of particle removal
for particles greater then 3 rim. It has been demonstrated in scrubbers actually in
operation that particles above 3 pm tend to exhibit inertial effects (momentum, inertia,
kinetic energy. etc.), whereas particles below this size tend to follow the gas
streamlines, resisting settling and inertial means of capture6. To capture finer
particles, higher water pressures and smaller droplet sizes are required.

6.3.1 Flooded-bed scrubber

The scrubber assembly consists of the following main components:

- scrubber box

- spray nozzles (wide-angled)

- filter screen

- demister

- sump and non-return valve assembly

- fan (18,5 kW, 30kW or 37 kW).

The nozzles spray water to cover the whole screen area uniformly. This is done to
create a water bed into which dust particles impact and are captured and flushed
away. The screen is made up of multi-layered, knitted, stainless steel wire mesh, with
another closely woven screen of stainless steel wire in front. The primary function of
the screen is to capture dust particles engulfed in the water droplets. The demister is
typically constructed from galvanized steel or PVC and the sheeting is placed
(staggered) in such a manner that water droplets are removed from the air stream.
New PVC demister plates are being developed to decrease the weight of the demister.

The layout of a flooded-bed scrubber is shown in Figure 6.4.

Demister

Intake air Return air

filter

Figure 6 4 Flooded-bed scrubber layout
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The intake air is drawn into the wet scrubber area, passes through the irrigated filter
screen and then through the demister in which the dust-laden water is removed and
drained through the sump, with dry air leaving across an axial flow fan.

6.3.2 Wet fan scrubber

A wet fan scrubber normally consists of the same components as a flooded-bed
scrubber, the main difference being that the sprays are located in front of the fan and
the fan is installed in front of the demister. The use of screens can improve scrubber
efficiency.

Water sprays installed in front of the fan deliver water droplets which are intimately
mixed with the dust-laden air. The high turbulence and velocity created, combined
with the centrifugal force, ensures good scrubbing of the air. The polluted water
collects around the fan casing, from where it is removed.

This system, when combined with a fibrous screen downstream of the fan, ensures
a combination of dust-capturing mechanisms. They include scrubbing, impaction
a round the impeller and scrubber box, and filtering through the mesh filter. A
simplified layout of such a system is shown in Figure 6.5.

Water

Figure 6.5 Wet fan scrubber layout

The water is directed at the fan impeller where it is atomized by centrifugal force and
directed outwards to the scrubber box. This forces the subinicron water droplets to
cross the air stream and forces the droplets and dust outwards. Most of the water is
removed in this region, the remaining water being removed by the demister, and clean
air leaves the scrubber. In certain scrubbers the mist eliminator consists of a thick
mesh screen.

Demister

Mesh
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6.4 Parameters Affecting Efficiency

The parameters affecting scrubber efficiency can be divided into system parameters
and external parameters such as maintenance, training, the position of the scrubber
inlet and various other operating influences.

The system parameters include screen density, velocity, water flow through the spray
nozzles and demister type. It must be remembered that maintenance will influence the
operation of the scrubber system and thus all the inherent system parameters.

6.4.1 External factors

(ii Maintenance

The system parameters are in many instances not controllable as they are determined
by the manufacturer. Maintenance is the single most controllable external parameter
and often exercises the greatest influence on the scrubber’s operational efficiency.

Much responsibility for the actual operational inefficiency of scrubber systems can be
laid at the doorstep of poor maintenance, damage to or misuse of systems. This has
been found in various studies performed by the CSIR.

7

The manufacturer’s maintenance schedule includes daily and periodic maintenance
The aspects (components) that need to be inspected and the action that can be taken
on faults found, should be incorporated into the mine’s standard procedures. An
example of the aspects (components) that need to be inspected and the action taken
on fault finding is shown in the following tables:

TABLE 6.1
DAILY MAINTENANCE

COMPONENT CHECKS ACTION

Scrubber sump Backflush

Screen water sprays check operation and clean if
necessary

Filter screen Inspect and clean if necessary

Door seals Inspect and repair if necessary

Non-return valve assembly check and repair if necessary

Water filters Backflush

Fan motor check flame proof condition

System Start up, check for visible faults
and correct if necessary
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TABLE 6.2
PERIODICAL MAINTENANCE

COMPONENTS CHECKS ACTION

Backflush filters Strip, inspect and clean

Screen water sprays Remove, clean and refit or replace if necessary

Filter screen Remove, ins ect and clean or chan e screens

Door seals Inspect all seals and repair if necessary

Demister Inspect, repair and replace if necessary

Non-return valve assembl Inspect and repair if necessary

Sump Backflush sump until clean water runs out

Mounting bolts Check, fasten or replace if necessary

Fan motor Check flame proof condition and repair if
necessary

System Start up, check for water leaks and abnormal
noise from fan and repair if necessary

To ensure that maintenance is carried out according to schedule and in compliance
with the guidelines laid down, pre-use checklists should be used. Scrubber
maintenance should be incorporated into the daily maintenance schedule, together
with all other systems on the continuous mining machine e.g. the spray-fan system.

(ii) Training

Proper maintenance of a system will only be possible if the personnel responsible for
such work are trained. Training should be aimed at ensuring a fundamental
understanding of the system’s operation, as well as an understanding of the factors
which could influence the system’s performance (dust-removal efficiency). Training by
the mine itself can be supplemented by more specialized training provided by the
product manufacturers.

6.4.2 Operational factors

The effect that damage to a system will have on any of the parameters must not be
underestimated If, for example, the scrubber box is damaged, there may be gaps
between the screen and the scrubber box, resulting in dust-laden air bypassing the
screen without being cleaned. The inherent scrubber parameters thus depends heavily
on maintenance and repair of damage to the system.

An extensive testing programme by Miningtek has shown the effect that certain
system parameters have on the scrubber efficiencyR. A short description of some of
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the results of this programme is given below.

(a) Screen density

The density of the screen affects the capture of fine particulate matter, An increase
in screen density results in an increase in the dust-removal efficiency. This is true for
the removal of both coal-dust particles and quartz particles. Studies by the USBM9
using different screen densities and tests conducted by Du Plessis, et a18, confirmed
this fact. In the tests conducted by Du Plessis et al, an optimum screen density was
identified after which efficiency dropped. This is attributable to the drop in velocity
across the screen which results from the increase in the pressure drop across the
screen. By increasing the mesh density, the pressure drop would be increased causing
the velocity to decrease. This implies that a change in a single parameter could
change the operation of the whole system. These two identified efficiency parameters
would thus work against each other. An increase in the pressure drop across the
screen, be it intentional or the result of blockage by dirt, will influence the operating
cost (p0) and volume flowrate through the scrubber.

(b) Velocity

Increasing the velocity of the gas flow should increase the scrubbing efficiency. The
impaction K, (subsection 6.2.2) is directly related to the velocity difference between
the dust particles and the water droplets.

Thus by increasing the velocity, the effect of impaction should increase as the inertia
of the particles increases. The limitation of velocity is the effect that excessive
velocity has on re-entrainment or the “bounce-off” effect from the screen or demister.
The re-entrainment of water droplets carried through the demister becomes
problematic at higher velocities (typically > 5 m/s).

(c) Water supply

Water is used to cover the screen area of the flooded-bed scrubber to enhance the
dust-capture efficiency. The use of water also reduces the effect of “bounce off” of
particles. Effective flushing of the screen is achieved with 10 - 20 1/mm per in2 of
screen area.

Where the water sprays discharge in the same direction as the airflow, the scrubbing
effect of the water droplets in the air, and the droplet residence time, in the area in
front of the screen or fan are limited. Reversed water-flow direction results in better
scrubbing of the air and increased capture of respirable dust because of higher velocity
differences between the dust particles and water droplets, and longer residence times.

It was concluded that for the flooded-bed scrubbers, when the water sprays were
directed at the screen, the increase in the water flowrate resulted in more effective
covering of the screen but did not utilize the scrubbing effect that would be obtained
if the water sprays were operated in the opposite direction to the airflow. This was
confirmed by the particle-removal efficiency.
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The particle-removal efficiency of a spray is given by the following equation:

1- exp ( 3 E WL) 6.4
2 £~r Q

where r~ = particle removal efficiency of a spray
E = efficiency of capture by a single droplet
Dw = droplet diameter 1pm)
W = water flowrate (l/s)
0 = air flowrate (m3/s)
L = length /distance (in)

This equation shows the various factors that influence the operation or effectiveness
of water droplet action inside the scrubber.

The dust-removal capacity of water sprays is a function of the efficiency of a single
droplet. This efficiency increases as droplet size decreases.

An important aspect of capture efficiency is the water-to-air ratio (WIG). A practical
range for this ratio is given by Mcpherson’0 as between 0,3 and 0,6 I/in3. Also
important is the residence time of the water droplet which is closely related to the
distance(L) in Equation 6.4.

In tests conducted8 reversed water sprays resulted in greater respirable dust efficiency
while still being able to clean the screen effectively. A combination of screen-directed
and reversed water sprays will provide the most efficient system, optimizing both the
scrubbing and the cleaning effects.

(d) Demisters

Mist elimination is effected by demisters which are used to eliminate water droplets
from the gas stream. They operate primarily through inertial impaction, but
interception and diffusion could play an integral part as well.

The most common types of demister in use are the baffle and mesh demisters. In
mining the zig-zag baffle-type demister is used predominantly. Liquid face-separation
chambers are used to eliminate the carry-through of water droplets.
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The principal designs are shown in Figures 6.6 and 6.7.

Figure 6.6 Demister baffle design Figure 6.7 Phase separation

A third type of mist eliminator is the mesh mist eliminator.

This can be installed from 0.45 to the horizontal and the thickness of the screen
varies from 100 to 300 mm. Water sprays are used to clean the screens at set :ime
intervals. The efficiency of droplet removal will decrease as velocities change iii eTher
direction away from the design velocities.

Table 1 shows the reported velocities for horizontal
clinnators

(aerosol flo.v drectionl mist

TABLE 6.3
MIST ELIMINATOR VELOCITIES

Chevron mist eliminators with horizontal gas flows have a 99% effectiveness for F

factors ranQing from 1,2 to 4.3
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The F, factor is determined as follows:

F1 - ‘4, (p9)
0’5 6.5

where tJ~. superficial gasvelocity (ft/s)

gas density (lb/ft3)

The importance of gas velocity is that it has a predominant influence on the
effectiveness of the scrubber and the re-entrainment of water droplets back into the
air stream. Re-entrainment is defined here as the “stripping of liquid back into the gas
stream”.

Re-entrainment depends on:

- mist eliminator configuration and position

- gas velocity

- entrained wash liquid

- liquid drainage rates.

The mist droplets that enter are generally relatively large (50-500 pm), although much
smaller droplets will also be present. The mechanisms for the removal of droplets from
the gas stream are:

- impaction

- interception

- sedimentation

- centrifugation

- electrostatic precipitation.

Re-entrainment of captured particles will be caused by one of the following
mechanisms:

- transition of liquid from the liquid phase to entrained flow

- rupture of bubbles

- creeping of liquid on the separator surface

- shattering of drops on impaction.

The question of what impact higher velocity has on effectiveness can now be
answered. At higher velocities there is an increase in the impaction removal of
droplets, but re-entrainment increases and will eventually dominate.

Calvert et al predicted values for the maximum gas velocities needed to prevent
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excessive re-entrainment. In zig-zag (louvre) baffles the re-entrainment depends
strongly on the liquid drainage rate and, thus, the orientation of the baffles is a
variable.

In horizontal demisters re-entrainment becomes excessive with gas velocities
exceeding 5 m/s at liquid-to-gas ratios of 1 I/in3. Gas velocities can be increased at
lower liquid-to-gas ratios without excessive re-entrainment.

Reducing sharp angles of baffles to the airstream should reduce re-entrainment, e.g.
baffles at 30” to the airflow direction will cause less re-entrainment than baffles at 45”
to the airstream.

In mesh mist eliminators the maximum gas velocity (V
0) needed to prevent re-

entrainment can be estimated using the Souders-Brown equation:

.I~Th-
9

where V9~- maximumallowable gas velocity (m/s)

C1 - ezr~irical const:ant

- liquid density (glow
3)

- gasdensity (kg/rn3)

Except with the mesh mist eliminator, the pressure drop in a mist eliminator does not
seem to vary considerably with orientation or the amount of liquid entrainment.

6.4.3 Scrubber operation

The effectiveness of scrubbers in minimizing the amount of airborne dust in a
workplace (or mine) is also influenced by various other operational factors. These
include the type of ventilation used, the water spray system used, the position of
scrubber inlet and the face airflow pattern.

The effectiveness of dust-control techniques can differ at various locations in the face
area. Therefore, the choice of a dust-control system should be based on an evaluation
conducted at the location where it is to be employed’2.

It is recommended by the USBM2 that for optimum dust-capture efficiency, the fresh
air supply to an entry should equal the quantity that can be handled by the scrubber.
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7. WATER APPLICATIONS

7.1 Planning Requirements

Water can provide an economical and effective means of controlling dust in a continuous
miner section. It is important, however, that the water supplysystem be carefully designed
during the planning stage. Water requirements should be considered in the same light as
other parameters of dust control such as ventilation, materials handling, and coal
transport. Although existing water quantity and pressure maybe considered adequate for
dust suppression purposes, these would be inadequate if pipeline distances and numbers
of machine sections were to be increased in the future(3).

Research is currently being carried out by the Chamber of Mines Coal Mining Laboratory
in examining water reticulation systems, both quantitatively and qualitatively. In addition,
water flow network simulation programs are being utilized which will eventually play a role
in the planning of reticulation systems.

The following sections deal with specific components of the reticulation network. Aworked
example, using nomograms and formulae, is presented in Appendix I.

7.2 Main Water Supply

Water used in coal mines is generally obtained from a surface supply, although a number
of mines do recycle a certain amount of water. In areas where water is in short supply, or
where the cost of water is excessively high, recirculation may be considered as an
alternative means of supply.

Due to the relatively shallow working depth of collieries in South Africa, the pressure
developed by gravity-feed alone may not be sufficient to meet the demand of dust
suppression systems in use (see Figure 7.1). In these cases booster pumps are installed
to provide adequate pressure and flow. The site and type of booster pump required
depends on two factors:

(i) the available pressure at the machine, once pressure losses in the reticulation
system have been taken into account

(ii) the required pressure and flow rate at the machine.
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Pressure losses will occur in the pipe network, and these will increase as the distance of
working from the shaft bottom increases. These losses can, however, be minimized by the
correct selection of the main water piping. A nomogram (Figure 7.2) shows how pressure
losses may be determined for various schedule 40 pipe diameters at specified flow rates
(6). (A schedule 40 pipe has specific wall thickness and internal diameter (4)).
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7.3 Machine Water Supply

Water pipes and hoses should, of course, be selected to meet the greatest likely demand
of machine sections, since quantities and pressures may vary, depending on the machine
type and on the dust suppression system in use.

Water is delivered to the machine by means of a trailing water hose. Large pressure
drops can occur in this area if the correct diameter hose is not used. A damaged hose
must always be replaced immediately.

Figure 7.3 shows the pressure drop incurred for specific hose diameters at various flow
rates. Although the selection of a smaller hose may lead to a cost saving in the short
term, the limiting effects of such a hose would be detrimental to the suppression system
in use. Generally, depending on the flow rate, a 38,1 mm or 50 mm internal diameter
hose would be the best for use on continuous miners (5, 7).

7.4 Water Sprays

7.4.1 Mechanics of water-spray dust suppression

Water sprays suppress respirable dust in two distinct ways:

(i) they wet coal surfaces so as to immobilize newly-formed dust and prevent it from
becoming airborne (this is termed ‘impaction’), and

(ii) the water droplets collide with and engulf airborne dust particles, enabling them
to settle from the airstream (this is termed ‘airborne collection’).

It is considered more effective to suppress dust by wetting coal surfaces, rather than by
allowing the dust to become airborne. The mechanics of both processes are covered in
more detail in the literature (8, 9).
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7.4.2 Spray characteristics

A number of optimum spray charactenstics are given below; the literature (2,10) provides
further information.

(i) Coal-wetting efficiency is maximized ifspray nozzles deliver high-velocity droplets
of approximately 500 microns in diameter. This is the most effectivedroplet size
for the impaction of dust particles.

(ii) Smaller diameterdroplets (about 200 microns) are more effective for the capture
of airborne respirable dust.

(iii) Droplet velocities can be maximized by selecting appropriate nozzles and/or
increasing nozzle operating pressure. Droplet size for a given nozzle decreases
with increasing pressure. However, care should be taken that the pressure is not
increased to the point that droplets are so small that theyare quickly slowed down
by friction, and become ineffective.

(iv) Both processes, impaction and airborne collection, are enhanced by increasing
the flow rate of the water supply.

(v) Airborne dust capture efficiencies are affected by local airflow patterns and the
entrainment of air by the water sprays. Local ventilation conditions should be
examined, with respect to the positioning of sprays (Section 4 and 5).

1.4.3 Design considerations

The performance of sprays in field applications is influenced by a number of parameters,
knowledge of which is essential for the operator (For the purpose of these guidelines,
‘operator’ refers to senior technical staff). Although criteria exists for the optimization of
impaction and airborne collection processes, firm standards for spray configurations and
operating parameters are difficult to define. However, the following considerations for
spray selection are applicable generally.

(i) Where is dust generated? The operator should identify the main areas of dust-
generation, e.g. cutting head, conveyor throat, and transfer points.

(ii) What type of suppression-process, impaction or airborne collection, is necessary?
For example, at the cutting head, impaction is prob )ly the main dust suppression
mechanism.

(iii) Constraints on the system:

- the possibility that too much water may result in bad floor conditions

- possible limits set by the preparation plant on the quantity of water in the coal

- availability of sufficient water quantity and pressure

- effects of sprays on personnel

poor water quality necessitating the use of filters to prevent nozzle clogging
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These considerations must be examined, before the operator selects the spray
configuration best suited to his particular operation.

7.4.4 Spray selection and nozzle types

As every operator is aware, there are a bewildering number of nozzles available.

Some of the most common designs are described below and shown in Figure 7.4.

(i) Hal/ow cone spray droplets are smaller and the spray angle is wider relative to
other types of nozzles. These are useful where dust is widely dispersed e.g.
transfer points.

(ii) Full cone the droplets are higher in velocity than other sprays. They are useful
in providing a high velocity spraywhere the nozzle is located at a distance from
the area wheredust suppression is desired. These are frequently applied at the
cutting face.

(iii) Flat: the droplets are generally large compared to other sprays and are delivered
at high velocity. This type of nozzle is frequently used as a side spray on
continuous miners.

(iv) Venturi sprays : these are suggested for the conveyor throat to prevent dust
dispersion over the operator.

It is not the purpose of these guidelines to promote a particular brand of nozzle or any
specific supplier. However, Table 1 is included to illustrate a range of nozzles giving the
type of information which would assist an operator in the selection of a spraying system.
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A. HOLLOW CONE

C. FLAT

D. VENTURI NOZZLE

Figure 7 4 Various nozzle types

B. FULL CONE
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TABLE 1
EXAMPLES OF OPTIMUM SPRAY NOZZLES FOR DUST CONiTROL

Coverage
distance

(in)

Type Orifice
diameter

(mm)

Optimum
line

pressure
(kPa)

Flow rate per
nozzle at

optimum line
pressure (1/mm)

Spray Drop
angle size

(0) (pm)

Airborne Collection

1,8
1.1
1,4
1,8

Hollow Cone
Hollow Cone
Full Cone
Full Cone

2,4
3,3
1,2
1,2

700
300

1400
1 050

3,5
3,8
3,4
2,9

78
70
32
40

220
340
240
340

Impaction E

0,8
0,9
1,2

Full Cone
Full Cone
Full Cone

1,2
1,6
1,6

600
1000

350

2,1
4,6 I
2,8

46
40
48

47.0
480
880

From Table 1 it can be seen that, ifthe nozzle in an impaction process (e.g. at the cutting
head) is 1,2 m from the target surface and minimal water isdesired, a full cone nozzle
should be operated at 35OkPa and located in such a way that the spray angle of 48~
gives the proper coverage. If a smaller spray angle is desired and water flow is less
important, a full cone nozzle could be operated at 1 000 kPa at 4,6 1/mm.

Table 1 also indicates that optimum sprays can be obtained with line pressures as low
as 400 kPa, albeit for limited applications. Generally, however, line pressures should be
in the region of 700 - 1 400 kPa. To ensure this, available flows should be effectively
utilized, and, for examplewater should not be fed to a spray block, where little or no dust
is present in the vicinity. This can be a problem when a machine is received from the
manufacturer, as typically, 21 to 40 sprays are used on continuous miners, often in
positions where they are not needed. In these instances, therefore, certain sprays must
be removed from new machines, because an adequate water pressure cannot be
maintained to provide a sufficient flow rate for each nozzle.

For conventional spray systems, a flow rate of between 90 and 150 1/mm is normally
sufficient. Obviously, individual requirements depend on the factors discussed in 7.4.3.

Typical spray positions on a continuous miner are.shown in Figure 7.5.
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Side sprays on either
side of boom

Sprays below the boom
for suppressing dust
duringsumping and
shearing

Figure 7.5 Typical spray positions on a CM

7.4.5 Venturi sprays

Research has indicated that venturi-sprays can significantly improve dust suppression
by creating uniform, highly directable water spray patterns. In addition, venturis are able
to move large quantities of air, enabling the dust suppression system to fulfil a role of
auxiliary ventilation. As seen in Figure 7.4 the unit consists of a spray nozzle centrally
mounted in a venturi-shaped enclosure. The resulting spray is more finely atomized,
giving the same volume of water considerably more welling potential. The spray can
also be directed further than conventional sprays. The literature (11,12) gives more
detailed information on venturi sprays.

I
5 3 2

4
Figure 7.6 Typical venturi dust suppression system

conveyor throat spray (Venturi)
directed towards conveyor

Sprays below the boom for
gathering arms and orsuppressing
dust below the boom

1 Boom: Front-top 2 off
2 Boom: Front side 2 off
3 Boom: Rear-side 2 off
4 Under boom 2 off
5 Above conveyor 1 off
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7.4.6 Special sprays

(a) Pneumatic sprays

The pneumatic spray mixs high-pressure air with water in a plenum chamber. The air-
water mixture is then passed through a nozzle to form a sprayof very small drops. The
collection efficiency of a pneumatic spray has not been reported, but is probably not very
high due to the fact that waterdrops quickly lose their momentum, and give a low relative
velocity between a drop and dust particles. An additional difficulty is the provision of an
auxiliary high-pressure air system, and hence increased maintenance.

(b) Electrostatic sprays

Electiilied sprays reportedly reduce airborne respirable dust significantly when compared
with ordinary sprays. However, these sprays have not been proven to be intrinsically safe
in an underground environment, and therefore cannot as yet be considered.

(c) Foam

Field tests applying low-expansion foam have shown a 50 % increase in efficiency over
conventional sprays. However, the inconvenience, the high cost of foam and the
possibility of refoaming occurring in a washing plant limits its use in practice.

7.4.7 Wetting agents

Wetting agents are additives which are mixed with water to enhance its ability to adhere
to coal dust. Field tests have been carried out for manyyears in the USA, and results
have shown an increase of 10 to 15 % in collection efficiency compared to using water
alone, However, for this moderate increase in efficiency, the expense and the possible
corrosive effects of wetting agents on, amongst others, pipes and cooling jackets must
be considered. Further research should indicate the potential of using wetting agents.

7.5 Water Filtration

A major problem associated with the use of water spray systems for dust control is the
frequent clogging of spray nozzles. A clogging nozzle is quite useless, as is a partially
plugged nozzle since it destroys the spray pattern. Either condition greatly reduces the
dust suppression effectiveness of a spray system.

Nozzles clog primarily because of pipe scale, or coal or rock particles in water lines.
Occasionally, external clogging occurs when the water pressure is not sufficient to
prevent matenal from lodging in the nozzle outlet In order to minimize the potential for
nozzles to clog, the onfice diameter of the nozzle should be greater than or equal to 0,9
mm Individual filters for each spray nozzle can be used to reduce clogging. These
should have a mesh size of no greater than half of the nozzle orifice diameter However,
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if used alone, frequent cleaning and replacing of these filters can become time-
consuming and costly. It is therefore preferable to use these filters in a supplementary
role, in conjunction with a more extensive filtration system. A number of filtration systems
are available, including a non-clogging water system. Details are given in the literature
(13,14,15).

An important development has been the introduction of an independent reticulation
system forsprays. Thus, if sprays become clogged and water flow impeded, there is no
possibility of machine motors becoming overheated.

7.6 Scrubbing Systems

A number of scrubbing systems are currently in use worldwide, and various conclusions
have been reached as to the effectiveness of each system. This section deals with some
of the principles involved in scrubbing dust-laden air. Further technical information is
given in the literature (16 - 26) for assistance when selecting a system. Section 4
describes the relevant auxiliary ventilation used with individual scrubbing systems.

7.6.1 Flooded-bed scrubber

Figure 7.7(a) shows a schematic of the scrubbing mechanism in a flooded-bed
scrubber, and Figure 7.7(b) depicts a plan view of the complete installation.

Flooded-bed scrubbers comprise a pad of metal mesh or fibres, through which dust-
laden air is drawn. A water spray directed at the face of the pad wets the fibres to
enhance the capture of dust by water droplets and flushes away captured dust particles.
Dust is collected by inertial mpactin~of the dust particles onto the wetted surfaces of the
fibrous pad.

Dust-laden air is picked up at three inlets, which are approximately 1,8 m to 2 m from the
face depending on the type of machine. The air is transported back in separate channels
to the common duct on the left hand side of the machine. The pressure drop across
each of the three channels controls the amount of flow drawn by each inlet. The inlets
are generally balanced so that the flowthrough each is approximately the same.

The ductwork has a number of components. The front section is mounted rigidly on the
cutter head boom. At the hinge point of the cutter head boom is a telescopic joint which
is hinged at both ends, allowing for raising and lowering the boom when cutting.

The scrubber assembly is mounted in the ductwork immediately behind the telescopic
joint. It has an access panel for the scrubber screen, and this assembly can be quickly
changed when necessary. Upstream of the scrubber screen is a manifold containing the
water nozzleswhich supply water to the flooded bed at a rate of approximately 20 ~/min
at 960 kPa

After passing through the scrubber screen assembly, the air is diverted downwards, and
expanded into the demister housing. The water droplets entrained in the air lose their
momentum and fall into a sump which is connected to the machine conveyor by a drain.
Once through the demister housing, the clean, dry air enters the fan and is discharged.
Normally a vane axial fan is used, driven by an 16 kW electric motor
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7.6.2 Water-powered scrubbers

The system illustrated in Figures 7.8 (a) and 7.8(b) uses a series of high pressure water
sprays both to induce airflowand to perform the scrubbing action. The scrubber contains
no fan or screen and is totally contained within the cutter boom frame of the continuous
miner. It is self-cleansing, except for the water sprays, and is virtually maintenance free.
Figure 7.8 (a) depicts a water-powered scrubber in use on some continuous miners in
South Africa. The scrubber is situated on the cutter boom assembly, and on either or
both sides of the machine. The dust-laden air is drawn into the scrubber assembly, as
shown, the air mixes with waterdroplets which capture the dust which is then blown out
of the central unit towards the cutter head. The side unit, of smaller capacity, directs
airflow away from the face on the opposite side to the driver.

Figure 7.8 (b) shows a water-powered scrubber (16) developed in the USA, which uses
the same principles of scrubbing as the one previously discussed, but is located
differently on the machine. The pressure and water requirements are 3 10 kPa at 150
Umin. This system consists of a centre throat unit which is mounted between the boom
legs and either a left side or right side unit or both, depending upon the direction of face
ventilation.

Once the dust-laden air is mixed with water droplets, the water/dust droplets then pass
into a low restriction eliminator which removes the droplets from the airstream. The air
discharged from the rear of the eliminator is clean and dry. The slurry from the mist
eliminator flows onto the conveyor where it mixes with the coal and is loaded out. The
advantage of this system is that it allows the intakes to be located to the face, capturing
the dust as soon as it is generated.

7.7 Summary

Water reticulation systems should be planned well in advance so as to reduce the
possibility of shortfalls in both water quantity and pressure.

Water pipes and hoses should be selected to meet the greatest demand of machine
sections. Pressure losses can be minimized by selecting the correct diameter and type
of piping and hosing. Trailing water hoses can cause significant pressure losses: hence
the selection of the hose may be critical when determining booster pump requirements.

Leakages in the system will also cause unnecessary pressure and flow losses, as well
as create poor floor conditions.

Correct selection, positioning and maintenance of spray systems are essential if they are
to be effective. Even so, studies have indicated that conventional spray systems are not
as efficient as scrubbing systems in terms of dust suppression (27).

Dirty water may cause sprays to clog, and cause corrosion problems in water jackets on
machine motors Filters, therefore, are an essential component in the reticulation
system

Scrubbing systems are used to remove dust from the air, and in some cases promote
airflow However, an effective ventilation system, if properly maintained, will dilute
airborne dust, thus reducing the efficiency requirements of a scrubbing system.
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8 VENTILATION

8.1 Introduction

The mechanisation of the coal mining industry has resulted in the generation of more coal
dust during cuffing operations. The emphasis on the use of mechanical miners has
prompted the Department of Mineral and Energy Affairs to introduce an industry guideline
to ensure the adequate ventilation of mechanical miner sections. Incorporated into these
guidelines are various suggested ventilation and dust control systems all of which are
aimed at limiting the dust levels at the operators position to 5,0 mg/in3.

This chapter aims to introduce the latest technology used to evaluate the ventilation and
dust control systems, and stems from research undertaken in recent years to improve the
understanding of the dynamics associated with the ventilaton of large coal mining
headings.

8.2 Definitions

Throughout this document, certain terms and terminology will be used, and to prevent
confusion, the following definitions are given.

8.2.1 Air recirculation’

This is when the air, which has originally been delivered by an auxiliary force ventilation
system, re-enters the intake of that system (see Figure 8.1)

rigure ~ 1
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8.2.2 Air re-inducement (Re-entrainment)

Refers to air, after it has been delivered into the heading, which flows back from the face
towards the last through road. It is then pushed back into the main airstream. This
phenomenon is usually caused by air velocity discharging from a fan and does not include
air classified as recirculation (see Figure 8.2).

,i—
Figure 8.2 Sketch showing the definition of air reinducement

8.2.3 Fresh air entrainment

Apart from air delivered by a fan, additional fresh air can be pulled into the heading as a
result of the thrust action of the air velocity. It does not include any air recirculation (see
Figure 8.3).
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Figure 8.3 Sketch showing the definition of fresh entrainment

8.2.4 Turbulence

Turbulence can be classified as the three-dimensional airflow phenomenon which occurs
inside the heading It is caused by the interaction between the tunnel sides and high air
velocities generated by the force fan outlets.

8.3 Ventilation to Remove or Dilute Dust

8.3.1 Basic characteristics of airflow

For air to flow in an airway there must be a difference in pressure’ which is usually
generated by the main fan system. The direction of the air in the last through road (LTR)
isdictated bythe layuutofthesecton, aswell asthe au>’ aryventilation system. The LTR
air velocity plays a dominant role in the effectiveness of the ventilation system, which in
turn contributes to the removal and dilution of the dust generated in a heading.

Air flowing past a heading in the LTR enters the heading on the opposite t7downstream”)
side of the heading (Figure 8.4). This is normal, when the heading is empty and there is
no auxiliary ventilation present which could influence this behaviour.

The maximum penetration distance is determined by the air velocity flowing in the LTR and
the seam height’. At a velocity of between 1,0 mIs and 1,4 m/s and a seam height of
approximately 3,0 m, the air will penetrate to ±12,0 m (1). This penetration distance
changes when all the ventilation systems and machinery are in place inside the heading
and the production cycle commences
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Tests have shown that when auxiliary ventilation systems are used, they should be
installed on the upstream side of the heading, opposite from the side that air would tend
to enter the heading to ensure no air recirculation.

4—

Figure 8.4 Sketch showing the normal behaviour of air when flowing past an empty
heading

Figure 8 5 and 8 6 show the difference in air flow behaviour when a fan is installed
upstream and downstream in the entrance of the heading. The auxiliary ventilation force
systems should also not be installed on the same side as the on-board scrubber for
obvious reasons.

The different seam heights at which mining is conducted plays a major role in the
behaviour of air, and the type of ventilation system which should be used to control dust.
Research which has been conducted on the effect of different seam heights on airflow
patterns, indicates the following:

i) Medium to low seams (2,0 m - 3,0 in). the air tends to flow more in a two dimensional
manner. There seems to be a definite line between air flowing into the heading and air
flowing out of the heading. This can influence air penetration distances when a system
such as the jet fan is used5. The air turbulence levels can be high, when an on-board
scrubber with a sprayfan system is used. This is good for methane control, but tends to
negate dust control measures.

ii) Mediun~ to high seams (3,0 in - 4,0 in): the ventilation flow patterns are less restricted
and turbulence thus lower consequently a better balance between the ventilation force
and the on-board scrubbing system is obtainable that complements dust control.
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Figure 8.5 Airflow patterns with a fan installed upstream
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Figure 6 6 Airflow patterns with a fan installed downstream

iii) Ultra high seams (75,0 in). cause complications as the air is now forming in areas
where little or no airflow is present, and this can impede methane control. Ventilation
systems which can be used in high seams which are able to create sufficient turbulent
levels, must be considered. In these high seams, the air flow against the roof behaves
differently from the air flowing through the rest of the heading, with a tendency to
encourage the formation of methane layering. The low turbulence levels are, however,
excellent for dust control

Turbulence and air recirculaflon patterns inside a heading, are generally not good for dust
control and should be kept to a minimum It should also be remembered turbulence and
recirculaflon patterns dilute methane, and high air velocities in and out of the heading will

(U4>
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control this hazard. For this reason, the airflow patterns in the heading should be
controlled in such a manner to address both the methane and dust. By understanding the
effect of ventilation systems on airflow and by balancing the quantities, this can be acieved,
ie. by having a positive flow of fresh air over the drivers position towards the face position.
At this position the air velocity is said to be not less than 0,4 m/s to prevent dust rollback6.
Once the air reaches the face, the general direction of the airflow should be from the
drivers side of the face to the scrubber side of the face. From this position, the air should
flow towards the LTR, either through an on-board scrubber system or through an exhaust
system, or as a result of sufficient energy introduced into the face by a force system.

8.4 Section Ventilation Systems

Two basic systems are in use in bord and pillar mining. These are the splitting and

coursing methods.

8.4.1 Coursing ventilation

In this section the air flows into the section via the intake roads on one side of the section.
The air is directed and controlled to the LTR by means of walls and brattices. Once the
air reaches the LTR, it flows past the headings towards the return roads on either side of
the section (Figure 8.7).

The main advantage of this system is that the air is concentrated and can be maintained
in the LTR. Another positive aspect of this system is that only one row of walls is needed
for controlling the ventilation.
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A disadvantage ofthe system is the possibility of contaminated air being carried from one
heading into the next, exposing the people working downstream to this contamination. This
system is, however, recommended where auxiliary fans such as jet fans are used in the
LTR.

8.4.2 Splitting ventilation

Air flows into the section via the intake airways situated in the centre of the section. When
the air reaches the LTR, the air splits and flows towards the return airways on either sides
of the section (Figure 8.8). Two rows of walls and brattices are needed for ventilation
control which results in higher costs and more air leakage.

This ventilation system creates an unventilated area in the middle of the LTR, which can
result in methane build-up and even the recirculation of the fanswhen installed in these
areas. Because the auxiliary fans should always be placed in the upstream position of a
heading and the mechanical miner operator should always be placed on the opposite side,
the use of this ventilation system may prove to be impractical. For this reason, it is not
recommended for use in bord and pillar development.

8.5 Mechanical Miner Bord and Pillar Development

Different ventilation systems are in use throughout the industry depending on individual
needsand requirements. However, the main objective of all systems is to create a healthy
environment on the working face and this can only be achieved by the effective removal
and dilution of dust and gases. This includes dealing with the large amounts of dust
created by the mechanical miners. Methane could be present and ventilation systems
should be designed to address both contaminants. To date water sprays and wet
scrubbers are generally used in conjunction with different ventilation systems.

8.5.1 Various ventilation systems

A general description is given on the different ventilation systems available for use, after
which recommendations on the effective uses of these systems will be given. The use of
air jet fans will be dealt with under a separate heading.
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(a) Force ventilation with ducting

This system requires the use of 760 mm 0 axial flow force fans capable of handling
between 10 ms/s and 14 m3/s of air. These fans are usually placed at the last permanent
stopping in the intake road. From this point, flexible ducting is used to deliver the air onto
the face (Figure 8.9). The size of the ducting ranges from 406 mm o to 760 mm o and
is usually suspended from the roof using roofbolts.

Force ducts are very seldom used as the only ventilation source in the heading. Although
the conventional force/exhaust overlap system are not commonly used in the coal mine
industry, the force dust is often combined with the on-board scrubber, which on its own is
an exhaust system. Thescrubber ismainly used fordust scrubbing purposes, but the high
volumes pulled through by the scrubber fan, naturally influence the airflow patterns. If
needed these systems can also be combined with an exhaust duct to assist with the dust
control in ultra high seams. Figure 8.10 shows a typical k yout of a heading with a force
duct, an exhaust dust and an on-board scrubber with an indication of the expected airflow
patterns ~.

(b) Scoop brattices8

Not as commonly used in mechanical miner headings, but a very applicable method of
ventilating non-coal winning headings, where the 0,2 m3/s/m2 do not apply and where the
seam heights permit the practical installations of these brattices. These can be used to
comply with the guidelines on mechanical miners, which states that all non-coal winning
headings should be ventilated positively on a continuous basis. They should be installed
in the upstream position of the heading relative to the direction of the airflow in the LTR.
The tail of the scoop should reach into the LTR to ensure maximum air delivery and air
penetration. Figure 8.11 explains the detail on the installation of these scoop brattices.
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Figure 8.10

Exhaust column Force column

Airflow patterns with a force duct, on-board scrubber and exhaust column
in use
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of seam height

Figure 8.11 Installation of a scoop brattice inside a heading

(iv) Trailing exhaust system

The trailing exhaust is an exhaust duct which has been connected to the outlet of the on-
board scrubber. The dust is then extended to a position into the LTR so that the air flowing
out of the dust complements the flow of air in the LTR. The ducts which are used are
usually PVC re-inforced spiral ducting of 570 mm o or 760 mm o, the positioning of the
ducting has practical difficulties and can either be installed against the roof or dragged
along on the floor, and is an issue which is solved by the individual mines. This system can
be used with or without force ventilation. Figure 8.12 shows a typical layout of a
Continuous Miner (CM) heading with a trailing exhaust without any force ventilation.

(v) Directional sprayfan system9

The sprayfan system consists of a number of directional sprays which are placed on
strategic positions on the boom of a CM. To date, this system has not been tested and/or
proven on a roadheader, but is very successful on a CM.

The number of watersprays which are used, differ from CM to CM and each mine tends
to change the configurations of the sprays to suit their specific circumstances.

The nozzles are mounted on manifolds behind the cutter head and along the side of the
CM. The objective of these spray nozzles is to provide air movement on the face for
methane dilution and dust control purposes, as well as for pick lubrication. Figure 8.13
shows the different positions for the spray nozzles.

The ability of these nozzles to move air in a required direction was accomplished by
careful selection of the mounting positions of the spray manifolds and angles of the
individual sprays on these manifolds. Each nozzle acts like a miniature fan and in
combination they direct the air down one side of the CM and over and under the cutting
drum Figure 8 14 shows a typical airflow pattern around the cutting drum with the
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directional sprays in use. Areas which require special interest for air movement, are under
the cutting drum, as methane tends to build-up in these areas due to the lack of fresh air
supply. Too many spray nozzles in these areas, however, cause a water problem for the
production people.

The optimum operating pressure is 1 Mpa with pressures down to 750 kPa proving
adequate in less gassy seams. Booster pumps may be required where supply water
pressure or flow rates prove inadequate. Paper filtration must be provided to prevent
nozzle blockage and the system requires regular inspection and maintenance.

Trailing exhaust connected
to scrubber outlet

Scrubber

I
—n ~.1

~ J~ I

ILli II

I Sprayfan
system

A m
10

K0
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Figure 8.12 Sketch showing a trailing exhaust connected to a scrubber outlet
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Figure 8.13 Sketch showing the different positions for the spray nozzles

Figure 8.14 Typical airflow patterns around the cutting drum with the directional
sprays in use

Booster
pump
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Research has shown the directional sprayfan system can increase the quantities of fresh
air movement to the face by as much as 300 %.

The sprayfan system is recommended for use in conjunction with all the relevant auxiliary
ventilation systems which are used to ventilate the mechanical miner heading. The system
ensures a constant flow of air on the face and the dust is moved away from the driver
towards the scrubber and/or exhaust intake.

8.5.2 Some Basic Recommendations to be considered when
installing various Ventilation Systems

(a) Force ventilation with ducting

The following recommendations can be made when using this system:

- The ducting should be installed on the upstream side of the heading, not
opposing the air flowing from the outletof the scrubber system.

- The distance of the outletof the duct should not be closer than 10 m to 15 in from
the face. If the outlet is too close to the face, the force of the air creates a dust
problem, as well as interfereing with the working of the sprayfan system.

- The air quantity which is delivered to the face should be in excess of 0,2 m2/s/m2
of cross-sectional face area.

- leakage should be kept under control to ensure the required air quantity on the
face.

(b) Exhaust ducting and/or on-board scrubbers

Some mines prefer to use exhaust systems in the headings mainly to address the dust
generated. Aspects which should be kept in mind when using exhaust systems, whether
an on-board scrubber system or a conventional exhaust dust are:

(I) On-board scrubbers:

- The maximum distance that a mechanical miner can operate away from the LTR
when using ~ arge wet scrubber as the only means of ventilation movement, is
20 in for medium to high coal seams. With regard to the low seams, it is
recommended the scrubber quantity be limited to the minimum required for that
particular heading face area and that the distance away from the LTR be limited
to not more than the machine length (±10 in)

- The air quantity which should be delivered by the scrubber is determined by the
factor 0,4 m3s/m2 of cross-sectional face area.

- Efficiencyof the scrubber inlet can be problematic. Care should be taken that the
airflow direction on the face of the heading is always in the direction of the
scrubber inlet to maximise the capture capabilities of the scrubber.

- It is advised that the on-board scrubber be used together with a sprayfan system,
or any other air moving devise on the cutting drum This is to assist with creating
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positive air movement on the face.

- It is recommended that the outlet of the scrubber be directed towards the roof,
as will assist in creating turbulence levels against the roof at the back of the
machine.

- The scrubber should not be allowed to recirculate more than 50 % of its own air
inside the heading. This is normally controlled by limiting the distance of the
scrubber from the LTR.

(ii) Exhaust ducting

The airflow inside the heading behaves in the same mannerwith the exhaust ducting as
with the on-board scrubbers, but with the difference that the positioning of the duct creates
problems for effective dust control. It is often necessary to assist the exhaust duct with
some type of air mover on the machine, such as the sprayfan system. This ensures that
the dust is moved towards the exhaust intake, creating positive airflow on the face.

- The inlet of the exhaust duct should not be further than 10 m from the face to
ensure sufficient air movement on the face and in the heading, and to enhance
the capturing capabilities of the duct inlet.

- The duct should be installed on the downstream side of the heading against the
roof, as this ensures a positive flow of fresh air over the driver.

- The exhaust air quantity should be more than the required 0,4 m3/s/m2 of cross-
sectional face area.

- In the high seams, turbulence levels against the roof are low and additional air
moving systems are needed to create the turbulence needed against the roof for
methane dilution purposes.

(iii) Trailing exhaust connected to the scrubber outlet

Thissystem is the same as the normal exhaust duct which was discussed previously. The
one advantage is that the inlet to the scrubber is kept close to the face at all times.

- The same recommendations apply to this system as was discussed for the
scrubber system

- The outlet ofthe duct should reach into the LTR, as close as possible to the main
return airway.

- Low turbulence levels against the roof, will also manifest when this system is used
in high seams The solution for this would be to use additional force ventilation
in the entrance part of the heading. To big a fan might in turn create a dust
problem It is, therefore, important to maintain a balance between the force and
exhaust quantities inside the heading.

8.5.3 Airjet fans

The use of airlet fans to ventilate bord and pillar headings, are becoming a popular system
in the coal mining industry This is because of the ease of use and the good mixing
characteristics obtained from the technique.

These fans are placed at specific positions in the LTR forcing air into the headings, the














































































































