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FIRST SERIES OF COAL-DUST EXPLOSION TESTS IN THE
EXPERIMENTAL MINE.

By Georae S. Ricg, 1. M. Jongs, J. K. CLemExnT, and W. L. Eey.

INTRODUCTION.

By Georce 8. RicE.

This report has been prepared, not only for the purpose of recording
the results of the first series of coal-dust tests conducted in the experi-
mental mine of the Bureau of Mines, but also to place before the min-
ing public a description of the mine and an account of the objects
sought in its establishment.

Soon after the organization of the technologic branch of the United
States Geological Survey, J. A. Holmes, then chief of the branch,
concluded that for the solution of various problems relating to the
causes and prevention of mine explosions it would be best to carry
on large-scale tests in a mine rather than in a surface gallery.

The idea of utilizing the underground passage of a mine for making
explosion experiments did not at first meet with general approval
among investigators in this country or abroad. Many thought a
mine passage was not a proper place in which scientific tests could be
conducted, as great difficulty in controlling conditions was expected.
However, after all arguments for and against such an investigation
had been carefully considered, plans for opening an experimental
mine were definitely adopted by the Bureau of Mines in 1910, and an
allotment of funds was made to carry out the project. The first
endeavor was to find an existing mine suitable for the purpose, but
the mines offered by owners were either worked out, were wet, had
poor roofs, or presented complications of various kinds, so that it
was finally decided to open a mine if a site could be obtained having
natural conditions that would fill the various requirements.

A most desirable location was found on property of the Pittsburgh
Coal Co., near Bruceton, Pa. The president of this company, Mr.
W. K. Field, the general manager, Mr. G. W. Schluederberg, and the
chief engineer, Mr. E. J. Taylor, rendered every possible service in

7



8 FIRST SERIES OF COAL-DUST EXPLOSION TESTS.

making arrangements for the lease of the property and subsequently
in the opening of the mine.

Immediately on completion of the development of the mine to the
extent considered desirable for experimental work, the first series of
tests was begun.

The number of experiments embraced in the first series, here
reported, was comparatively small. The tests chiefly served to try
out the mine and apparatus; apart from this end, there was valuable
educational service accomplished by certain tests before large audi-
ences of mining men. The fact that coal dust in air containing no
inflammable gas may explode is now almost universally conceded in
this country. This was not the case prior to the first public test of
October 30, 1911, when many still doubted even after having wit-
nessed explosion tests in the Pittsburgh surface testing gallery.
However, as a result of the mine test mentioned, those who had
previously doubted expressed themselves as convinced.

This explosion test seriously damaged the mine equipment, neces-
sitating considerable delay before repairs could be completed. Then
followed further experiments, which were limited in number by lack
of funds.

PHENOMENA OF A DUST EXPLOSION.

When a source of heat, for example, an incandescent platinum
wire, an electric arc, or the flame from a blown-out shot, is intro-
duced into a cloud of coal dust, combustion takes place between the
particles of dust and the oxygen of the air. If the quantity of heat
transferred to the dust cloud is relatively small, the combustion may
proceed only in the immediate vicinity of the heating agent. If, on
the other hand, sufficient heat is available, the temperature of the
dust cloud is raised to such an extent that combustion takes place
rapidly, developing more heat than can be conducted away. Conse-
quently the adjacent part of the dust cloud is heated to a tempera-
ture sufficient for rapid combustion, and by its combustion develops
heat, which in turn raises the temperature of the next dust layer.
This process continues, and the flame travels through the dust cloud
with rising temperature and increasing velocity.

In this report the term ‘‘ignition” is used to describe the propa-
gation of the flame beyond the immediate influence of the igniting
agent.

When the conditions are favorable, the flame is propagated through
the dust cloud with rapidly increasing velocity and rising pressure.
A true dust explosion then results, and the velocity of the flame rises
rapidly to over 2,000 feet per second and great pressures are pro-
duced.
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When an explosive gas mixture is ignited at the closed end of a tube
that is open at the opposite end, the flame travels with rapidly
increasing velocity toward the open end. In the early stage of the
gas explosion the flame is usually propagated in the way just de-
seribed for a dust explosion; that is, the heat evolved by the com-
bustion in one layer of gas raises the temperature of the adjoining
layer above the temperature at which ignition takes place. In cer-
tain gas mixtures, for example, a mixture of hydrogen and oxygen,
after the flame has traveled a certain distance from the point of
ignition an ‘‘explosion wave,” or so-called ‘‘detonating wave,” is set
up, and from this point the explosion is propagated almost instanta-
neously. _

The term ‘‘detonation wave’’ has been defined by Prof. Harold B.
Dixone as follows:

The expression ‘l’onde explosive” coined by Berthelot, and its English equiva-
lent, ““the explosion wave,’’ signify that flame which passes through a uniform gaseous
mixture with a permanent maximum velocity. The rate of the ‘“‘explosion wave”
is a definite physical constant for each mixture; the explosion wave travels with the
velocity of sound in the burning gas, which itself is moving rapidly forward en masse
in the same direction, so the explosion wave is propagated far more quickly than sound
travels in the unburned gas. * * * In the explosion wave, each layer of gas is
compressed so suddenly that it is raised beyond its ignition point by the heat of com-
pression. * * * T ugse the word ‘“detonation” to express the burning taking
place in the explosion wave, since a ‘‘detonator” when struck burns in this way itself
and sets up an explosion wave in explosive gases around it.

As the phenomena of coal-dust explosions are in many respects
similar to those of gas explosions, it is not impossible that an ‘‘explo-
sion wave’’ or ‘‘detonation wave’’ may be produced by a dust
explosion in a tube or gallery of uniform cross section under certain
conditions. A mine heading or entry never presents the uniformity
of a tube or an artificial gallery, because in a mine passage there are
irregularities due to projections of roof and ribs, to turns, to side
openings, to timbering, and to great variation in the amount and
quality of dust present. Therefore it does not seem probable that
in a mine explosion a detonation wave of permanent maximum
velocity can occur, although in some localities the disruptive force of
an explosion may be so great that in popular language it might be
termed ‘detonation.”

When a coal-dust explosion is caused by a blown-out shot, a
pressure wave is started that travels at a rate of a sound wave;?
this wave, which in this bulletin has been termed the ‘‘shock wave,”
gradually becomes less and less in amplitude as it travels from the
origin. Near the originating blast, if several pounds of black powder

e Report of Committee on British Coal Dust Experiments, Record of first series, 1910, p. 150.
b Nearly 1,100 feet per second in a mine passage, varying slightly according to the temperature of the air
and the velocity of the ventilating current.
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or dynamite has been used, the concussion may be strong enough to
raise near-by coal dust into suspension and thus expose the dust to
ignition from the flame; but the blast concussion alone can probably
not raise dust sufficient for propagation of the flame under the con-
ditions present in the experimental mine for more than about 100
feet. Following the shock or shot wave are other pressure waves
which are started by the expanding gases from the burning coal
dust thrown into the air by the concussion from the shot. The
fact must be emphasized that unless the dust is raised into the air in
a cloud it can not explode. If the dust cloud is dense and other
conditions are favorable for intense combustion there is a corre-
spondingly rapid production of hot expansive gases with resultant
high pressure, causing the pressure waves and the flame to attain
high velocities.

The pressure waves started by the explosion are transmitted to the
air ahead, and doubtless travel through it at the rate of sound
waves. The body of air is forced ahead of the explosion, and as
the pressure waves travel through this, the total velocity of any
one of the almost infinite number of successive pressure waves with
reference to a fixed point is therefore greater than that of a sound
wave. When the combustion is relatively slow the advance air
waves may get considerably ahead of the combustion or exploding
zone. On the other hand, if the conditions for propagation are
favorable, the distance that the air waves are in advance will lessen
proportionately.

The existence of the advance air-pressure waves is an all-important
factor in the propagation of a dust explosion, for if there were none,
the coal dust would not be brought into suspension in the air and
thus furnish fuel for continuance of the combustion; the English
have popularly termed the advance pressure wave the ‘‘pioneering
wave’’ and the dust cloud ‘‘the pioneering cloud.”

There is no doubt that a dust explosion will die away, if a dustless
zone is reached, just as soon as the coal dust carried forward in sus-
pension and its unburned gases have been consumed. Similarly,
coal-dust explosions can be prevented from starting by so wetting
the dust that it can not be raised into the air by concussion. A
dustless condition would be equally good, but can hardly be attained
in the average mine.

The French (Liévin) experiments indicate that the maximum
pressure is exerted in the zone of combustion. This fact is deter-
mined from the automatic photographing of the flame itself on the
same revolving film as that on which the pressure curve is photo-
graphed. The pressure curve is obtained through the agency of a
ray of light reflected from a mirror attached to the back of a dia-
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phragm which is exposed to and is deflected by the pressure. The
pressure curve indicates that the greatest pressureof the explosion is
exerted in the zone of combustion. This maximum pressurewave may
be termed the ‘‘main pressure wave.” The records of the European
experiments have shown that as the main pressure wave travels
ahead it throws off reflex pressure waves that travel back toward
the origin, and that if the origin is at the closed end of the gallery,
the pressure may be raised above what it was at the time of ignition.

Following the passage of the pressure waves there is a depression
below atmospheric pressure, which is caused by the cooling of the
gaseous products of the explosion and by the ejectment of the gases
by the violence of the explosion. The depression causes a violent
movement or inrush of air from other parts of the mine, or from the
outside, to fill the partial vacuum.

The pressure waves and their movement are very complex even
in a single gallery closed at one end, but become more complicated
in a mine with two or more passageways. Taffanel, in reports ¢ on
his third and fourth series of coal-dust experiments conducted at
Liévin in a single main passageway 300 meters (1,000 feet) long,
has contributed most important information relative to waves
developed in a gallery by simple explosions of dust and the aryesting
of the explosions in various ways.

OBJECTS OF DUST-EXPLOSION INVESTIGATIONS.

A thorough knowledge of the nature of coal-dust explosions, and
of the accompanying phenomena, is necessary in order to devise
means for the prevention of such explosions, and for the arrest, or
rather, the stoppage of explosions if by mischance explosions start.
It is therefore necessary to know how coal dust ignites and the
various means by which it may be ignited, or inflamed, the chemical
processes that take place, the circumstances under which an inflam-
mation becomes a true explosion, and whether detonation some-
times takes place.

In endeavoring to discover the natural laws underlying ignitions
and explosions, the bureau considers the factors or variables men-
tioned below. Some of these are properly subjects for laboratory
investigations, and the others for investigations at the experimental
mine. The laboratory investigations of several, in particular those
relating to the relative inflammability of the different dusts, have
been pursued in the laboratories of the bureau at Pittsburgh and in
other laboratories, especially in England and France.

e Taflanel, J., Troistme série d’essais sur les inflammations de poussitres; production des coups de
poussiéres, April, 1910; Quatrieme série; theorie des explosions, August, 1911.
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INFLAMMABILITY FACTORS PROPERLY INCLUDED IN LABORA-
TORY STUDIES.

Factors affecting inflammability that are properly included in
laboratory investigations are as follows:

(1) The chemical composition of typical coal dusts.

(2) The relative inflammability of dusts containing different per-
centages of volatile matter, ash, sulphur, and moisture, as tested by
different laboratory methods and apparatus and as influenced by:

(a) Character of ignition coil, induction spark, electric arc, or flame.

(b) Size of coal-dust particles.

(¢) Method of putting coal dust into suspension.

(d) Method of mixture with inert dusts and chemically unstable
compounds to give extinguishing effects.

(e) Presence of methane and other gases.

(f) Size and shape of explosion chamber.

(3) The physical nature, composition, and affinity for oxygen of
each of the component substances that make up the coals from which
inflammable dusts are derived (microscopic and chemical investi-
gation).

(4) The nature and composition of gases distilled from the coal dusts
at different temperatures and during different periods of exposure to
heat.

FACTORS PARTLY UNDER CONTROL IN EXPERIMENTAL EXPLO-
SIONS IN THE MINE.

Factors more or less under control in experimental dust explosions
m the mine are enumerated below. The bureau is investigating the
effect of each in connection with its study of dust explosions.

(1) Source, composition, and relative inflammability of dust.

(2) Size and character of dust particles.

(3) Admixture of inflammable dust with inert dusts.

(4) Quantity of dust per linear or cubic foot of space.

(5) Method of loading dust—on shelves, on floor, etc.

(6) Moisture adhering to dust and not part of its normal composi-
tion.

(7) Moisture on walls, roof, or floor, and not in contact with dust.

(8) Humidity and temperature of air.

(9) Air movement in passageways—velocity and direction with
reference to proposed explosion path.

(10) Character of walls, roof, and timbering.

(11) Turns and curves in path of proposed explosion.

(12) Proposed branching of the explosion into other entries by
prearranged loading.

(13) Coming together of two explosions by prearranged loading.
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(14) Local widening of explosion passage.

(15) Number of side openings, such as cut-throughs, not dust laden.

(16) Dustless zones of various lengths in path of explosion.

(17) Watered zones of various lengths in path of explosion.

(18) Stone-dust zones of various lengths and kinds in path of
explosion.

(19) Means of ignition of coal dust, such as:

(a¢) Blown-out shots of various intensities with various explosives.

(b) Explosion of fire damp.

(¢) Electric arcs or glowing wires or blowing out of fuse.

(d) Open flame when dust is already in suspension in air.

(20) Length of mine passage used in test.

(21) Character of mine passage—double or single or closed at one
end, that is, ‘“in the solid.”

VARIABLE EXPLOSION CHARACTERISTICS FOR DETERMINATION
IN EACH TEST.

Variable explosion characteristics subject to determination in each
test are as follows:

(1) Velocity of flame at different stages of explosion.

(2) Velocity of pressure waves at different stages of explosion.

(3) Relative position of flame and of pressure waves.

(4) Rise and fall of pressure, above and below the atmospheric,
at different points in the course of an explosion.

(5) Composition of gases at various stages of an explosion, the
samples being gathered automatically.

(6) Temperature of explosion at different stages, as determined by
thermocouples, or by strips of metal of different melting points.

(7) Composition of coke and ash residues from explosion, and their
position with reference to direction of explosion.

(8) Manifestations of violence.

PROBLEMS TO BE INVESTIGATED AFTER DETERMINATION OF
STATED VARIABLES.

Below are enumerated problems that the bureau will investigate
after having determined satisfactorily the influence of the variables
mentioned above:

(1) Length of dust-laden zone (of given cross section) measured
from a blown-out shot (of certain strength) that, through the ignition
of its dust, creates sufficient pressure waves to raise dust beyond,
and thus permit propagation of the explosion beyond the influence of
the blown-out shot.

(2) Length of a dust cloud, which, when ignited by an arc or open
flame, will cause pressure waves to stir up the dust beyond and cause
a propagation of the ignition or inflammation.
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(3) The circumstances under which the ignition or inflammation
becomes a strong explosion, productive of violence.

(4) Possibility of producing a coal-dust ““explosion wave’ or “de-
tonating wave’’ of permanent maximum velocity.

(58) The presence, origin, and character of reflex waves thrown off
from the main explosion pressure waves and traveling back toward
the point of ignition.

(6) Chemical reactions taking place at different stages of an
explosion.

OUTLOOK FOR SOLUTION OF COAL-DUST PROBLEMS.

The solution of all the problems connected with coal-dust explo-
sions, as outlined above, will not be simple, but with the systematic
prosecution of the investigations it is probable that the determina-
tions will be sufficiently complete to enable satisfactory planning of
adequate means of preventing explosions and the development of
valuable secondary safeguards.

Meantime testing stations in France, England, Belgium, Germany,
and Austria are prosecuting similar investigations, and through
friendly interchange of information it is expected that the advance
will be more rapid than would be made by the bureau’s investiga-
tors alone.

OUTLINE OF VARIOUS TESTS MADE IN THE EXPERIMENTAL
MINE.

In addition to the explosion experiments described in this report,
a considerable number of tests was conducted in the exterior gallery
to determine the conditions under which ignition of coal dust by an
electric arc could be obtained. Subsequently, while the mine head-
ings were being extended, tests were made to determine the relative
efficiency in blasting coal of different kinds of permissible explosives,
also of black powder, under the natural conditions offered by the
mine. With a view to determining the vitiation of mine atmosphere
by the use of these explosives, samples of their gaseous products were
obtained and analyzed. Some experiments with the treatment of
coal dust by calcium chloride for prevention of ignition were made.
An important series of tests of two types of gosoline locomotives was
conducted with a view to testing mechanical control, and to deter-
mining to what extent the exhaust vitiated the mine atmosphere
under different conditions of use and of engine adjustment. To
repeat, then, although only a small number of large coal-dust explo-
sion tests was made, the mine was constantly used for experiments.

In making explosion tests, one of the most important advantages
connected with the experimental mine as compared with a surface
gallery is the possibility of experimenting on coal-dust ignition when
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small quantities of methane are present without the large wreckage
that would be liable to result in a surface gallery. The study of the
effect of the presence of small quantities of methane is of great
importance; probably more often than has been suspected, methane
has been present in an amount too small to be detected by a safety
lamp yet has been influential in the first ignition and propagation of
a dust explosion.

Among other possibilities offered by the experimental mine when
equipment suitable for each class of experiments has been installed
is that of testing the relative dust production of different kinds of
undercutting machines, and of investigating the safety features of
underground electrical installations, including tests of devices for
greater safety in the use of the electric-trolley locomotive, and of
studying problems of mine ventilation, such as the efficiency of fans,
doors, and stoppings, and the determination of the frictional resistance
to the passage of air currents offered by the ribs, roof, and timbering
of mine entries and rooms. The figures currently used as coefficients
of friction of air passing through underground passageways are
approximations, and the wide range of values of the coefficients given
by different authorities shows the need of more positive determina-
tions. Altogether, the possibilities for usefulness of the experimental
mine are limited only by the appropriations that may be available
from year to year.

The scientific study of coal-dust explosions in the experimental
mine has been only begun. The most important results of the pre-
liminary series of experiments described in these pages have been:
(1) To convince the mining public that coal-dust explosions can be
produced at will in a mine as well as in a gallery, and (2) to show
that relatively violent explosions of coal dust can be produced by a
violent means of ignition in a comparatively short length of passage-
way. The second result is of importance because it shows the neces-
sity of preventing an ignition of coal dust rather than of attempting
to limit an explosion by zonal treatment except as the latter is made
a secondary safeguard.

ACKNOWLEDGMENTS.

For assistance rendered in developing the experimental mine the
writer of this introduction, who was placed in general charge of the
Investigations, desires to express appreciation of the inspiration and
guidance received from Director Holmes, and the hearty and efficient,
cooperation of his associates, L. M. Jones, mining engineer; H. C.
Howarth, mine foreman; J. K. Clement, physicist; and W. L. Egy,
assistant physicist. Many others connected with the bureau, but not
directly connected with the experimental-mine work, contributed
valuable assistance, among whom are H. H. Clark, electrical engineer;

72322°—13——2



16 FIRST SERIES OF COAL-DUST EXPLOSION TESTS.

J.C. W.Frazer, chemist; J. W. Paul, mining engineer; J.J. Rutledge,
mining engineer; H. . Smith, assistant mining engineer; Clarence Hall,
explosives engineer; and O. P. Hood, chief mechanical engineer.

The driving of the mine headings or entries, their lining with con-
crete, the outside and inside construction of the mine, and the prep-
aration of the mine for each test were under the immediate charge
of L. M. Jones, mining engineer, and H. C. Howarth, mine foreman.

The setting up of the instruments, their wiring, their operation,
and the interpretation of their records were in charge of J. K. Clement,
physicist, and W. L. Egy, assistant physicist.

The analyses of coal, coal dust, shale, and rock dust were made by
A. C. Fieldner, chemist; and the analyses of mine atmospheres and
mine gases were made by G. A. Burrell, chemist.



DESCRIPTION OF MINE AND EQUIPMENT.

There was no precedent to follow in developing an experimental
mine of the magnitude desired. At Segengottes, Austria, in the
Rossitz coal-mining district, there is an underground testing gallery,
the main passage of which was an abandoned drainage tunnel lined
with stone throughout. It is 293.7 meters (964 feet) long, but it is
narrow, being only 1.3 to 1.44 meters (41 to 4% feet) wide, and the
outer end terminates in a group of houses. Tests of the inflamma-
bility of coal dust are carried on in the inner portion of the gallery,
but owing to the surrounding conditions large-scale, violent tests
are not attempted. Birmingham University, England, has for the
instruction of mining students in the use of breathing apparatus and
lamps some underground passages in an old mine, but these are not
used for explosion tests. Henry Hall, an inspector of mines in Great
Britain, experimented with coal dust in 1876 in an adit that was 135
feet long; subsequently, in 1890 to 1893, he conducted series of coal-
dust explosion tests in disused shafts about 200 yards in depth.

The many surface galleries erected in the past for experimenting
with coal dust are described in Bulletin 20 of the Bureau of Mines.®

SELECTION OF A MINE.

The requirements considered by the bureau in planning for an
experimental mine were:

(1) The mine should be in a coal bed that produced dust of inflam-
mable character and the other conditions of which favored the
possibility of dust explosions.

(2) The mine should be naturally dry and preferably self-draining
so as to allow experiments with dry coal.

(3) The main openings of the mine should be drifts, so that com-
plications from possible wreckage of a shaft would be avoided, thus
keeping down the expense and permitting a quick entrance to the
mine after explosions.

(4) The mine should be as free as possible from methane; that is,
the mine atmosphere should contain less than 0.1 per cent, in order
that experiments might be made in an atmosphere practically free
from inflammable gas.

a The explosibility of coal dust, by G. 8. Rice, with chapters by J. C. W. Frazer, Axel Larsen, Frank
Haas, and Carl Scholz. 1911, 204 pp. Revision of U. 8. Geological Survey Bull. 425.

17
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(5) A natural-gas pipe line should pass near enough to the mine
to make feasible the laying of a branch line that would furnish a
supply of gas (methane and ethane) for experiments in combination
with coal dust and air in varying proportions, or with mixtures of
gas and air only.

(6) A good water supply should be available both for boiler use
and for fire protection as well as for experiments.

(7) The location should be accessible to a railroad so that the coal
produced could be loaded on railroad cars, yet should be so isolated
from houses or other buildings that violent explosions would not
endanger them.

After much search these requirements were all met by a site near
Bruceton, Pa., 13 miles southwest of Pittshurgh, on the Baltimore
& Ohio R. R. Here, the well-known Pittsburgh coal bed outcrops
along the sides of the valley of Lick Run. In a side ravine, in which
there is a small stream, a place in the outcrop was found sufficiently
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FIGURE 1.—Profile of main entry of experimental mine.

back from the main frontage to allow entrance into the middle of an
extensive area of the coal. At the place selected for the drift open-
ings the bed dips gently to the north, and as the opening entries are
driven to the southwest they are self-draining. Many samples of
mine air have been taken and no appreciable amount of methane
has been found; even after the mine has been sealed for 14 hours a
maximum of only 0.06 per cent was found at the face of a heading.
The drift openings are high enough above the ravine bottom to
provide space for a convenient refuse dump and for other features
connected with the development of a mine. The hillside above the
outcrop rises steeply, so that there is a good cover over the main
headings. The crest of the hill is 132 feet vertically above the mine
(fig. 1). Across the ravine in front of the mine openings there is a
hillside that provides a natural barrier for catching material thrown
out by a violent explosion and deflects the air waves upward, a
protective feature of great importance in a populated district.
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UNDERGROUND DEVELOPMENT.

Drift openings were started in December, 1910, and entries were
driven into the coal bed. Drifting proceeded intermittently up to
October, 1911, when the first series of coal-dust tests was begun.
The underground passages then consisted of two main parallel entries
a little more than 700 feet long, each 9 feet wide, with a 41-foot
piilar of coal between them. There are crosscuts or ‘“cut-throughs”2
between the entries every 200 feet. A diagonal heading 198 feet
long connects the air course with a third opening (fig. 2); it enters
the air course at an angle of 55° at a point 117 feet from the mouth of
the air course. Fifty-five feet from the mouth of the air course there
is a fourth opening, an air shaft that is offset 6 feet from the entry.

This shaft is intended for ventilating purposes only, while the
mine is being developed, or as an auxiliary opening in case an experi-
mental explosion should wreck the other openings. The diagonal
heading was made in order to provide an opening for ventilation
purposes; it was turned off from the main air course, with the expec-
tation that the chief force of an explosion wave would pass directly
out of the air course.

The main entries were driven in the coal bed ‘“on the faces,” that
is, at right angles to the principal vertical cleavage. These entries
are of the usual width employed in working the Pittsburgh bed, nomi-
nally 9 feet, but ranging between 9 and 94 feet. It was first intended
to place the cut-throughs 100 feet apart, but owing to the expense of
constructing tight stoppings strong enough to resist explosions, the
distance was changed to 200 feet. In driving the entries, line brat-
tices are carried from the last cut-through up to the face of each
entry. Fortunately the natural roof inby the concrete lining is
sufficiently strong so that only a few cross timbers have as yet been
necessary. Side posts have been put in, not to support the roof but
for attachment of the side shelves on which to lay coal dust. In the
first two tests these posts were exposed, and hence were blown down;
subsequently they were recessed (Pl. IT, A) into the coal rib, so as
not to be exposed to the violence of the explosion. Ordinary mine
tracks of 42-inch gage are laid in each entry for handling coal cars
and for use in making tests of gasoline and electric locomotives.

REINFORCED CONCRETE LINING.

The main entry is provided with an arched portal of heavily
reinforced concrete (Pl. II, B, and figs. 3 and 4) with retaining wall,
wing walls, and buttresses built “en masse;”’ the walls are carried
down to the solid formation, and the buttresses to a limestone 3%
feet below the coal.

¢ This term is employed in the bituminous coal mining laws of Pennsylvania of 1911.
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The reinforcement consists of }-inch, #-inch, and 1-inch round
rods of mild steel placed vertically, diagonally, and horizontally.
The vertical rods are set in drill holes in the limestone. The stresses
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FiGURE 2.—Plan of experimental mine, also surface contours, at time of explosion of October 30, 1911,
showing path of mine car thrown by explosion.

considered were (1) those due to forces directed outward from the
mine, and (2) a bursting pressure acting at right angles to the axis of
the entry or tunnel. The wing walls were also designed as retaining
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walls for the roof shale and dirt cover over the arching of the tunnel.
Some of the reinforcement at one stage of construction is shown in
Plate III, A. The arrangement at the entrance provides for the
future addition of a counterweighted door, sliding vertically in
grooves, for use in special experiments requiring a perfectly quiet
atmosphere.

It was intended that a similar entrance should be placed at the mouth
of the air course. Owing to the lack of funds this was not completed
for the tests of the first series, but has since been erected. The air-
course entrance was not intended to be used for explosion tests during
the first series. A reinforced-concrete portal is provided for the
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F1GURE 3.—Cross section of reinforced-conerete portal of experimental mine.

diagonal heading similar to that of the main entrance except that the
walls are not so heavy, the heading being smaller in cross section.
It was necessary to line the outer parts of the entries on account
of the poor roof; indeed this had to be supported by heavy timber
while the entries were being driven. It was manifest that timber for
lining would not be satisfactory in explosion tests, as the timber would
be likely to be blown out. As the best material for lining seemed
to be reinforced concrete, a type of lining was adopted similar to that
so extensively used in the Béthune mines, Pas de Calais district,
France, as designed by J. Lombois, principal engineer.? The con-

@ Lombois, J., Revetement en béton armé desbouvettes et des bures aux mines de Béthune: Bull. Soc.
Ind. Min., ser. 4, vol. 6, 1907, pp. 195-205.



29 FIRST SERIES OF COAL-DUST EXPLOSION TESTS.

crete on the side walls is 7 to 9 inches thick, and thicker in places
where irregularities in the natural walls required the filling. The
arch is made 7 inches or more thick. As it was necessary to have
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the lining strong, the concrete mixture was made relatively rich,

being 1 part Portland cement to 2 parts sand and 4 parts gravel.
The reinforcing bars of the arch are $-inch square steel rods, placed

6 inches apart in that part of the entry close to the mouth and 32
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lapsible type which could be moved from point to point as the work
advanced. These forms were similar to those designed by Lombois.®

While the concreting material of the lining was being placed,
bolts were inserted for the support of five shelves on each side to be
used in coal-dust explosion experiments. There was also laid behind
the wall a 4-inch steel pipe in which were placed electrical cables, a
2-inch pipe for a compressed-air line, and a 2-inch water main with
hydrant boxes every 100 feet. The arched lining, which is finished
smooth, is 8 feet wide in the clear, and 7 feet 6 inches high from the
top of the track ties to the arch; near the entrance the roof has a
slight rise and the floor descends, so that the arch is 8 feet high at
the portal. The diagonal heading or gallery is smaller, being 6 feet
4 inches wide and 6 feet 4 inches high (fig. 5).

In constructing the lining in the outer part of the main entry and
in the diagonal heading or gallery, the preliminary timbering had
to be left in place above the arching as the roof was too weak to
allow its removal. Adjacent to the portals the arches were con-
structed in the open; they were afterwards covered with dirt, which
was filled in to the top of the retaining walls. During the first series
of experiments the concreting was extended into the main entry,
making its total length 169 feet; the entire diagonal heading, 198
feet long, was lined, and in the air course there was a lining from a
point 20 feet outby the conmection with the diagonal heading or
gallery to a point 65 feet inby the junction. At the wide space at the
junction the roof had been supported with railroad rails which were
left in to supplement the strength of the reinforced lining.

THE PITTSBURGH COAL BED.

The Pittsburgh bed, in quality, extent, and uniformity, is one of
the most remarkable coal beds in the United States, if not in the
world. It extends southwestward from the vicinity of the city of
Pittsburgh to the middle of West Virginia, where there are scattered
areas in the hilltops, a distance of about 125 miles; on the west it
extends into Ohio; the width is 75 to 100 miles, but not all of this
area is underlain with the Pittsburgh bed, as in places the coal is
cut out in the valleys of the larger streams and on some of the anti-
clines that separate the several basins. Although varying in different
basins, in any one basin the coal is remarkably regular in quality
and thickness. In certain areas the bed produces the highest grade

aLombois, J., Revetement en béton armé des bouvettes et des bures aux mines de Béthune: Bull. Soc.
Ind. Min., ser. 4, vol. 6, 1907, pp. 195-205. The reinforcement was placed in the concrete arch to help sup-
port theroof. It was thought that the weight of the roof, together with its resistance to shear, could be
overcome by the upward pressure of an explosion. This proved not to he true; the arch and roof lifted,
causing the arch rods to break through the facing (see Pi. VIII, ¢). In future construction the arch
reinforcement will be placed farther from the face of the concrete, and the arch thickened to resist the
force of an explosion.
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of coking coal, the coal from the Connellsville district making the
standard coke of the country; in other basins or districts the bed
produces gas and steam coals. The thickness ranges from 5 to 10 feet,
but in any one basin the thickness varies little.

At the experimental mine, which is in the so-called “gas-coal”
district, the bed is 5 to 6 feet thick, averaging about 5} feet. Above
the coal there is a layer of soft shale (““draw slate”) a few inches to
2 feet in thickness, averaging about 1} feet. This ‘“‘draw slate”
falls or is pulled down with the pick as soon as the coal has been
removed. In some places it has to be brought down by light shots.
Above the ‘“draw slate” there is a “top coal” or roof coal 1 to 2
feet thick; it in most places is shaly, and in the district in which
the experimental mine is located it is not sufficiently pure to be
regularly taken down and used for fuel purposes. This top coal,
when not broken by blasting, makes a good roof, except near the out-
crop. The main roof above the top coal consists of shales of little
strength; in some places, but not in the vicinity of the experimental
mine, the Pittsburgh bed is overlain with a strong sandstone. The
floor is clay, which is hard when first mined, but subsequently air-
slacks. At the mouth of the experimental mine the clay is 2 to 3
feet thick and is underlain with a limestone stratum.

The coal bed proper at the experimental mine is free from continuous
partings except for two thin bands of shale about 3 inches apart, a little
below the middle of the bed. The upper band is one-eighth to three-
fourths of an inch thick and the lower three-fourths to one and one-
fourthinchesthick. The ‘“faces’” or ““butts” of the coal (PL. IV, A) are
strongly marked throughout the whole Pittsburgh coal bed and are of
great importance in mining. The coal itself is fairly hard, but owing
to the planes of cleavage it tends to break to cubical pieces (P1. IV, B)
in blasting and in subsequent handling. The regular method of
mining in the Pittsburgh district consists of undercutting the coal
either by hand or with machines, generally the latter, and then
blasting down with two shots in entry work, or two to three shots
in the rooms. In general, through the gas and steam coal districts
about one-third of the coal produced is nut coal or finer, and two-
thirds is “lump.”

The average proximate analysis of coal from the Pittsburgh bed
from face-section samples gathered in the experimental mine is as
follows:

D ) T D1 - I 2.7
Volatile matter. ... .. .. e 36.0
Fixed carbon. . .. 55.0
V- )+ 6.3
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The average ultimate analysis is as follows:

Hydrogen. ... . .. il 5.38
Carbom. . ..o e 76.16
Natrogen . . ..o . 1.53
OXYZen . . 9.23
SUlpPhuT. i 1.40
A 6.30

100.0

SURFACE EQUIPMENT OF THE MINE.

The surface equipment of the experimental mine consists of an
external explosion gallery, ventilating fans, a power plant, a coal-dust
and rock-dust crushing and grinding plant, an observatory and con-
trol station in which recording instruments are placed, an incline, &
coal tipple and chute for loading railroad cars, a reservoir, pump
house, blacksmith shop, barn, tool house, and a water-tank and
hydrant system for fire protection.

EXTERNAL EXPLOSION GALLERY.

The explosion gallery (Pl. III, ') consists of a steel tube 6 feet 4
inches in internal diameter and 122 feet long, set in line with the
diagonal heading, or ‘“gallery slant,” and 20 feet from its mouth.
Between the tube and the mine portal there is a U-shaped passage
(fig. 6) of heavily reinforced concrete; it has the same diameter (6 feet
4 inches) as the steel tube and the diagonal heading. The roof of this
passage is closed by flat plates resting loosely on 24-inch round tie
rods (connecting the tops of the concrete walls) and when necessary
is weighted down with sandbags. This loose covering is 20 feet long
by 6 feet 4 inches wide and serves as a great relief valve for the pro-
tection of the tube and ventilating fan in case of a very violent
explosion in the mine.

In order to make the external steel gallery available for small
explosion experiments outside the mine itself, the inner 20-foot
section, adjacent to the U-shaped passage, can be rolled to one side;
then, after the mouth of the diagonal heading has been closed, the
steel gallery is isolated from the mine and tests can be conducted in
it without interfering with work in the mine. During such periods
mine ventilation is carried on by means of a fan set at the top of the
air shaft. The steel gallery when thus isolated is 102 feet long and
has practically the same dimensions as the gallery for testing explo-
sives at the Pittsburgh station. There is, however, one difference.
The outer end of the steel gallery at the mine is left open except for a
board or plank stopping which can be slid into place in the con-
crete framework. This stopping is to provide for relief of violent
pressure and therefore is made comparatively thin (of 2 to 4 inch
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plank) in order that it may break and thus lessen the strain on the
tube. Twenty-five feet from the outer end of the gallery there is a
branch (fig. 2) 6 feet 4 inches in diameter, set at an angle of 60°.
This branch is for connection to a fan for use in producing a venti-

LONGITUDINAL SECTION SHOWING RELIEF VALVES
AND ATR LOCK

}{"plate

N i
N -

L 7

S s::TION ?Dl ind122% e
Sandbags and clay IR o m——
D=, o o Lt TA Wood 6'x 4"
W/ % 2% tie rod L+ piaf =4
% ¥ Ez/ﬁ‘ 3”shelves held by : ’ p M':
/// f ’y/;‘ anchor bolts in ys ]
Z//r/fi %/2 the concrete =iy a 4 l
7 /z 377 Z A | / 1B
',/?///' 2, ////A’ i = — j| Concrete
5{//7/'/'/;""7' ,// /////:. ] il i wing wall
| 3 g f
Secrion A-B ," )4 o 'x‘
7 i 7/ ) /,’ havd G|
Wood4 x6 “ ~

Fro~NT VIEW OF AIR LOCK
FIGURE 6.—Sections of passage between steel gallery and diagonal entry.
lating current either at the time of an explosion or in the ordinary
mine operations.
CANNON FOR IGNITION SHOTS.
For testing explosives or for coal-dust ignition a special cannon
similar to those used at the Pittsburgh station is employed. The

cannon has a bore hole 24 inches in diameter and 18 inches deep;
it is mounted on a truck which can be wheeled to the outer end of
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the steel tube, so that the cannon can point into it through a hole in
a heavy plank stopping. The truck has the same gage as the mine
tracks, so the cannon can also be used in the mine for making a test
in which the equivalent of a blown-out shot is desired. Although
long-flame explosives like black powder or dynamite, when used in
coal-face shots and so prepared that they will blow out, will readily
ignite bituminous coal dust of sufficient purity and quantity, it was
found best for experimental purposes to start experimental explosions
by means of a blown-out shot from the cannon in order to obtain
uniform initial pressures. Another advantage gained by the usc of
the cannon is that coal-dust explosions can be originated at any pre-
determined point along an entry or heading of the mine, thus giving
conditions similar to those that may occur when a ‘‘brushing” shot
is fired in an entry or airway.

VENTILATING SYSTEM.

It is intended to have the ventilation at the mine such that it will
be possible to duplicate almost any condition liable to occur in an
ordinary mine. The entries are double, thus allowing a regular
coursing of the air. In future some stub entries will be driven to
permit experimenting in a stagnant atmosphere.

The fan, which is now (March, 1912) on hand but not yet in-
stalled, is a centrifugal fan of standard make. It is designed for a
capacity of 80,000 cubic feet of air per minute at a pressure of 2
inches water gage, or 15,000 cubic feet of air per minute at a pressure
of 6 inches water gage. It will be driven by a 100-horsepower steam
engine; a belt connection, instead of direct connection, will be used,
as the former provides greater flexibility in case of a serious concus-
sion or a sudden stoppage of the fan through violence. The fan is
reversible and will be mounted at the end of the branch of the exter-
nal steel gallery. There will be several relief doors in addition to the
protection afforded the fan by its being set to one side of the gallery
Unlike the practice at foreign testing galleries, at which the fan is
cut out by valve arrangements a few moments before an explosion
is started, it is proposed to run this fan during an explosion in order
to parallel conditions that occur in mine disasters.

Unfortunately, sufficient funds were not available for erecting the
large fan before the first series of explosion tests, so that a small fan
was temporarily set up in place of the large one. The small fan has a
capacity of 5,000 to 10,000 cubic feet of air per minute at pressures
of 1-inch and }-inch water gage and is run by a gas engine. It was
originally placed near the top of the air shaft and connected therewith
for the ventilation of the mine under ordinary conditions, as in entry
driving. It was removed from the air shaft and connected with the
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tube during the first series of tests. It will be returned to the air
shaft when the larger fan has been erected.

There has been much contention among mining men as to the effect
of a ventilating current on the initiation and propagation of a dust
explosion. Some claim that a dust explosion always ‘‘goes against
the air’”’; that is, advances toward the intake air on account of the
additional oxygen it meets in an opposing current of fresh air. They
claim further that this condition has most effect in wintertime when
the intake air is colder than the return air and hence has greater
density and contains more oxygen per cubic foot. Others have
thought that the reason that coal-dust explosions are more apt to
traverse the intakes than the returns is that the intake air, cold and
carrying little moisture, dries the coal dust, whereas the return air is,
as arule, nearly saturated, and the coal dust in the return passageways
is apt to be damp. Many have believed that it was a case of the
explosion seeking the dry coal dust, whether this is to be found on
intake or return. Further, some have suggested that a high velocity
of the air current greatly increases both the risk of a dust explosion
and its violence. By conducting identical tests except for the direc-
tion of the air current, one set of tests with the air moving in one
direction, with different velocities, and another set with the air
moving in the other direction but with similar velocities, the influence
of the direction and the quantity of air current can probably be
determined within reasonable limits.

POWER PLANT.

The power plant consists of one 60-horsepower boiler of locomotive
type, placed in a galvanized-iron boiler house sufficiently large to
permit the erection of a duplicate boiler. There are the necessary
steam appliances, hot-water heater, pump, and other fittings. The
engine plant is in an annex to the boiler house, and consists of an
8-horsepower steam-generator set, the speed regulation of which is
close with change of load.

The generator set is for the purpose of supplying electricity for the
recording instruments and for lighting the mine, stations, and build-
ings. It is expected that in the future a sufficiently large generator
set will be installed to enable experiments to be made with electric
machinery, electric motors, and electric coal cutters. Since the first
series of tests, a single-stage air compressor with a capacity of 174
cubic feet of air per minute at atmospheric pressure and capable of
compressing to 100 pounds has been installed for the immediate
purpose of running a “puncher’’ air machine. In the next series of
experiments compressed-air jets assisted by the fan will be tried for
cleaning the dry dust and soot from the shelves and the walls of the
entries.
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COAL-DUST AND ROCK-DUST GRINDING PLANT.

For extensive coal-dust experiments such as have been planned, a
large quantity of coal dust will be required. For example, if 2,000
feet of entry is to be loaded with coal dust to an extent of 2 pounds
per linear foot, 4,000 pounds or more will be necessary. Sufficient
coal dust made in the ordinary way can not be easily obtained, nor
is it uniform when procured. Therefore the dust is made artificially
from the coal mined at the face. In order to obtain comparable
results when making coal-dust explosion tests, the coal after having
been crushed is uniformly ground until 95 per cent of it will pass
through a 100-mesh sieve, as determined by frequent tests of sam-
ples. During the first series of experiments the crushing and grind-
ing machinery had not been completed, and the coal dust had to be
ground at the Pittsburgh station. For the second series all of the
dust will be ground in the mine plant.

The crushing and grinding plant is housed in a building, the first
story of which is concrete, the upper part being of galvanized iron on
wood framing.

The coal, or the rock if rock dust is desired, is transported in
mine cars to the second fioor of the building and shoveled on a bar
screen with 4-inch spaces, and the larger pieces are broken by sledge
until they pass through; a hopper receives the screened material and
delivers it to a hammer crusher which breaks it into smaller pieces
three-eighths of an inch in diameter and finer. From the crusher
the coal is taken by an elevator to a bin that feeds the pulverizer.

The pulverizer is an impact machine. Its essential part is a beater
with two blades, which revolves in a steel-lined box at a speed of 2,700
revolutions per minute. The blades break and pulverize the material,
and act as fans, the effect of which, assisted by the suction from a
large fan above, is to lift the finely ground material through a conical
separator provided with deflectors. The air current rising through
the separator with a lessening velocity, caused by the enlarging cross
section, has a sorting action; the coarser particles drop back and the
finer dust is drawn upward to the fan. There are dampers at the top
of the separator which can be adjusted to control the air current and
cause the coarser dust to fall back to the beaters for finer grinding.
On passing through the fan the dust is blown into a large upright
pipe which connects above to a ‘“cyclone” collector which gathers
all but the lightest dust. The lightest dust and the excess air from
the top of the collector are blown into an adjacent collector con-
sisting of a large number of cotton tubes or ‘“stockings,” by means
of which even the finest dust is strained out as the air discharges
through the fabric. The dust gathered by the ‘“‘cyclone’ and the
tubular collectors drops through pipes into a tight steel-plate bin.
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There is practically no loss of dust. The steel bins are covered in
order to lessen the danger from an explosion of dust in the house, and
to save the float dust, which, when pure, is probably very dangerous
in mines, so that its inclusion with the coarser dust is essential in
making tests of the explosibility of coal dust.

On the second floor of the house there is a mine-car track which
runs out on the level of the yard sidings. The dust bin is above the
track, so that cars can be loaded and taken into the mine with little
labor. The crushing and grinding plant will also prepare rock or
shale dust to be mixed with coal dust, or placed on shelves, or used
in other ways in the tests for preventing or checking coal-dust
explosions.

COAL-HANDLING EQUIPMENT.

When entries or rooms are being driven, the loaded coal cars are
hauled from the mine by mules or by gasoline motors. The track
has a slight down grade from the mine to passing tracks in the
vicinity of the boiler house, grinding house, and blacksmith shop,
into each of which cars may be run for the easy handling of timber
and other material. At the lower end of the yard there is a gas-
engine hoist for lowering the mine cars down an incline to the tipple
and pulling back the empty cars.

As coal is mined only in extending the headings and in preparing
for experiments, the tipple structure is simple, and there are no
screens.

WATER SUPPLY AND FIRE PROTECTION.

There is a rivulet in the ravine in front of the mine. An earth dam
has been thrown across to make a reservoir. The water is of good
quality for boiler supply. A steam pump discharges the water into
a 5,000-gallon tank on the hillside above the mine, at an elevation
that gives a pressure head suitable for fire fighting—40 pounds per
square inch at the mine hydrants.

OBSERVATORY AND CONTROL STATION.

Situated on the hillside, commanding a view of the three entrances
to the mine, is the observatory and control station (Pl. ITI, B). It is
built of reinforced concrete, the roof being constructed of railroad
rails covered with concrete. The front wall, the one facing the mine,
is 2 feet thick, and has small windows through which the external
evidence of the experiments can be watched in safety. The ex-
ternal recording instruments, the chronographs, time markers,
circuit-breaker recorders, and other instruments, as well as the
shot-firing connections and firing buttons, are in this building. A
detailed discussion of the instruments is given in the section of this

72322°—13—-3



32 FIRST SERIES OF COAL-DUST EXPLOSION TESTS.

report entitled ‘‘Description of Instruments for Measurement of
Velocity and Pressure.”

UNDERGROUND EQUIPMENT.

It has already been mentioned that tracks are run through the
entries to allow easy handling of materials, as well as the transporta-
tion of the coal mined at the face. The mine is now equipped with 24
coal cars and one car for concrete work. For coal cutting there is a
supply of hand augers, picks, shovels, and other tools. Recently, since
the end of the first series of tests, an air compressor has been added,
also an air ‘‘puncher” machine with which a 5-foot undercut can be
made.

A 2-inch water line is installed along the main entry, and another
line through the diagonal heading into the air course. These pipe
lines are placed in grooves behind the concrete lining, or where there
is no lining, in grooves in the coal, the grooves being faced with con-
crete. The pipes are thus protected to prevent damage during ex-
periments. There are hydrant boxes every 100 feet for attaching
hose for fire protection and for washing down or wetting the coal
dust.

COAL-DUST SHELVING.

Before making coal-dust explosion experiments it was necessary
to plan adequate arrangements for loading the mine headings with
coal dust. It is important that the test conditions can be duplicated
from time to time. In the surface galleries there is an iron, wood, or
concrete floor, which can be swept clean after an explosion test. In
the Liévin gallery, in France, the dust is spread on the floor (con-
creted at the inner end, wood covered at the outer end), and the
cleaning is accomplished by increasing the speed of the fan and then
raising the dust with a compressed-air jet from a hose, the cleaners
beginning at the inner end of the gallery and with the jets and
ventilating current sweeping the dust before them. In mine entries
or headings it is much more difficult to arrange for placing the dust,
because frequently the floor, ribs, and roof are damp. The roof and
ribs are uneven except in the concreted sections, which form a small
part of the whole mine. The floor is naturally rough on account
of the track and ballast.

In the Altofts gallery, in England, the coal dust was placed on
light temporary shelving of one-half by 5 inch boards, which rested
on brackets without fastenings. Whenever there was an explosion
the shelving was torn down and broken to pieces. This shelving,
however, was inserted along only 500 to 600 feet of gallery. In
much longer passageways, like those of the experimental mine,
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replacement after each experiment would be too slow and too
expensive.

For the experimental mine it was decided to use fixed and some-
what permanent wooden shelving (Pl. II, A) which could be kept
reasonably dry and be easily cleaned. The shelving is made heavy,
of 3 by 4 inch hard-pine material, in order to lessen breakage. It was
thought that if the shelves were set close to the ribs and were con-
tinuous and smooth, like the rifling of a gun, they would not be
seriously damaged. This generally has proved to be the case, except
that shelving in front of an opening is liable to be broken down.
The shelving is placed with the 3-inch side horizontal. In the lined
sections bolts were set in the concrete wall during construction, so
that each 16-foot length of shelving is supported by three §-inch
bolts, which pass through the timber; the bolts are drawn up, pressing
the shelving tightly against the concrete. (See fig.5.) In the unlined
portions of the entry 8 by 8 inch posts are used to support the shelves
(PL. II, A); they are recessed into the ribs so as to present little or
no projection for the pressure wave to strike. However, in a few
tests some of the posts, in spite of being wedged, have been drawn
out of the recesses, presumably by the depression wave following the
explosion waves. It has therefore been necessary to anchor the
posts to the ribs by bolts set into drill holes in the coal rib and
cemented.

At the time of the first two official tests the shelving arrangements
had not been completed, so that it was necessary to set up temporary
props and place the shelving without fastenings. The result was that
in the tests all the shelving throughout the mine was thrown down;
some of it was broken, and many pieces were blown out of the mine
to the hillside opposite.

INSTRUMENTS USED IN THE FIRST SERIES OF TESTS.

In the study of coal-dust explosions it is desirable to have flame
and pressure records at as many points along the course of the explo-
sion as practicable. It is important that each record should show
the rise and fall of each pressure or depression wave that passes the
recording instrument; it is equally necessary that each record should
have the same time intervals marked upon it, so that the records
made at successive points may be compared; and it is of the utmost
importance that the position of the forward point of the flame and its
duration with reference to the curves of the pressure waves shall be
obtained at the various stations. The instruments used at Liévin
photograph the flame directly on the manometer films on which the
pressure records are photographically recorded. The instruments
used at Altofts and at the experimental mine in this series of tests
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record the position of the flame by a separate apparatus; therefore,
to obtain a comparison it is necessary that the flame records have the
same time intervals as are registered on the pressure manometer
records. The French method has the obvious advantage of the
records being made by the same instrument.

It was intended before the first series of tests was started to have
all the various kinds of instruments used in the foreign testing gal-
leries, and, if possible, to design and make new instruments better
adapted for the particular conditions at the experimental mine, but
circumstances prevented getting any but the British coal-dust instru-
ments, like those used at Altofts. The investigations at Altofts and
at Liévin were conducted in galleries above ground, so that there was
little difficulty in the attachment or placing of delicate recording
instruments, which could be set up on the exterior of the gallery and
connected through openings in the walls. In using instruments in
the experimental mine it is necessary to protect them from the action
of the pressure and the flame from an explosion by placing them in
special chambers (Pl. V, A, and fig. 7) as nearly gas-tight as possible,
lined with reinforced concrete, and located in the side of the entry.

RECORDING MANOMETERS.

For recording the pressures three B. C. D.2 manometers similar
to those designed for the experiments at Altofts were purchased.
Two of these were used for high pressures and one for pressures
below atmospheric pressure. These manometers are somewhat
similar in principle to a steam-engine indicator and are described in
detail in the chapter entitled ‘‘Description of Instruments for Meas-
urement of Velocity and Pressure.”” The connections from the
instruments to the main entry are made through a heavy ribbed steel-
plate casting 1} inches thick, which is designed for a pressure of 500
to 600 pounds per square inch. The casting is set in the concrete
wall of the chamber flush with the side of the entry. The instruments
are placed on a wide shelf, with sufficient space behind them to allow
manipulation. The cables carrying the wires for the electric circuits
are in a 4-inch pipe behind the concrete lining of the entry and enter
the instrument chamber under the shelving. Access to the chamber
from the entry is had through a side passage. The entrance door is
a heavy steel casting, designed to withstand a pressure of 500 to 600
pounds per square inch. The construction of a station is shown in
figure 7.

Four instrument stations of the kind described were constructed,
two in the diagonal heading and two in the main entry. These sta-
tions are at 100-foot intervals. For the next series of tests addi-

a See p. 57, footnote.
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