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EXECUTIVE SUMMARY

The project described in this report arose out of the Snowmass
Coal Company, Colorado, making available their Thompson Creek No. 1
Mine to the U.S. Department of Energy for research investigations
during the summer months of 1982. The opportunity was taken to carry
out controlled experiments on the ventilation characteristics of a
longwall district employing waste ventilation through bleeder intake
and return airways.

Four major tests were conducted, namely: (i) detailed measurements
of the variation in airflow along the face front, conveyor track,
travelling track and chock track of the longwall; (ii) measurements
that led to the establishment of resistance values for the face ends,
across the shearer and along the faceline; (iii) an experiment to
determine the relatiomship between frictional pressure drop and air
volume flowrate through the face, and (iv) an examination of the
leakage characteristics of the caved area.

The major Sections of the report describe the conduct of these
tests and the data obtained. The information gained was combined with
theoretical analyses to produce improved procedures for the design,
planning and control of ventilation in longwall mines. These
procedures are illustrated by worked examples.
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1. BACKGROUND

In July, 1982, the U.S. Department of Energy (DOE) agreed to
provide funding for a field study and analysis of the ventilation of a
longwall district in an underground coal mine. A major problem facing
any in-depth study of ventilation on a fully equipped longwall face is
the continuous movement of equipment, cramped conditions and strata
movement as the face advances and caving occurs in the waste areas.
The steady-state conditions, freedom of access, and utilization of
sensitive and delicate instruments that are necesary for accurate
ventilation measurements are neither available nor welcome in the
activity of a working longwall.

During the summer months of 1982 the Thompson No. 1l mine, owned
and operated by the Snowmass Coal Company, Carbondale, Colorado, was
placed on standby, except for some development and essential
maintenance work. This mine included a longwall face, fully equipped
with a shearer and powered supports. The Company offered to make the
mine available for experimental field studies funded by DOE. This
provided a rare opportunity to conduct detailed ventilation
measurements on a longwall face. k

In mid-August 1982, a team of four spent two weeks at the mine
carrying out both survey and experimental data acquisition. The

personnel in the team were:

Principal Investigator: Dr. Malcolm J. McPherson
Graduate students: Dan Brunner

Satya Harpalani

RKeith G. Wallace Jr.

This report describes the practical work carried out at the mine,
a detailed analysis of data, and develops guidelines for the planning
of ventilation in a longwall mine.



2. INTRODUCTION

The two major reasons for the steady increase in the number of
longwall faces operated in U.S. coal mines are (a) the greater
productivity potential and (b) the limitations on room and pillar
workings imposed by depth below surface.  There are, however, several
factors that inhibit the growth of longwall mining. One of the more
important is the difficulty experienced in meeting mandatory
environmental standards on longwall faces. Coal is mined at a greater
rate from a single production location than in room and pillar
workings. This gives rise to increased problems of dust, gas and in
some cases, heat and humidity. Furthermore the resistance to airflow
offered by the longwall face and its associated airways is
significantly higher than the multiple airflow routes of a room and
pillar panel. This results in fans of higher pressure being required,
and, consequently, greater pressure differentials across leakage paths
within the mine ventilation system. In order to ensure that adequate
airflows are supplied on longwall faces it is important that design
procedures for the planning of ventilation are accurate and reliable.

In 1952, techniques of ventilation planning for underground mines
moved from being an essentially empirical art to a quantified
procedure through the development of electrical analogs to simulate
large scale airflow systems. These, in turn, were superceded early in
the 1960s by digital computer programs designed to model mine
ventilation networks. Such programs are now used widely in all major
mining countries. Five ventilation network programs were compared in a
report on mine ventilation planning submitted to the Department of
Energy in September 1981.[1]

Much of the recent work in network modelling has been concerned
with improving the accuracy of the technique for specific mining
layouts. In the case of longwall districts, a number of assumptions
and simplifications are made, including the following:

(a) A single value of resistance is taken for the longwall face and
this is usually assumed to be a linear function of face length for any
given height. Due to shock losses and concentration of equipment at
the face end it is most probable that the resistance is non—-linear and
higher at these locations than the rest of the face.

(b) It is assumed that the relationship between frictional pressure
drop, p, and the airflow, Q, follows the normal square law,

p = RQZ

where R is the face resistance. Whilst the square law has been
verified many times for airways, its accuracy has been questioned when
applied to longwall faces. Theory indicates that this law is
applicable for airways whose "roughness" is around the periphery of
the cross section, i.e. wall type roughness. On a longwall face,
however, the majority of supports are sited within the main body of
the airstream and offer aerodynamic drag.



(c) For the purposes of ventilation network analysis it is usually
assumed that the air flows around a longwall district along discrete
and continuous routes. The fact that only a fraction of the air
entering a district actually reaches the face indicates that this is
not true. Considerable leakage occurs through the caved waste and
bleeder airways. This is often ignored, or treated in a cursory
manner, in ventilation network planning.

This report describes a series of tests that were carried out on
a standing, but fully equipped, longwall face at the Thompson No. 1
mine owned by the Snowmass Coal Company, Carbondale, Colorado. The
field work was followed by a period of intemsive analysis of the
results and the development of design data and procedures that will
improve the accuracy of ventilation network planning for longwall
mines. ' :
Section 3 outlines the methods of approach employed in the
conduct of the tests and ensuing analyses. Section 4 gives a brief
description of the mine and Section 5 deals with the calibration of
instruments used in the field tests. A pressure-volume survey was
carried out along the main intake and return airflow routes of the
mine. This is described in Section 6 and provides details of the
ventilation infrastructure within which the longwall face was located.

Four major tests were conducted in the longwall district.
Section 7 of the report deals with the variation in airflow along the
faceline and its distribution across the face track, the conveyor
track, the travelling track and between the chock legs. The system of
bleeder airways around the caved zone behind the face was found to be
working well along the upper (return) half of the face, with air
leaking from the face into the gob and, hence, preventing waste area
methane from polluting the face airflow. However, a fault located
approximately halfway along the face had combined with the effect of
the elapsed time since the face had last operated (several weeks) to
produce a well consolidated zonme of collapsed waste at the back of the
shield supports in this area. The test results indicated that this
was causing some of the bleeder air to leak from the gob back into the
face upstream of the fault.

The test described in Section 8 enabled a detailed evaluation of
the resistance of the longwall to be made. The resistances of the
face ends, faceline and shearer were measured. Procedures were
developed to allow the corresponding resistances to be established for
other longwall faces. These procedures were correlated with the field
test data and the Section concludes with a worked example.

Section 9 is concerned with an investigation into the background
of the Squars Law, p = RQZ, and the reasons for suspecting its
accuracy when applied to a longwall face. However, a very carefully
controlled test at the Snowmass mine gave a very convincing result
showing that the square law did, indeed, hold for that face. This
test also allowed the resistance of the faceline to be measured
independently. The value obtained correlated well with data from the



other tests, indicating that confidence could be placed on the
accuracy of the observational data.

The leakage of air through the caved waste is examined in Section
10. Considerable attention is paid to the modelling of leakage
airflows through the caved material. Several models were considered.
One of these, named the "Simplified Representative Resistance Model"
was incorporated into an existing ventilation network analysis program
and gave a good correlation with the observed data. This model takes
into account the effects of the caved bleeder airways bordering the
gob, the variation in consolidation of the caved material and laminar
flow in the gob. A design procedure is proposed for modelling a caved
waste and including it within the network analysis of a mine
ventilation system. This Section concludes with a worked example
showing the effect of shearer position on the airflow patterns along
the faceline and in the adjoining gob.

Some of the field observations were utilized in more than omne of
the test analyses. However, an attempt has been made to make the four
sections that describe the tests and corresponding analyses as self
contained as possible. This should enable the selective reader to
turn directly to any of those sections.



3. RESEARCH METHODS

The approach to the project involved an initial planning phase,
field experiments, and an extensive and detailed sequence of data
analyses. The overall philosophy has been to conduct a rigorous
investigation into the ventilation patterms in, and around, a longwall
district, based on hard data, and to produce design procedures for
those involved in the planning of ventilation for lomgwall mines.

The project was divided into the following sub-tasks:

3.1 Instrument Calibration

During the week preceding the commencement of the field study,
the anemometers and pressure gauges were calibrated against primary
instruments at the Mine Ventilation Laboratory of the University of
California, Berkeley.

3.2. Pressure~Volume Survey of the Mine

A pressure survey of the major airflow routes in the mine was
conducted during the first four days of the field observations. The
gauge-and—tubé method. was employed using calibrated magnehelic
diaphragm gauges and a 100m length of pressure tubing. Concurrent
airflow measurements were taken by anemometer traverse. The purpose
of the pressure-volume survey was to provide the essential network
infrastructure within which the longwall face was situated. Although
it was not the intention to carry out any ventilation planning
exercises for the mine these surveys did, in fact, provide sufficient
information to permit network analyses of the system.

3.3. Distribution of Airflow on the Face

The field observationms for this phase of the project consisted of
taking 14 to 16 air velocity measurements on a grid covering the
cross—section at each of six locations along the longwall face.
Velocity contours were plotted on scale drawings of each
cross—section. ) |

The data analysis consisted of examining the variation in airflow
along the faceline and the role of the bleeder airways in producing
the pressure differentials that cause such variatiom. A further
analysis was carried out on the distribution of airflow across the
face, i.e. {a) close to the coal front, (b) in the conveyor track, (c)
in the travelling track and (d) between the chock legs. The results

were further examined from the viewpoint of gas and dust control.



3.4, Longwall Face Resistance

Detailed measurements were made of the frictional pressure drops
and corresponding airflows across the face ends, shearer and
incremental lengths along the mechanized longwall face. The pressure
differentials were measured by magnehelic pressure gauges connected by
pressure tubing between pitot tubes, and the airflows by spot
measurements on a grid of points covering the cross-section of each
measuring site. These observations allowed the variation in
resistance (per meter length) along the faceline, across the shearer
and at the face ends to be established.

An analysis of the data produced a range of friction factors (k
values) applicable to longwall faces equipped with powered supports.
These were incorporated into nomograms for rapid estimation of
faceline resistances. A theoretical examination of shock losses at
face ends and at the shearer was combined with measured data to
facilitate the estimation of the additional equivalent resistances of
those areas. The overall result was the development of an improved
procedure to enable mining engineers to assign values of airway
resistance to longwall faces during the design of ventilation systems .

3.5. Law of Airflow for a Lomgwall Face

A pressure tube was laid out along the full length of the face,
with a magnehelic gauge connected in line. A fixed point anemometer
station was established on the face. The airflow was adjusted in ‘
increments between the maximum attainable to the minimum compatible
with safety. This variation was achieved by adjustments of doors and
regulators, and by the erection of temporary brattice cloths.

The analyses commenced with an examination of the background
derivations that lead to the familiar “square law’” of mine
ventilation. The reasons for possible deviations from the square law
on mechanized longwall faces were investigated. The data obtained
from the field test allowed the law of airflow to be tested for the
longwall face. Furthermore, it also enabled cross—checks to be
carried out to verify the accuracy and reliability of the data used
for the determination of face resistance and airflow distribution
along the faceline.

3.6. Leakage though the Caved Waste

Deliberate leakage was allowed through the caved waste behind the
longwall at the Snowmass Thompson Creek No. 1 mine, in order to
prevent accumulations of methane in the caved area. A survey was
conducted which traversed all four boundaries of the caved area,



during which airflow measurements were made in all cross-cuts
connecting the bleeder airways to the gob.

The results were employed in a detailed investigatiom to develop
a mathematical model of leakage through a longwall waste. A number of
such models were examined, and one (the simplified representative
resistance model) was selected as giving satisfactory results and was
capable of incorporation into any existing ventilation network
simulation program that could handle a mixture of laminar and
turbulent flow paths.

The data obtained from the mine was tested against the simulation
model, allowance being made for the time-dependent consolidation that
had taken place in the gob of the standing face, and for the effect of
a small fault that crossed the faceline.

A practical procedure was developed for the simulation of leakage
flows though a longwall gob and this was inserted into a ventilation
network analysis program, The application of the technique was
demonstrated by a worked example.



4., DESCRIPTION OF THE MINE

Thompson Creek No. 1 Mine is owned and operated by the Snowmass
Coal Company and is situated in Pitkin County, Co. near the town of
carbondale. All current workings are in the “A” seam, the layout
being shown in Figure 4.1. The seam is some 7ft in thickness and dips
to the west at an angle of 300,

One longwall panel 1is in operation retreating to the north
between two sets of boundary airways. The face is on full dip with
the airways maintained along strike lines. The line is equipped with:

(i) 350 ton Hemscheidt Troika shield supports

(ii) an Anderson—-Boyes 500 hp radio-controlled chainless shearer

(iii) a Dowty-Meco 150 hp twin outboard armored flexible chain
conveyor and

(iv) a Dowty-Meco 150hp stage loader

When operating at full capacity, the face production is rated at 2100
rom tons/day.

The depth of cover is variable due to the dip of the seam and the
mountainous nature of the surface terrain. At the time of the field
observations, the face was some 1250ft. below surface. The main
access points are at the northern outcrops where the surface plant is
also concentrated. Coal transport is by belt conveyor along the
innermost of the two lower airways serving the longwall and up an
inclined ramp to surface. At the time of the field study, development
was well advanced for opening up a second panel which would run
parallel to the present No. 1 panel. However, it is not intended that
more than one longwall will be in operation at any one time.

Ventilation is promoted by two exhaust fans. Fan No. 1 is a 100
hp 6ft diameter Westinghouse axial fan operating at a nominal 60,400
cfm and 1.9 inches w.g.s.p. and is situated at one of the northern
portals. Fan No. 2 is sited at an eastern outcrop portal. This is a
200 hp 6 ft diameter Joy axial fan with a nominal duty of 124,200 cfm
at 3.1 in. w.g.s.p.

Airflow 1is ascentional on the face. The lower airways provide
the intake air to the face. The haulage way on the upper level is
also an intake. However, this air never reaches the longwall face but
merely mixes with the return air fom the face before being drawn
towards fan No. 2.

The conveyor rcad is well regulated and MSHA permission had been
obtained for the conveyor airflow to continue on to the face. As the
i to cave whilst the

8 s

face retreats, the inner two airways are a
cuter airways are maintained open as bleeder p . Strategic
erection and dismantling of stoppings within openings connected to the
caved region, and regulators in the bleeder airways, help to dilute
methane emissions from the waste area. The mine has no history of
spontaneous combustion. All of the face return air is drawn towards
fan No. 2 at the eastern outcrop. Fan No. l, on the other hand,
handles most of the air that has ventilated the developments.
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5, INSTRUMENT CALIBRATION

Three Davis Biram anemometers were used during the surveys.
These were calibrated in a low turbulence wind tunnel at the Mine
Ventilation Laboratory of the University of California, Berkeley.[1]
Each anemometer was calibrated against a pitot-static tube over the
range of velocities expected in the mine. The positions of the
instruments in the wind tunnel are shown in Figure 5.1.

The velocity of the air, u, is related to the velocity head, hv,
registered by the pitot-static tube:-

u = 140507.‘/hv/pa /s

where hy = m of water, and
pa =. air density, kg/m3
or ’
uF 1097.9 Y hey/Ps ft/min

where hv = inches of water and
Pg = air density, 1b/ft3

Air densities were determined from barometric and hygrometric
observations throughout the calibration procedure. The anemometer
readings were observed by timing an integral number of dial
revolutions over a period of not less than 60 seconds.

The pressure gauges employed during the surveys were Dwyer
magnehelic instruments. These devices react to differential pressures
across a sensitive diaphragm. The slight flexing of the diaphragm is
transmitted to an indicator needle via a magnetic linkage with no
mechanical contact. Frictional resistance is therefore reduced to a
minimum. The gauges employed for this test had ranges varying from 0
- 0.25 through 0 - 4.0 inches w.g., since it had been ascertained that
the main fans at Thompson Creek did not exceed a pressure of 4.0
inches water gauge.

Magnehelic gauges were preferred to liquid in glass inclined
nanometers because of their portability and dependability under mining
conditions. It is, however, important that they are calibrated prior
to use. ‘

The gauges were attached to a pressure manifold into which was
also connected a direct 1ift manometer. This is a primary laboratory
manometer reading directly to 1/1000 inch w.g. and allowing estimates
to 1/10,000 inch w.g. Air pressure within the manifold was applied
through a damping valve by a simple rubber bulb pump, each magnehelic
gauge being removed as its range limit was reached.
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6. VENTILATION SURVEY OF PRIMARY CIRCUITS

6.1. Survey Procedure and Qutline of Results

The four personnel worked as two teams, one responsible for the
measurement of frictional pressure drops and the other for airflow
determinations. It was important that the pressure drop measurement
for each airway was made at a known rate of airflow. Hence, the two
teams worked in conjunction with each other.

The first day in the mine was spent on reconnaisance. All of
the main ventilation routes were travelled and determinations were
made on control points and traverse paths for the ensuing surveys.

On each of the following three days, complete traverses were
made, precautions being taken to close each route back to its starting
point.

The frictional pressure drops along each airway were determined
in 100 m lengths by the gauge and tube method. A 100 m length of
pressure tubing (1/8 inch i.d.) was laid out in the airway with a & ft
pitot tube held facing into the airflow at either end. A 0.25 inch

of the frlctlonal pressure drop. Sufficient tlme was allowed for
transmission of the pressure wave along the tubing. This could be
tracked as creep of the gauge needle and in some cases took several
minutes. The delay time could have been reduced by employing larger
diameter tubing but this would have caused tube handling to be more
difficult. Check readings of pressure differentials were taken across
all doors, regulators and, where practicable, through stoppings. Such
check readings were invaluable in maintaining accuracy of the survey.
Independent pressure-volume measurements were also taken at the main
fans.

The mnatural ventilating pressure (NVP) was negative (the air in
the mine was cooler than the daytime surface atmosphere) but small in

magnitude. Ignorlng NVP, the algebraic sum of all frictional pressure
drops and fan pressures around any closed traverse should be zero
(Kirchhoff”s 2nd law). Each evening, the field book data was
transcribed on to mine plans and the closing consistency of the
pressure—~drop traverse checked.

Airflow measurements were made by anemometer traverses and taping
in the main airways. The roof of the airways retained the 300 slope
of the seam. The floors, on the other hand, had been levelled. The
shape of most of the airways was therefore a distorted trapezium - not
at all suitable for precise airflow measurements. Airflow stations
were chosen at sites where the airway areas could most conveniently be
measured by taping and, as far as was possible, well away from
junctions or sudden changes in cross section. Three or more traverses
were taken at each station using a Davis anemometer and extension rod
until repeatability within 5 per cent was achieved. Corrections from
the anemometer calibration and the calculations of airflow were made
en the spot.

(JD
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= ux A

= airflow ft3/min (m3/s)

= mean velocity ft/min (m/s)

= cross-sectional area (ft2) (m2)

where

e OO0
I

Again, all airflow measurements were transcribed on to a mine plan
each evening and checked for consistency.

During the conduct of the survey, a stopping in one of the cross-—
cuts conmnecting the lower bleeder airway to the waste area was found
to have collapsed allowing large scale leakage. This was sealed with
prattice cloth by mine personnel. A regulator in the lower haulage
road was also under construction during the time of the survey. These
changes caused considerable difficulty in correlating some of the
airflows in succeeding days. However, measuring each alrway pressure
drop, p, and airflow, Q, at the same time ensured that a reliable
value of airway resistance, R, was obtained for each individual

branch. .
R = p/Q2

The larger pressure drops are shown on Figure 6.1.

The purpose of the pressure-volume survey was to determine the
network structure containing the longwall face. Hence, the survey was
intentionally not as complete as would be the case for ventilation
planning purposes. In particular, the areas that were not surveyed
were:

(1) the legs leading to fan No. 2

(ii) the upper airway bounding on the old workings (much of this

was untravellable)
(iii) the return route from the developments into the drift
leading to fan No. 1.
However, much of this data could be calculated by difference from the

measurements actually made.

6.2. Network Correlation and Observations on Current System

As a preliminary investigation, the entire ventilation system of
the mine was simulated using the network analysis program VNET. A
simplified network schematic was designed and values of resistance, as
determined from the survey, were assigned to the branches. Since the

survey was incomplete, the resistances of several branches, such as
the caved airways surrounding the gob, were calculated using assumed
Cross—sectional areas. The caved gob region was represented by

branches leading to a single sink located in the center of the gob:
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values of resistance for the sink branches were found by trial and
error, optimizing on the correlation. The network simulation
obtained, with balanced airflows, is shown on Figure (6.2). The
gimulation gave airflow values which correlated within 10% of the
actual survey measurements.

The pressure-volume survey served to provide a picture of the
yventilation infrastructure of the mine, within which the detailed
investigations in the longwall panel were to be carried out. Although
the survey was mnot as complete as would normally be required for
planning the future ventilation of the mine, the correlation obtained
indicated that the basic network could, indeed, be used for this
purpose.

The survey indicated that whilst the longwall face and waste were
well ventilated, the efficiency of the system could be improved and
the operating costs reduced. Essentially, No. 2 fan provided the
ventilation for the longwall face while No. 1 fan served the
development area to the west. The upper level airwavs carried intake
air, all of which leaked directly into returns. The majority of the
cost of operating both fans was consumed in the fan drifts. A total
pressure of 1,99 inches water gauge was measured across No. 1 fan. Of
this, 1.291 inches were lost in the fan drift and associated bends.
Air returning from the development area ascended to a higher level via
a sharp and conmstricted 180 bend (consuming 0.628 inches w.g. alone)
followed by a sharp 90° bend. There was a further sharp 90° bend
immediately before the fan. The shock losses associated with those
bends created a very high resistance to airflow and, hence,
unnecesarily high fan power costs.

The airways leading up the slope to No. 2 fan were also in poor
condition, giving a frictional pressure drop of 1.635 inches water
gauge (out of 3.00 inches produced by the fan). Network analysis
exercises indicated that improving the fan drifts would cut the fan
power costs by almost 40 per cent.
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7. INVESTIGATION OF THE DISTRIBUTION OF AIRFLOW ALONG A LONGWALL FACE

7.1, Significance of variations in airflow on a longwall face.

7.1.1. Variation of airflow along length of face

The variation of airflow along the length of a longwall face is
of significance in the control of both methane and dust. This
variation 1is, in turn, dependent on the type of ventilation system.
Two arrangements are commonly used. The first, is termed a "bleeder
system”" where the caved gob region is ventilated by leakage from
bleeder airways that are maintained around the gob. The second
arrangement, termec the "sealed system", does not intentionally allow
air to leak through or flow around the caved region. The variation in
airflow along the 1length of the face is also a function of the
consolidation of the ‘gob.

7.1.1.1. Bleeder systems:

With this system, the pressure difference between the two bleeder
airways, the bleeder intake and return, causes air to leak through the
gob region. The gob region is kept at a lower pressure than the
intake bleeder by the use of stoppings in crosscuts which connect the
bleeder intake to the caved gob. The leakage which flows through the
gob, dilutes and removes the gases accumulated in the gob. The face
investigated at Snowmass operated on a bleeder system as illustrated
on Figure (4.1).

The pressure difference between the bleeder return and the face
line, causes air to leak from the face line into the gob. The result
of this 1is a decrease in volume flow rate along the length of the
face.

Effect of bleeder system on face gas control:

On a producing longwall face, methane is desorbed and emitted
from the newly exposed face and broken coal. In addition, methane is
also released in the caved gob zone behind the shields. Methane, with
a specific weight of 0.56 relative to air, tends to accumulate at
higher elevations, i.e. roofs of airways. On a longwall face, where
frictional sparking from the shearer”s cutting drums occurs
frequently, ignitions and flame propagations can occur. To prevent
ignition, methane must be diluted by ventilating air to concentratioms
below the explosive range; 5-15% by volume. Federal regulations
prohibit the operation of any machinery in air containing more than 1%



methane by volume.

The objective of a bleeder type ventilation system is to keep the
waste gas fringe away from the face line. The pressure difference
between the face and the bleeder return, causes face line air to leak
into the gob. This prevents the migration of gas from the gob zomne
onto the face line. This effective containment of waste gases reduces
the airflow requirements along the face since only methane emitted
from the exposed face and broken coal must be diluted.

Effect of bleeder system on dust control:

To this day, longwall faces have great difficulty in complying
with the 1969 legislative dust regulations. The regulation threshold
limit value for suspended respirable dust is 2 milligrams per cubic
meter measured at the site of the operator. Suspended dust, produced
from the shearer during actual cutting of the coal, must be
suppressed, diluted by the ventilating air, or diverted away from the
operator. Since personnel are necessarily present on the face during
cutting operations,’ the air velocities should not be so high that
larger particles remain airborne. Air velocities greater than 4.5 m/s
will result in unacceptable conditions.

The decreased airflow rate at the return end of the face, caused
by the bleeder system, may not be sufficient to reduce the dust
concentration when the shearer is operating up wind of this location.
To adjust for this, the airflow entering the face line may be
increased. However, this may exacerbate the dust problem, especially
if the stage loader is located on the intake end of the face. Higher
velocities may entrain more respirable dust as well as the larger dust
particles. Thus, for a longwall mine ventilated with a bleeder type
system, the airflow distribution along the face must be balanced so
that sufficient air is available to dilute dust at the return end of
the face without requiring excessively high velocities at the intake
end.

7.1.1.2, Closed systems:

For a closed system, all the airflow is maintained along, or
clogse to the faceline. Relatively little air is diverted around or
allowed to leak through the caved gob. Some of the air flowing along
the face leaks behind the shields; however, much of this air returns
back into the face line at the return end. Nevertheless, the volume
flow rates remain fairly uniform along the face line. Sealing the
airways leading around the caved zome will cause the gob to remain at
a neutral pressure between the intake air pressure and the return air
pressure.
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gffect of closed system on face gas control:

With a closed system, if methane drainage is not employed, the
gas will accumulate in the gob. Some of the air flowing into the face
will tend to migrate into the gassy caved zome behind the shields.
The return end of the face, being at a lower pressure, will tend to
draw this gas laden air back into the face. The larger the pressure
drop between the ends of the face or the larger the face resistance,
the more air will leak behind the shields. The addition of gas laden
air into the face line increases the face air flow requirments. Thus
for a sealed system, from a gas control standpoint, the amount of air
entering the face line must be adequate enough to dilute the methane
being drawn into the face line from the waste and that emitted from
the newly exposed coal surfaces.

Effect of closed system on face dust control:

Since the face airflow rates do not decrease significantly along
the length of the face, as with the bieeder system, problems with
varied degrees of dilution along the face, are not present. However,
dust dilution is always a problem on longwall faces. The use of dust
suppression sprays mounted on the shearer drum, and directional water
sprays is now standard practice to assist in controlling the amount of
suspended dust.

7.1.1.3. Effect of localized waste consolidation:

In retreat longwall mining, the headgate and tailgate airways
immediately adjacent the waste area are allowed to cave. Due to the
chain pillars next to these airways, the caving is incomplete and
zones of convergence exist, leading into the gob. The extent of these
zones depends on the overlying strata, seam height, the depth of the
seam and the time elapsed since the face passed. The center part of
the gob, on the other hand, caves more effectively and is more
consolidated than the edge zones. Behind the shields, where the
coverload has not yet been reattained, there exists anocther zone of
convergence. Thus, a longwall gob is surrounded by gradients of
consolidation, increasing towards its center. In terms of variation
of face airflow, the convergence zone behind the shields is most
important. Geologic conditions can reduce the extent of this zone and
directly affect the face airflow pattern. Furthermore, consolidation
behind the shields will continue through any period when the face
ceases to advance or retreat.
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Geologic conditions:

If the longwall face passes through a fault, the caveability of
the overlying strata will change in that region. The strata may cave
more effectively behind the shields and thus reduce the extent of the
convergence zone. Variations in the structure of the overlying
strata, weak strata and discontinuities may also alter the caveability
and reduce the length of the convergence zone.

For a bleeder system, a short length of well consolidated
material behind the shields may, in some cases, force leakage air back
from the gob to the face line. This leakage air flows from the gob
onto the face in order to bypass the highly consolidated center zone
which has moved up to the back of the shields. This causes the volume
flow rate to increase towards the center of the faceline, after which
it decreases sharply towards the return. ’

For a sealed system, a consolidated convergence zone behind the

shields will prevent air from leaking behind the shields and flushing
accumulated gas. This will also keep the air quantity more constant

along the length of the face.
Elapsed time:

During mnormal face travel, the convergence zone behind the
shields is wusually larger than those extending from the ribsides.
Once mining is completed, or the face comes to a standstill, depending
on the length of time, the convergence zone behind the face shortens
considerably. Thus if a longwall face is down for a reasomable length
of time, the gob will tend to comsolidate closer to the back of the
shields. This, as with the geologic factors, will affect the airflow
distribution along the length of the face.

7.1.2, Airflow variations in cross—section on a lomgwall face.

The distribution of airflow across the width of the face is also
of significance to methane and dust control. It is convenient to
break the «cross—section into four regions for analysis. The first
being directly along the exposed face, the second, third and fourth
respectively: over the armored face conveyor, over the travelling
track and between the shield or chock legs. These regions are labeled
4,B, C & D respectively on Figure (7.1). The optimal airflow with
respect to gas and dust will be discussed for each of these regions.
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7.1.2.1. Face track:
Conditions:

On a producing longwall face, methane is emitted during the
actual cutting process from the newly exposed coal face and the
fragmented coal. Frictional sparking at the machine pick point is, by
far, the greatest cause of methane ignitions in modern mining. This
occurs particularly when the picks strike pyrrhitic material in the
seam or intersect harder strata in the roof or floor. Techniques of
improving the ventilation within the cutting drum, and pick-face water
flushing assist in reducing the risk. However, it is always important
to maintain a good ventilating air current along the faceline to
achieve rapid dilution of face-front gas.

Most of the dust produced during longwall mining results from the
actual cutting of the coal rather than the breakage of the roof during
shield or chock advance. Thus the largest source of dust is from the
shearer during cutting.

Airflow constraints:

From a gas standpoint, the air quantity flowing next to the
exposed face must be large enough to dilute the methane to well below
its explosive range.

On the other hand, high velocities concentrated in this region,
tend to increase the amount of dust suspended in the airstream. High
velocity air, flowing over the shearer drum during cutting, tends to
entrain more of the dust particles emitted from the coal cutting
process. ,

Thus, the minimum required airflow in this region is governed by
the methane emission rate, while the maximum airflow rate is limited
by the dust constraint.

7.1.2.2. Conveyor track:
Conditions:

The armered face conveyor, the track through which the body of
the shearer travels, transports broken coal to the stage loader. The
increased surface area of the freshly broken coal enhances the
desorption of methane. Thus, an increased concentration of methane is
predominant along the conveyor between the shearer and the stage
loader. This can cause accumulations of explosive mixture in the
enclosed bottom flight track.

Fine particles of broken coal, being transported by the conveyor,
may become suspended in the airflow if the relative velocity between
the airflow and the conveyor is significant. The speed of the
flights, the size distribution of the broken coal and the speed of
shearer drum are all factors which affect the amount of suspended
dust .
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Airflow constraints:

As in section 7.1.2.1. the airflow in this region is constrained
in quantity as well as in velocity. The airflow rate must be large
enough to dilute the methane emitted from the broken coal, but should
not be excessively large such that high relative velocities exist
between the conveyor and the airflow.

7.1.2.3. Travelling track:
Conditions:

The travelling track is used by personnel to access the shearer,
shield or chock control panels. During operation, personnel must
release, advance and reset the roof support units behind the path of
the shearer.

Airflow constraints:

The air flowing in this region must comply with the threshold
limit values for suspended respirable dust (2mg/m3) and gas (1%
methane) . Since this is an access way, the airflow rate must be
large enough to dilute the concentration of respirable dust below this
regulated value, In addition, for safety, excessively high velocities
should be avoided so that large particles of dust do not remain
suspended in the airstream. In general, the environmental conditions
in this part of the face should be acceptable for personnel.

7.1.2.4. Chock track:

The amount of air flowing between the legs of the roof supports
is a function of the clearance, the degree of consolidation behind the
shields and the type of ventilation system.

If the gob is well consolidated directly behind the shields, i.e.
the convergence zone is short, with either the sealed or the bleeder
system, the airflow is more confined to the face line. - This will
cause more air to be distributed between the roof support legs than
would be the case if a large convergence zone existed.
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7.2. Measurements performed at the Thompson Creek No. 1 Mine,
to determine the airflow distribution on the face.

7.2.1. Description of face.
Physical:

The longwall face, at the Thompson Creek No. 1 mine, measured 355
feet 1in length. The height of the face was about 7 feet while the
width of the face varied with length. Before shutdown, the shearer
had cut a 2° deep shear 65 feet long beginning at the tailgate. The
consequential change in cross—sectional area with length is
illustrated on Figure (7.2).

The face was on a 30° dip and advanced along the strike of the
seam. The headgate airway, driven on strike, was parallel to, but
down dip of the tailgate airway. The airflow was, therefore,
ascentional along the face line.

Equipment:
The longwall face was equipped with the following:

. 350 ton Hemsheidt Troika shield support units

. Anderson-Boyes 500 hp - chainless shearer

. Dowty-Meco 150 hp twin outboard armored chain conveyor
. Dowty-Meco 150 hp stage loader.

At the time of the survey, the shearer was pulled away from the
face for maintenance and parked at the tailgate end of the face line.
Consequently, for the last 80 feet of the face lime, the armored face
conveyor was positioned away from the exposed face.

The shields, on the other hand, had not been advanced towards the
face in this section, in order to provide better access to the
shearer. Over the shearer, the shield slough plates were fully
extended, while nearer to the headgate, the shield units were closer
to the exposed face and the slough plates pressed vertically against
the face.

Geologic conditions and effect of elapsed time:

At the time of the survey, the longwall face had been at a
standstill for several weeks. Just before shut down, the face had
encompassed a fault running at an angle of about 30° to the face line.
To maintain roof control in this regiom, bolts, dowels and styrofoam
resin were utilized. In addition, it was apparent that the gob caved
well up to the back of the shields. This was assumed to be caused by
the combined effect of the fault and the standstill time.
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7.2.2. Description of air quantity survey along faceline.

Air quantity measurements were taken as part of the observations
made to establish the wvariation in resistance along the face.
Detailed measurements of velocity and area were taken at six cross-
sections along the length of the face line. The cross—-sections,
measured from the headgate, were located at 30, 116, 174, 232, 290
and, at the top of the face, 355 ft.

At each cross-section, spot velocity measurements were taken with
a calibrated medium~speed vane anemometer on an imaginary grid
covering the cross-section. The measurements were taken with the
observer downstream of the anemometer. This was accomplished by using
an extension rod equipped with a swivel to keep the anemometer facing
into the airstream. Depending on the size of the cross—section, l4-16
measurements were taken. FEach measurement was repeated three times to
check for consistency and was adjusted by a corresponding calibration
correction.

Detailed cross- section dimensions were taken with a measuring
tape. Each cross-section was drawn in a field book and each dimension
was recorded. In addition, the location and magnitude of each
velocity measurement were also recorded. A scale drawing then allowed
velocity contours to be drawn. These are shown on Figures (7.3 to
7.5).

7.3. Distribution of airflow on the face

This section describes the variation in total airflow, and the
distribution of this airflow, along the length of the longwall face at
the Thompson Creek No. 1l mine.

7.3.1. Variation in total flow rate along face line.

Using the scale drawings (Figures (7.3-7.5)), the area between
each successive pair of velocity contours was established and
multiplied by the mean of the contour velocities to give the airflow
occuring within that velocity range. The sum of all these gave the
total volume flow rate through the cross—section. The results for
each cross-section are shown in Table (7.1).

The variation in total volume flow rate with face length is shown
graphically on Figure (7.6). This figure indicates that the volume
flow rate increases near the center of the face line by about 10%.
The volume flow rate then decreases at the return end of the face to a
value equivalent to 68% of the intake quantity.
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From mass conservation, if no leakage occurred along the face
line, the volume flow rate would remain constant. Thus, an increase
or decrease in volume flow rate indicates that leakage interactions
occur between the face line and the gob.

For the longwall face at the Thompson Creek mine, air leaked from
the gob into the face line beginning at about 80 feet from the intake.
Progressing past the center part of the face, air leaked from the face
line to the gob in increasing magnitudes.

The leakage from the gob to the face line, occuring before the
center point of the face, was caused by the reduced convergence zone
behind the shields. Both the fault zone and the idle time of the face
caused the center of the gob to cave more effectively directly behind
the shields. This forced some of the air, leaking through the gob from
the bleeder intake, to flow back into the face andmaneuver around this
highly consolidated center zone.

The 1leakage from the face line to the gob, occurring along the
second half of the face, was a direct consequence of the bleeder
ventilation system. The bleeder return, located along the gob in the
return side of the panel, drew air away from the face to keep
accumulated waste gas from migrating onto the face line. Thus, the
decrease 1in volume flow rate, observed along the second half of the
face, indicated that the bleeder system was working effectively in
this area.

7.3.2. Distribution of airflow in cross-section along face.

To analyze the distribution of airflow across the face, the
cross—section was divided into four regions: 12 ft2 next to the
exposed face, over the armored face comveyor, over the travelling
track and between the chock legs. For the distribution analysis, the
air flow through each region was determined as a percentage of the
total airflow at each cross-section. In additionm, average velocities
through each region were calculated for every cross-section along the
face. (Appendix I). Values of volume flow rate, % volume flow rate
and average velocity, for each region, are shown tabulated in Table
(7.2) and are plotted for every measured cross—section along the face
on Figures (7.7 - 7.11). Included on the distribution and the flow
magnitude graphs, are averages and standard deviations from the mean.

7.3.2.1. Air distribution analysis:

The distribution of the airflow, as it travelled along the face
line, may be analyzed with the aid of Figures (7.7-7.11). The
following sub-sections describe the airflow distribution at each
measured cross-—section, the shifts in distribution along the face line
and the cause of the variations.



—3=

Table 7.2

Distribution of airflow in cross-sections along face.

P

Location

Cross=Section

Quantity kcfm

Velocity fpm

% of total

L

[= W -~ I 3 U oo w U 0w U w > U o w b

oo W

(G, G, BN, IRV, M~ B~ W W Www [ SR O U Y [ S =

oo O O

4.13
13.55
5.73
0.126

3.54

4]

[ S

2,73
13.3

3.18
00.095
19.305

532.7
593.5
565.1
229.8

568.3
642.7
335.0

98.2

508.9

586

239.85
65

344.2
470.9
306.2

57.3

227.08

338.9

165.5
43.2

194.1
217.5
236.9
86.3

26.25
48.07
23.46

2.22

. 100.00

28,13
56.00
14.94
0.93

100.00

22.77
64.03
12.72
00.48
100.00

14.14
68.89
16.48
00.49
100.00

14,16
70.47
14,22
01.15
100.00
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Cross Section 1, 30 Feet from Maingate

Near the maingate, as illustrated in Figure (7.10) for cross-
section 1, the airflow is distributed symmetrically about the armored
face conveyor. About fifty percent of the air flows directly over the
armored face conveyor, while the other fifty is distributed fairly
evenly over the travelling track and next to the face. The 2.2%
flowing between the shield legs is negligible relative to that flowing
in the other regions. However, compared to the other measured
cross—sections, this 2.2% is quite high. This trend is seen on Figure
(7.8), where the percentage of air flowing in the region decreases
steadily, levels out and then increases towards the end of the face
line.

Cross—Section 2, 116 feet from Maingate

At cross—-section 2, located 116 feet from the main gate, the
airflow 1is no longer symmetrically distributed over the armored face
conveyor but tends more towards the face. This skewed distribution is
shown on Figure (7.10). The increase in percentage of air flowing
next to the face and over the armored face conveyor, and the
subsequent decrease of that over the travelling track, between cross
sections 1 and 2, is evident on Figure 7.9.

This shift in distribution, between the first two measured
cross—sections, is also evident from the velocity profiles; Figure
(7.3). The velocity contours, for cross—section 1, are widely
distributed. The contours are centered around two peak velocity zones
located over the armored face conveyor and over the travelling track.
The result of this is a more symmetrical distribution of airflow im
the cross—section. On the other hand, for cross— section 2, the
velocity contours are centered around a single peak velocity zone,
located directly over the armored face conveyor. This causes the

~airflow to exhibit a much more localized type of distribution as

indicated on Figure (7.10).

Cross—section 3, 174 feet from Maingate

At this location, the airflow distribution, shown on Figure
(7.10) is still skewed towards the face and is even more localized
over the armored face conveyor. From Figure (7.7), the increase in
flow over the armored face conveyor, between cross-sections 2 and 3,
coincides well with the increase in total flow between these cross
sections. It is interesting to note that the amount of air flowing
near the face and over the travelling track, remains fairly constant
between <cross— sections 2 and 3. This indicates that the additiomnal
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air, leakage air in this case, is distributed mostly to the region
over the armored face conveyor while the proportion of air between the
travelling track and the region near the face, remains constant.

Cross—section 4, 232 feet from Maingate

The airflow distribution at this cross—section, unlike that at
the previous three cross—sections, is skewed towards the gob. This
shift of air flow toward the travelling track, is seen on Figure
(7.10) and (7.9). Figure (7.9) shows distinctly the transfer of flow
from the conveyor track to the travelling track between cross—sections
3 and 4.

Thus far, proceeding from the headgate end of the faceline, the
airflow distribution has changed from symmetrical, to skewed toward
the face and then after 232 feet, it has changed to skewed towards the
gob. These skewed distributions are caused mainly by the changes in
the cross-sectional area of the travelling track (Figure 7.2), but may
also be influenced by the pressure differences between the gob and the
face line.

At cross-section 4, the pressure in the adjacent gob, must have
been less than the pressure on the face line. This pressure
difference caused air to leak from the face line into the gob which in
turn drew the airflow distribution towards the gob. This may have
contributed towards the skewed distribution seen on Figure (7.10).

Cross—-sections 5 and 6, 290 & 350 feet from Maincate
&

In both these cross—-sections, the airflow was concentrated
heavily in the armored face conveyer region, but was distributed
fairly evenly in the region mnear the face and over the travelling
track; Figure (7.10).

The total airflow, on the other hand, still decreased between
cross—section 5 and 6 due to leakage from the face into the gob.
However, the symmetrical distribution of the air at these cross-—
sections was most probably caused by the greater cross—sectional area
combining with the reduced airflow to give significantly lower
velocities.
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.7.3.2.2. Conclusions derived from analysis:

Based on the Thompson Creek No. 1l mine analysis, the following
conclusions, regarding airflow distribution on a longwall face of a
mine ventilated with a bleeder system, can be drawn.

. More than 50 percent of the air flowing along a face is distributed
in the region over the armored face conveyor.

. The percentages of air flowing over the travelling track and near
the face are subject to variations, but on the average remain
fairly constant along the face line.

+ The variations in distribution are affected by changes in
cross—sectional area and pressure gradients between the gob and
the face line. These pressure gradients are a direct consequence
of the conditions in the gob. Since the gob at the Thompson Creek
No. 1 mine was well consolidated closely behind the shields around
the center of the face these pressure gradients were relatively
large. With a uniform cross—section and fault free conditions,
pressure gradients between the face line and the gob, would be
smaller and thus the air distribution would vary less along the
length of the face.

. The variations in total volume flow rate are caused by leakage air
which is also a function of the conditions in the caved gob region
as well as the pressure differentials that exist between the face
and the bleeder airways.

+ The percentage of air flowing between the legs of shield roof
support units is negligible relative to the air flowing in other
regions.



8. LONGWALL FACE RESISTANCE
g.1. Background

One of the vital sets of data required for the analysis of wine
vyentilation networks, and for the prediction of airflows in projected
layouts, is the resistance, R, of each branch in the network. This is
used in the general law ’

p = RG" (8.1)

in order to quantify the relationship between the air volume flow, Q,
and the frictiomal pressure drop, p, along the airway. The
logarithmic index, n, is normally 2 for fully turbulent airflow and
reduces to unity at laminar flow. Section 9 of this report confirms
that the Square Law (n=2) holds for the longwall face investigated at
the Snowmass Mine.

For existing flow paths, and where the airflows and pressure
drops are sufficiently high for sensible measurement, the most
reliable means of ascertaining resistance is to measure p and Q, then,
assuming the Square Law, the resistance is given by

R = p/Q?

In the case of planned, but as yet unconstructed airways, or where
airflows are too low for dependable measurements, the resistance may
be calculated from

R = k L O (8.2)
524

= friction factor (x1010 1bf minZ/ft?)
= length (ft)

perimeter (ft)

= cross sectiomal area (ft

where

O R
I

N

and )

Whilst the literature contains lists of k factors for various
types of shafts and airways, there is very little data available to
assist in assessing the resistances of longwall faces. There are two
reasons for this. First, it is normally difficult on an operating
longwall to make the measurements required to establish a reliable
value of resistance to airflow or k factors. Second, the resistance
of a longwall is caused not only by the face itself but also by shock
losses at face ends and constrictions at machine sites.

® "This section of the report employs British Tmperial Units owing to the large
I amount of observed data involved, all of which was obtained from instruments
| Calibrated in those units. ‘



During the field observations at Snowmass, detailed measurements
on the longwall face allowed the components of resistance to be
identified and quantified. This section of the report describes the
measurements taken to establish face resistance, the analysis of that
data, and proposes a method of evaluating the resistance of other

tongwall faces.

8.2. Experimental Procedure

Over the lower haif of the face length at Snowmass, the armored
flexible conveyor was pushed close to the coal face and the convevor
jacks fully retracted. The distance from the coal front to the front
legs of the chocks varied between 7.5 and 10 ft. Face conditions were
good. About half way along the face, however, resin grout injection
had been wused to stabilize the ground around a small fault in the
seam. Above that point, the face had become wider due to sloughing
from the coal front. The uneven surface left on the face combined
with the broken coal to give an aerodynamically rougher flowpath. The
shearer was parked at the upper end of the face (tailgate) where the
width of the face had increased to 14 ft,

The test commenced by erecting a brattice in the lower bleeder
airway (Fig. 4.1) and opening the brattice in the maingate leading to
the face. These steps were taken to produce a relatively high airflow
along the face line and, hence, to improve the accuracy of airflow and
pressure drop measurements. More than 50 per cent of the air sup?lied
to the panel still entered the caved area from the lower bleeder
airways. Nevertheless, as a safety precaution one of the team
patrolled the cross—cuts at the top edge of the caved waste throughout
the day, monitoring methane concentrations. Most of these cross—cuts
showed 0.1 or 0.2 per cent methane. Higher concentrations were found
towards the starting-off lime of the face. The methane readings and
their locations are shown on Figure (10.2). There was no significant
increase in gas concentratiom in any one cross-cut during the day.

Stations Al through Al0 were set up at locations indicated on
Figure (8.1). The face was divided into 58 ft. lengths with shorter
increments where the face widened and across the shearer. Additional
lengths of 70 ft. in the conveyor road and 58 ft. in the upper haulage
road were 1included in order to determine the resistance of these
airways close to the face ends.

Airflows were measured at midpoints between stations by the
"point traverse' method. This involved taking anemometer readings at
a number of points on a grid covering the cross—section of the
measuring station. The readings enabled velocity contours to be
established in a manner similar to those illustrated in Section 7.2.
These, in turn, were used to determine the volume flow of air.

The frictional pressure drops between stations were determined by
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the gauge and tube technique. A length of 1/8 inch internal diameter
plastic tubing was laid out between each pair of consecutive stations
in turn. The ends of the tubing were each attached to the total head
connections of a 2 ft pitot tube. A 0 to 0.25 inch water gauge
magnehelic diaphragm gauge was connected into the line in order to
measure the pressure difference between the two pitot tubes.

The pressure tubing was suspended from roof supports and tested
for pressure integrity at each setting. The pitot tubes were held
facing into the airflow. Care was taken to prevent the bodies of the
observers from affecting the readings, a precaution that is
particularly important in the cramped confines of a longwall face.
The observers holding the pitot tubes lay flat on their backs on the
face conveyor during each reading and traversed the pitot tubes slowly
over the central part of the cross-section, but maintaining the
orientation of the pitot head into the airflow. This technique
avoided spurious readings arising from any anomolous local turbulence.

For each reading, the magnehelic gauge observer sited himself
between a pair of chocks, well out of the main airstream - again in
order not to affect the airflow or associated pressure drop. The
pressure gauge was observed until a stable reading was established.
All anemometer and magnehelic readings were corrected according to the
relevant calibration.

8.3. Test Results

The measured pressure drops and corresponding airflows are shown
in Table 8.1. Pressure drops are given in thousandths of an inch of
water gauge (milli inch w.g.) and airflows in thousands of cubic feet
per minute (kcfm). The corresponding resistances, calculated from the
square law have units of

R = p milli in. w.g. or (in.w.p.) x 1073
Q2 (kcfm)2 (£t3/min)®x106
= (in.w.g.) min2 x 1077 , (8.3)
££6

This is sometimes called the Practical Unit (P.U.) of mine resistance
as it derives directly from the square law without the need for any
multiplying constant.




A
/W . :
gstation Length| Pr. Dp. | Airflow|Resistance;Resistance|Comments
From To  ft m.in.w.g. kcfm P.U, P.U./ft
Al A2 70 166 47.523 0.0735 0.00105 |Stageloader &
{Electrics
A2 A3 58 119 24.181 0.2035 0.00351 |Maingate end
of face
A3 A4 58 39 24,230 0.0664 0.00114
Ak A5 58 38 25.536 0.0598 0.00103
A5 A6 58 26 25,170 0.0410 0.00071
A6 AT 58 19 21.415 0.0414 0.00071
A7 A8 20 7 17.797 0.0221 0.00111 |Face widens
A8 A9 45 18 16.452 0.0665 0.00148 | Shearer
A9  ALO 58 4 4.120 0.2356 0.00406 |Tailgate
— - ;

Table 8.1. Resistances on the longwall face

In order to compare resistances for the various sections of the
face, Table 8.1. also gives the resistances in P.U. per foot length.
These values are further illustrated on Figures (8.2a) and (8.2b).
The peaks of resistance at the face ends show very clearly. These
arise from the concentration ¢f equipment causing obstruction to the
airflow, and from the shock loss as the airflow changed direction at
the junctions of airway and face.

The larger cross—sectiomal area through the upper half of the
face 1is revealed as a lower resistance per unit length. The slight
shock loss as the face widens in section A7-A8 shows as a small
increase in resistance. There is a further rise due to the presence
of the shearer at the upper end of the face, but this is not so great
as would normally be expected from such a major obstruction. The
reason for this was that the face was much wider and the
cross—sectional area considerably larger at the shearer than along the
rest of the face (see also Figure 7.5).

The cumulative increase in resistance from a point
the maingate end of the face to a point 58 ft. cutbye the tailgate end
was 0.81 P.U. A summary of the breakdown is given in Table 8.2.

70 ft. outbye
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Eesgistance Percentage

F.U. of total
Stage loader/electrics 0.0735 9.1
Face ends and tailgate 4.4391 54,2
| Face line 0.2972 36,7
0.8091 100.0

Table 8.2, Summary of components of face resistance

8.4. Estimation of the Resistance of a Longwall Face

The results given in the previous section show that more than
half the total resistance occurs at the face ends. It is clear that
previous practices of estimating the resistance of a longwall face
simply as a function of length and height could give misleading
results. Shock losses must be assessed separately and the appropriate
resistance combined with the face line resistance.

In this section of the report a more detailed analysis of the
Snowmass face resistance is undertaken and a method is proposed for
the estimation of the resistance of other longwall faces. This

involves assessing the resistance of (i) the unobstructed face line
(ii) face ends and (iii) shearer or other power~loader.

8.4.1 Face line friction factors:

The four 58ft sections between stations A3 and A7 (Figure 8.1)
represented an unobstructed face line bounded by the shield supports,
the armored conveyor and the coal face. The upper half of this 232 ft
length had a greater cross—sectional area but rougher conditions due
to sloughing of the coal face.

The resistance of any airway may be expressed in American Units

as
R = kK L 0 1bf min? fr £t ft2(in.w.g.)
5.2 A3 Frh £f£6  1bf

(8.4)
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where k = {Ibf min2/feh)
L=
0 =
4 =
ang’i t‘ @ Z -
- ibf fr
- “% . » "
(ftd of water inches
= 5,2 1bf wver inch w.g.

In this system of units, numerical values of the friction factor are
very small and lists of k values given in the literature are normally
T . 1 C ) . . .
multiplied by the factor 10 0, Following this conversion, the units

cof R become

T
(in.w.2.) minZ x 10 L0

feo

It will be noted that this differs by a factor of 10 from the
resistances (P.U.) calculated from the observed airflows and pressure
drops (eqn. 8.3). This also explains the difference between equations

v
o e

(8.2) and (8.4).

In order to calculate k factors from the measured resistances
(P.U.), the relationship becomes

k= Rx 5.2 x A3 x 10 1bf min2 x 1010 (8.5)
L x O fré

Table 8.3. gives the k values calculated from equation 8.5 and also
in ST units (kg/m3), where

- min2) x 4.4482 x 602 = Ns2 or kg
fré (0.3048)4 mé m3

Hence k (American Units x 1.855 x 106) = &k (S8I)

m - - . . -

the confusion arising from the use of British Imperial Units in mine
ventilation is well illustrated in this analysis. Such difficulties are
eliminated entirely in the SI where no conversion factors are required.
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T

Section| Length Q D A O R k factors

ft kefm |milli. | Ft2 ft P.U. |1bf min2x1010) kg

Pin.w.g. Fré md

A3=A4 58 24,230 19 46,261 31.5 | 0.0664 187 0.0347
Ah=p5 58 25.536 39 57.41 10 37.0 10.0598 274 0.0509
A5~86 58 25,170 26 67.67 1 36.0 | 0.0410 316 4.0587
AB=AT 58 21.415 19 72.64 1 41.0  0.0414] 347 0.0644
Table 8.3. Calculation of friction factors for four consecutive

lengths of face.

Two points emerge from the k factors calculated for the longwall face.
First, the values are considerably higher than those listed in the
literature for shafts, airways or slopes. This is a direct and
inevitable consequence of the aerodynamic drag caused by the powered
supports added to the high d/D values of the roof beams, conveyor
structure and chocks (where d is the distance protruded into the
airway and D is the hydraulic mean diameter of the face). The rubbing
surfaces along a mechanized longwall face are aerodynamically much

"rougher" than other airways underground.

Second, the measured k factors increase along the face line.
This 1is entirely in accord with the deteriorating appearance of the
face through and above the fault.

8.4.2. Prediction of face~line resistance:

The loungwall face at Snowmass varied in cross—-sectional area,
Perimeter and surface roughness. This variability has proved to be
advantageous to this project as it has given ranges of friction
factors and resistances that may be used to estimate face-line
resistances of other longwalls.

Three friction factors have been chosen, to represent (i) good
(ii) normal anmd (iii) rough conditions for a longwall face equipped
with power supports. The values are given in Table 8.4.
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1bf min’ 51010 kg Condition
fth w3
200 0.0371 Good
275 0.0510 Normal
350 0.0649 Rough

Table 8.4. Ik wvalues for a mechanized longwall face.

The resistance of a face-line may be estimated by choosing a k value

from Table 8.4 and using one of the following two equations:

American Units

R = k L 0 P.U. (milli.in.w.g.} , (8.6)
52 A3 1 (kcfm)2
where k is the value read directly from Table 8.4 in

1bf min2x1010/f¢4
L length (ft)
0 = perimeter (ft)
A cross—sectional area (ft2)

it

S.I. Units
In the more rational B3I system, no constants are necssary and the
equation is simply

R = k L 0 NsZ/m8
43

where k is read from Table 8.4 (kg/mg)

L = length (m)
0 = perimeter (m) )
and A = cross-sectional area (m?)

In these calculations, A should be taken as the full cross
sectional area available for airflow including open flow paths between
chock legs. In the majority of modern installations of power
- supports, there will be relatively little flow between the chock legs.
The perimeter, 0, may be taken as a Jline that traverses the coal face,
the conveyor structure (including spill plates), the front of the
chocks and the underside of the roof beams.
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8.4.3. Nomograms for rapid estimation of face~

In order to provide a rapid means of estimating face-line
resistances three nomograms have been constructed to represent goed,
normal and rough conditions. These are reproduced on Figures 8.3, 8.4
and 8.5 and give the face line resistance per 100 ft for any
given cross—sectional area and perimeter.

8.4.4, Face Ends:

The ends of longwall faces differ considerably in the resistance
they offer to airflow. This is due to variations in equipment,
geometry and roof supports. The shock losses that occur when an
airstream is required to change direction are often described in terms
of “velocity heads”:

B b [ ,;.2 72 P
pSh - Xp _‘}-z.‘ 131 Lo 5= =3 th
2g ft3 g2 ft ftl

or KouZ x 1000 willi inches. w.g. (8.7)

5.2 % 2g



5y

pr—— % *@.‘
08 \ NN\
Y,
= NN
% , %
BN R YN

PU./100 1t

Hesistance

001

Good Conditions

30

40

Figure 8.3

& & H €

60 70 &0
Cross—sectional Area (ft?)

Ul

100

Nomogram used to determine face line
resistance for good airway conditions.



PU /100§t

Hesistance

Y .
(.7 === \‘K \ \
. LN
08 = \ N % x§ N
Yo% % % % . .
L U L N N Mormal Conditions
£} 2 oo TR N TG _OTGEL G
(931 X'%% e\%g t\zt ‘g\ ‘w,i\\ (\x"v&:’ ;i;; - "f; W

O-O} 1 H H [ ¥

30 &0 50 - 60 70 80 90 100

Cross-sectional Area (ﬁz}

Figure 8.4 Nomogram used to determine face line
resistance for normal airway conditions.



PU. /100 ft.

Resistance

~56—

002

Q.01

Rough Conditions

k=350

30 40

Figure 8.5

] T
50 60

Cross=sectional

70
Area (f G )]

)
80 80 100

Nomogram used to determine face line
resistance for rough airway conditions.




5
/

where &

where
¢ = ux 60 x 471000 (8.8
. ] 5 0
Potw = X 0 nd % 109
wE B _,“‘_‘“:W,me< — ‘QA, -;;'N"‘::""“"“"'“
5. 2nly 650444

Taking a standard value of 0.075 1b£/ft3 for air density gives

This may be writien in the form of a2 sgquare law as
Pa‘,l B R(,‘ 2 (8010)
where the shock resistance is

Ren = 62.21 P.U. (8.11)

]

In all these analyses, A has been taken to be the cross—sectional area
of the unobstructed face.

It then remains to determine the shock loss factor for the often
constricted conditions at a face end. The literature pertaining to
both mine wventilation and the heating and ventilating industry
contains lists of loss factors for many types of duct configurations.
At the junction of an airway with a longwall face, there are at least
three identifiable causes of shock loss; namely, (i) the sudden change
in flow directiom as the airflow turns into the face~line, (ii) the
cross-sectional area of the face will usually be different to that of
the airway, particularly at the face end - hence there will be a shock
loss due to the sudden contraction, and (iii) there will normally be a
concentration of equipment at the face end resulting in a further
obstruction loss. Fach of these matters is further examined below
with suggested means of estimating the corresponding shock loss
factors.
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(ontraction:

At the sudden contra as the aiy enters the face ~ line,. the
recommended shock loss factor is
. = -1 2 (8.12)

Cy

9]
—

|
i
S

£8 ~tar & - +
where the coefficient of contraction, Ccs depends upon the geometry of
the face end. However, the effect of the contraction is fairly small

o~ I - e [P <UD S, 4
of the bend and obstructions from cqu;pm&ut. £

o) t at
3 a o £ N . . . .
mean value of 0.7 for C. i4 suggested, giving

-1 2 = 0.184 (8.13)

Obstruction:
In many cases, the entry to the face-line will be heavily
obstructed by the face conveyor gearhead and transfer point. The

pendcrt upon the cross-sectional area of the face and
trhore

|59 8 33 O ol

-y
GJ

mont Hence in this
men Aol g . LIL LiiiLs

w

is no alngle value of shock loss f

p se
actor that 1s generally ap pl;cablea
The "obstruction formula” that may be

employed is:

Xop = { A - 1&2 (8.14)
,CQ(A~a>
N
where A = the full cross~sectional area of the face (ft or m)
a = the cross—sectional area that is obstructed (ft or uf)
o = coefficient of contraction (take as 0.7)

Total shock loss factor at face-end:

The three shock loss factors ¥y ,X, and Xob are not independent.
ock losses may interfere one with another and it 1s possible that
e integrated effect wmay be less than the sum of the individual

mponents. However, a simple addition ¢f the three shock
tors gives a result wblch is in sensible agreement with the

measurements made at Snowmass. It is suggested, therefore that the

overall face—end shock loss is computed as

ioss
EROR-R-1
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fe = XLy o+ Xe o+ Zob Laad

[

At the intake en
of the face was 44
head of the conveyor.

nd of the Sncwmass face, the cross—sectional ares
o - . - T

ftZ of which 20 £t2 were obstructed by the gear

T combined with the transfer point on to the

pate comveyor, causing considerable contraction of the airflow at the

face-end. The high air velocity and excessive rurbulence were ail too
obvicus. The shock loss factors estimated from the relationships
given above were

bend Xy = 1.4
contraction Xc = 0.184
obstruction X = A ultz = 2.621

l [) 7&&-—9““}“ J
Total shock loss facteor at intake end
int = 1.4 + 0.184 + 2,621 = &.205

Equation 8.11 gives the equivalent resistance to be

62.21 x 4.205 = 0.135 P.U.
442

Table 8.1 gives the total resistance of the first 58ft of the face
(section A2 to A3, including the face end) to be 0.2035 P.U. Through
this section, the cross-sectional area was 44 ft2, the perimeter 31ft
and the frictional factor 187 (x10-10 1pf . min 2/ft4);
of section A3~A4 (see Table 8.3).

Hence the resistance of this section of face line without the
shock losses would be

similar to that

R kLo = 187 x 58 x 31 = 0.076 P.U. (8.6)
52 A3 52 (44)3

The equivalent resistance due to the shock losses is then given as the
difference between the measured total resistance and that due to the
58 ft of face-line, i.e.

0.2035 - 0.076 = 0.128 P.U
This differs from the computed resistance of 0,135 P.U. by only 0.007

P.U., or 5 per cent. This is considered to be a satisfactory
correlation.
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&.4.6. Shearer:

"he power loading machinery offers additional resistance to
airflow on & longwall face. The pressure losses cccuy because of two
I

distinct effects. irst, wake losses occur at the downstream end of

-

the shearer as the higher velocity alrstreamtnrough the restricted
area arvound the body of the machine is projected into the lower
velocity downstream. Second, the increased velocity in the restricted
zone along the shearer causes enhanced frictional losses in this area.
It is possible to calculate the theoretical shock loss caused by
a symmetrical obstructicn to airflow in a straight mine airway.
However, such calculations give results which are less than half the
losses measured across a shearer on a longwall face. This was also
the case at Snowmass. The reasons for such discrepancies arise from
the over—simplifications necessary for a theoretical treatment. In
practice, the resistance offered by a power~loader depends not only
upon the dimensions of the machine and those of the face, but also
upon:
)
. the position of the shearer within the cross—section.
. the location of the machine along the face, particularly if
in proximity to the face ends and also with respect to
positions of cpen flow paths in the waste behind the chocks.
. whether the machine is moving and, if so, in which direction
relative to the airflow.
. the position and air-deflecting capabilities of water sprays.
. the position of the operator.
. the orientation of the cutting drums and any deflecting plates
that may be fitted.
. the local friction (k) factor of the longwall.

One further indirect factor zssociated with a producing unit is the
depth of broken coal on the face conveyor and its direction of travel
relative to the airflow.

With such a diversity of variables, it is not surprising that a
heoretical treatmen based on a simplified geometry vields
unsatisfactory results. An empirical method is, therefore, suggested
and is based on the Snowmass measurements. However, it is also
suggested that further imvestigations on a range of longwall faces are
required to provide design data for shock losses across power—loaders.
Table 8.1 shows that over the 45 ft long sectiom, A8-A9, containing
the shearer, the measured resistance was 0.0665 P.U. Figure 7.5
shows the cross—section at the position of the shearer body. The mean
cross-sectional area of the face between stations A8 and A9 was 80

[

£t2, The perimeter of the face cross-section, not including the
shearer was 46 ft.
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The resistance of the 45 ft. section, in the absence of the

R = 347 % 45 % 46 = 0.0270 p.U.
52 x (80)3

for the uncbstructed face. Hence, the effective resistance of the
shearer 1s

Rohear = 0.0665-0.0270 = 0.0395 P.U.

1]
il

The shock loss factor for the shearer is given by equation 8.11

shear = Rap ,meéz = 0.0395 x 802 = 4.06
62.2 62.21

On the basis of this result, it is suggested that an estimate may
be made of the resistance of a longwall shearer by assuming a shock
loss factor of 4.

8.4.7. Caved Area:

The overall resistance of a longwall face will decrease
considerably if there are open areas available for airflow in the
waste zone behind the chocks. For planning purposes, however, the
resistance of the face should be estimated on the basis of the
conveyor being at its closest position to the coal front, the chocks
fully advanced and the waste area caved up to the rear of the chocks.
This situation will give the smallest cross—sectional area and highest
resistance offered by the longwall under normal operating conditions.

8.5, Summarv of Procedure for Estimating Face Resistance

1. Determine the length, L, mean cross—sectional area, A, and

perimeter, O, of the face and estimate a friction factor, k,

from Table 8.4. Then determine face~line resistance, Re,
from Figures 8.3, 8.4 or 8.5, or from equation 8.6
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Sharp right angled bend, o= 1.4
Sudden conitraction at intake end, L. = (.iBa
e ey I N, e *mﬂ, X . . ‘ /“
Face-end obstruction, X, o[ a4 mlli
[0.7(A=a) f

where 4 = full cross=sectional area of face
a = cross—secbion of obstruction facing the airflow

[For the majority of longwall faces in the United States, the height
of the face is the same as that of the gatercads. For this reason, no
allowance need be made for an expansion less at the return end unless

P

si
there is a concentration of equipment at this location.]

3. Use a shock loss factor of Xshear = 4 for each shearer

oun the face.
4. Sum all shock loss factors to give Xtot

5. Determine the equivalent resistance of the shock losses.

[£]

Ren = _é.z_é_z_l. X¢ot  (gives R im P.U. if A is in ft2)
A !

6. Determine the full face resistance

R = Rf o+ Rcb

E=3 8 %

7. The resistances of the main gate and tail gate should be
determined separately from

R = kK L O
52 A3

using values of friction factor, k, appropriate to the
conditions expected, and taking into account the location
of equipment close to the face,



,,m.ﬁ

8.6. Worked Fxample of Estimating Face Resistance

i ha
specif
Lengtit: 350 fr.
Cross—s¢ ; area with chocks forward 80 fre,
Corresponding perimeter 40 fe.

The intake face end will have the cross-sectional area reduced by 35

ftZ due to a conveyor transfer point. There is no additional
equipment at the return face end. The face is at right angles to both
main and tail gates. There is one shearer on the f
Compute the face resistance and the frictional pressure drop at anm
airflow of 30,000 cfm.

L &

Procedure:
1, Assuming normal conditions for powered supports,
(k= 275 (x 10-10) 1bf.nin2/ft4) the face-line resistance may be

determined from either

Re = w1 0 = 275 x 350 x 40 = 0.3428 P.U.

52 A3 52 x (60)3
or
read from Figure 8.4: at A = 60ft? and perimeter = 40 ft, the
nomogram gives a resistance of 0.098 P.U. per 100 ft.
]

lence Reg = 0,098 x 350 = 0.343 P.U.
100

2, At intake face-end, shock loss factors are

b@ﬂd Xb P 104

contraction X = (0,184

obstruction Xy = | 60 -1 2 = 2.10
1 0.7 (60-25) f

Total shock loss factor at intake

3.684

il

Xine = 1.4 + 0.184 + 2.10

3. At return end, only the sharp bend contributes a significant
shock loss, hence
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4 )
LA = H £
ret E
Sheaver shock loss factor
X PR
“ehear T 4.y
) P 4 P S P s - o
Total of shock lLoss tactors

¥ A : § 7 £ ", s Y
“rot = 3,684 ¢ 104 0+ 4.0 = 9,084
Equivaleat resistance for shock losses

Rsh = 62,21 x 9,084 = 0.157 B.U.

i
Full face resistance

R = Kf + Rgh = 0.343 + 0,157 = 0.500 P.T

The fricticnal pressure drop across the face at an airflow
of 30,000 c¢fm (§ = 30 kefm) is given as

p = RQZ = 0.5x 302 = 450 milli in. w.g.
or 0.45 inches w.g.
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ATRFLOW ON A LONGWALL FACE
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pressure, P, th sgquare of the airfiow, 47, in mine
airways. The constant of proportienality, R, is known as the

registance of the airwav. The resuliing equation

is often referred to as the Square Law of mine ventilation. :

The square law has a firm theoretical basis as described in the
following secticn. However, that theory, together with some practical
considerations, Ileave a doubt concerning the applicability of the
square law to longwall faces. Consequently, several authorities have
questioned the wvalidity of the square law for air flowing along a
longwall face.

In order to determine the law of airflow from practical
observations it i1s necessary to measure the frictional pressure drops
and corresponding azirflows over as wide a range of air quantities as
possible. This has been done on numerous occasions for intake and
return airways, across regulators, bends, junctions and other
obstructions. Unfortunately, it 1is seldom practicable to vary
airflows and monitor the corresponding pressure drops on an
operational longwall face. The availability of a fully equipped
standing face at the Thompson Creek No. 1 mine gave a rare opportunity
to carry out the experiment.

‘This chapter of the report gives the background to the square
law, describes the test that was carried out on the longwall face, and

highlights the wery convincing result that was achieved.

9.2. Background to the Sguare Law

Based on the work of Antcine de Chezy (1718-98) and Henri Darcy
(1830-58) in France, equations relating head loss to velocity were
developed for water flow, initially for open channels then for pipes.
The modern versicn of the Chezy Darcy pipe equatiom is

h o= 4 f L u? o (9.1)
2gd
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nere b = head loss in meters of fluid,
?‘ f = friction coefficient depending upon the
roughness of the pipe lining (dimensionless)

= length of pipe (m)

L
u = fluid velocity (m/s)
g gravitational acceleration (9.81 m/s?)
d = pipe diameter
[some authorities write the equation as A LuzﬂQyiwhere A =4 f ]

During the 18507s, a mine agent named John Job Atkinson conducted
experimental work on the airflows in mines in the north of England
[21. He found that the pressure difference required to promote an

airflow through a mine roadway was proportional to the square of the
yelocity, the 1lemngth and perimeter of the airway, and inversely
proportional to the cross—sectional area. He also discovered that
the pressure differenmce also varied with the condition of the airway
lining.

Atkinson was influenced by the work of the French hydraulic
engineers and there was a clear parallel between his findings and the
Chezy Darcy equation. He modified this equation in two ways in order
to adapt it for mine airways.

First, he replaced the head loss, h, by the frictional pressure

drop, p,

P = Pgh (9.2)
where p = frictional pressure drop (§/m? or Pa)
and 0 = air demsity (kg/m”)

= 4 0 f L u? (9.3)

Second, in order to make the equation applicable to non—~circular
airways, the diameter d was taken as the hydraulic mean diameter i.e.

%)

where A = cross—sectional area (m
and O perimeter (m)

Then
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The term L x O is the internal rubbing surface, s (mz), of the airway.
Hence

p =0f s u?

2 A

This may be written as

p = ksu? (Atkinson”s equation) (9.4)

A
where the friction factor k = pf ‘ kg/m3 (9.5)
2

The friction factor, k, commonly used as an indicationm of the
roughness of the airway surfaces is, therefore, dependent upon the air
density. Tables of k in the literature are based upon a standard value
of air density (1.2 kg/m3 or 0.075 1bf/ft3). Where high accuracy is
warranted, standardized values of k may be corrected to actual
densities

stand x pact

P

act

(9.6)

stand

where the subscripts “act” and “stand” refer to actual and standard
conditions respectively.

Referring back to Atkinson”’s equation (9.4), the air velocity u
may be expressed in terms of volume flowrate, Q

Q = u x A (23/s) (9.7)

giving

2
= k (9.8)
p —§39

Furthermore, for any given airway, known values exist for frictionm
factor, k, rubbing surface, s, and cross-sectional area, A. Hence
®quation (9.8) may be re-written as

2

p = RQ The Square Law (9.9)
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~ where

R = ks/A> Ns?/m8 (9.10)

and is known as the “resistance” of the airway.

The concept of airway resistance, and the Square Law are of
fundamental importance in mine ventilation planning. All current
techniques of predicting airflow distributions, whether manual or by
computer programs, require a knowledge of airway resistances and
utilize the square law for main airflow routes.

9.3 Deviations from the Square Law

The conventional application of the Square Law (9.9) assumes that
for a given airway of fixed geometry and surface roughness, the
resistance, R, remains a fixed comnstant of proportionality between p
and Q“. There are three reasons for questioning the invariability of
R and the accuracy of the square law, even when the geometry of the
airway is fixed.

9.3.1 Effect of air density

Equation (9.10) shows that resistance, R, is a function of the
friction factor k. This, in turn, depends upon the air demsity
(equation (9.5)). Combining these two equations gives

R = pf stlms T (9.11)
2

S
a3

showing that the resistance of an airway depends not only upon lining
and geometry but also upon the density of air flowing through it. For
this reason, some authorities prefer to use a “rational resistance”,
r, [3] where

n~4 (9.12)

ol

The units of r indicate that it now depends solely upon geometry. The
s8quare law then becomes

p = rp Q? (9.13)
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where air density varies by more than 5 per cent in a mine ventilation
system, this latter version of the square law allows such variation to
pe taken 1into account. A 5 percent variation in air demsity
; approximates to a depth below surface of 550 m (1800ft). Fortunately,
most coal mines in the United States are shallower than this and
changes in air density are of secondary importance. In these
circumstances the corresponding correction to the square law may be
neglected for most practical purposes.

9.3.2. Effect of flow regime:

1f a fluid flows sufficiently slowly through any pipe or channel,
the stresmlines will be almost parallel to each other. This is known
as laminar flow. The resistance to flow is caused by viscous friction
or shear between layers moving at different velocities. At higher
velocities, the streamlines no longer remain stable and parallel, but
break up into vortices or eddy currents. This is known as turbulent

flow and, because of the additional shear effect of the vortices, the
resistance is considerably higher than in laminar flow.

The total energy of an airflow is made up of mechanical energy
(kinetic, potential and "pressure" energy) and thermal (internal)
energy. The effect of shear resistance within the airflow is to
increase the thermal emergy at the expense of mechanical energy. This
is manifested as a measurable "frictional pressure drop" along the
airway and shows as a loss of total pressure (static pressure plus
velocity pressure). The frictional pressure drop is the same p as
that used in the square law. '

The background and derivation of the square law given in the
previous section was based entirely upon turbulent flow. If the

airflow does not remain fully turbulent then the square law, with a
constant value of resistance for a given airway, will break down.

Osbornme Reynolds, in the 18907s discovered that the flow in pipes
1

Re (9.14)

it
(=
[=%

did not exceed approximately 2500.

Re is a dimensionless number (Reynold”s number) and U 1s the
dynamic viscosity of the fluid (Ns/mz). At higher Reynold”s numbers,
the flow becomes turbulent.
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For mine airways, the Reynolds Number at which turbulent flow is
fully established depends upon the friction factor as shown on Figure
9,1, This diagram also shows the limiting Reynolds” Numbers for the
strict application of the square law. However, with the exception of
gmooth concrete oOT steel lined shafts which contain no fittings,
deviations from the square law are likely to be small in airways with
Reynold”s Numbers exceeding 40,000.

An approximation to the Reynold“s Number in a mine airway is

given by

Re = 270,000 Q
O
where Q = airflow in w/s
and 0 = perimeter in m
Example:
In a 4 x 2m airway, the perimeter 0 = 1Z2m. At a limiting

Reynolds Number of 40,000, the airflow is

Q = 40,000 x 12 = 1.78 md/s
270,000
or a velocity of u = Q = 1,78 = 0.22m/s (44 ft/min)
A 8

While most ventilation air routes have airflows which maintain
turbulent flow, some fall into the transitional region between laminar
flow and fully developed turbulemce. In cases where leakage of air
occurs through caved areas, worked out zones OT through permeable
strata the flow may be completely laminar. This is further
investigated in Section 10 of the report (Leakage through gob areas).
Where deviations from the square law exist then there are two
wvays of handling the situvation. First, a p = m QZ relationship may
be retained where m is no lomger a constant value of resistance but
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varies with Reynold”s Number along the appropriate curve on Figure
9.l. Second, the method that is often preferred in mine ventilation,
is to express the pressure = volume relationsip as

where n = 1 for laminar flow and 2 for fully developed
turbulence.

Unfortunately the parameter R’ is also a complex function of n,
Q, the physical properties of the air and the airway geometry. In
mine ventilation computer programs that take Reynold”s Number into
account, the problem is simplified by assuming that airflow in each
branch is either laminar

p = Ry Q (9.15)

or turbulent

p = RQ?

In contrast te the variable parameter R’, the relationship between the
laminar resistance, Ry, and the normal turbulent resistance, R, is
definable. For laminar flow, Poiseuille”s equation applies. For a
circular passage, this may be stated as

Q = p T r (9.16)

il

where r radius (m)

This may be expressed as

= 8 UL Q = 8u LT Q
g Wrz. r2 A
Hence Ry = 8 YL m (9.17)
Az

Inserting the value for air viscosity at 20°¢, U= 18X 1078 Ns/m?
gives
R, = 0.4524 x 107 L Ns (9.18)
aZ o’




where

Comparing

L =  length of airway (m)
A =  croes—sectional area {(m“)

this with the turbulent resistance {(equation 9.10)

R = k L 8

o

illustrates that whilst the normal turbulent resistance depends upon
surface roughness and shape, the laminar resistance is independent of

these parameters.

It

is convenient to express the relationship between the two

resistances as a ratio.

Example

R = kLO Al s (9.19)
Ry A° 8uLT m
= k 0
gnum A
= 2210 k0 s (9.20)
A m3

A4 x 2m airway, 100m long has a friction factor of 0.012 kg/m3,

Turbulent resistance

b=

]
b
=

0.028125 Ns2/m®

it

= 0,012 x 100 x 12
8




[ by

Laminar resistance

R, = 0.4524 X 1073 L
s AZ
= 0.4524 X 1073 % 100 = 0.000 7069 Ns/m°
")
Ratio R = 0.028 125 = 39,78
Ry 0.000 7069
or R = 2210 k0
Ry A
= 2210 x 0.012 x 12 = 39.78 s/m>

[w+]

Thus, in this typical example the resistance to turbulent flow is
nearly 40 times greater than that for laminar flow.

Note that the laminar resistance for a pipe or airway is different
from that of a porous medium where, neglecting compressibility of the

alLr

Ry, =

<

-~
i

Liquid permesbility of the medium (n?)

9.3.3 Effect of free standing obstructions:

The Atkinson friction factor, k, and its more fundamental
companion, the Chezy Darcy coefficient of friction, f, arise from a
combination of turbulent eddies and viscous shear. In turbulent
airflow, the enmergy required to maintain the vortices is far greater
than that needed to overcome viscous shear.

The degree of turbulence is affected to a major extent by the
roughness of the airway walls. Hence, so also is the friction factor,
or coefficient of frictiom (Fig (9.1)).

It is to be expected that any cause of additiomal turbulence,
such as bends, junctions or obstructions in the airway would result in



an increase in regsistance but remain consistent with t
However, the evolution of the square law has been based om wall-type
roughness and not upon free standing obstructions.

The aerocdynamic drag, D, on a free standing obstruction in a
fluid stream is given by

o
P
s
s
.
oy
3
St

R

!“‘H, ;,M

2
where Cp = Coefficient of drag, dependent upon the shape of the
body and A = Projected area perpendicular to the direction of flow.

This is clearly a "square law"” type of relationship. However, if a row
of «closely spaced obstructions exists, such as a line of props or
chocks on a longwall face, then aerodynamic interference cccurs within
the turbulent vortices between sets of supports. This reduces
aerodynamic drag but effectively decreases the cross-sectional area
available for flow. In such cases the only effective means of testing
the validity of the square law is by experiment.

9.4, Experimental Test Underground

The face airflow test at Snowmass consisted of measuring the
frictional pressure drop along the full length of the face and over a
range of airflows.

9.4.1 Pressure measurements:

The positions of the instruments are shown on Figure 9.2. A
calibrated 0 to 0.25 inch w.g. magnehelic gauge was sited on the
longwall face about 100 ft from the intake end. A single length of
strong 1/8 inch i.d. plastic tubing was extended throughout the length
of the face, t to the roof beams of the powered supports and tested
for leaks. The magnehelic gauge was levelled to its calibration
position, checked for zerc adjustment and comnnected intc the pressure
tubing as illustrated on Figure 9.2, .

Pitot static tubes were comnected to the pressure tubing at both
ends of the lomgwall face. Initially the facing ends of the pitot
tubes were oriented towards the airflow. However, cramped conditions
around the conveyor transfer point at the intake end of the face
caused excessive turbulence and instability of the magnehelic
readings. The problem was overcome by attaching the pressure lines to
the side (static) tappings of the pitot tubes and, in addition, by
wrapping several layers of loose muslin around the static pressure
holes on the stems of the pitot tubes. This device ensured that static
Pressures c¢nly were transmitted from the face ends to the magnehelic
gauge. The ensuing readings were very stable.
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9.4.2. Alrflow measurements

sibe

- of careful traver rere
medium speed Davis anemometer. The traver:
anemometer on an extension rod and maintained facing dxr@ctly inﬁg the
airilow. The hody of the observer was kept out of the main airfl
and downstream from the instrument. There was no other activity
anywhere in the mine. The stability of the airflow conditions was
reflected by the anemometer traverses yielding mean air velocities
within the range 552 ft/win * 2 per cent.

The anemometer was then located in a fixed position about 18
inches below the roof beams and over the center of the armored face
conveyor. This was a position of relatively flat velocity gradient
over the cross—section (ref. Figure (7.3) for velocity contours at
this station). The instrument was fastened securely by tie wires s0
that it remained facing directly down the 30deg. slope of the face.
Readings were taken by an observer located downstream, out of the
sirstream and without ever touching the anemometer. Repeated
observations of the fixed anemometer gave a spot velocity in the range
755 £t/min + 0.5 per cent. The fixed point correction to convert the
spot reading to mean velocity was therefore

55 = 0,731 + 2 1/2 per cent

It was assumed that the fixed point correction remained constant
throughout the test.

Wet and dry bulb temperatures were recorded from a sling
hygrometer at the intake end of the face. These were utilized,
together with an absolute air pressure corrected from 2 mine surface
reading, to determine the demsity of the ailr.

9.4.3. Experimental procedure

The test commenced by closing the regulator at the inbye end of
the lower bleeder airway (Figure (4.1)) and erecting an additional
brattice cloth in the same airway just inbye the position of the
faceline. A  further brattice cloth was erected to minimize air



leakage into the caved airway at the bottom of the face. This work was
carried out in order to commence the test with the maximum airflow on
the face. Readings were taken on the anemometer and the maghehelic

gauge «
The face airflow was reduced in stages by

(a) rensiv 15 gm. ing b} p
(h) ening the bleeder airway regulator, and
(¢) cloth in the conveyor (intake)

airway between the last open cross—cut and the face.

At each stage, observations of air velocity and faceline pressure drop
were wade on the anemometer and magnehelic gauge respectively. The
magnehelic gauge was very responsive and reached stability quickly
following a change in airflow. Indeed, the gauvge was used during the
course of the experiment to direct the progressive building and
dismantling of the temporary stopping.

The readings were both tabulated and graphed as they were
collected, and showed a stable pattern. About midway through the test
the main fans stopped for about 5 minutes due to a temporary power
failure., The airflow on the face stagnated (and actually drifted very
slowly in the reverse direction). Both anemometer and pressure gauge
indicated zero readings through this period. Following restoration of
the main fan power, both instruments reverted to their previous
readings, again indicating the stability and repeatability of the
observations.

The test terminated by returning all brattice cloths to their
normal position and taking further readings of air velocity and
pressure drop.

9.4.4, Results

The co¢bserved results are listed in Table §.1
recorded by the instruments, i.e., Imperial units. T
and air velocity readings have been corrected according to the
calibrations of the relevant instruments.

The cross—sectional area at the airflow measuring station was
46,225 ftzw Hence the airflow was calculated as

Q = YWean ¥ 46,225 ftB/min

where = sgpot velocity x 0.731

Ynean

The frictional pressure drop, p, refers to the loss of total
head due to the irreversible transfer of mechanical energy to heat
energy by turbulence and viscous shear within the airflow
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l1led that in order to obtain stable readings, the

the pitot tubes were emploved.

'\

b1 7 Pe2 = (pgp topyp) v (pgy *t pyo)

f= 2 9 W

2 refer to the intake and return eands of the

P = (pgr mpga) v (g ~opy2) (9.22)

The difference in static pressures (psl - psz) was indicated by the
magnehelic gauge leaving the difference in velocity heads to be
applied as a correction.

The pitot tube at the top of the face was sited close to the
roadway side facing into the airflow. Most of the flow was diverted
into the caved side of the haulage road some 15 ft lower down,
assisted by the presence of the shearer. The air velocity at the
upper pitot tube was, therefore, low and the kinetic energy
correction, Py2s negligible. However, the situation at the bottom of
the face was very different. Air conditions here were blustery.
Attempts were made to monitor the air velocity around the pitot tube
but the high turbulence gave excessive fluctuations cn the
instruments. For this reason, the mean velocities recorded at the
anemometer station were used as representative of the kinetic energy
of the air entering the bottom of the face. The validity of this

assumption was verified by the continuity of airflow through the lower
part of the face. (Section 10)
In the SI system, the velocity head is given simply as
. 2 2
D = O u” ke m = N
lv id}.'}m Z ” ._...,2
2 m” 8° m

However, the irratiomal constants inherent in the Imperial system give
the velocity head as

¥ 1000 } milli~inches w.g.
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where (.= densitv of

density of

h = (o ¢ \2 % l@?@k milli~inches w.g.
i é; { u E / ] :

The air density, p,, was determined from psychrometric measurement
(barometric pressure, wet and dry bulb te?pexatures) and remained
close to the standard value of 0.075 1bf/ft-

9.4.5 Analysis of results
9.4.5.1. Test of the Square Law

Assuming a general law of airflow gives the relationship between
frictional pressure drop, p, and airflow, Q

p = RQ"

,
N
N
=]
Lo
—

ne

ot

The primary purpose of this part of the project was to determine
value of the index, n, for the longwall face at Snowmass.

Taking logs gives
logp = log R + n log Q (9,24)

A plot of log p against log Q will give n as the slope and log r as
the intercept. Figure (9.3) shows the plotted points with a line
fitted by linear regression.

The first observation on this graph is that it is, indeed,
linear.  There is no evidence of the curvature that would indicate a
variation in n over the range considered. Secondly, the scatter of
Points is less than that usually expected in mine ventilation
observations. The coefficient of correlation (in the range O through
1) is 0.9984. This result authenticates the experimental techniques
that were employed.

The slope of the line on Figure 9.3 is 1. 987, giving the law of
airflow for the face to be
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Figure 9.3 Pressure drop - airflow relationship on

the longwall face.
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" The index varies from the theoretical value of 2 by only 0.65 per
cent. This result is a very convincing verification of the square law
for this longwall face.

9.4,5,2, Faceline resistance

j Equation (9.24) shows that the intercept of the line on Figure
9.3 is log R. This gives a value of 0.268 P.U. for R, the equivalent
. resistance of the faceline. This is not quite the same as the true
resistance of the faceline given in Sectiom 8. as 0.2972 P.U.

During the square law test, the face airflow was measured
accurately, but at one position only (station A4). However, at any
moment in time, the airflow varied along the faceline due to leakage
from and to the caved area. The extent of the variation is shown on

Figure 7.6. ‘rom this diagram it is seen that the faceline may be
divided into four sections and a mean airflow assigned to each

section.,
‘ The full face pressure drop, p, measured during the square law
test may be re-written as

p = Ry Q1% + R, Q,% + Ry Qg% + Ry Q47 9.25)

where the subscripts refer to the four sectioms of face.
This equation may be re-written as

g p = R1(81 Ql)z + Ry(Cy Ql)z + Rq (C3 Ql)z + Ry (C4 Ql)z
where C, = Qx/Ql
Then
It is the value 3f 5 5
R = (R,Cy" + RyCh”® + R3C3”“ + 2
1617 + RyCy 3C3 R,Co )

that is given by the intercept on Figure 9.3, while the true
resistance of 0.2972 P.U. given in Section 8 is Ry + Ry + Ry + Ry.

In order to check the consistency between

(1) the face resistance observations (Section 8)

(ii) the airflow law test, and

(iii) the face airflow distribution test (Section 7)

the section resistances and corresponding mean airflows have been
collated from Tables 8.1 and 7.1 in order to calculate the values of €
and RC?., The results are given in Table 9.2.
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i, /_—’7
gection | Mean airflow cC= Q/q Actual Resistance rc?
(from Table71l) {from Table 8.1)
Q (kcfm) R (P.U.) P.U.
1 A3-A4 24,226 1 0.0664 0.0664
2 A4-AS 25.541 1.0543 0.0598 0.0665
3 A5-A7 23.212 0.9581 | 0.0824 0.0756
4 AT-A9 17.894 0.7386 0.0886 0.0483
0.2972 0.2568

Table 9.2. Calculation of faceline equivalent resistance.

The equivalent resistance of the faceline, taking into account the
variation in airflow along the face is calculated in Table 9.2 to be
0.2568 P.U. This compares with a value of 0.268 P.U. given by the
intercept on Figure 9.3. The difference between the two results is
4.2 per cent. This is considered to be an excellent correlation
involving data from three independent sets of observations on the
longwall face.
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10. LEAKAGE THROUGH CAVED WASTE

10.1. Significance of Gob Ventilation.

In standard triple entry longwall retreat mining, gob ventilation
is performed by allowing the intact second and/or third entry ways to
remain open. These airways can then be used as bleeder entries for
gob ventilation and, if desired, as access ways.

The air pressure difference between the intake and return bleeder
entries will cause air to leak through the gob. Stoppings constructed
in the cross cuts on the intake side of the gob minimize this leakage,
while open crosscuts on the exhaust side provide the outlets. The
stoppings are located on the intake side so that the gob is maintained
at a reduced pressure. This encourages any air leakage to flow from
the face into the gob rather than vice versa and, hence, prevent the
migration of accumulated gas onto the face.

Air leaking through the gob will reduce ventilating efficiency
and, 1in susceptible mines, provoke spontaneous combustion. On the
other hand, gob ventilation dilutes and removes accumulations of
hat would otherwise occur in the waste and which might cause

t
ions into the face line.

10.1.1. Loss of Ventilating Efficiency due to Leakage.

Leakage of air into a ventilated longwall gob is found to occur
(as shown on Figure (10.1)): along the stoppings in the crosscuts on
the intake side of the gob, (b) at the junction between the intake
airway and the face line and (c) along the longwall face, through the
shields. This leakage of air contributes to a loss in ventilation
efficiency.

Ventilation efficiency 1s a measure which relates the air
tity reaching the face with the total air quantity
single longwall district, the ventilating efficiency may be compute

the percentage of the volume of air entering the face relative to
the volume of air entering the district. Thus an efficient longwall
ventilation system will allow the minimum amount of air to flow around
or through the gob. This will keep the mine intake airflow requirement
at a minimum. A subsequent reduction in the total required mine
airflow may* result in a significant drop in fan operating costs. This
is shown by the following relationships which assume that the total
mine resistance remains constant.

* This is not always the case. See Reference [4]
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Assuming the square law:

Ptot = Reot Qrot> (10.1)
where:" p.,i = Total pressure drop through mine (N/m2)
Riot = Total resistance of mine ventilation network (NsZ/n8)

Qtot = Total volume flow rate provided by fan (m3/s)

and since:

P T Prot Qeot _ (10.2)
where: P = air power required (watts)

then from (10.1) and (10.2):

F = Rtot Qtot?
but:

P o - 0C
where: OC = operating costs ($/yr)
then: 0C O Riot Qtot3 = D

now if Qtot is decreased by AQ the new operating cost would be:

Qtot

{Q;Q; —4AQ}3
ocla P |

where 0Cl = reduced operating cost

Thus, the reduced operating cost is proportional to the cube of
the new volume flow rate as a fraction of the original volume flow
rate. Hence, from an economic viewpoint, it is evident that a
ventilation system with the least amount of leakage or diverted air
flow is an optimal system.

In many instances however, diverted and deliberate leakage
airflow quantities are required to dilute methane emissio

18 .

16.1.2, Methane Dilution

High concentrations of methane may be present in gob regioms of
longwall mines. The methane is either desorbed from the broken coal
left inm the gob, or is released from roof or floor sources following
caving and relaxation of stress in the adjacent strata,

Due to the buoyancy of methane (specific weight 0.56 relative to
air) accumulations of the gas tend to occur at higher elevations, for
example at the roof of airways, at the top of ascentional -
descentional airways and in airways up dip from a source. For a
longwall face advancing or retreating along the strike of a dipping
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seam, increased gas concentrations in the upper bleeder airway are
common .

In gassy longwall situations, especially with dipping seams, gob
ventilation is required if the face line is to be unaffected by waste
area gas. The total leakage which flows through the gob dilutes the
methane while the leakage from the face maintains the gas fringe
within the caved area. The diverted air, which flows around the gob
to the bleeder return, dilutes the gas emerging from the bleeder
crosscuts to a value below the mandatory concentration limit. Federal
regulations limit the methane concentration of the air flowing through
the bleeder crosscuts to 2.0%. The air quantity flowing through the
bleeder return must then be sufficient to dilute this to below 1.0% by
vo lume.

In case of large methane accumulation in the gob and where
spontaneous combustion 1is a problem, methane drainage should be
employed.

10.1.3. Spontaneous Combustion

In longwall mines susceptible to spontaneous combustion, i.e.
particularly in mines producing low rank coal, the velocity of the air
leaking through the gob is important. Spontaneous combustion requires
large surface areas of oxydizable material, and insufficient airflow
to remove heat at the rate at which it is produced. These
requirements are easily met in shadow areas of ventilated longwall
gocbs., Therefore to prevent spontaneous combustion from occurring, the
appearance of a stationary critical zome in the gob should be avoided.
This is best accomplished by rapid face advance [5].

Fortunately, at Snowmass, high concentrations of methane were not
apparent and the coal was not liable to spontaneous combustiom.

10.2. Survev of legkage through caved area at
the Thompson Creek No. 1 Mine

During the field study, a separate survey was taken to determine
the amount of air leakage through the caved waste region. Air
quantities were determined at each opening connecting the gob to the
bleeder airways.
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10.2.1. Description of Leakage Survey Methods

; At each crosscut or opening to the gob, the survey team measured
the air velocity and the cross-sectional area. The product of these
‘gave the volume-flow rate.

10.2.1.1. Velocity measurements:

The methods used to measure leakage air velocity depended on its
magnitude. For relatively high velocities, calibrated vane
anemometers and the moving traverse method were employed. Where the
velocity was not uniform in cross section but still measurable by
anemometer, a grid traverse was conducted. Where low velocity leakage
occurred through a small uniform opening in a stopping, single spot

measurements were taken using the aneomometer. When the air velocity
was too low to be measured with anemometers, chemical smoke tubes were
utilized. The smoke was timed as it travelled a known distance within
the airstream. More accurate methods to measure slow moving air, such
as the brattice window technique, were not utilized due to the large
number of stopppings and time constraints. Velocity measurements were
repeated at each site until three consistent values were obtained.

These values were av efaged and the appropriate calibration corrections

were applied.

10.2.1.2. Area measurements:

T urements were taken lmmealateky
following each set of velocity determinations by means of a measuring
tape. Since most of the cross-cuts were of fairly uniform shape, two
horizontal and three vertical measurements were sufficient.

Cross—=sectional

S

10.2.2. Survey Procedure

10.2.2.1. Bleeder Return Crosscuts:

All the bleeder return cross-cuts were open and accessible. The
leakage air velocities were sufficiently high to allow moving
traverses with the vane anemometers. All traverses were performed
using a anemometer rod with the operator down wind of the instrument,
and at least four meters into the crosscut. This prevented the
rements from being affected by tur bulenc e, eddy currents and air

su
erseal hrnf]nced £y ff

P T
LTOom e

nd effec obstructions. In
addition to velocity and area measur
were also determined. The resulting air

concentrations are shown onm Fig. (10.2).
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10.2.2.2, Bleeder intake crosscuts:

Of the twelve crosscuts leading into the gob from the bleeder
intake, ten contained intact masonary stoppings while the stoppings in
two of the crosscuts, No. 38 and 42, (Fig. 10.2) were broken. These
stoppings were, however, temporarily repaired with brattice cloth.

The leakage through the brattice stoppings was significant enough
to allow the use of the vane anemometer. An anemometer traverse was
also conducted at crosscut 4l. The significantly higher flow rates
obtained at these crosscuts can be seen on Fig. (10.2).

Due to sufficient but non-uniform air flow through crosscut 45,
the spot traverse method was employed. The leakages through crosscuts
36, 43 and 46 on the other hand, were determined by spot anemometer
measurements at holes in the stoppings. Dangerous roof conditions and
running water prevented any form of measurement and required the
estimation of the leakage through crosscut 37.

Smoke tubes were utilized to measure the velocity of the leakage
flow through crosscuts 35, 39, 40 and 44. The time taken for smoke to
travel betweer two fixed marks was measured by stopwatch, the upstream
mark being at least six meters from the point of emission. The volume
flow rates obtained from the velécity and area measurements are listed
on Figure (10.2).

It is interesting to note that of the total air provided to the
longwall district, around 24 m3/s or about 60% leaked through the
longwall gob.

10.3 Modelling the Caved Waste

This section of the report deals with computer network modelling
of longwall ventilation systems. Reasons for requiring gob nmetwork
models, the types of models presently used and improved models are
discussed in detail.

10.3.1. Purpose of Modelling

It is important to be able to simulate ventilation systems of
longwall gobs for the following reasons:

. the amount of air used for gob ventilation may be a
significant portiom of the air supplied to the
longwall district and hence affects the economics
and efficiency of the ventilation gystem.
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. the gob ventilation system plays an important role in the
control of envirommental conditions in the mine, particularly
for gas emissions and in seams liable to spontaneous
combustion.

. to improve the accuracy of ventilation network simulation
programs used in mine planning.

The results obtained from the survey conducted at the Thompson
Creek No. 1 mine indicate that a substantial amount of air is used for
a gob bleeder ventilation system. Most of this air leaks directly
into the gob. Thus, to simulate the gob ventilation system
realistically, any realistic model must account for this significant

S =L

amount of leakage airflow.

An accurate simulation of the gob can be performed with a
properly designed model. The criteria for a representative model are:

patterns present in a longwall gob.

. The model must be able to simulate the leakage from the bleeder
intake way and the face line.

An ideal model, on the other hand, would comply with the above
criteria , but, in addition, would be simple enough to be utilized by
mine ventilation  planners employing a network analysis program.
Developing a model of this type was the objective of this part of the

investigation.

10.3.2. Hethods of Modelling Gob Areas

Present methods of modelling gob areas either neglect leakage
through the gob or represent it by a few leakage branches. In this
section, these current methods are described prior to discussing more
complex, improved models. These improved models include a
conventional finite element model along with two new models developed
from the analysis of the Thompson Creek survey.

The two new models, termed the "difference" and the "simplified
representative resistance"” (SRR) model, were designed to give results
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similar to a finite element model. Like a finite element model, the
new models consider the gob as a permeable medium of varied
consolidation. On the other hand, unlike the finite element model, the
new models wutilize representative branches, i.e. branches that
represent a known volume of the medium, to simulate the leakage
through gob regions. In addition, these new models were designed to
be utilized with conventional network analysis programs.

The "SRR" model is a simplification of the "difference" model and
was designed specifically for incorporation into an existing network
analysis program. A finite element model, which is difficult to
combine with conventional network analysis programs, was not developed
with the Thompson Creek data.

10.3.2.1. Simple modelling methods:

When modelling longwall ventilation systems, ventilation planners
frequently neglect the leakage through the gob. Gob bleeder systems
are simulated by considering the intake bleeder and the bleeder return
only. All the air which leaks through the gob is assumed to flow
around the gob. The volume flow rate then remains constant along the

Several limitations are apparent with this oversimplified model.
Since the leakage through the gob region is not comsidered, the
effects of the gob on the total ventilation requirement for the mine
(in terms of decreased resistance and the fan duties required) and the
environmental effects are not simulated realistically.

Such a model should not be used for detailed analysis but may be
employed when several longwall districts are modelled together within
an overall network analysis of a mime. This will give an acceptable
approximation to airflows in the main airways but may be considerably
in error on, or close to, each face.

Another modelling method used by ventilation planners to simulate
longwall gob ventilation systems, is the equivalent resistance method.
In this case, the practice is to construct branches leading from the
bleeder airways to a common center node as shown on Figure (10.3).
These leakage branches are usually oriented fairly symmetrically
around the gob. Resistance values are ascribed to these branches such
that they represent the total gob resistance.

This method, wunlike the pevious one, does consider leakage
through the caved region. Since representative resistances can be
ascribed to the gob leakage branches, a realistic leakage quantity can
be simulated. On the other hand, the leakage flow paths do not
represent airflow through defined regions of the gob. Thus, this model
cannot describe the airflow patterns which occur within a longwall
gob. This model should be used only for a simplified simulation,
where only the magnitude of leakage need be considered. To simulate
the quantitity, as well as the path and distribution of the leakage
through a gob, an improved modelling method must be used.
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10.3.2.2. Basis for improved gob models:

The caved gob region can be described as a porous medium of
variable grain size and consolidation. Since the gob region is not an
airway, representative resistances, (resistance of a known volume of
the gob), may be used. When the leakage flows are in the turbulent
regime, an equivalent turbulent resistance must be estimated. On the
other hand, if the leakage air falls in the laminar flow regime,
laminar resistance can be calculated from the permeability. Thus the
type of resistance depends on the flow regime of the leakage air. All
the improved methods, the finite element model, the difference model
and the SRR model, are based on the assumption that the leakage flows
are all in the laminar flow regime.

Flow regime:
For an airway, velocity, size and roughness are the main factors
affecting the airflow regime. The airflow regime is represented by

the dimensionless Reynclds number,

uD/v

]

Re

where : Re Reynolds number based on hydraulic diameter of airway
u = Center line velocity (m/s)

V= kinematic viscosity of fluid (m2)
and

D = 4A/0

‘ = hydraulic diameter of airway (m)

0 = perimeter of airway (m)

A = flow area of airway (m2)

With nom circular airways, the transition Reynolds number is
found to be around 2300. Flows with Reynolds numbers greater than
40,000 may be considered to be turbulent, while flows with Reynolds
numbers less than 2300 are considered laminar (Section 9.3.2.). A
variable range of Reynolds numbers exists, where the flow transforms
from laminar to turbulent or vice versa. This region of the flow
regime is termed the transitional zome and its range is a function of
surface roughness, bends, disturbances and the direction of the flow
transformation.

To determine the flow regime for leakage through a porous medium,
the Reynolds number must be evaluated with external flow
considerations.
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The airflow through a porous medium is considered to be in the
laminar flow regime when the Reynolds number, based on average
particle size, is less than 1.[6]

Turbulent flow equation - Turbulent resistance
The general flow equation relating frictional pressure drop to

volume flow rate is:

P = RQD ‘ (10.4)
where: p frictional pressure drop
Q volume flow rate (m3/s)

]

It

and n, the exponent, ranges between 1 and 2 depending on the flow
regime. For fully developed turbulent flow,n is equal to 2, thus:

where: R = Turbulent resistance (Ns2)

For mine airways, the turbulent resistance is a function of the
geometry, surface roughness and length of the airway.

R = k10 (10.5)

A3
where: R = turbulent resistance (Ns2)

’ m8

k = airway friction factor (kg/m3)

1 length of airway (m)

0 perimeter of airway (m)

A = cross—-sectional area of airway (m2)

On the other hand, for a flowpath representing turbulent flow
through a volume of material, the turbulent resistance cannot be
calculated as above. The turbulent resistance must be equivalent to
the combined resistances of the many small flow paths through the
medium. Since this cannot be easily calculated, an estimated
equivalent resistance is chosen.

Laminar flow equation ~ laminar resistance

For laminar flow, the expoment n, of equation (10.4), is taken as
unity. Thus the laminar flow equation is linear:

P = RLQ
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vhere: p frictional pressure drop (Pa)
R
L

Q

laminar resistance (Ns/m>)
volume flow rate (m3/s)

o

Laminar resistance, for flow through a permeable medium, is a
function of the geometry and permeability of the medium, as well as
the fluid properties.

From Darcy’s equation for flow through a permeable bed,
neglecting the compressibility of air:

Q = kAp
u L

where: = volume flow rate (m3/s)
liquid permeability of medium (m2)
dynamic viscos ity (Ns/m2)

= cross—sectional area (m2)

= pressure drop (Pa)

=  length of bed (m)

Hfo T ® 0

upon rearranging:

P (1 L/kA)Q

hence:
Ry,

I

(u L/KA) (10.6)

For network analysis, it is convenient to model laminar airflows
through porous regions, such as caved gobs, by representative laminar
resistance branches. These branches are assigned resistance values
corresponding to the resistance of the volume of medium represented.
The following example illustrates the determination of the flow regime
and the calculation of a representative resistance for a permeable
region.

v

Example

A porous volume of dimensiom 150 x 150 x 4 meters and of liquid
permeability 2 x 10~7 mZ2 is represented by an airway as shown on the
following Figure .



= » ® 00U

average particle diameter~.0l15m
volume flow rate - 0.5 m3/s
density of air=1.2 kg/m3
permeability-2 x 10=7 m2
cross-sectional area-600mZ

representative branch

dynamic viscosity of air-1.84 x 10-5 Ns/m2

(1) To find velocity:

using
Q

where: Q
u

rearranging

u =

the volume - flow relation

and

u A

volume flow rate (m3/s)
velocity (m/s)

substituting from the data given:
Q/A
0.5/(150 x 4) w3 , 1 1
S m m
.00083 m/s

(2) To find the Reynolds number:
using equation (10.3)

Re

where: V

Vo= /P

the

i

]

uD/v
kinematic viscosity is equal to :
1.8 x 10-3 Ns . m3

1.2 mZ kg

1.53 x 1073 Ns m/kg = (m2/sec)

b/
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then:
Re = (.00083)+(.015) (m).(m).(s )
(1.53 x 16° ) s m2

= 0.814 which is less than 1.
Flow is, therefore, laminar,

(3) To find resistance of representative airway:

Since airflow is laminar, equation (10.6) is used:

By = uL/xA
= (1.84 x 10-5)(150) (Ns) . (m) .(1L).(L)
(2 x 10=7) + (150x%4) (m2) m2 m2
= 23.00 Ns

mo

Using representative branches to model airflow through a
permeable medium has its limitations, in that the airflow patterns are
confined by the branches themselves. A finite element model, on the
other hand, does not suffer from this disadvantage since it does not
utilize representative branches.

10.3.2.3. Finite element modelling:

Although a finite element analysis was not performed, the design
procedure, the output expected and the disadvantages of a finite
element gob model will be discussed.

Description

The flexibilities allowed in constructing finite element grids
enables wvarious degrees of accuracy to be obtained. For a longwall
gob, the size and distribution of the elements should be chosen such
that the important zones are detailed. An ideal element pattern would
have small elements concentrated behind the face line and along the
bleeder airways where most of the leakage occurs. Larger elements
would be located at the center of the gob where less flow pattern
detail is required.

Each element in the grid should be assigned a2 permeability
depending on 1its location relative to the redistributed vertical
stress. As shown in Figure (10.4), the redistributed vertical stress
over a longwall gob is dome shaped. Vertical stress gradients exist,
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initiating at the gob edges and proceeding to the center. The
permeability is a function of the consolidation of the medium and this
is directly proportional to the redistributed vertical stress. Thus
the elements should be assigned low permeability values at the gob
center, and increasingly larger permeability values toward the gob
edges. The next step in the design procedure requires the definition
of the boundary conditions.

All four boundary conditions, required for a steady state, two
dimensional finite element analysis, are of the same type. As shown
on Figure (10.4), the caved airways immediately surrounding the gob
are subjected to a relaxed stress zone. Thus, these airways do not
cave completely but remain open enough to lead leakage airflow around
the caved gob region. The air velocity in these airways is assumed to
be high enough to be in the turbulent region and thus obey the square

law. From the square law and reference pressures, the pressure
‘distributions along these boundries can be represented as functions of
position. The pressure distribution fuction will then define the

pressure of each element node along the boundaries.
Output from a finite element model.

After successive iterations to obtain the steady state solution,
the computer program will have determined the pressure at each element
node and the air velocity at the center of each element. Constructing
velocity contours will reveal the final airflow patterns represented.

This model will give an accurate simulation of the airflow
pattern and the airflow quantities leaking into the gob. It relates
the airflow pattern to the stress distribution and does not confine
airflow to representative branches. In other words, this model
simulates the leakage by considering the actual physical conditions
present in a gob region. This method is by far the best if a very
detailed and accurate gob model 1s to be devised. A model of such
detail may be required to research into, for instance, the effect of
gob ventilation on spontaneous combustion or methane migration in the
caved area.

Limitations

The finite element model has its drawbacks, in that it requires a
great deal of computer memory and run time. This makes it
impracticable to incorporate finite element techniques into an
iterative network analysis program and, in any case, such detailed
results are not required for most ventilation planning purposes. If
this is the case, a simpler "difference'" type of analysis can be used
in conjunction with a conventional network amalysis program to obtain
results of adequate scope and accuracy.
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10.3.2.4. Difference model:

The difference model, developed during this investigation,
combines a satisfactory simulation of leakage patterms in the gob with
the speed and convenience of a ventilation network analysis program.
The major difference between this model, and the finite element model,
is that here, representative airways are utilized. By distributing
these airways plentifully and symmetrically throughout the gob, and by
assigning permeabilities related to the stress conditions, the results
can approximate those from a finite element model.

Description

As with the finite element model, the difference model utilizes
an element grid. Elements of known dimension should be constructed,
as rectangles, with equal dimensions for simplicity; but may be of
various sizes., Due to the use of representative flow paths which
confine the airflow, a large number of elements will be required to
approximate the finite element solution. Thus the more elements used,
the more detailed the solution. Each of these elements should be
assigned values of permeability according to the redistributed
vertical stress.

Airways representing the airflow through each element should be
constructed diagonally through each rectangular element as shown on
Figure (10.5). Each branch is then assigned a resistance computed
from the laminar resistance equation; (eqn.(10.6)). The permeability
of the element, the element dimensions and the permeable

‘cross—sectional area are the main parameters controlling these
resistances. The increased vertical stress at the center of the gob
decreases the permeability of the broken zone. This creates a high
resistance dome along the center of the gob.

High resistances should also be assigned to the branches leading
from the face 1line., These are required to represent the sealing
effect of the longwall shields. The shields help to confine the air
to the face line and thus act much like the stoppings in the bleeder
intake airway.

The airways around the gob, i.e., the caved head and tailgate
alrways, contain turbulent airflow and should be assigned ¢
resistances.

Output from Difference Model
With the wuse of a ventilation network program, modified to

accommodate laminar azirflows, a balanced network model of the gob can
be obtained. The program will determine the volume flow rate and the
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pressure drop through each representative branch in the gob. From
these values the leakage airflow pattern can be visualized and drawn.

This type of model can be used, if enough elements are
implemented, as a substitute for a finite element solution. The
model wutilizes the same flow equations and represents the stress
conditions 1in a similar fashion. The degree of correlation with the
finite element model 1is, however, a function of the number of
elements.

Limitations

The detail 1involved in this model may not be desired by the
ventilation planner. However, a simpler model, designed from the
airflow patterns obtained from the difference model, may prove toc be
adequate.

10.3.2.5. Simplified Representative Resistance Model:

The simplified representative resistance (SRR) model, a simpler
version of the difference model, is designed to be used by ventilation
planners to describe the leakage characteristics of longwall gobs
simply but with acceptable accuracy. The object of this model is to
be able to obtain results similar to the complex element model by
utilizing fewer branches.

The stress distribution pattern over the gob region suggested the
type of model that could be designed. The resulting airflow patterns
could be visualized since they are direct functions of the
permeability of the medium. The permeability, on the other hand is
related to the consolidation of the medium and is governed by the
redistributed stress.

Description

From the stress distribution, Fig. (10.4), it is evident that

most of the leakage air will flow around the consolidated center of
the gob. The flow will be concentrated in the convergence zones
behind the shields and along the bleeder airways. The SRR model

allows these concentrated airflows to be represented by branches
connecting elliptically around the center gob zone as shown on Figure
(10.6). The relatively small amount of leakage that occurs through
the highly consolidated center is not neglected but represented by
high resistance branches. The number of leakage airways leading to
the gob should be equal and symmetrical on opposite sides. This
assumes that since the stress distribution is symmetrical, the airflow
distribution can also be represented symmetrically.

Since fewer leakage airways are used, they now each represent a
larger area. The laminar resistances must be adjusted to correspond
to their representative areas. High resistance values are still
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necessary for the flowpaths leading into the gob from the longwall
face. Similar to the other improved models, the airways surrounding
the gob are assumed to carry turbulent air. Thus turbulent resistance
values must be computed for these airways.

OQutput to expect from SRR model

With the wuse of a ventilation network program, modified to
consider 1laminar airflow, a balanced network model can be obtained.
Volume flow rates and frictional pressure drops will be computed for
each representative branch. From these values the magnitude of the
leakage and the leakage pattern can be visualized.

This model describes, in a simplified manner, the airflow
magnitudes and patterns, relative to the stress distribution over the
longwall gob. With fewer representative airways the leakage pattern
can be well simulated. In addition, the simplicity of this design
enables ventilation planners to analyze leakage characteristics of
longwall gobs with minor modifications to existing network programs.

10.4. Application of the Models to the Thompson Creek No.l Mine

The difference model and the simplified representative resistance
(SRR) model were both applied to the gob area of the Thompson Creek
No. 1 mine. Correlation studies were undertaken in order to compare
the results from each of these models to the airflows measured in the
mine. These models were incorporated into the ventilation network
analysis program, VNET, which was also modified to accomodate airflow
in the 1laminar flow regime. The modifications necessitated an
amendment to the program in order to incorporate an additiomal input
variable, the exponent of the gemeral flow equation (equation 10.4).

For both models, the gob region was isolated from the rest of the
mine and analyzed separately. Appropriate airflows into the gob were

“fixed as regulated quantities to simulate the airfow from the rest of
the mine. This separation permitted the models to be designed to
emphasize the airflow patterns 1in the gob. Both models were
correlated with the actual measurements shown on the network on Figure
(10.7). The correlations were deemed adequate when the face airflow
pattern and the distribution of the airflows through the bleeder
crosscuts were similar.
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10.4.1. Snowmass Difference Model

This section discusses the construction procedure which was
required to simulate the Thompson Creek No. 1 mine using the
difference model. The resistances used and the results obtained will
also be shown in detail.

10.4.1.1. Network design:

The isolated gob area was divided into a 12 by 6 grid leaving
uniformly sized rectangles measuring 18 by 53.85 meters, Fig (10.8).
The elements were constructed of equal size for simplicity, in that
the resistances of the representative branches could be compared on a
consistent length basis.

Permeability values in the range 10-6 m2 to 10-8 m2 were assigned
to the elements, depending on their location. The lowest values of
permeability were assigned to the 10 x 2 element region at the center
of the gob, while the higher values were assigned to the perimeter
elements. The permeability values of the remaining blocks were chosen
such that symmetrical decreasing gradients of permeability existed,
extending from the rib sides to the center.

From the values of permeability and the geometry of the blocks,
laminar resistance values were computed and assigned to diagonal
representative branches. This was performed with equation (10.6).

Ry, = 1u /ka

where the only variables per block were k, the permeability and A, the
permeable cross—-sectional area. The representative resistances
required to simulate Snowmass are shown on Figure (10.8) and are also
given in the form of element resistance contours on Figure (10.9).
The large resistances assigned to the representative branches leading
from the face are due to the shield sealing effects and were obtained
by correlation with the measured data.

The resistances of the turbulent airways immediately around the
gob, the caved headgate and tailgate airways were also obtained by
correlation with survey data. The cross—secticnal area of these
airways decreases on moving away from the face. This results in the
resistance gradients shown on Figure (10.10).

10.4.1.2. Results:

The correlating network, with the airflows ascribed to each
representative branch, is shown on Figure (10.11). This correlation
was obtained with the data given above and the modified VNET program.
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Analysis of the airflow distribution indicates that the leakage
air follows the same pattern as that described in the previous
section. The leakage flows mainly behind the shields, near the caved
headgate and around the highly consolidated center zone. Since this
distribution pattern can be simulated by the SRR model, the research
continued by investigating the correlation that could be obtained with
this simpler model.

10.4.2. SRR Model applied to Thompson Creek No. 1 Mine Data
10.4.2.1. Design:

Using the grid layout obtained from the difference model, three
feeder airways were constructed, evenly spaced, from each side of the
gob. Connected to these were the leakage paths which encircle the
highly consolidated center zone. These were, in turn, interconnected
with branches leading through the gob center as shown on Figure
(10.6).

Different valdes of laminar resistance were ascribed to the
representative branches depending on their position and length. These
resistances were lower than the resistances used in the difference
model since each branch now represented a larger area. The relative
resistance distribution of the airways in the gob remained similar to
that of the difference model and is shown on Figure (10.12),

The resistances of the caved head and tailgate airways required
some modification but remained of similar magnitude to the values
ascribed in the difference model. The resistance distribution per
unit lemgth required for these airways is shown on Figure (10.13).

10.4.2.2., Results:

The results obtained from the network analysis program are shown
on Figure (10.14). This correlation compares well with that obtained
 from the difference model, confirming that an adequate representation
can also be attained with the SRR model.

From the known physical conditions apparent at the Thompson Creek
Ho. 1 mine, a generalized model canm now be suggested.

10.5. Recommended Modelling Procedure

The objective of this phase of the investigation was to develop a
model for longwall waste areas which could, in turn, be recommended to
ventilation planners. The model was to be accurate but simple enough
to be used by ventilation planmers in conjunction with conventional
iterative network analysis programs.
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10.5.1. Generalizing the Field Observations

A generalized wmodel for the simulation of air leakage through
caved gob areas can be recommended from an analysis of the data
obtained during the leakage survey, and by taking into account the
particular conditions at the Thompson Creek No. 1 mine.

At the time of the survey, the longwall face was at a stand-still
and had been 1idle for several weeks. In addition, the face
encompassed a fault zone. These conditions caused the caved zone
behind the face to be more consolidated than would be the case for a
moving longwall. In particular, the gob exhibited a highly
consolidated, low permeability =zone directly behind the shields,
especially around the fault zone, i.e. about half way along the face.
The presence of this zone forced some of the leakage air to divert and
flow from the gob back onto the face line.

The generalized gob model, on the other hand, assumes that a
convergence zone of significant length exits behind the shields. This
zone, apparent during normal face travel and fault free conditions, is
assumed to be locsely consclidated and highly permeable. The loosely
consolidated zone and the pressure difference between the bleeders,
will cause the volume flow rate to drop steadily along the length of
the face.

10.5.2. Description of Recommended Model.

The recommended model is based on the generalized case discussed
above. In other words it assumes a fault free, steady, face advance.
The model is designed on the basis of the simplified representative
resistance model shown for the Thompson Creek No. 1 mine on Figure
(10.14).

10.5.3. Design Procedure

This section suggests the procedure and the values to be used to
develop the recommended gob model. The comstruction of the flow net
geometry, the type of flow regime to assume, and the resistance values
to use, are discussed.

10.5.3.1. Flownet geometry:

The recommended flownet pattern is shown on Figure (10.15). The
pattern comsists of a rectangular center grid, labeled A in the
Figure, connected to two symmetrical end grids, B & C. The following
construction procedure gives grid dimensions which must be followed if
the recommended resistances are to be used.

gl
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Center grid:

To construct the center grid, labeled A on Figure (10.15) the
following procedure should be adopted:
.1. Construct a scale representation of the gob.
.2. Divide the measured length of the gob into equal
increments of approximately 150 meters.
.3. Divide the measured width of the gob into six equal
increments.
.4. Construct the center grid as shown on Figure (10.15)

End grids:
To comnstruct the two symmetrical end grids, B and C:

.l. Divide the measured face and stationary end into four equal
increments.
.2. Construct rectangular elements on the two middle increments
extending into the gob one third of the distance to the
nearest center grid branch and complete grid as shown on
Figure (10.15).

10.5.3.2. Flow regime:

The model utilizes the minimum amount of representative airways
required for an adequate simulation. If the construction procedure is
followed, the cross—sectional areas of the regions in the gob,
represented by the airways, will be large. From the quantity
relation,

Q = uA
where Q = volume flow rate (m3/s)
u = velocity (m/s)
A = cross-sectional area (m2)

It is evident that, with a constant volume flow rate, the
velocity must decrease with an increased area. For low flow rates and
large permeable cross sectional areas, the air velocity will be low
enough to be able to assume laminar flow. On the other hand, if the
flow rates are sufficiently large, the laminar assumption is no longer
valid. If this is the case then equivalent turbulent resistances must
be ascribed to the leakage branches.



K

-120~

The recommended model is based on the assumption that the airflow
throughout the entire gob remains in the laminar flow regime. The
airflow in the caved airways directly surrounding the gob is assumed
to be turbulent.

10.5.3.3. Resistance values:
Resistances of the caved airways:

For practical utilizations, graphs were developed to determine
the resistances of the caved airways relative to face height and
location. These graphs are based on correlations performed with the
resistance values obtained from the Thompson Creek analysis.

The caved airways are assumed to collapse to a height equivalent
to (31%Z) of the face height. For the caved head and tailgate, this
final height 1is attained at about 150 meters beyond the face line.

assumed that the airways decrease linearly in height. The
corresponding decrease in effective cross sectional area causes the
resistance to rise at an accelerating rate until the convergence is
complete. The resistance values for this region were calculated by
integrating equation (10.5) along an airway of linearly decreasing
height.

ys=hi—~—___ slope=a

y y=f+h
X L
h = imitisl height of airway
f = fraction of initial height
= glope of convergence
X = distance along caved airway

The linear decrease in height is described by

y = ax +h
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The differential form of the resistance equation (10.5) is
dR = k 0 dx
‘ A3
where dR is the resistance of the increment length dx.

Now at distance x,

area A = Xy and perimeter 0 = 2 (X + y)

giving
dR = k 2 (X +y) dx
(Xy)3
But y = ax +h
and
dy = a dx
Substituting for dx = dy/a gives
dR = 2k (X +y) dy
aX3 y3
Integrating
2
R = 2k ]" }f_}{_ f 1 }dy
3 3 2
aX jl {y y
' § 2
- = [-x - 1]
aX3 l 2y2 y[ 1
or
Vd x+1
- 2K X L1
aX3 2 (ax + )2 (ax + h)| |

L

between the incremental distance (x) through (x + 1)

- -2k 1 X .
aXx3 ax + h 2 (ax + h)
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giving

(Rj‘+l= -2k 1 [/ x +1)_ 1 X +1>
X aX3 Ya (x+1) +h \2(a(x+1)+h ax+h \ 2(ax +h)

Using the following values determined from data correlation:

k = 0.03 kg/m3
L = 150 m

f = 0.31

X = 4.0m

incremental resistances were calculated from O to L for varying face
height, h. this produced the resulting graphs, Figures (10.16 -
10.18) '

Recommended resistance values for the caved surrounding airways
are determined by using the following procedure:

Caved headgate and tailgate:
(1) . Use the face height to select the appropriate curve from

Figures (10.16 - 10.18).

(2) . For each length of caved airway increment, use the distance
beyond the face line and obtain an average resistance value
per unit length from the appropriate curve.

(3) . Multiply the length of the increment by this value.

(4) . Repeat 2-3 for all remaining increments.
Caved airway along stationary end of gob (face start line):

(1) . For each airway increment, use the face height and the flat
part of the curves on Figs (10.16 - 10.18), to obtain a
resistance value per unit length.

(2) . Multiply the length of the increment by this value.
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Resistances of flowpaths in the caved area:

Owing to the dependence on cross—sectional area, recommended
laminar resistance values are based on the branch spacing suggested in
Section 10.5.3.1. Furthermore, laminar resistance values are given in
terms of 10 meter lengths and as functions of location and seam
height.

Four different resistance values exist, each assigned to
represent a different degree of consolidation in the gob.

(1) Shield Resistance -
(2) High Resistance -
(3) Medium Resistance -
(4) Low Resistance -

KR Eom

The shield resistances are assigned to the branches leading into
the gob from the face. The high resistance values are assigned to the
branches in the center of the gob, while the medium values are
distributed directly around the center zone. In addition, the low
resistance values are assigned to the branches along the perimeter of
the gob. The exact locations of these resistances are shown on Figure
(10.15). The actual resistance values to use are shown as functions
of face height on figure (10.19). These values are based on the
modelling performed with the Thompson Creek No. 1 mine where the face
height was approximately 2 meters. Altering the face height reduces
the permeable cross—sectional area A, in equation (10.6)

R, = uL/kA 10.6
Since laminar resistance 1is inversely proportional to the

cross-sectional area, extrapolation was employed to determine the
resistance values for varying face heights.

10.6. Worked Example

This section describes a worked example which illustrates
longwall face resistance calculations using the algorithim devised in
Section 8, and the recommended gob modelling method. In addition, the
example illustrates one possible application of a detailed longwall
simulation.

10.6.1. Description
Network:

The network which is used for the example is a single longwall
district ventilated by a through flow system, as shown on Figure
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H - High Resistance
S = Shield Resistance

: M ~ Medieum Resistance
L - Low Resistance

o

i i 1

1 . 20 25 30 35
Face Height (m)

Figure 10.19 Nomogram to determine laminar resistance

values as functions of face height and location
in the gob.
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(10.20). Air is supplied to the longwall district by a fan which
exhibits the fan characteristics shown on Figure (10.21). The gob
itself, is ventilated with a bleeder system similar to that of the
Thompson Creek No. 1 mine where the crosscuts along the main intake
side are sealed while those on the return side are left unobstructed.
The 1longwall is mined in retreat and, for this example the face
ias travelled a distance of 650 meters. The 120 meter face has an
average width of 3 meters, while the face height is 1.5 meters.

Procedure:

The values obtained from the face line resistance algorithm and
the gob model, were input, along with the remaining airway
resistances, as data for the ventilation network analysis program
VNET, For this example, the VNET program was used to simulate the
effect of shearer location on face airflow patterns. This was
accomplished by assigning a shearer resistance value, as determined
from the face resistance algorithim, to different increments of the
face line.

10.6.2. Calculations of Face Resistances

The techniques used to calculate face resistance values were
those derived in Section 8.

Face height: » 1.5m
Face width: 3.0m
Face friction factor: 0.05 kg
m3
Using equation (10.5):
Regp= k L O
A3
where 0 = 2x (1.5 +3.0) = 9m
A = (1.5x 3.0) = 4,5m3
L = 1 meter
= (.05 x 1%9 (kg) .(m) .(m) = Ns2
(4.5)3 m3 mb “m8

= 0.004938 Ns2/m® per meter lemgth
Dividing the face length into four equal incrementis:
L = 120/4 = 30m

Rep .004938 x 30 = 0.1481 Ns?
u8

i
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Face Intake:

Conditions:
(1) sharp right angle bend
(2) panzer gear head - 2.5m2

shock loss factors:

Xpend = 1.4 velocity heads
X

contraction = 0.184 velocity heads
X obstruction:

2
2.5m 5
A,
{0.7 (A-a) }

= {4.5 -1}2
0.7(2)

= 4,903 velocity heads

1]

A = 4.5m2, a
X obstruction

Total shock loss,2X = 1.4 + .184 + 4.903 = 6.487

Resistance due to shock losses:

0.1922 Ns2/m8

it

(6.487)x 1.2

R -
sh = > X
2A2 2 x 4,52

Face Return:

(]

conditions: (1) sharp right angle bend
shock loss factor: X bend = 1.4 velocity heads
Resistance due to shock loss:

Reph = (1.4) x (1.2) = 0.04148 Ns2/m8
2 x (4.5)2
Shearer:
shockloss factor: X shearer = 4 velocity heads

Resistance due to shock loss:

Ry = (&) x(1.2) = 0.1185 Ns2/m8
2 x (4.5)2
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TOTAL Face line Resistance:

lst quarter:

R = Rel o+ Rghock
= 0.1481 + 0.1922

=  0.3404 Ns2/m8
2nd quarter:

R = Rfl
R = 0.1481 Ns2/p8

3rd quarter:
481 Ns2/m8

R = Rf] + Rghock
R = 0.1481 + 0.04148 = 0.1896 Ns2/m8

shearer resistance to be added to quarters 1,2,3 and 4 alternatively.

Rghearer = 0.1185 Ns2/m8

Total face line resistance =

.3404 + 1481 + .1896 + .1185
0.9447 Ns2/m8

Ry

noH

10.6.3. Gob Model (Figure 10.22)

" Branch dimensions:
center grid

Gob length -~ L = 650m

Divide into equal increments of around 150m
= 650m/150m
= 4,33

4 increments of 162.5m

]

Divide width into 6 increments
W = 120m

1206/6
6 increments of 20m

i}
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End grids
Face line was divided into 4 increments of 30m.
Dimensions of rectangular end grid elements:

162.5m/3 = 54.17m
54,17m x 30m
Length of diagonal passages connecting end grid to center grid:
{(162.5 x 2/3)2 + (30 - 20)2}1/2
= 108.8m

The model was constructed in the gob region and the branches are
numbered as shown in Figure (10.22).

Laminar Resistance computations:

Laminar resistances are determined with Figure (10.19) using the
face height of 1.5 meters.

Resistance Location Length(m) R/10m R Ns/m>
Low center grid 20 0.235 0.47
Low centergrid 162.5 0.235 3.818
Low connecting 108.8 0.235 2.56
Low end grid 54,17 0.235 1.273
Low end grid 30 0.235 0.705

Medium center grid 20 0.71 1.42

Medium centergrid 162.5 0.71 11.537

Medium connecting 108.3 0.71 7.69

High centergrid 20 3.12 6.24
High centergrid 162.5 3.12 50.7
Shield shield 54,16 2.6 14.08
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Caved Airway Resistance Computations:

Turbulent resistance values of the caved airways were determined
using Figure (10.16), with a face height of 1.5m.

Caved headgate and tailgate:

Distance between crosscuts = 50m
location of average L R Ns2
increments res. per m (m) m8
between
crosscuts

relative to
face line (m)

0 50 - 0.0034 50 0.017
50 100 0.007 50 0.35
100 150 0.012 50 0.6

150 162.5 0.012 12.5 0.15

For all remaining increments beyond 162.5m from the face line:

R/m = 0.0322 Ns2/m8 per m
L = 50m
R = 1.61 NsZ/p8

caved airway at stationary end

R/m = 0.0322 Ns2/p8 per m
L = 30m
R = 0.966/30m increment

10.6.4. Network Simulation

The resistances of the remaining airways were calculated using
equation (10.5). The values used are shown on Figure (10.23).

After input data, the VNET program produced the results shown on
Figures (10.24 - 10.27). From these figures, the effect of shearer
position on tlie total ventilation system is evident. For each figure,
the shearer is located in the labelled increment of the face line. On
analyzing these figures, it is apparent that the shearer location has
only a localized effect on the ventilation of the face and caved zomne.
The leakage into the caved area is increased on the upstream (high
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pressure) side of the shearer, and decreased on the downstream (low
pressure) side of the shearer. In this example, the bleeder airway
system was sufficient to maintain the leakage direction from the face
into the gob. Without bleeder airways, the shearer may cause leakage
into the gob upstream of the machine and gut of the gob (possibly
containing methane) downstream from the machine.

The amount of air flowing onto the face line is reduced only when
the shearer is moved to the intake of the face. 1In general, however,
all the other flow magnitudes remain sensibly constant.
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11. CONCLUSIONS

This project has encompassed a thorough investigation into the
mechanisms of airflow distribution on a longwall face, the caved area
behind the face and the intake, return and bleeder airways comprising
the complete longwall district. _

Following a pressure-quantity survey to establish and quantify
the main ventilation routes of the mine, four major tests were carried
out. First, detailed measurements at each of a number of stations on
the longwall face allowed the variations in airflow along, and across,
the face to be determined. These measurements also indicated the
extent to which the bleeder airways were successful in preventing
methane accumulations in the caved waste from migrating on to the
face.

Second, a survey of frictional pressure drops and corresponding
airflows was conducted at the face ends and at increments of length
along the entire longwall. This allowed friction factors to be
established for a mechanized face fitted with shield powered supports.
The results also provided the information necessary to establish the
values of resistance to be allocated to the complex interaction of
shock losses at face ends, across the shearer and for the airflow
.~ along the faceline. :

Third, a carefully controlled experiment was carried out to
establish the relationship between frictional pressure drops and
airflows on a longwall face.

Fourth, a survey of air leakage at all points connecting into the
caved waste was conducted. This provided correlation data for the
development of a computer model designed to simulate the leakage
airflow patterns in the caved zone behind a longwall.

Within each of those Sections of the report that involve the four
tests, the significance of the work and the theoretical background
(where relevant) has been described. The procedures employed in
carrying out the practical work, and the data obtained, have been
delineated. Furthermore, the results have been used as a basis for
the development of design data and improved procedures for the study
and planning of ventilation in other longwall mines.

The specific accomplishments of this project include the
following:

1. It was verified that a system of bleeder airways, combined with
an adequate pressure differential between intakes and returuns,
can be successful in maintaining leakage from the faceline into
the waste and, hence, preventing waste gas migration om to the
face. In particular, the positions of stoppings, brattice cloths
and regulators must be such that the air pressure in the waste
remains below that on the face, throughout the faceline. A
further provision is that the caved material immediately behind
the chocks must be sufficiently permeable to allow the leakage
air to migrate towards the bleeder return. If the caved material
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becomes consolidated at the rear of the chocks due to geological
disturbance or a ‘delay in turning over the face, then it is
likely that leakage will occur from the waste on to the faceline
immediately upstream of the consolidated zone.

Some 50 per cent of the face airflow travels in the conveyor
track with the remainder divided between the face front and the
travelling track. Very little passes through the constricted
passage between the chock legs. The proportions of airflow at
the face front and the travelling track depend mainly upon the
relative cross sectional areas but also upon the rate of leakage
into the waste area. '

A range of friction factors from 200 x 10-10 to 350 x 10-101bf
min2/ft4 (0.037 to 0.065 kg/m3) was established for a mechanized
longwall face with powered supports. These very high values,
compared with other airways, are a direct result of the
aerodynamic drag of the chocks and, to a lesser extent, the
armored face conveyor. Nomograms were produced to assist in
establishing faceline resistances for planned longwall faces.

Procedures were developed, and data established, to enable the
resistances to airflow to be estimated at face ends and across
power~loading machinery. The summation of the individual
components of resistance gives much more precise values of
longwall face resistance than have been available to the present
time.

It was established that the airflow on a longwall face adheres
very closely to the theoretical Square Law, i.e. the frictional
pressure drop varies with the square of the air volume flowrate.
As far as the authors are aware, this is the first time that the
Square Law has been verified on a full-scale longwall face. This
finding allays a doubt that has been expressed by some
authorities.

A survey of airflows passing through the caved waste indicated
that in the system investigated, some 54 per cent of the airflow
available to the district was utilized in waste ventilatiomn.

A mathematical model was developed to simulate airflow patterns
in longwall caved areas. This model represents the differential
consolidation which arises from the stress pattern on a mined-out
area. The caved material is simulated as a geometric pattern of
leakage paths with laminar flow through the waste, and turbulent
flow through the caved airways that provide the boundaries to the
caved zone. The model was correlated with observed data, and is
sufficiently efficient to be incorporated into existing programs
for ventilation network analysis. This allows a new level of
detail and precision in the ventilation planning of longwall
mines.
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8. A complete procedure was developed, and illustrated by a worked

example, of modelling
district including
caved area.

the ventilation cof an entire longwall
the patterns of air migration through the

The worth of any research project is measured by the extent to
which the results are used by others. The authors hope that the _
publication of this report will result in a better understanding of the
mechanisms of airflow in and around longwall faces. The report has
endeavored to combine theory and practice in order to produce data and
procedures that will lead to the improved design, planning and control
of ventilation in longwall mines.
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APPENDIX

I

Calculation of airflow distribution across

face at each measuring station

. face track - 12 ftZ adjacent to coal front

conveyor track — across armored face conveyor
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. chock track — between chock legs

A2-A3, cross-section 1
travelling track: 10.1 ft2

A ft? u ft/min

9 800
8 650 -
Ny 575
5 525
b) 400
10.1 u,

mean ~ 565.1

Q = 5,708 kcfm

19.83 ft2

A-ft2 u ft/min

3 800

650
9 575
3 525
8 400

umean

Q

o

593.5
11.77 kcfm

chock track: 2.35 ftZ2

A-ft2 u ft/min
.35 400
2.0 200
2.35 YMean = 229.8

Q = 0.54 kcfm

face track: 12 ft2

A-ft2 u ft/min

2.9 650

3.1 575

2.6 525

3.4 400

12 0 umean = 532.7

Q = 6,39 kcfm
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A3—A4; cross—section 2

travelling track: 10.8 ft2 chock track: 2.31 ft2
A-ft2 u ft/min A ft2 u ft/min
.90 550 1.71 80
2.0 450 0.6 150
4,2 350 2.31 Unean = 98.2
2.4 250 Q = 0.226 kcfm
1.3 150
10.8 Unean = 335.0
= 3,62 kcfm
Conveyor track: 21,13 ft2 Face track: 12 ft2
A ft2 u_ft/min A £t2  u ft/min
0.54 800 1.4 750
6.06 750 1.7 675
4,77 675 2.7 625
4.29 625 3.2 © 550
3.86 550 1.75 450
0.52 450 0.9 350
0.82 350 0.2 250
0.27 250 .15 150
21.13 Upean = 642.7 12 umean = 568.3
Q = 13.58 kcfm Q = 6.82 kecfm
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A4-A5, cross—section 3

travelling track: 14.2 ft2 chock track: 2.0 ft2
A ft2 u ft/min A ft2 u ft/min
.16 625 0.5 80
.62 550 1.5 10
1.39 450 2.0 Unean = 65
2,2 350 ‘ Q = .130 kcfm
3.4 250
3.07 150
2.86 80
0.5 10
14,2

umean = 239.85
Q = 3.405 kefm

Conveyor track: 29.31 ft2 face track: 12 ft2
A ft2 u ft/min A ft2 u ft/min
0.52 780 0.6 740
4,7 740 1.9 675

5.46 675 1.8 625

5.39 625 2,2 550

7.34 550 2.4 450

2.82 450 1.9 350

1.76 350 1.2 250

1.32 250 12

umean = 508.9
Q = 6.11 kefm
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A5-A6, cross-section 4

travelling track: A = 18,7 ft2

A ft2 u ft/min
1.25 550
3.6 450
4.1 350
5.2 : 250
4.55 150

18.7 Unean = 306.15

Q = 5.73 kefm

Conveyor track: A = 28.77 ft2

A ft2 u ft/min

1.03 625

3.14 612.5

10.04 550

8.15 450

3.4 350

1.52 250

1.49 150

28.77 Umean = 470.9

Q = 13.55 kcfm

chock track: A = 2.2 ft2

A u ft/min
0.2 150
2.0 _48
2.2 Ypean = 57.3
Q= .126 kcfm

face track: A = 12 ft2

A ft2 u ft/min

0.9 550
2.7 450
4.6 350
2.4 250
1.4 150
12 umean = 344,2
Q = 4.13kcfm
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A6~A7, cross—section 5

travelling track: A = 19.2 chock track: 2.2
A ft2 u ft/min A ft2 u ft/min

5.5 250 2.0 490

0.3 325 0.2 75

4,5 175 2.2 Upcan = 43.2

5.0 125 Q = .095 kcfm
3.9 15

19.2 Unean = 165.49

Q = 3.178 kcfm

Conveyor track: A = 39,24 ft2 face track: 12 ft2
A ftZ u ft/min A ft? u ft/min

0.97 450 1.3 375

9.09 425 2.1 325

11.47 375 2.8 250

8.16 325 3.2 175

5.56 250 2.0 125

3.32 175 0.6 15

0.67 125 12 Ynean = 227.08
39.24 Upean = 338.9 Q = 2.73 kcfm

Q = 13.3 kefm
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A9 over shearer, crossesection 6

travelling track: A = 9.9 ft2 chock track: A = 2,2 ft2
A ft? u ft/min A ft2 u ft/min

2.2 300 2.0 80

2.8 260 0.2 150

2.9 225 2.2 u_.. = 86.3

2.0 150 Q = .190 kcfm

9.9 umean = 236.4

Q = 2.34 cfm

Conveyor Track : A = 53,33 ft2 Face track : A = 12 ft2
A ft2 u ft/min A ft2 u ft/min

0.93 300 0.8 260
12.91 260 1.8 245

8,91 245 3.6 225

15.89 225 5.8 150
14.69 150 12w - 194.1
55.33 Unean 217.5 Q = 2.33 kcfm

o

Q = 11.6 kcfm




