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PREFACE

The International Library of Technology is the outgrowth
of a large and increasing demand that has arisen for the
Reference Libraries of the International Correspondence
Schools on the part of those who are not students of the
Schools. As the volumes composing this Library are all
printed from the same plates used in printing the Reference
Libraries above mentioned, a few words are nécessary
regarding the scope and purpose of the instruction imparted
to the students of—and the class of students taught by—
these Schools, in order to afford a clear understanding of
their salient and unique features.

The only requirement for admission to any of the courses
offered by the International Correspondence Schools is that
the applicant shall be able to read the English language and
to write it sufficiently well to make his written answers to
the questions asked him intelligible. Each course is com-
plete in itself, and no textbooks are required other than
those prepared by the Schools for the particular course
selected. The students themselves are from every class,
trade, and profession and from every country; they are,
almost without exception, busily engaged in some vocation,
and can spare but little time for study, and that usually
outside of their regular working hours. The information
desired is such as can be immediately applied in practice,
so that the student may be enabled to exchange his
present vocation for a more congenial one or to rise to a
higher level in the one he now pursues. Furthermore, he
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iv PREFACE

wishes to obtain a good working knowledge of the subjects
treated in the shortest time and in the most direct manner
possible. ~

In meeting these requirements, we have produced a set of
books that in many respects, and particularly in the general
plan followed, are absolutely unique. In the majority of
subjects treated the knowledge of mathematics required is
limited to the simplest principles of arithmetic and men-
suration, and in no case is any greater knowledge of
mathematics needed than the simplest elementary principles
of algebra, geometry, and trigonometry, with a thorough,
practical acquaintance with the use of the logarithmic.
table. To effect this result, derivations of rules and
formulas are omitted, but thorough and complete instruc-
tions are given regarding how, when, and under what
circumstances any particular rule, formula, or process
should be applied; and whenever possible one or more
examples, such as would be likely to arise in actual practice
—together with their solutions—are given to illustrate and
explain its application.

In preparing these textbooks, it has been our constant
endeavor to view the matter from the student’s standpoint,
and to try and anticipate everything that would cause him
trouble. The utmost pains have been taken to aveid and
correct any and all ambiguous expressions—both those due
to faulty rhetoric and those due to insufficiency of statement
or explanation. As the best way to make a statement,
explanation, or description clear is to give a picture or a
diagram in connection with it, illustrations have been used
almost without limit. The illustrations have in all cases
been adapted to the requirements of the text, and. projec-
tions and sections or outline, partially shaded, or full-shaded
perspectives have been used, according to which will best
produce the desired results. Half-tones have been used
rather sparingly, except in those cases where the general
effect is desired rather than the actual details.

It is obviqus that boyks prepared along the lines men-
tioned must not only be clear and concise beyond anything
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heretofore attempted, but they must also possess unequaled
value for reference purposes. They not only give the
maximum of information in a minimum space, but this
information is so ingeniously arranged and correlated, and
the indexes are so full and complete, that it can at once be
made available to the reader. The numerous examples and
explanatory remarks, together with the absence of long
demonstrations and abstruse mathematical calculations, are
of great assistance in helping one to select the proper
formula, method, or process and in teaching him how and
when it should be used.

The present is the first of a series of three volumes devoted
to mining engineering and treats on mine gases, mine venti-
lation, economic geology of coal, prospecting for coal, loca-
tion of openings, shafts, slopes, drifts, methods of working
coal mines, and electric mining machinery. Mine Ventila-
tion, Part 1, treats on the theory of mine ventilation, and it
is believed presents this somewhat difficult subject in clearer
and simpler language than has heretofore been successfully
attempted. The papers relating to electric mining explain
the workings, advantages, and disadvantages of machinery
operated by electricity that are used in mining operations;
they treat on electrically driven hoisting, haulage, and coal-
cutting machinery, electric pumps and pumping, and signal-
ing and lighting by electricity.

The method of numbering the pages, cuts, articles, etc.
is such that each subject or part, when the subject is divided
into two or more parts, is complete in itself; hence, in order
to make the index intelligible, it was necessary to give each
subject or part a number. This number is placed at the top
of each page, on the headline, opposite the page number;
and to distinguish it from the page number it is >receded
by the printer’s section mark (§). Consequently, a refer-
ence such as § 37, page 26, will be readily found by looking
along the inside edges of the headlines until §37 is found,
and then through § 37 until page 26 is found.

INTERNATIONAL TEXTBOOK COMPANY.
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GASES MET WITH IN MINES.

CHEMISTRY.

COMPOSITION OF MATTER.

828. Chemistry is that branch of science which treats
of the composition of substances and the alterations they
undergo in their composition by a change in the kind, num-
ber, and relative position of their atoms.

829. Mass and Volume.—The mass of a body is the
amount of matter contained in it.

The volume of a body is the space which it occupies. If
a body of irregular shape be plunged into a cylindrical jar
of water, the rise of the water in the jar, multiplied by the
area of its cross-section, will give the exact volume of the
body. Volume is always equal to displacement.

830. Density is compactness of mass, and has refer
ence to the amount of matter in a given volume of a body.
Thus, there is more matter in a cubic foot of iron than in a
cubic foot of water; therefore, we say iron is more dense
than water; likewise, carbonic acid gas is more dense than
air,

831. Specific Gravity.—The specific gravity of any
body whatever—solid, liquid, or gas—is the measure of its
density. And, in order to measure anything, we must
have a standard, or unit, of measure. The standard, or
unit, by which we measure the density of all solids and
liquids alike is water. In like manner, the unit of meas-
ure for all mine gases is air. The chemist uses hydrogen
gas as his unit of measure for gases.

§5
Por n:i‘ticc of the copyright, see page immediately following the title page.




2 GASES MET WITH IN MINES. §s

Our units of measure, then, are as follows:

For solids and liquids, 62.5 Ib. = weight 1 cu. ft. water.

For gases, .0766 Ib. = weight 1 cu. ft. air (tem-
perature, 60° F.; barometer, 30").

For example, if we wish to measure the density of iron,
we must first know the weight of 1 cubic foot of the iron,
and we then find how many times our unit of measure is
contained in this weight, which will give us the density
(specific gravity) of the iron. Thus, we know the weight
of a certain kind of iron is 480 pounds per cubic foot, and
we wish to determine its specific gravity. Applying our
measure of the density of solids, we find that:2—8(; ="7.68 is
the specific gravity of this iron.

The student must notice carefully that the specific gravity
of a body is always the ratio between the weights of equal
volumes of the body and of the unit or standard. For this
reason, if we take any equal volume of the body and of the
unit, or standard, and divide the weight of the one by the
weight of the other, we will obtain the same ratio or specific
gravity. Now, if we take any irregular piece of coal or
other substance, and having first weighed it in the air, we
then weigh this same piece of coal in water, the coal will be
buoyed up by the weight of the water which it displaces.
Hence, the amount the coal loses, when weighed in water,
is the same as the weight of its own volume of water.
Therefore, it is evident that if we divide the weight of any
solid when weighed in air by the loss of weight when
weighed in water, we shall obtain the same ratio, which is
the specific gravity of the substance.

From the foregoing, we have the following rule to find
the specific gravity of any solid:

Rule.—Nivide the weight of the substance in air by the
difference between its weight tn air and its weight in water;
the quotient will be the specific gracity of the substance.

Let W = weight of the substance in air;

IV, = weight of the substance in water;

Sp. Gr. = specific gravity of the substance.



85 GASES MET WITH IN MINES. 3

w
Then, Sp. Gr. = m‘ (1 -)

ExaMPLE.—The weight of a piece of coal in the air is 7.62 Ib, ; when
weighed in water, it weighs only 1.62 1b. What is its specific gravity ?

7.62 7.62
SOLUTION.— Te—16) =g = 1.27. Ans.

Or, if we know the weight of 1 cubic foot of a substance—
solid, liquid, or gas—and we divide its weight per cubic foot
by our unit of measure, the result will be the same as the
specific gravity. Thus, we have the following rule for find-
ing the specific gravity of any solid, liquid, or gas when
the weight per cubic foot is given.

Rule.—(a) For Solids or Liquids.—Divide the weight per
cubic foot of the solid or liquid by the unit weight of the
standard (weight of 1 cubic foot of watcer, 62.5 pounds); the
quotient will be the specific gravity of the solid or liguid.

(6) For Gases.— Divide the weight per cubic foot of the gas
by the unit wcight of the standard for gases (weight of 1
cubic foot of air, temperature G0° F., barometer 30 inches);
the quotient will be the specific gravity of the gas.

Let w = weight of 1 cubic foot of the solid, liquid, or gas.
Then, we have

(a) For solids or liquids,
w

Sp. Gr. = 695 (2.)
(4) For gases,
w
Sp. Gr. = m. (3-)

ExaMPLE.—Take the weight of a cubic foot of mercury as 850 pounds
(at normal temperature and pressure), and find its specific gravity.

850
SOLUTION.— ®25 =13.6. Ans.

ExampLE.—If the weight of a cubic foot of carbonic acid gas at a
temperature of 60° F. and a pressure of 30" of mercury is .117129
pound, what is its specific gravity?

117129 -
SOLUTION.— W_l.u291. Ans.
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832. To make plain the true relation of the terms
mass, volume, density, and specific gravity, let us suppose
we have 1,000 cubic feet of air at the ordinary atmospheric
pressure. If this pressure is increased to two atmospheres,
the volume will be reduced to one-half of what it was.
The mass, however, will not be changed, because tlie quan-
tity of matter is still the same; but the density of the air
is doubled, and the specific gravity is doubled, since each
cubic foot of air contains twice the mass that it contained
before compression, while the reduced volume of 500 cubic
feet of air contains the same mass that was contained in the
1,000 cubic feet.

The practical use to which the specific gravity of a body
is applied is to calculate the weight of a given volume of
the substance. For example, the weight of a cubic foot of
water is 62.5 pounds, and if the specific gravity of a sample
of bituminous coal is 1.27, then the weight of a cubic foot
of bituminous coal will be 62.5 X 1.27 = 79.375 pounds.

Rule.—(a) For Solids or Liquids.—Multiply the weight
of one cubic foot of water (62.5) by the specific gravity of the
solid or liguid ; the product will be the weight of one cubic
Joot of the solid or liguid. ’

(6) For Gases.—Jultiply the weight of one cubic foot of
air (L0766 pound), temperature 60° F., baromcter 30", by the
specific gravity of the gas; the product will be the weight of
one cubic foot of the gas.

(a) For solids or liquids,

w=62.5X Sp. Gr. (4.)

(4) For gases,

w=.0766 X Sp. Gr. (5.)

EXAMPLES FOR PRACTICE.

1. What is the weight of a cubic foot of anthracite coal having a
specific gravity of 1.55? Ans. 96.875 pounds.

2. Find the weight of 100 cubic yards of earth having a specific
gravity of 1.75. Ans. 147.656 tons.

3. What is the weight of 200 cubic feet of carbonic acid gas at a
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temperature of 60° F. and a barometer pressure of 80 inches, the
specific gravity of the gas being 1.5201 (see formula 5)?
Ans. 23.4258 pounds.

4. Find the weight of 500 cubic feet of marsh-gas at a temperature
of 60° F. and a pressure due to 30 inches of barometer, the gas having
a specific gravity of 0.589. Ans. 21.41 pounds, nearly.

833. Matter.—Matter is the substance of which the
universe consists. It is indestructible and subject to changes
of form under different conditions of heat and pressure;
therefore, we find it assuming all the three forms common to
matter; namely, the gaseous, liquid, and solid. In all the
conditions in which we find matter, it consists of atoms and
molecules.

834. Atoms and Molecules.—Atoms.—An atom is
the smallest conceivable division of matter; and, hence, an
atom is always simple in its character.

Molecules.—A molecule is formed by the chemical union
of two or more atoms. The atoms composing a molecuie
may be like or unlike; and, hence, the molecule may be either
simple or compound.

The force that binds afoms together to form a molecule
is a chemical force, which we call affinity.

The force that binds molecules together to form mass is a
molecular force, which we call attraction.

Affinity binds atoms together.

Attraction unites molecules.

835. Elements.—An elementary body consists of a
simple substance that can not be analyzed or reduced to
parts that have other properties than those peculiar to itself.
An element is a substance, or form of matter, composed
wholly of /ike atoms. Thus, kydrogen is an element, because
it is composed only of hydrogen atoms. For the same reason,
oxygen, nitrogen, carbon, iron, lead, silver, gold, etc., are
all elements. Table 17 comprises the most of the elements
now known.
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836. Compounds.—Any substance or form of matter
that is composed of wnlike atoms is a compound. Two
classes of compounds exist, viz.:

(2) Chemical compounds, in which the combining
atoms unite in definite, fixed proportions, according to chem-
ical laws, which give to the atoms of each element certain
combining powers. For example, water is a chemical com-
pound, being always formed by the union of fwo atoms of
hydrogen to one atom of oxygen.

In like manner, when one atom of carbon unites with one
atom of oxygen, carbonic oxide gas is formed; but when
one atom of carbon unites with fwo atoms of oxygen, car-
bonic acid gas is produced. These two gases have very dif-
ferent properties.

Again, when one atom of carbon unites with four atonis
of hydrogen, marsh-gas results; but when /wo atoms of
carbon unite with the four atoms of hydrogen, olefiant gas
(ethene) is produced.

These are all examples of chemical compounds, as are also
salt, blue vitriol, nitric acid, etc., for they are all formed by
the chemical union of dissimilar atoms.

(6) Mechanical mixtures are not frue compounds, as
they are composed more properly of unlike molecules, in
place of unlike atoms. The molecules of the different sub-
stances forming the mixture may be present in any propor-
tions, and the mixture will have properties varying with the
proportions of the ingredients.

The atmosphere about us is a good example of a me-
chanical mixture, as we shall see later, for it consists
principally of oxygen and nitrogen gases, mixed in a free
state (having no chemical bond of union). The propor-
tion of these two gases in the atmosphere is quite
constant, being approximately one of oxygen to four of
nitrogen.

Solutions of different salts in water are examples of me-
chanical mixtures; the strength of the solution or mixture
will vary with the amount of salt dissolved.
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TABLE 17.

Name. Symbol. \‘:t:;:f Name. Symbol. 4 \et_(;:::
*Aluminium,| A2 27.4 Mercury, Hg. | 200.0
* Antimony, Sé. 122.0 || * Molybdenum, Mo. 96.0
* Arsenic, As. 5.0 Nickel, ~ N, 58.0

Barium, Da. 187.0 Niobium (Col-
Beryllium (Glu- umbium, Cb.), | NVb. 94.0
cinum, Gl.), Be. 9.2 Nitrogen, N 14.0
Bismuth, B 210.0 Osmium, Os. 200.0
Boron, B. 11.0 Oxygen, 0. 16.0
Bromine, Br. 80.0 Palladium, Pd. 106.0
Cadmium, Cd. | 112.0 || * Phosphorus, P 81.0
Casium, Cs. 133.0 Platinum, Pt 197.4
Calcium, Ca. 40.0 Potassium, | AT 39.1
* Carbon, C. 12.0 Rhodium, Ro. 104.0
Cerium, Ce. 91.3 Rubidium, Rb. 85.4
Chlorine, Cl. 35.5 Ruthenium, Ru. 104.0
* Chromium, Cr. 52.2 Samarium, Sm. | 150.0
Cobalt, Co. 60.0 Scandium, Sc. 4.9
* Columbium (Ni- *Selenium, Se. 79.0
obium, Nb.), Cb. 94.0 || * Silicon, Sz, 28.0
Copper, Cu. 63.4 Silver, Ag. | 108.0
Decipium, Dp. | 159.0 Sodium, Na. 23.0
Didymium, D. 95.0 Strontium, Sr. 88.0
Erbium, E. 112.6 || * Sulphur, S. - 32.0
Fluorine, F. 19.0 || *Tantalum, Ta. 182.0
Gallium, Ga. 69.8 || * Tellurium, Te. 128.0
Glucinum (Beryl- Terbium, 7. 5.4
lium, Be.), Gl 9.2 Thallium, 7. 204.0
*Gold, An. | 197.0 Thorium, Th. 118.4
*Hydrogen, H. 1.0 | *Tin, Sn. 118.0
Indium, In. 113.4 || * Titanium, 77 50.0
lodine, Va 127.0 || * Tungsten, u. 184.0
Iridium, Ir. 198.0 | * Uranium, U. 120.0
Iron, Fe. 56.0 Vanadium, I 51.8
Lanthanum, La. 92.0 Ytterbium, Vé. 173.0
Lead, Pb. 207.0 Yttrium, )3 89.0
Lithium, Li. 7.0 Zinc, Zn. 65.0
Magnesium, Mg. 24.0 Zirconium, Zr. 89.6

Mn. 55.0 '

# Manganese,

% Sometiines basic, sumetimes acid.

NoTe.—Heavy-faced type indicates the elements of most importance

tn the student of this subject.

type; acid elements in italics. .

Basic elements are printed in common
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837. Dissociation.—This part of our subject would
not be complete without some particular reference to the
mode of union and disunion of atoms. The affinities which
exist between the atoms of the different elements vary very
much. In some cases, the affinity is so slight as to render
the compound very unstable, and dissociation of the atoms
will ensue from the least cause. Examples of this are the
various fulminators and some of the detonating explosives.
On the other hand, the affinities between atoms of certain
other elements, as oxygen and hydrogen, or oxygen and
carbon, are very strong, and their union is very apt to be
accompanied with the manifestation of considerable energy,
either in the form of heat or mechanical work.

In this development of energy, incident to the dissocia-
tion of atoms, lies one of the most important principles in
the chemistry of mining.

838. Atomic Weights.—By this we mean the weights
of the atoms of all the elementary bodies. These weights
are expressed in terms of the weight of the hydrogen atom;
that is, the lightest known element in nature; for example,
it is said the atomic weight of nitrogen is 14, meaning to
say that an atom of nitrogen is 14 times as heavy as an
atom of hydrogen, and so on with the atomic weights of the
other elements.

Table 17 gives the most of the known elements, with
their respective symbols and atomic weights.

Atomic weight means only relative weight. 1t does not
mean pounds, or ounces, or grammes, or any other denomi-
nation in particular. For example, since; from analysis, we
know that water is a chemical compound formed by the
union of /<o atoms of hydrogen with one atom of oxygen,
the molecular weight (weight of 1 molecule) of water
(/, O) will be as follows:

Hydrogen (H)), 2 atoms (2 X 1) = 2

Oxygen (0), 1 atom =16

Water (7, 0), 1 molecule = 18 = molecular weight.
Then, we readily see that hydrogen forms % = } of the
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weight of water, and oxygen forms 1§ = § of the weight of
the same.

In the same way, the atomic weight of carbon being 12
and that of hydrogen 1, we have for the weight of a mole-
cule (called molecular weight) of marsh-gas (CH)):

Carbon (C), 1 atom =12
Hydrogen (/H,), 4 atoms (4 X 1) = 4
Marsh-gas (C/,), 1 molecule = 16 = molecular weight.

We see, therefore, that the carbon forms 1§ =, or 75
per cent. by weight of the marsh-gas, and hydrogen forms
15 = 4, or 25 per cent. of the same.

This makes plain that the atomic weights of the various
elements are only relative, hydrogen being taken as unity.

ExaMPLES.—(a@) What per cent. of the weight of carbonic oxide gas
is pure oxygen?

SoLuTioN.—Carbonic oxide gas (('0) contains one atom of carbon
and one atom of oxygen, by weight, carbon 12 parts and oxygen 16 parts
(see Table 17), 12 and 18 being the relative weights of the atoms,or the.
atomic weights, of carbon and oxygen. The molecular weight, there-
fore, of carbonic oxide gas is 12 + 16 =28, of which oxygen forms
1§ = 4 =57.143 per cent., nearly. Ans.

() What weight of carbonic acid gas will be produced in burning
100 pounds of coal containing 80 per cent. of carbon ?

SoLUTION.— 90 of 100 = 90 pounds of carbon.

Carbon (C) atomic weight (Table 17) 1 atom 12
Oxygen (0,) atomic weight (Table 17) 2 atoms (16 X 2) 82
Carbonic acid gas (C0O,), molecular weight 4

Percentage of carbon = }§ = # = 27.27%. Then, 90 pounds of carbon
is # of the weight of carbonic acid gas formed, and ¢ =4 of 90 =
30 pounds, and {} or the whole weight of gas formed =80 X 11=
330 pounds. Ans.

(¢) If the specific gravity of carbonic acid gas is 1.5291, what volume
of gas, at a temperature of 60° F., and a barometric pressure equal to
80", will be produced, in the last problem, by burning the 100 pounds
of coal, which we found yields 330 pounds of this gas?

SoLuTION.— The specific gravity of the gas being 1.5291, one cubic
foot at the temperature and pressure given will weigh .0766 X 1.5291 =
.117129 pounds; and 830 pounds of the gas will contain as many cubic

330 .
feet as 17129 = 2,817.4 cubic feet. Ans.



10 GASES MET WITH IN MINES. 85

. EXAMPLES FOR PRACTICE.

1. What percentage of the weight of marsh-gas (CH.) is pure
hydrogen (a molecule of marsh-gas containing one atom of carbon and
four atoms of hydrogen)? Ans. 25%.

2. If the specific gravity of marsh-gas (Table 19) is 0.559, what
weight of hydrogen will be contained in 1,000 cubic feet of this gas, at
a temperature of 60° F., barometer 30" ? Ans. 10.705 1b., nearly.

8. If all of the hydrogen in example 2 were to unite with oxygen
(in the proportion of fwo atoms of hydrogen to o7z¢ atom of oxygen)
to form water, what weight of water would be produced ? ’

Ans. 96.345 1b.

4. What weight of carbon is contained in 100 cubic feet of carbonic
oxide gas (CO), a molecule of this gas containing ¢ne atom of carbon
and one atom of oxygen, temperature = 60° F., barometer 30"?

Ans. 3.1745 Ib.

839. Symbols.—To facilitate the writing of chemical
equations, each of the eiements is expressed in writing by a
symbol, as given in Table 17. In like manner, a chemical
compound is expressed by the symbols of its constituent
elements. Thus, water, composed of woatoms of hydrogen
and one atom of oxygen, is expressed by the symbol A, O.
In the same manner, we write CO for carbonic oxide gas,
CO, for carbonic acid gas, and CH  for carbureted hydrogen
or marsh-gas; the number of atoms of each element, when
more than one, being denoted by the little subscript figure
following its symbol. When it is desired to express more
than one molecule, we write the figure indicating the number
before the formula of the molecule. Thus, four molecules
of carbonic acid gas are written 4 CO,, and in these four
molecules there are four atoms of carbon and ezg/t atoms of
oxygen.

These symbols are, in most cases, the first letter of the
name of the element itself. For example, the symbol for.
oxygen is O, for hydrogen it is /7; and such symbols are
always capital letters. When the initial letters of the names
of different elements are the same, one of the elements is
designated by its initial letter; but each of the others has
some additional letter todistinguish it, and this extra letter,
in each case, is a small letter. Thus, the symbol for carbon
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is C; for chlorine, C/; for chromium, C7; for cadmium, Cd,
etc. Others of the elements have for their symbols an
abbreviation of their Latin names; as, for example, the
symbol for iron is Fe (Latin, ferrum), and silver, Ag (Latin,
argentum). In writing chemical symbols, be careful that
you do not use capitals and small letters indiscriminately,
for the meaning may thereby be greatly changed. Thus,
were we to write (O (carbonic oxide), a deadly gas would
be meant, while if it had been made Co, it would represent
the chemical symbol for cobalt.

840. Chemical Equations.—An equation expresses
equality. We may have a numerical equation; as, for
example,

24+4=3x2
The sign of equality divides the two equal members of an
equation, always showing that they are equal to each other.

A chemical equation is used to show the arrangement and
grouping of atoms, before and after a reaction. We must
remember that matter may be changed in its form, but can not
be destroyed; hence, the grouping of the atoms will be dif-
ferent after the reaction from what it was before the reac-
tion took place; but the number and kind of atoms will be
equal before and after such reaction. For example, when
sulphuric acid (/4,S50,) acts upon metallic zinc (Zx), the
hydrogen of the acid is replaced by the zinc, and the result
is that a salt (sulphate of zinc) is formed and a gas
(hydrogen) is set free. This reaction is expressed by the
following chemical equation:

Zn+ H,S0,=2ZnSO,+ 2 H.

841. Atomic volume is relative volume, as atomic
weight is relative weight. It has been ascertained that,
with few exceptions, the specific gravities of simple gases,
when referred to hydrogen as unity, are equal to their
respective atomic weights; as, for example, the density
(specific gravity) of nitrogen, referred to hydrogen, is 14;
and, referring to Table 17, we see that its atomic weight is,
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likewise, 14. From the foregoing has been deduced the
following law:

First Law of Volume.—(a) Like volumes of simple
gases contain the same number of atoms.

(8) The atoms of all simple gases are of the same size.

It has been further ascertained that the densities of com-
pound gases are, with few exceptions, equal to one-half of
their molecular weights; as, for example, the density of
carbonic acid gas (CO0,), referred to hydrogen as unity, is
22; its molecular weight (sum of the atomic weights of its
elements) is 12 4 (2 X 16) = 44. (See Table1?.) Hence, we
see that its density is one-half of its molecular weight.
From this the following law has been deduced:

Second Law of Volume.—7/e molccules of compound
gases occupy twice the volume of an atom of hydrogen gas.

The exceptions to these general laws of volume are very
few, and not important to our subject. The foregoing rules
do not refer to solids or liquids.

These two /aws of volume make it possible to determine
the volume of gases resulting from any given chemical
reaction. For example, when carbonic oxide gas burns, it
unites with the oxygen of the air according to the equation

CO+0=(C0,.

But the molecule CO (1 atom C and 1 atom O) is,
according to the second law of volume, equal to the size of
two atoms of hydrogen gas; and, according to the first law
of volume, the atom O, with which it unites, is equal in size
to one atom of hydrogen gas. Hence, the volumes of CO
and O, which unite, are to each other as 2 : 1. In the same
manner, we find the volume of CO, formed is equal to the
original volume of CO. In other words, 2o volumes of
carbonic oxide gas, mixed with one volume of oxygen, and
exploded, will form only #wwo volumes of carbonic acid gas.

In like manner, when ammonia (VA,) is decomposed in
a tube, by electric sparks, it is found that #zwo volumes N/,
yield one volume V and tkree volumes H, or four volumes of
the simple gases.
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ExaMpLE.—Determine the volume of carbonicacid gas(CO,) resulting
from the explosion of 500 cubic feet of marsh-gas (CH,), at equal tem-
peratures and pressures.

SoLuTION.—Assuming that all of the carbon (C) of the marsh-gas is
converted into carbonic acid gas (C0,), we find

1 molecule CH, yields 1 molecule CO,.

By the second law of volume, each of these molecules occupies twice
the volume of an atom of hydrogen gas, and they are, therefore, equal
to each other. Hence, 500 cubic feet of marsh-gas yield 500 cubic feet
of carbonic acid gas, under the assumed conditions (equal temperatures
and pressures). Ans.

ExaxpLE.—How many cubic feet of oxygen have been consumed in
the formation of the 500 cubic feet of carbonic acid gas of the previous
example ?

SoLUTION.— Two atoms of oxygen are consumed in the formation of
each molecule of carbonic acid gas (CO,). These fwo atoms, according
to the first law of volume, are of the same size or volume as fwo atoms
of Aydrogen gas; likewise, according to the second law of volume, the
molecule of carbonic acid gas formed occupies fwice the volume of an
atom of Aydrogen gas. Hence, the volume of the oxygen consumed
is equal to the volume of the gas formed (500 cu. ft.). Ans.

EXAMPLES FOR PRACTICE.
In the following examples, assume constant temperature and pres-
sure:
1. How many cubic feet of oxygen will be consumed in the forma-

tion of 100 cubic feet of carbonic oxide gas (CO)? Ans. 50 cu. t.
2. If the hydrogen in 100 cubic feet of ammonia gas were set free,
what volume would it make ? Ans. 150 cu. ft.

8. The formula for ethene, or olefiant gas, is C; /,: what volume of
oxygen will be required to convert 100 cubic feet of this gas into CO,
and /#,0? Ans. 300 cu. ft.

842. Constitution of Matter.—In order to rightly
understand the relation of force to matter, we must consider
the latter as made up of minute particles, which we have
already termed atoms and molecules.

The union of atoms produces molecules, and the union of
molecules produces mass.

The atoms forming the molecules of a substance may be
ltke or unlike. When they are /ike, the substance is ¢lemen-
tary; when unlike, it is compound.

The molecules of any homogeneous mass are always alike.
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843. Molecular Forces.—The force which unites
atoms is affinity; it is a chemical force.

The molecules of all matter are acted upon by two opposite
or contrary forces; viz., the force of attraction and the force -
of repulsion. The former of these two forces acts to bind
the molecules together, the latter to drive them apart.
The attractive principle or force exists in every molecule of
a mass, to draw it towards every other molecule; it is an in-
herent force, peculiar to all matter to a greater or less
exteunt.

The repulsive force existing between the molecules of a
mass is what may be termed an #mposed force. It is not
common to the mass, but is an induced or applied force.
This repulsive force is largely the result of heat or the
temperature of the mass.

844. Heat Unit.—We measure the quantity of heat by
what is termed the thermal, or heat, unit. The British
thermal unit is the amount of heat which will raise the
temperature of one pound of water one degree of the Fahren-
neit scale. Table 18 gives, in round numbers, the number
of British thermal units produced by the burning of one
pound of different solids and gases in oxygen.

TABLE 18.
Substance British Thermal Units

: (per Pound).
Hydrogen gas (H)......... 62,000
Marsh-gas (CH)........... 23,500
Carbonic oxide gas (CO).... 4,300
Anthracite coal............ 15,230
Bituminous coal............ 14,400
CoKe. oo, 12,600
Wood (ordinary)........... 5,000
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. AIR AND GASES.

THE ATMOSPHERE.

845. Composition.—An analysis of the atmosphere
about us shows it to consist of a mixture of oxygen and
nitrogen, with varying amounts of carbonic acid gas and
amnfonia. The oxygen and nitrogen are always free or
uncombined, and are present in the proportions given below.

By Volume. By Weight.

Nitrogen, 79.3 K
Oxygen, 20.7 23
100.0 100

The amounts of the other ingredients are changing all the
ime, due to local causes. Thus, the air of a crowded room,
or a mine, or the air in the vicinity of large factories, may
show a high percentage of carbonic acid gas; while, again,
the air of an open field, just after a shower, may show
scarcely a trace of this gas; while the proportions of oxygen
and nitrogen will show no practical variation. The pro-
portions of these two elements existing in the atmosphere,
by volume, is in the ratio of about four volumes of nitrogen
to one volume of oxygen. The oxygen and nitrogen are in
a free state; that is, they are mechanically mired in this
proportion throughout the entire atmosphere, and are not
chemically combined.

The atmosphere is essential to all animal and vegetable
life. Its oxygen, which forms about one-fifth of its volume,
enters into a large number of chemical reactions, and sup-
ports combustion in every form.

PHYSICAL PROPERTIES OF AIR AND GASES.

846. Weight of Air.—It wassupposed by the ancients
that air had no weight, and it was not until about the year
1650 that it was proven that air really has weight. A cubic
inch of air, under ordinary conditions, weighs .31 grain,
nearly. The ratio of the weight of air to water is about
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1:774; that is, air is only -} as heavy as water. If a
vessel, made of light material, be filled with a gas lighter
than air, so that the total weight of the vessel and gas is
less than the air which they displace, the vessel will rise. It
is on this principle that balloons are made.

Since air has weight, it is evident that the enormous
quantity of air that constitutes the atmosphere must exert
a considerable pressure upon the
earth. This is easily proven by
taking a long glass tube closed at
one end and filling it with mercury.
If the finger be placed over the
open end so as to keep the mercury
from running out, and the tube be
inverted and placed in a glass of
mercury, as shown in Fig. 110, the
mercury in the tube will fall, then
rise, and, after a few oscillations,
will come to rest at a height above
the top of the mercury in the glass
equal to about 30 inches. This
height will always be the same under
the same atmospheric conditions.
Now, if the atmosphere has weight,
it must press upon the upper sur-
face of the mercury in the glass
with equal intensity upon every
square unit, except upon that part
of the surface occupied by the tube.
In order that there will be equi-
librium, the weight of the mer-
cury in the tube must be equal to the pressure of the air
upon an area of the upper surface of the mercury in the
glass, equal to the area of the inside of the tube. Suppose
that the area of the inside of the tube is 1 squareinch, then,
since mercury is 13.6 times as heavy as water, and a cubic
inch of water weighs .03617 pound, the weight of the
mercurial column is .03617 X 13.6 X 30 = 14.7574 pounds,
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The actual height of the mercury is a little less than 30
inches, and the actual weight of a cubic inch of distilled water
is a little less than .03617 pound. When these consider-
ations are taken into account, the average weight of the
mercurial column at the level of the sea under normal con-
ditions is 14.69 pounds, or, practically, 14.7 pounds. Since
this weight, exerted upon 1 square inch of the liquid in the
glass, just produced equilibrium, it is plain that the pres-
sure of the outside air is 14.7 pounds upon every square
inch of surface.

847. Vacuum.—The space between the upper end of
the tube and the upper surface of the mercury is called a
Toricellian vacuum, or simply a vacuum, meaning that it is
an entirely empty space, and does not contain any sub-
stance, solid, liquid, or gaseous. If there was a gas of some
kind there, no matter how small the quantity might be, it
would expand, filling the space, and its tension would cause
the column of mercury to fall and become shorter, accord-
ing to the amount of gas or air present. The space is then
called a partial vacuum. If the mercury fell 1 inch, so that
the column was only 29 inches high, we would say, in ordi-
nary language, that there were 29 iuches of vacuum. 1If it
fell 8 inches, we would say that there were 22 inches of
vacuum; if it fell 16 inches, we would say that there
were 14 inches of vacuum, etc. Hence, when the vacuum-
gauge of a condensing-engine shows 26 inches of vacuum,
there is enough-air in the condenser to produce a pres-

0 — 26

sure of 3 30 X 14.7 = 4 X 14.7 = 1.96 pounds per square

inch.

If the tube had been filled with water instead of mercury,
the height of the column of water to balance the pressure
of the atmosphere would have been 30 X 13.6 = 408 inches =
34 feet. This means that if a tube be filled with water,
inverted, and placed in a dish of water in a manner similar
to the experiment made with the mercury, the height of the
column of water would be 34 feet.

’

'~ T, 3713
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848. The barometer is an instrument used for meas-
uring the pressure of the atmosphere. There are twokinds
in general use—the mercurial barometer and the aneroid
barometer. The mercurial barometcr is shown in Fig. 111.
The principle is the same as the inverted tube,
shown in Fig. 110. In this case, the tube and
cup at the bottom are protected by a brass or iron
casing. Near the top of the tube is a graduated
scale which can be read to ;g5 of an inch by
means of a vernier.. Attached to the casing is an
accurate thermometer for determining the tem-
perature of the outside air at the time the baro-
metric observation is taken. This is nccessary,
since mercury expands when the tempcrature is
increased, and contracts when the temperature
falls; for this reason a standard temperature is as-
sumed, and all barometer.readings are reduced to
this temperature. This standard temperature is
usually taken at 32° ., at which temperature the
average height of the mercurial column at sea-level
is 30 inches. Another correction is made for the
altitude of the place above sea-level, and a third
correction for the effects of capillary attraction.

In Fig. 112 is shown a cut of an aneroid barome-
ter. These instruments are made in various sizes,
from the size of a watch up to an 8 or 10 inch
» face. They consist of a cylindrical box of metal
with a top of thin, elastic, corrugated metal. The
air is removed from the box. When the atmos-
pheric pressure increases, the top is pressed in-
wards, and when it is diminished, the top is
pressed outwards by its own clasticity, aided by
a spring beneath. These movements of the cover
are transmitted and multiplied by a combination
of delicate levers, which act upon an index-hand,
and cause it to moveeither to the right or left, over
a graduated scale. These barometers are self-correcting
(compensated) for variations in temperature. They are
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very portable, occupying but a small space, and are so deli-
catc that they are said to show a difference in the atmos-
spheric pressure when transferred from the table to the
floor. The mercurial barometer is the standard. With
air, as with water, the lower we get, the greater the pressure,
and the higher we get, the less the pressure. At the level
of the sea, the height of the mercurial column is about 30
inches; at 5,000 feet above the sea, it-is 24.7 inches; at

F16. 112,

10,000 feet above the sea, it is 20.5 inches; at 15,000 feet, it
is 16.9 inches; at 3 miles, it is 16.4 inches, and at ¢ miles
above the sea-level, it is 8.9 inches.

8149. Density of Air.—The density and weight of a
cubic foot of air vary with the altitude; that is, a cubic
foot of air at an elevation of 5,000 feet above the
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sea-level will not weigh as much as a cubic foot at sea-level.
This is proven conclusively by the fact that at a height of
34 miles the mercurial column measures but 15 inches, in-
dicating that half the weight of the entire atmosphere is
below that. It is known that the height of the earth’s at-
mosphere is at least 50 miles; hence, the air just before
reaching the limit must be in an exceedingly rarefied state.
It is by means of barometers that great heights are measured.
The aneroid barometer has the heights marked on the dial,
so that they can be read directly. With the mercurial ba-
rometer, the heights must be calculated from the reading.

850. Atmospheric Pressure.—The atmospheric
pressure is everywhere present, and presses all objects in all
directions with equal force. If a book is laid upon the
table, the air presses upon it in every direction with an equal
average force of 14.7 pounds per square inch. It would
seem as though it would take considerable force to raise a
book from the table, since, if the size of the book were 8
inches by 5 inches, the pressure upon it is 8 X 5 X 14.7 =
588 pounds; but there is an equal pressure beneath the book
to counteract the pressure on the top. It would now seem
as though it would require a great force to open the book,
since there are two pressures of 588 pounds each, acting in
opposite directions, and tending to crush the book; so it
would but for the fact that there is a layer of air between
each leaf acting upwards and downwards with a pressure of
14.7 pounds per square inch. If two metal plates be made
as perfectly smooth and flat as it is possible to get them,
and the edge of one be laid upon the edge of the other, so
that one may be slid upon the other, and thus exclude the air,
it will take an immense force, compared with the weight of
the plates, to separate them. This is because the full pres-
sure of 14.7 pounds per square inch is then exerted upon each
plate, with no counteracting equal pressure between them.

If a picce of flat glass be laid upon a flat surface that has
been previously moistened with water, it will require con-
siderable force to separate them; this is because the water
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excludes the air between the flat surface and glass, and any
attempt to separate these causes a partial vacuum between
the glass and the surface, thereby reducing the counter
pressure beneath the glass.

851. Tension of Gases.—In Fig. 110 the space
above the column of mercury was said to be a vacuum, and
that if any gas or air was present it would expand, its ten-
sion forcing the column of mercury downwards. If enough
gas is admitted to cause the mercury to stand at 15 inches,
the tension of the gas is evidently J4-1 = 7.35 pounds per
square inch, since the pressure of the outside air of 14.7
pounds per square inch balances only 15 inches instead of 30
inches of mercury; that is, it balances only half as much as
it would if there were no gas in the tube; therefore, the
tension (pressure) of the gas in the tube is 7.35 pounds.
If more gas is admitted, until the top of the mercurial col-
umn is just level with the mercury in the cup, the gas in
the tube has then a tension equal to the outside pressure of
the atmosphere. Suppose that the bottom of the tube is
fitted with a piston, and that the total length of the inside
of the tube is 36 inches. If the piston be shoved upwards
so that the space occupied by the gas is 18 inches long in-
stead of 36 inches, the temperature remaining the same as
before, it will be found that the tension of the gas within
the tube is 29.4 pounds. It will be noticed that the volume
occupied by the gas is only half that in the tube before the
piston was moved, while the pressure is twice as great, since
14.7 X 2 =29.4 pounds. If the piston be shoved up, so
that the space occupied by the gas is only 9 inches instead
of 18 inches, the temperature still remaining the same, the
pressure will be found to be 58.8 pounds per square inch.
The volume has again been reduced one-half, and the
pressure increased two times, since 29.4 X 2 = 58.8 pounds.
The volume now occupied by the gas is 9 inches long,
whereas, before the piston was moved, it was 36 inches long;
as the tube was assumed to be of uniform diameter through-
out its length, the volume is now % = } of itsoriginal volume,
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and its pressure 1s i-i-7=4 times 1ts orlgmal pressure.

Moreover, if the temperature of the confined gas remains
the same, the pressure and volume will always vary in a
similar way. The law which states these effects is called
Mariotte's law.

852. Mariotte’s Law.—7T/e temperature remaining
the same, the volume of a given quantity of gas wvaries in-
versely as the pressure.

The meaning of this is: If the volume of the gasis dimin-
ished to 4, 4, 1, etc., of its former volume, the tension will
be increased 2, 3, 5, etc., times, or, if the outside pressure
be increased 2, 3, 5, etc., times, the volume of the gas will be
diminished to 4, 4, , etc., of its original volume, the tem-
perature remaining constant. It also means that if a gas
is under a certain pressure, and the pressure is diminished
to 4, }, 4%, etc., of its original pressure, that the volume of
the confined gas will be increased 2, 4, 10, etc., times—its
tension decreasing at the same rate.

Suppose 3 cubic feet of air to be under a pressure of 60
pounds per square inch in a cylinder fitted with a movable
piston; then the product of the volume and pressure is 3 X
60 = 180. Let the volume be increased to 6 cubicfeet, then
the pressure will be 30 pounds per square inch, and 30 X
6 = 180 as before. Let the volume be increased to 24 cubic
feet, it is then %' = 8 times its original volume, and the
pressure is } of its original pressure, or 60 X 4 = 7} pounds,
and 24 X 7§ =180, as in the two preceding cases. It will
now be noticed that if a gas be enclosed within a confined
space, and allowed to expand without change of temperature,
the product of the pressure and the corresponding volume for
one position of the piston is the same as for any other position
of the piston. 1f the piston was to compress the air, the
rule would still hold good.

Let p = pressure for one position of the piston;

p, = pressure for any other position of the piston;
v = volume corresponding to the pressure p;

o, = volume corresponding to the pressure p,.
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Then, 2v=2,7; (8.)
also, px = Pv_ﬂ; (7')
and 2, =1;—"”. (8.)

Knowing the volume and the pressure for any position of
the piston and the volume for any other position, the pres-
sure may be calculated by formula 7, or if the pressure is
known for any other position, the volume may be calculated
by formula 8.

ExaMpLE.—If 1.875 cubic feet of air be under a pressure of
72 pounds per square inch, (¢) what will be the pressure when the
volume is increased to 2 cubic feet? (&) to 3 cubic feet? (¢) to 9 cubic
feet? )

SOLUTION.—(a) $, = 2,—7} = &L;Sf = 674 pounds per square inch.
2 1875 Ans
) $= 7_X3_¢__ = 45 pounds per square inch. Ans.
"~
= _ﬁx_ng_’?G = 15 pounds per square inch. Ans.

ExampLE.—If 10 cubic feet of air have a tension of 5.6 pounds per
square inch, (4) what is the volume when the tension is 4 pounds?
(6) 8 pounds ? (¢) 23 pounds? (&) 100 pounds?

SOLUTION.—(a) v, = 71' = 564_)(10 = 14 cubic feet. Ans.
1
) v, = 5'65 10 = T cubic feet. Ans.
© m= 5'6;5( 10 _ .24 cubic feet. Ans.
@)= %3(-0—-10 =.56 cubic foot. Ans.

As a necessary consequence of Mariotte’s law, it may be
stated that thedensity of a gas varies directly as the pressure
and inversely as the volume,; that is, the density increases as
the pressure increascs, and decreases as the volume increases.

This is evident, since if a gas has a tension of two atmos-
pheres, or 14.7 X 2 = 29.4 pounds per square inch, it will
weigh twice as much as the same volume would if the
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tension was one atmosphere, or 14.7 pounds per square inch.
. For, let the volume be increased until it is twice as great as
the original volume, the tension will then be one atmosphere.
The total weight of the gas has not been changed, but there
are now 2 cubic feet for every 1 cubic foot of the original
volume, and the weight of one cubic foot now is only half as
great as before. Thus, the density decreases as the volume
increases, and as an increase of pressure causes a decrease
of volume, the density increases as the pressure increases.

Let D be the density corresponding to the pressure p and
volume 7, and D, be the density corresponding to the pres-
sure p, and volume ©,; then,

piDup 2 D,orpD =p D, (9.)
and v : Dz D orvD=uvD,. (10.)

Since the weight is proportional to the density, the weights
may be used in place of the densities in formulas 9 and 10.
Thus, let 11" be the weight of a quantity of air or other gas
whose volume is  and pressure is p; let IV, be the weight of
the same quantity when the volume is v, and pressure is p,;
then,

P Waup s W,orpW, =p W, (11.)
v Wine o W, or vW=uov W, (12.)

ExampLE.—The weight of 1 cubic foot of air at a temperature of
60° F. and under a pressure of 1 atmosphere (14.7 pounds per square
inch) is .0763 pound; what would be the weight per cubic foot if the
volume was compressed until the tension was 5 atmospheres, the tem-
perature still being 60° ?

SortTioN.—Using formula 11,

PV Wy,or1:.0763 25 IV,, or #,=.38151b. Ans.

ExampLeE.—If in the last example the air had expanded until the
tension was d pounds per square inch, what would have been its weight
per cubic foot ?

SoruTioN.—lere p =14.7, p, =5, and 11" =.0763. Hence, using the
same formula, 14.7:.0%63 :: 5 : I/, or 117, —=.02595 1b. Ans.

ExaMpLE.—If 6.75 cubic feet of air at a temperature of 60° F., and a
pressure of one atmosphere, are compressed to 2.25 cubic feet (the
temperature still remaining 60’ F.), what is the weight of a cubic
foot of the compressed air ?




§8 GASES MET WITH IN MINES. 25

SoLuTioN.—Using formula 12, i
v Wy awy s W,or 8.9 ¢ IV, i 2.25:.0768,

~ e
or W, =08 X655 00t b, Ans.

1= "9
2.25

853. Relation of Temperature to Volume.—In all
that has been said before, it has been stated that the tem-
perature was constant; the reason for this will now be ex-
plained: Suppose 5 cubic feet of air to be confined in a
cylinder whose area is 10 square inches, placed in a vacuum
so that there will he no pressure due to the atmosphere,
and the cylinder be fitted with a piston weighing, say, 100
pounds. The tension of the gas will be 3% = 10 pounds
per square inch. Suppose that the temperature of the air is
32° F., and that it is heated until the temperature is 33° F.,
or the temperature is increased 1°; it will be found that the
piston has risen a certain amount, and, consequently, the
volume has increased, while the pressure is the same as be-
fore, or 10 pounds per square inch. If more heat is ap-
plied until the temperature of the gasis 34° F., it will be
found that the piston has again risen and the volume again
increased, while the pressure still remains the same. It
will be found that for every increase of temperature, there
will be a corresponding increase of volume. The law which
expresses this change is called Gay-Lussac’s law.

854. Gay-Lussac’s Law.—/[f the pressure remains
constant, cvcry increase of temperature of 1° F. produces in
a given quantity of gas an expansion of hy of its volume at
32° F.

If the pressure remains constant, it will also be found that
every decrease of temperature of 1° F. wiil cause a decrease
of ¢}t of the volume at 32° F.

Let

Q

= volume of gas before heating;

= volume of gas after heating;

= temperature corresponding to volume v;
= temperature corresponding to volume v,

L 459+ ¢,
Then, v, =v (————459_*_,). (13.)

N N oQ
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That is, the volume of gas aftcr heating (or cooling) equals
the original volume multiplied by 459 plus the final tempera-
ture, divided by }59 plus the original temperature.

ExaMPLE.—When 5 cubic feet of air at a temperature of 45° are
heated under constant pressure up to 177°, what is its new volume ?

SoLuTIioN.—Applying formula 13,

49 + ") =5 X (ngg) = 6.309 cu. ft.

N=V G/

Suppose that a certain volume of gas is confined in a ves-
sel so that it can not expand; in other words, suppose that
the piston of the cylinder before mentioned to be fastcned
so that it can not move. Let a gauge be placed on the cyl-
inder so that the tension of the confined gas can be regis-
tered. If the gas is heated, it will be found that for every
increase of temperature of 1° F. there will be a correspond-
ing increase of ]t of the tension at 32° F.; that is, the
volume remaining constant, the tension increases ¢}y of the
tension at 32° F. for every degree rise of temperature.

Let p = the original tension; '

¢ = the corresponding temperature;
?, = any higher temperature;

1
2, = corresponding tension.

159 4 ¢
Then, ,6,:/(1%). (14.)

"That is, if a ccrtain quantity of gas is heated from t° to
1°, the volume remaining constant, the resulting tension p,
will be equal to the original tension multiplicd by 459 plus the
final temperature, divided by 439 plus the original temper-
ature.

ExamMpLE.—If a certain quantity of air is heated under constant vol-
ume from 45° to 177", what is the resulting tension, the original tension
being 14.7 pounds per square inch ?

SorvTioN.—Using formula 14,

D9 44N . (636 .
p,_.p(ﬁg_*‘[- =14.7X ‘.m)_ls..’m Ib. per sq. in.

855. Absolute Zero.—According to the modern and
now generally accepted theory of heat, the atoms and
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molecules of all bodies are in an incessant state of vibration.
The vibratory movement in the liquids is faster than in the
solids; it is faster in the gases than in either of the others.
Any increase of heat increases the vibrations, and a decrease
of heat decreases them. From experiments and calculations
based upon higher mathematics, it has been concluded that
at 459° below zero on the Fahrenheit scale, or at 273° below
zero on the Centigrade scale, all these vibrations cease.
This point is called the absolute scro, and all temperatures
reckoned from this point are called the abdsolute temperatures.
The point of absolute zero has never been reached nor
closely approached, the lowest recorded temperature being
360° F. below zcro, but, nevertheless, it has a meaning,
and is used in many formulas, being nearly always denoted
by 7. Ordinary temperatures are denoted by ¢. When
the word temperature alone is used, the meaning is the
same as ordinarily used, but when absolute temperature is
specified, 459° F. must be added to the temperature. The
absolute temperature corresponding to 212° F. is 459° 4
212° = 671° F. If the absolute temperature is given, the
ordinary temperature may be found by subtracting 459°
from the absolute temperature. Thus, if the absolute tem-
perature is 520° ., the temperature is 520° — 459° = 61° F.
Let P = pressure per square inch;

V' = volume of air in cubic feet;

T = absolute temperature;

IV = weight.

371052 W T

Then, p=2R WL (15,
=2 (18,
T= (17.)
W=t (18.)

Note.—The constant .37052 is the reciprocal of the weight, in
pounds, of 1 cubic foot of air at 1° absolute temperature (Fahr.), and a
pressure of 1 pound per square inch.
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ExaMPLE.—If 40 cubic fect of air weigh 3.5 pounds, and have a
temperature of 82°, what is the pressure (tension) in pounds per square

inch?
BT052 147 7 L5052 % 8.
SOLUTION.— /P’ = 37 )‘2/MS %EX_M}.

= 17.589 1b. per
sq. in. Ans.

ExaMPLE.—What is the volume in cubic feet of a certain quantity
of air having a tension of 17.539 pounds per square inch, a temperature
of 80°, and which weighs 3.5 pounds ?

~ e [ [
30T _ BTS2 XBHXHL _ 0

. r__ SAMLE
SOLUTION. = 7 17.539

ExaMpLE.—If 40 cubic feet of air having a tension of 17.539 pounds
per square inch weigh 8.5 pounds, what is the temperature ?

PV 11539Xx40 .
SOLUTION.— 7T = B052 TV " 3052 X 8.5 = 541°, nearly. Hence,
541°— 459° = 82°. Ans.
ExaMPLE.—If 40 cubic feet of air have a tension of 17.539 pounds
per square inch, and a temperature of 82°, (@) what is its weight?
() what is its weight per cubic foot ?

_PY__ 1imxdo
37052 77T 137052 X 541
(6) 8.5 + 40 = .0875 1b. per cu. ft. Ans.

8568. Mixing of Gases.—If two liquids which do not
act chemically upon cach other are mixed together and
allowed to stand, it will be found that after a time the two
liquids have separated, and the heavier has fallen to the
bottom. If two vessels containing gases of different densi-
ties be put in communication with each other, the gases will
mingle freely together till the mixture is uniform in each
vessel. If one vessel be above the other, and the heavier
gas be in the lower vessel, the same result will occur. The
greater the difference of the densities of the gases, the
quicker a uniform mixture will be formed, assuming that no
chemical action takes place between the gases. When the
gases have the same temperature and pressure, the pressure
of the mixture will be the same; this is evident, since the
total volume has not been changed, and unless the volume
or temperature changes, the pressure can not change. This
property of the mixing of gases is a very valuable one, since,
if they acted like liquids, carbonic acid gas (the result of

SoLuTioN.—(a) W = =38.51b. Ans.
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combustion), which is 1} times as heavy as air, would remain
next to the earth, instead of dispersing into the atmosphere,
the result being that no animal life could exist.

Mixtures of Equal Volumes of Gase¢s Having Un-
equal Pressures.—/f two gases having the same volume
and temperature, but different pressures, be mixed in a vessel
whose volume cquals one of the equal volumes of the gas, the
pressure of the mixture will be equal to the sum of the two
pressures, provided that the temperature remains the same as
before.

ExaMPLE.—Two vessels containing 3 cubic feet of gas, each at a
t : nperature of 60°, and at a pressure of 40 pounds and 25 pounds per
.. juare inch, respectively, are placed in communication with each other,

2.ad all the gas is compressed into one vessel. If the temperature of
tae mixture is also 60°, what is the pressure ?

SoLuTiOoN.—According to the law just given, the pressure will be
40 + 25 = 65 1b. per sq. in.

857. Mixture of Two Gases Having Umnequal
Volumes and Pressures.—

Let v and p be the volume and pressure of one of the gases.

Let v, and s, be the volume and pressure of the other gas.

Let V' and P be the volume and pressure of the mixture.

Then, if the temperature remains the same,

_2v+2.7,
=L (19,

r=L2thh (20

ExanpLE.—Two gases of the same temperature, having volumes of
7 cubic feet and 44 cubic feet, and tensions of 25 pounds and 18 pounds
per square inch, respectively, are mixed together in a vessel whose
volume is 10 cubic feet. The temperature remaining the same, what
is the resulting pressure ?
Pv+bivn  (BXD+ (18X 44) 26 .
P= % = 10 =75 = 25.6 1b.

SOLUTION.—
per sq. in. Ans.

ExaMpPLE.—What must be the volume of a vessel which will hold
two gases whose volumes are 7 cubic feet and 44 cubic feet, and whose



30 GASES MET WITH IN MINES. 8§35

tensions are 25 pounds and 18 pounds per square inch, respectively, in
order that the pressure may be 25.6 pounds per square inch, the tem-
perature remaining the same throughout ?

SOLUTION.— V=ﬁ'” ";f' L @5XN+(18x44) =10 cu. ft.

5.6 Ans.

GASES COMMON TO MINES.

858. The gases met with in mines are comparatively
few in number, but a thorough knowledge of their properties
and the manner of their detection is most important. The
following are the gases most commonly occurring in mines,
considered in the order of their importance, as dangerous to
life and health.

Marsh-gas (carbureted hydrogen) (CH,). Sp. Gr.,
0.559.

Marsh-gas (mixed with air)—Firedamp (Saturated).
Sp. Gr., 0.96.

Carbonic oxide gas (CO)—White damp. Sp. Gr.,
0.967. .

Carbonic acid gas (C0,)—Black damp. Sp. Gr.,
1.5291.

Carbonic aced gas... .(CO,)

Carbonic oxide gas...(CO)

Nitrous oxide gas. . .(V, O) After-damp.

Nitrogen ( free)....... (V) [ (Composition very variable.)

Hydrogen (free)... ... (H)

Watery vapor. .. ... (H,0)

Sulphureted hydrogen (/,5)—Stink damp. Sp.
Gr., 1.1912.

Ethene, or olefiant gas (C, /{)). Sp. Gr., 0.973.

The two latter gases are rarely found in mines, and when
present are only in limited volumes.

859. Marsh-gas (C/,).—This is the most disastrous,
in its effects, of any of the gases known to mining.

(@) Occurrence.—Pure marsh-gas (CH)), Sp. Gr.,
0.559, exists, or /kas existed, as an occluded gas, to a greater
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or less extent, in all coal formations, and is a product of
the early metamorphism of vegetable matter under the
water and superimposed strata, by which all air was excluded.
Marsh-gas is often seen rising in bubbles from the bottom
of stagnant pools; it is always the product of the decompo-
sition of vegetable matter, away from air, and in the
presence of water. When such decomposition of vegetable
matter occurs in a dry place, away from air, ethene, or ole-
fiant gas (C, /), which is richer in carbon than marsh-gas,
is formed.

Marsh-gas transpires from the pores, foliations, and
crevices of a freshly exposed face of a gaseous coal-seam.
It may also issae from the floor or roof of the seam, as
stratigraphical or other conditions may have rendered these
adjacent strata more pervious to the gas than the coal-seam
itself. It may transpire from the entire face, or may issue
in a stronger flow from a crevice or freder. It may even
find vent as a dlower of gas, under great pressure. Natural
marsh-gas never occurs in a pure state, but is always mixed
with other gases. The mode of occurrence of these gases
will be further explained in the study of Difusion, Occlusion,
and Transpiration.

(6) Properties.—Marsh-gas is a combustible gas, burn-
ing with a bluish flame, but it will not support combustion.
It is slightly more than one-half as heavy as air of the same
temperature and pressure. Upon first transpiring from the
face, or issuing from the fissures of a formation, the gas
diffuses rapidly in the air, until its limit of diffusion is
reached in a confined space, as in the still air of a mine.

Marsh-gas is the lightest of the hydrocarbons, a molecule
of marsh-gas consisting of one atom of carbon united to four
atoms of hydrogen. It is an odorless, colorless, and taste-
less gas. It does not poison the animal system; a person
may breathe with impunity air containing a large percentage
of the gas for a considerable time.

One of the most important properties of marsh-gas, to the
miner, is that which it possesses of not igniting immediately
upon contact with flame. Ignition of the gas takes place
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only after the lapse of an appreciable period of time, which,
although but a fraction of a second, is sufficient to render
the use of many detonating explosives safe in presence of
firedamp, the detonation in this class of explosives being
instantaneously followed by a period of extreme cold.

(c) Detection of Marsh-Gas.—On account of the
rapid diffusibility of marsh-gas (Table 19), its detection in
the mine is practically the detection of firedamp. (See
Detection of Firedamp.)

860. Firedamp.—Any explosive mixture of marsh-gas
and air is termed firedamp.

(a) Occurrence.—On account of the high diffusive
power of marsh-gas, firedamp is formed very rapidly wher-
ever marsh-gas issues from the coal or strata. This diffu-
sion takes place upon the outer envelope of the gas in
contact with the air. A considerable body of the gas, owing
to its lighter weight and warmer temperature, ascends and
flows along the roof, collecting in cavities and convenient
places for lodgment. The specific gravity of this diffusing
gas approaches that of air, and its subsequent diffusion is
slow. For this reason, we look for firedamp in the cavities
of the roof and the higher working-places of the mine.

(6) Properties.—The explosive limits of firedamp mix-
tures can not be closely defined, as such conditions as the
purity of the marsh-gas, and the pressure to which the fire-
damp is subjected, vary the explosive points slightly.
However, under ordinary conditions, when 1 part of
marsh-gas mixes with 5} parts of air, the combination is at
its lowest explosive limit. As the proportion of air is
increased, the explosive violence grows steadily greater till
it reaches a maximum, when the mixture is in the propor-
tion of 94 parts of air to 1 of gas. From this point, as
the proportion of air is increased, the explosive violence
grows more and more feeble till the mixture consists
of 13 parts of air to 1 of gas, when explosion ceases
altogether.
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The percentage of marsh-gas in an atmosphere of fire-
damp, when at its lowest explosive limit, is calculated thus :

Relative volume of gas, 1

Relative volume of air, 5.5

Relative volume of mixture, 6.5
and D:_;OO = 15.38 per cent. of marsh-gas.

In like manner, for the higher explosive limit, we have

Relative volume of gas, 1

Relative volume of air, 13

Relative volume of mixture, 14
and I—X-T:—OO = 7.14 per cent. of marsh-gas.

The presence in firedamp of § of its volume of carbonic
acid gas will render it inexplosive.

The effect of an increase of pressure upon the explosive
range of gas is to extend it. A mixture of marsh-gas and
air that is below or above the explosive limits, is often ren-
dered explosive by an increase of pressure. This may often
occur i1 proximity to a blast when the air of the workings
would otherwise be safe.

The cffect of suspended coal-dust in the air is to widen
the explosive range. This is probably due to the increase
of temperature incident to the burning of the gases distilled
from the dust.

(¢) Detection of Firedamp.—The detection of this
gas in the mine is to be entrusted to the most experienced
men only, for itis fraught with danger to all in the mine.
Many devices have been invented for the purpose of detect-
ing the presence of gas, as well as to determine at the same
time the approximate percentage of the mixture of gas and
air. Any machine to be of practical value in this line,
must be capable of making the test promptly and safely at
the point of danger, and of revealing the presence of } per
cent. of gas.

We shall refer more particularly to the means at our

T. 37—
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disposal for detecting firedamp later, and shall describe the
various forms of lamps in common use. We will state here,
that, at the present time, no machine or deviee for testing
has given satisfaction equal to the safety-lamp, which is
prompt and always at hand. The lamp is elevated cau-
tiously to the place where gas is suspected, care being taken
to keep the lamp in an upright position, that its flame may
not approach the gauze of the lamp. If gas is present, it
will enter the lamp with the air, and will burn when pres-
ent in large quantities, filling the whole lamp with flame.
If the percentage of gas in the air is small, however, say
two per cent., its presence is manifested only by a small
blue tip to the flame of the lamp, which may be seen more
distinctly by screening the eyes from the brighter portion of
the flame with the hand.

An experienced and careful observer will detect, with the
ordinary lamp, a percentage of the gas as low as 2 per cent,
It is, however, often desirable to detect the presence of
smaller quantities than this in the air of dusty mines, where
the coal-dust is highly inflammable. For this purpose,
specially constructed lamps are used. In the use of the
lamp for the detection of presence of gas, care must be
taken to make no quick movement; especially is this need-
ful in case of flaming in the lamp. The lamp must be im-
mediately removed from the gas, but not so quickly as to
blow the flame through the gauze. This requires much self-
possession on the part of the observer.

861. White Damp (C0O).—The ““white damp ” of the
mines is carbonic oxide gas. It is a dangerous gas, because
of its harmful effects and its unsuspected presence.

(¢) Occurrence.—Carbonic oxide gas is a product of the
incomplete combustion of carbonaceous fuel, the supply of
air being limited. Thus, it is produced largely by the slow
combustion of coal in the gob, by mine fires, and by the
explosion of powder.

(¢) Properties.—This gas is a colorless, odorless, and
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tasteless gas. It is somewhat lighter than air at the same
temperature and pressure. It burns with a pale, violet
flame, like that which may be seen at any time over a freshly
fed anthracite fire. It is very poisonous to the system
when inhaled, being rapidly absorbed by the blood, and it
acts as a narcotic, producing drowsiness or stupor, followed
by acute pains in the head, back, and limbs, and afterwards
by delirium. If the victim of this gas is not rescued soon,
death will inevitably result.

Carbonic oxide gas has the widest explosive range of any
gas except hydrogen. When 1 volume of the gas is mixed
with about 6.7 volumes of air, the lowest explosive mixture
is obtained. From this point it continues to be explosive
until the proportion of gas is increased to the extent of 1
volume of gas to every 1.6 volumes of air. It is this property
of carbonic oxide gas which makes it such an active agent
in the transmission of the flame of a mine explosion from
one point in the mine workings to another seemingly
isolated point. Under ordinary conditions, however, this
gas is not present in sufficient quantity to yield an explosive
mixture.

(¢) How Detected.—Carbonic oxide gas may be de-
tected in the mine workings by its effect upon the flame of
an ordinary lamp. The flame is much brighter and reaches
upwards, and it is thus lengthencd out into a more or less
slim, quivering taper with a bluish tip, which may be seen
more clearly by screening the eyes from the brighter portion
of the flame with the hand.

862. Black Damp (C0O,).—The ‘ black damp” of the
mines, or, as it is often called, ** choke-damp,” is carbonic
acid gas. It is not as dangerous as either of the preceding
gases, because its presence in the mine workings is at once
manifested by the dimness of the lamps.

(@) Occurrence.—This gas is always a product of com-
bustion in the presence of a plentiful supply of air. Itis
produced by the burning of lamps, breathing of men and
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animals, decomposition and decay, and is a later product of
all explosions of powder and gas. The principal source,
however, is water from the coal and strata which hold
it in solution, and from which it escapes as the water
evaporates.

(6) Properties.—This is a colorless and odorless gas, -
but it possesses a distinctly sharp taste in the mouth when
breathed. It is one-half again as heavy as air at the same
temperature and pressure, and, therefore, collects near the
floor and in the low places in the mine. It is incom-
bustible, and, when present in the air to any considerable
extent, extinguishes lamps. It acts as a narcotic, and pro-
duces, after a time, headache and nausea, causing death by
suffocation.

() How Detected.—The presence of carbonic acid gas
is readily detected by the flame of alamp becoming reduced
in size, and, when more gas is present, by its extinguish-
ment; by lime-water, which, when exposed to the gas,
becomes milky in appearance; and by damp, blue litmus
paper, which becomes red when exposed in an atmosphere
containing carbonic acid gas. The flame becomes reduced
in size, and, when more gas is present, is extinguished alto-
gether. Being heavier than air, it must be sought for at
the floor of the entries and in the low parts of the mine.

863. (@) Traces of Sulphureted Hydrogen Gas
(H,S).—This gas, though not commonly occurring in
troublesome quantities, is yet a very dangerous gas to
meet. It is heavier than air, having a specific gravity of
1.1912. It is violently explosive when mixed with air of
about seven times its volume. The gas is very poisonous
when inhaled. In small quantities in the air, it produces
derangement of the system; when inhaled in larger quan-
tities, it rapidly produces unconsciousness and prostration.
The smell of the gas affords the hest index of its presence,
which has given rise to its being termed ‘“stink damp ™ by
the miners, for it smells like rotten eggs.
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(6) Ethene, or Olefiant Gas ((, //,).—This gas occurs
in varying amounts as a constituent of marsh-gas. It is
this gas which causes the flame of marsh-gas to burn with
some luminosity. It is a product of the dry decomposition
of vegetable matter and the distillation of coal.

OTHER PROPERTIES OF GASES,

86-1. Diffusion.—1// gases which do not act chemi-
cally on each other, especially air and gases of diffcrent
. densities, when in proximity, tend to diffuse into each
other; that is to say,-their molecules pass freely among each
other, and tend to form a complete intermixing of the two
gases. This property is called dzffusion, and is caused by
the lack of equilibrium between the molecular vibrations of
the two masses; so that the molecules of the two masses
tend to thoroughly intermingle. (See Art. 856.)

865. Rate of Diffusion.—The diffusion of gases
takes place much m~re rapidly in a moving current than in
still air. The relative rates or velocities of the diffusion of
the gases into each other are in the inverse ratio of the square
roots of their densities. For example, taking the density
of airas 1, then the density of hydrogen gas, by Table 19,
is .0693, and the square root of .0693 by the table is .2632;
therefore, the relative velocity of the diffusion of hydrogen

1. 1 e .
4/_0&.;3 =543 = 3.7987. This corre-
sponds with the results given in the third column of the
table; and the use of the table may be understood in this
way. In all cases, divide 1 by the square root given in the
second column of the table, and the quotient will be the
relative velocity of the diffusion of the gas in question into
-air. For example, the square root of the density of marsh-

gas into air will be

1 —
TV
1.3375 = the relative velocity of the diffusion of marsh-
gas into air. The annexed table of densities shows the

gas is given in the second column as .7477; then
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comparative rates of diffusion of the various gases and air

into a vacuum:
TABLE 19.

Density, | Square 1 lVelncily of

Gas. or Specific| Root of —— | Diffusion.

Gr:jity. Density. ¥ Density. Air=1.

Hydrogen ......... 0.0693 | 0.2632 | 3.7987 3.830

Marsh-gas ......... 0.5590 | 0.7477 | 1.3375 1.344

Carbonic oxide .. ... 0.9670 | 0.9834 | 1.0169 1.015

Nitrogen .......... 0.9713 | 0.9855 | 1.0147 1.014

Oxygen............ 1.1057 | 1.0515 | 0.9510 0.949
Sulphureted hydro-

genN.......ovunn.. 1.1912 | 1.0914 | 0.9163 0.950

Carbonic acid...... 1.5291 | 1.2366 | 0.8087 0.812

The values given in the last column of this table were
obtained by experimenting with the gases, and agree quite
closely with the calculated values given in the preceding
column. From the last column we see that 1,344 volumes
of marsh-gas will diffuse in the same time as 1,000 volumes
of air or 812 volumes of carbonic acid gas.

866. Occlusion of Gases.—A gas is occ/uded (hidden)
when it exists in the pores of a solid mass. A familiar
example of theocclusion of gases isfound in the coal-seams,
where gases often exist in large quantities and are a source
of danger in mining.

The conditions which have held these gases in the coal
and adjoining strata, till set free by the penetration of mine
workings, are largely a close coal and an impervious roof
and floor. The kind and amount of gases occluded in dif-
ferent coal-seams, and even in different parts of the same
seams, vary much, and alter, to a large extent, the charac-
ter of the coal enclosing them.

The gases most commonly occluded in coal-seams are
marsh-gas, nitrogen, carbonic acid gas and traces of oxygen,
carbonic oxide, ethene, and some other hydrocarbons.
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The rclative percentages of these gases vary largely, even
in freshly mined coals.

8687. Pressure of Occluded Gases.—The pressure
of occluded gases has been shown, by a number of experi-
ments in England, France, and Belgium, to reach as high
as 10 and 16 atmospheres; and, in exceptional cases, 32
atmospheres has been the recorded pressure. Whatever
degree of exactness these experiments may have, they serve
to show, at least, the enormous pressures under which
occluded gases may be projected from a newly exposed face.
In some instances, this flow of natural gas from certain
veins has furnished fuel for extensive steam plants. In
general, the tapping of a gaseous seam relieves the pressure,
after a limited time, by the escape of the gas.

The pressure of occluded gases is often manifested in a
newly exposed face of coal by a sharp cracking and hissing
sound, throwing the splintered coal with considerable vio-
lence into the face of the miner.

868. Transpiration of Gases from Coal.—When a
coal-seam containing occluded gases is being worked, the
pressure on the gas drives it outwards from the coal, and
often from the roof and floor of the seam. The regular
emission of gas from a solid mass in which it was contained
is called transpiration.

869. Feeders and Blowers.—Wherever a cavity,
crevice, or fissure exists in proximity to or in connection
with a gaseous seam, it becomes charged with the occluded
gases of the seam, under the same pressure. A dangerous
reservoir of gas is thus formed, which may at any moment
be pierced or tapped by the pick or drill of the miner and
discharge its contents into the mine workings. Such cavs-
ties, crevices, or fissurcs charged with gas are termed ‘‘fecd-
ers,” and, when tapped, the stream of gas issuing from them
is called a ‘“dlower.” According to the size of the internal
reservoir of gas, such a blower may continue to discharge
its gas, with practically no abatement, for a long time.
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870. Outbursts.—In the working of the seams of
some localities, the presence of occluded gases is frequently
manifested by a violent outburst at the working face.
These outbursts often take place without warning, and pro-
duce an effect similar to that of an explosion, throwing
down the coal in large quantities.

The cause is due to a feeder finding access to a more or
less vertical crevice or cleat behind the working face of the
coal-seam. Its pressure thus becomes distributed over a
cansiderable area of coal, and exerts a powerful localized
force. This is due to a pressure on a large area being made
to act on a small one with multiplied force.

Fig. 113 represents a dangerous pocket of gas lying be-
neath an impervious stratum of close-grained rock, which
has prevented its
escape. The gas
is under enormous
pressure, incident
to the subsidence
and contraction of
the strata. The
cleats or vertical
fissures shown in
the coal-scam are
““face cleats,” the
entry or gangway
being driven ‘“end on.” The pressure of the gas causes the
foliated shale to rest heavily on the timbers, and later a
fissure occurs in this strata, which opens a communication
for the gas with the face cleats of the coal. The pressure
of the gas may thereby be distributed over a large area of
the rib, with the result just described.

There are well-authenticated, although seemingly in-
credible, cases upon record where headings and chutes have
been completely blocked by a compacted mass of from 15 to
20 tons of fine coal, thus thrown from the face without the
slightest warning. In other instances, the outburst may
be accompanied by a subterrancan pounding, or ‘‘bumping,”

FiG. 113,
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as the miners term it, or by a sudden report, similar to that
of a blast. This pounding or ‘‘bumping " sometimes con-
tinues at intervals for two or three days prior to the out-
burst. By far the larger number of violent outbursts are of
marsh-gas; although instances are recorded of very violent
outbursts of carbonic acid gas.

871. Calculation of the Initial Force of an Ex-
plosion.—The force of an explosion depends upon the ex-
pansive power of the gases resulting from the explosion.
The expansive power of these gases depends upon their
relative volumes before and after the explosive reaction has
taken place. The initial force of an explosion is the force
developed at the moment of ignition. To calculate the
initial force of an explosion, we must first determine the
relative ov atomic volume (Art. 841) of the resulting gases.
Thus, in the complete explosion of marsh-gas (CH,), the re-
action which takes place is expressed by the following equa-
tion:

CH,+40+16 N=CO,+2H,0+ 16 N,

or 1 atom of carbon + 4 of hydrogen 4 4 of oxygen + 16 of
nitrogen = 25 atoms; and 1 atom of carbon + 2 of oxygen +
4of hydrogen + 2 of oxygen + 16 of nitrogen = 25 atoms.

We notice in this complete explosion, the maximum ex-
plosive energy must be developed, because a// of the car-
bon of the marsh-gas is converted immediately into carbonic
acid gas, and a// of the hydrogen into watery vapor, both of
which are dead or inert products, having given out their
energy. W= shall also see later that this occurs when the
marsh-gas forms 9.38 per cent. of the firedamp.

By observing the above equation, we see that for each
molecule of CH, there is produced one molecule of CO, and
two molecules of A, 0. Four atoms of O are consumed in
the reaction, which are derived from the air and represent
a volume of air containing approximately 4 atoms of O and
16 atoms of V. (More accurately, the 4 atoms of O repre-
sent 20.7 per cent.of the entire air used; see Art. 8485.)
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Now, determining the atomic volume of the gases before
and after the reaction, we find the volume of the firedamp
(marsh-gas and air) is the same as the volume of the car-
bonic acid gas, watery vapor, and nitrogen produced; thus,
the molecule of marsh-gas occupies the same space as the
molecule of carbonic acid gas; the 720 molecules of watery
vapor occupy the same space as the four atoms of oxygen.
(See Second Law of Volume, Art. 841.) The nitrogen is
unchanged by the reaction.

Before Explosion. ) After Explosion.
Atomic or Atomic or
Gas. |Symbol. Relative * Gas. |[Symbol. Relative
Volumes. Volumes.
" Carb.
Marsh- 1 mole- b 1 mole- 9
gas. CH, cule. 2 . acid €O, cule.
‘ gas.
O |4atoms.| 4 |“ ateryl g g7 (| 2mole- |
vapor. cules.
Air. .
, Free Nitro- . Free
N . 15.32 !l A . 15.32
nitrogen. i gen. Inltrogen.
Total volume, 21.32 Total volume, 21.32

By observing the above table, we see that the column of
relative volumes shows 2 volumes of marsh-gas and 4+
15.32 = 19.32 volumes of air, which is in the ratio of 1 vol-
ume of marsh-gas to 9.66 volumes of air, the firedamp be-
ing at its maximum explosive point. We observe, also, by
the table, that 4 volumes of oxygen are consumed in the
complete explosion of 2 volumes of marsh-gas. We have
previously learned (Art. 845) that oxygen forms 20.7 per
cent. of the volume of the air; the remaining 79.3 per
cent. being nitrogen in a free state. Hence, to find the
relative volume of air per 2 volumes of gas, we write the
following proportion : 20.7 : 4 :: 100 : 2 = 19.32 volumes of
air, or, for 1 volume of gas, we have 20.7 : 2 :: 100 : 2+ =
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9.66 volumes of air. The entire relative volume of fire-
damp concerned in the reaction is, then, the sum of the
relative volumes (21.32 volumes), as by the table.

The percentage of pure marsh-gas in this mixture, or body
2 X 100
’ 21.32
gas. There being no change in the atomic volume of these
gases before and after explosion, the expansive power pro-
duced by the combustion of the mixture can be found from
the increase in temperature from 60° F. (normal) to 1,200°
F. (temperature of ignition for marsh-gas). Thus, the
total pressure of a confined gas is always proportional to its
absolute temperature. The absolute temperature is the
temperature above absolute zero, which is 459° below the
Fahrenheit zero. Hence, to transform Fahrenheit temper-
ature to absolute temperature we add 459 degrees. Then,
knowing the pressure of the atmosphere to be 14.7 at the
normal temperature 60° F., we write the simple proportion

of firedamp, is found thus = 9.38 per cent. of marsh-

459 4 60 : 459 4+ 1,200 :: 14.7 : x,
or, 519 : 1,659 :: 14.7 : + = 47.0 pounds, nearly.

Therefore, the absolute pressure (or the pressure above
vacuum), after the explosion, is practically 47 pounds, and
the ruptive pressure is 47.0 — 14.7 (or the atmospheric
pressure) = 32.3 pounds per square inch.

872. Calculation of the Weight of a Gas.— 7/
weight of any gas, al a given pressure and temperature, is
equal to the weight of an equal volume of air, at the same
pressure and temperature, multiplied by the specific gravity
of the gas.

Let W = weight in pounds;
V' = volume in cubic feet;
B = barometric pressure in inches;
D = specific gravity of the gas—found in Table 19;
7T = absolute temperature.
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. L3W31BD
Then, == — (21.)
ExaMPLE.—What is the weight of 100 cubic feet of carbonic acid gas

at a pressure of 31 inches of mercury and a temperature of 32° F.?

__1.3253 x 100 X 1.5291 X 31

- 459 + 32
NoTe.—The constant 1.3253 is the weight, in pounds, of 1 cubic foot

of airat 1° absolute temperature (Fahr.)and 1 inch barometric pressure.

SoLuTiON.— I{” =12.7947 1b. Ans.

EXAMPLES FOR PRACTICE.

1. Find the weight of 200 cubic feet of marsh-gas (C/,), at a tem-
perature of 70” and a pressure of 30 inches of mercury. Ans. 8.4028 ib.

2. Referring to example 1, what is the weight of the hydrogen gas,
in this amount of marsh-gas ? Ans. 2.1007 1b.

8. In case of an explosion of firedamp in which 8.4028 pounds
(example 1) of marsh-gas were concerned, all of its hydrogen com-
bining with the oxygen of the air to form water (/; O0), (¢) what would
be the weight of watery vapor resulting from the explosion? (4) What
would be the weight of oxygen consumed in this part of the reaction?

(See Art. 838.) Ans, | (@) 18.9063 Ib.
" 1 (4) 16.8056 Ib.

4. Referring to example 3, if all of the carbon of the 8.4028 pounds
(example 1) of marsh-gas, combined with the oxygen of the air to form
carbonic acid gas (€0,), (a) what weight of carbonic acid gas would
result from the explosion? () What would be the weight of oxygen
consumed in 2475 part of the reaction? (See Art. 838.)

{ (a) 28.1077 1b.
ADS 4 (4) 16.8056 Ib.

5. Referring, now, to examples 3 and 4, (@) what is the total weight
of oxygen consumed in the reaction ? (4) Determine the total weight
of air consumed in the reaction, incident to the explosion. (See

Art. 8485.) A %(a) 33.6112 Ib.
™S (4) 146.1356 1b.

6. What volume of dry air is required to completely explode 200

cubic feet of marsh-gas? (See Arts. 841 and 845.) .
Ans. 1,932.8 cu. ft.

7. Referring to example 6, if this volume of air (1,932.8 cubic feet)
is consumed in the complete combustion of 200 cubic feet of marsh-gas,
(a) what per cent. of the mixture (firedamp) does the marsh-gas form ?

(6) What volume of firedamp was exploded ? Ans g (a) 9.38 per cent.
© L (6) 2,182.3 cu. ft.
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COMBUSTION.

873. Combustion, in its broadest sense, refers to
chemical union, attended with /caf, sometimes with /ight
and Aame. Combustion always results in a complete trans-
formation of the body acted upon, and of the gas which
supports the combustion, forming other gases.

8714. Oxidation.—Oxygen gas is the great supporter
of combustion; and the process of combustion is then called
oxidation. This gas has a strong affinity for carbon and
hydrogen; and, thus, we have formed two of the most com-
monly occurring compounds, water and carbonic acid gas.
The first of these is as truly an essential to animal life as
the second is an inevitable result of the same.

There are numerous other illustrations of true combustion,
however, than those in which oxygen plays a part. For
example, the burning of a lighted taper in an atmosphere of
chlorine gas; or, the explosion of equal quantities of /Zydro-
gen and cllorine gases.

875. Temperature of Combustion.—Combustion
may take place at any temperature; that is to say, the oxi-
dation is often carried on slowly and at a low temperature,
and the body just as truly destroyed or consumed as when
the action is stronger and the temperature high enough to
produce flame.

The process is then spoken of as slow combustion, be-
cause the action is slower, or less energetic than in active
combustion, when flame is produced. The consuming
of the animal tissues of the body is an example of slow
combustion. The disintegration of fine coal, in the gob
heaps and goaves of the mine, is followed, in time, by a slow
oxidation of the coal and the formation of carbonic oxide
and carbonic acid gases. This slow oxidation is as truly a
form of combustion as when the coal is burned at a higher
temperature and flame results.

We conclude, then, that a high temperature is not an
essential to slow combustion. The chemical activity of any
combustion will determine its initial temperature; on the
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other hand, the various products of combustion have vary-
ing heat capacities (specific heats), and thereby absorb
varying amounts of the initial temperature, the remaining
difference being the sensible heat of the combustion.

876. Spontaneous combustion is a term applied to
the sudden bursting forth of flame, or active combustion,
in a body, caused by the internal generation of heat in the
body itself. Spontaneous combustion is the result of slow
combustion, or chemical action, the developed heat gradually
increasing till ignition takes place. The production of car-
bonic oxide gas (CO) within the confines of the body, where
the supply of air is limited, greatly assists ignition.

EXPLOSIVES AND EXPLOSIONS.

877. Explosives.—This term refers to any chemical
compound or mechanical mixture that is capable, under
certain conditions of heat or shock, of exerting a powerful
ruptive pressure. The common form of explosives in use
is an intimate, mechanical mixture of chemical compounds,
such as will readily give rise to dissociation of their respective
atoms, and the rapid formation of gases, under the proper
conditions. These gases, from the temperature incident to
the explosion, possess an enormous expansive force, result-
ing in a ruptive pressure of many tons upon the square inch.

On account of the great importance of explosives in mi-
ning, and on account of their being the direct cause of alarge
number of mine accidents, affecting many who are in no
wise to blame for their occurrence, a careful study of their
nature and use is needful. We will consider, in order, the
conditions incident to the explosion of a charge in a drill-
hole, for the purposes of blasting.

The chief factor which determines the strength of an
explosive is the rapidity of its combustion. There are two
modes of propagation of the combustion of explosives, giving
rise to two general classes; in the first class the propagation
being slow, while in the second it is extremely rapid.

(@) Explosives that deflagrate.
(6) Explosives that detonate.
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878. Deflagration is a form of combustion dependent
upon the thermal conductivity of the mass. The combus-
tion is propagated from particle to particle of the mass,
much as heat travels from one end of an iron rod to the
other. All the black powders furnish examples of deflagra-
tion. ‘The ignition of such a powder at one point is trans-
mitted throughout the mass with a speed dependent upon
the combustibility of the powder and its thermal conductivity.
Each atom burns independently, and exerts no further
influence upon the surrounding atoms, except as the heat of
its burning is communicated to them.

879. Detonation.—This form of combustion, unlike
deflagration, is transmitted, with almost lightning rapidity,
to every particle of the mass. The detonation of a single
particle seems to exert a wave-like compression throughout
the mass that causes a like detonation of the entire body.
Its speed of propagation is estimated at 16,400 feet per
second; so that any explosion by defonation is, practically,
an instantaneous development of the entire expansive
energy of the mass. Nitroglycerine is an example of such
an explosive.

880. Action of Explosives.—The theory of the action
of explosives is, in outline, as follows:

Chemical action, incident to the ignition of a charge,
assisted by /keat and pressure, transforms the solid explosive
compound or mixture into gaseous products, developing in
such transformation or comébustion a definite number of heat
units.

881. Chemical Reaction.—When a charge of powder
is exploded in a drill-hole, the combustion wliich takes place
is supported by the oxygen of the niter in the powder.
This salt is a powerful oxidizer, and gives up its oxygen to
the sulphur and carbon. A large number of gases are
formed, chief among which are nitrogen, carbonic acid gas,
and carbonic oxide gas. It is impossible to give any
accurate analysis of the gases resulting from any one explo-
sion. The gaseous products vary according to the pressure
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under which ignition takes place, and will vary, therefore,
in each individual charge. Any chemical equation, there-
fore, expressing the reaction which takes place must be only
approximate.

882. Black Powders.—The better grades of the
black powders are formed by the intimate mixture of 2
molecules of niter, 1 of sulphur, and 3 of fine charcoal,
making the following proportions by weight:

Niter (saltpeter), (potassium nitrate) (K VO,) = 74.83%

Sulphur........oooooiiiiiiino, (S) =11.84%2
Carbon (fine charcoal)............... (C) =13.33%
100.00

In practice, however, the proportions are usually taken as
follows:

Niter........ovvvvnnt 75 parts.
Sulphur ............... 10 parts.
Carbon................ 15 parts.

100 parts.

883. Blasting Powder.—It is common practice, in
the manufacture of &lasting’ powders, to increase the
amount of carbon or charcoal, while the amount of the niter
is decreased. In blasting powders, the following propor-
tions are more commonly used, although this practice varies
in different localities:

Niter................ 66 parts.
Sulphur.............. 10.5 parts.
Carbon .............. 23.5 parts.

100 parts.

Cheaper grades of blasting powders are often made by sub-
stituting sodium nitrate (NVa NO,) for the potassium nitrate,
either in part or wholly; but such substitution produces a
very inferior powder. The sodium salt absorbs moisture
when exposed to even the slightest dampness, and thereby
causes such powders to lose much of their strength,
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884. Size of Grain.—The size of the grain is an
important factor in determining the rapidity with which the
powder acts. The finer the grain, the quicker the action;
and wice versa, the coarser the grain, the slower the action.
A little study will show the need of a careful application of
this principle, on the part of the miner. For example, gun-
powder is a fine-grained powder; what is desired is the rapid
movement of a small mass; hence, its action must be very
rapid, and the stock of the gun must be strong enough to
resist the inertia of the bullet.

On the other hand, in all kinds of blasting, a slower move-
ment of a larger mass is desired; hence, we employ a slower
powder, one whosc whole expansive energy will not be de-
veloped in a single flash. We must consider, also, that the
blasting of different materials requires a different action in
the powder, according to the character of the material
blasted. Thus, the blasting of rock requires a quicker
powder than the blasting of coal, while a soft, laminated
shale will yield more completely to a very slow powder.
The need for this adaptation of size is obvious and rea-
sonable.

Fig. 114 shows, approximately, the four sizes of black
powder in most common use in coal-mining. These sizes

F16. 114,

are adapted to different grades of work and a varying hard-
ness in the coal. The smaller sizes are adapted to a hard,
brittle coal, while the larger sizes are, on the other hand,
adapted to a softer and tougher coal. The smaller sizesare
likewise adapted to marrow work (entry work) and to
shooting on the solid, while the coarser grades yield better
results in ércast and pillar work, where the resisting forces
are not so great. The nature of the coal, the class of work,
and the judgment of the miner must determine the size of
T. 31—6
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powder best adapted for his use. Many miners, however,
use very poor judgment in this respect, and reap a reward
in the decrease of their net earnings.

885. “ Blown-out” Shot.—This term is applied to
any blast whose energy is expended upon the air, instead of
being converted into mechanical work. The intensity of
the projected flame is augmented by the high temperature
and pressure resulting from the unyielding character of the
walls enclosing the charge.

886. ‘“Windy” Shot.—This term refers to a blast
whose energy is, in part or wholly, expended upon the air.
It differs from a dlown-out shot only in the absence of the
high temperature and pressure of the projected flame.

887. Causes.—The causes giving rise to the aboveare
numerous, and may be summarized as follows:

(@) The shot may be too deeply laid.

1. The angle of a gripped shot may be too large; that is,
the hole may be drilled at an angle so great that the charge
will lie too deep.

2. The depth of a hole may locate the charge too much
upon the so/id (back of the cutting or mining).

3. The projecting bottoms and tops of the seam may arch
the resistance in such a manner as not to allow the charge
an opportunity to do its work.

(6) 1. The tamping (stemming) may be insufficient for
the charge exploded or the sectional area of the hole. _

2. The tamping may be of such an inflammable and
gaseous nature as to become a dangerous factor in lengthen-
ing out the flame of the blast by the gases distilled from it
under the flame of the blast.

(¢) 1. The so/id, in the region of the charge, may be
creviced or fissured naturally, or by a former blast.
2. The coal may *‘scam out.”

(d) 1. Too strong (fine-grained) a powder may be em-
ployed, which results in blowing the tamping and giving
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vent to the flame and gases of the blast before the inertia
of the mass has been overcome.

2. Too coarse a powder and too heavy a charge of it
may result in a considerable amount of partly burned and
burning powder being thrown out upon the air, to expend
its energy in expansion instead of in mechanical work. A
like result will always be produced by an excessive charge
of any size powder.

3. A mixture of different grades of powder will nearly
always result in a considerable portion of the charge being
thrown upon the air, partly burned or burning. The mix-
ing of a small amount of gunpowder with blasting powder,
for the purpose of ‘‘making it stronger,” is a pernicious act,
and would justify the discharge of the man found guilty of
so doing.

(¢) A drill-hole of too large a diameter, as compared with
the amount of the charge, will result, in the majority of
cases, in the projection of the charge, because the large
sectional area of the hole brings an undue pressure upon
the tamping.

(f) 1. A succession of two or more blasts, fired in a
limited working place, may produce an effect similar in
every respect to that produced by a windy shot. 1t is
caused by the firing of the carbonic oxide gas and the sus-
pended dust of the first shot, by the flame of the second.

2. A like result obtains very often when a heavy blast is
fired in too close proximity to accumulations of dust.

In general, if the hole is ““gripped " too strongly, or the
charge itself located too deeply upon the solid, a *“blown-
out " shot will result from the unyielding nature of the walls,
and a flame of great intensity will be projected from the
bore of the hole when the tamping or stemming has yielded.

If the charge is too heavy for the work to be accom-
plished, a ‘‘ blown-out,” but more properly called, a ¢ windy "™
shot, will result. The temperature of the flame will be nor-
mal in this case, but the danger arises from the projection
and explosion of a considerable amount of the charge upon
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the air after rupture has taken place. The energy of a
portion of the charge is thus bestowed upon the air instead
of being converted into mechanical work, by breaking down
the coal. :

888. Flameless Explosives.—From our previous
study, wereadily perceive the dangers incident to blasting in
mine workings. So numerous are the conditions which
render the use of explosives in a mine dangerous, that it has
often been a matter of serious consideration whether the
use of any form of explosives should be tolerated in mines
known to be gaseous. It is recognized that the fame inci-
dent to the explosion is the dangerous factor, and many
attempts have been made to so alter the composition of the
. explosive as to yield gaseous products which were not
inflammable. This result has only been realized in part.
Nevertheless, explosives have been produced in the combus-
tion of which a very limited flame results; and the use of
such explosives renders mining more safe. These are mostly
formed by a mixture of nitrated compounds (ammonia
nitrate and nitro-benzine, or nitro-naphthalene). For the
most part, they are detonators, and are exploded by a ful-
minating cap.

DETONATING EXPLOSIVES.

889. The detonating explosives are divided into three
general classes, viz.:

(¢) Such as have glycerine for a base, as nitroglycerine,
dynamite, carbonite, stonite, and ardeerite.

(6) Such as are formed from cotton, as guncotton, tonite,
and potcntite.

Gelignite and gelatine-dynamite (blasting gelatine) are
formed by mixing nitroglycerine with guncotton, in varying
proportions.

(¢) Such as have ammonia nitrate for a base (called the
Sprengel class, after their inventor), as Roburite, Securite,
Ammonite, Oxonite (Rack-a-rock), Panclastite, Becllite, and
Hellhoffite.
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890. Nitroglycerine is a heavy, oily liquid, formed
by the action of a mixture of strong nitric and sulphuric
acids upon glycerine. It is a chemical compound, and as
such differs from most other explosives. The dissociation
of atoms takes place instantancously throughout its mass,
and thus affords one of the most powerful explosives known.

Its specific gravity is 1.6. It freezes at 40° F. Heated
to 360° F., it cither burns or explodes. One volume of
nitroglycerine exploded yields 1,298 volumes of gas. Nobel
places the temperature of the explosion at 3,270° F., and
states that the capanded gases of the cxplosion #ill occupy
10,384 times the original volume, which will develop a rup-
tive pressure of 76.322 tons per square inch, under ordinary
conditions.

Nitroglycerine, when frozen, will not explode by any ordi- .
nary cause; but an elevation of temperature makes its hand-
ling dangerous. It is readily exploded by a smart blow,
when spread upon a flat surface; but a bottle of the liquid
may be smashed to pieces, at times, without causing an ex-
plosion. When nitroglycerine has become sour and impure,
spontaneous decomposition is developed, forming gas and
oxalic acid, which often results in a disastrous explosion,
especially when the liquid is contained in a tightly-stoppered
vessel.

Nitroglycerine is rendered more safe for blasting purposes
and for transportation, by its being employed in the form of
dynamite.

891. Dynamite.—This explosive is nitroglycerine, ab-
sorbed by any porous substance. There are different grades
of dynamite, differing by the varying amount of nitroglycerine
absorbed. They are rated as follows, the percentages vary-
ing according to the different brands :

Grade No. 1, from 50 to 70 per cent. nitroglycerine.
Grade No. 2, from 33 to 50 per cent. nitroglycerine.
Grade No. 3, from 27 to 30 per cent. nitroglycerine.
Grade No. 4, from 20 to 25 per cent. nitroglycerine.

The principal brands in use are ‘‘ Hercules,” ‘‘Atlas,” and
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“Atna.” The dynamite cartridges consist of strong paper
shells, previously dipped in melted paraffine, and filled with
the explosive. They are usually 8 inches long and of the
following diameters and weights:

Diameter %inch ....... Weight about 4 ounces.
Diameter 1 inch........ Weight about 5 ounces.
Diameter 1} inches... ... Weight about 8 ounces.
Diameter 14 inches. ... .. Weight about 12 ounces.
Diameter 1% inches. ... .. Weight about 15 ounces.
Diameter 2 inches...... Weight about 1} pounds.
Diameter 3 inches...... Weight about 3 pounds.
Diameter 4 inches...... Weight about 5 pounds.

The weight of any dynamite cartridge may be calculated
by means of the following simple rule:

Rule.—Wultiply the square of the diameter of the car-
tridge by its length, all in inches, and take § of the product ;
the result will be the weight of the cartridge tn ounces.

Let "= weight of cartridge (ounces);
d = diameter of cartridge (inches);
/ = length of cartridge (inches).

Then, "=z /d* (22.)

An average No. 2 grade of this explosive will yield an
initial ruptive pressure of 24 tons per square inch.

Safe methods of using dynamite are explained further on,
in the section on Shafts, Slopes, and Drifts.

Other forms of dynamite have been invented and brought
forward from time to time. These mostly consist of nitro-
glycerine, in smaller quantities, absorbed in various waste
products, as cork shavings, sawdust, etc. In the original
dynamite, the absorbent was an infusorial earth found in
northern Germany, which absorbed three times its own
weight of nitroglycerine. The forms of dynamite referred
to above are known as carbonite, stonite, and ardeerite.

892. Guncotton (nitro-cotton) is a product similar in
all respects to nitroglycerine, being formed by the action of
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a mixture of strong nitric and sulphuric acids upon ordinary
cotton, or cellulose, wood-pulp, paper, or rags. In appear-
ance, guncotton resembles ordinary cotton; 100 parts, by
weight, of cotton should form 183 parts of guncotton; but,
on account of more or less incomplete action, and a solution
of a portion of the guncotton, before the whole mass has
been converted, in practice 100 parts of cotton yield only
from 160 to 178 parts of guncotton.

Exploded in Detonated Under
Free Air. Pressure.
Carbonic oxide gas........ 30 parts 40
Carbonic acid gas......... 20 parts 25
Marsh-gas................ 10 parts Trace
Nitrogen dioxide ......... 9 parts None
Nitrogen. ................ 8 parts 15
Hydrogen................ None 20
Aqueous vapor ........... 23 parts None

Guncotton is exploded by percussion. In some cases, it
has been known to explode with violence when heated to
110° F., although other instances are recorded where the
temperature has been raised to 200° F. without an explosion
taking place. It has been known to be exploded by the heat
of the sun’s rays. It is liable to decompose, which often
results in spontaneous ccmbustion. Exploded, it yields a
gaseous product consisting of 100 parts, as shown in the
above table.

As will be readily seen, from its gaseous products, it is
not adapted for use in mine workings. Its explosive force,
as compared with an equal weight of gunpowder, is as 4.5
to 1.

893. 7onite and potentite are forms of guncotton to
which nitrates of potassium, or barium have been added.

894. Gelatine-dynamite, or blasting-gelatine, and also
gelignite, are mixtures of nitroglycerine and guncotton, on
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the supposition that a more perfect combustion is thereby
obtained. A honey-colored, gelatinous mass is obtained,
which does not freeze as readily as nitroglycerine or dyna-
mite, and withstands the action of water better. Itis more
liable to explosion from a sudden blow than is dynamite.
Its gaseous products prevent its general use in mining.

895. Sprengel Explosives.—What may very proper-
ly be called the Sprengel explosives, after their inventor, are
the highly nitrated compounds formed by varying mixtures
of nitrate of ammonium, (V/,) NO,, which contains 60 per
cent. of its weight of oxygen, with other nitrated com-
pounds, as nitro-naphthalene, nitro-benzol, etc. The ex-
plosives belonging to this class are of recent invention and
are not well known; but, on account of the property which
they all possess, to a greater or less extent, of suppressing
the flame of their explosion, they will eventually find an im-
portant application in mining (Art. 888). The most im-
portant and best known of these are roburite, sccurite,
ammontite, oxonite, called also rack-a-rock, and bcllite. The
first three of these are alluded to as exceedingly safe and
powerful explosives, by G. W. Wilkinson and other com-
petent authorities.

896. Comparison of Explosives.—The value of an
explosive lies in its being instantly convertible into gaseous
products, having a high temperature and being incombusti-
ble. The explosive that embodies these qualifications to
the highest degree is the strongest. However, except in
very gaseous mines, high explosives are not used in coal-
mining, because they shatter the coal and make too much
small coal and slack. The less powerful and slower black
powder is used, as it breaks down the coal in larger lumps.

(a) It is necessary, in order to secure the greatest rend-
ing force in an explosive, that its transformation into the
gaseous state should be instantancous and complete.

(#) The higher the temperature developed in the ex-
plosion, the greater will be the expansive force of the gaseous
products.
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(c) The more incombustible the gaseous products, the
less flame will be produced by the explosion, and the more
security will attend its use in gaseous mines.

The following table will be of use to the mining student,
in making comparisons between some of the more common
explosives in use in mines.

TABLE 20.
Explosive. Te“:),:et:::ure Products of Explosion. Ruptive Pressure

Explosion (F.). | Combustible. | Incombustible, (Pm_mds per Sq. In.)
Blasting powder. .|2,000° to 3,600" | 42 per cent. | 58 per cent. | 12,400 to 20,500
Nitroglycerine ... 5,740° 0 per cent. | 100 per cent. 152,640
Dynamite........ 5,280° 0 per cent. | 100 per cent. 48,000
Blasting-gelatine.. 5,830° 46 percent.| 54 percent.| ........
Guncotton........ 4,800° 61 per cent. | 39 per cent. | 90,000 to 100,000
Tonite ........... 4,800° 8 percent.| 92 percent.| ........
Roburite......... 8,800° 0 per cent. | 100 per cent. |  ........
Ammonite .......| ... 0 per cent. | 100 percent | ........
Securite..........|  ...... 0 percent. | 100 percent. |  ........
Carbonite ........|  ...... 41 percent.| 59 percent.| ........

Table 21 gives the temperature of combustion of some of
the more important gases relative to mining chemistry.

TABLE 21.

Temperature of

Gases. Combustion (F.).
Marsh-gas........... ..... 1,220°
Ordinary illuminating gas .. 1,198°
Carbonic oxide gas......... 1,184°
Hydrogen................. 1,148°

897. Character of Mine Explosions.—Many condi-

tions influence and determine the character of an explosion
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of mine gases. The term caplosion, in its present applica-
tion. is broadened to include any type of rapid combustjon
of mine gases in the air-passages or workings, from a quiet
burning, sweeping the roof of the passage and advancing
at a moderate velocity, to a wild hurricane of fire, dust, and
débris, propelled at an inconceivable speed by the expansive
energies caused by the ignition of the gases in the air. The
conditions that thus determine the character of an explosion
of mint:, gases are, briefly, as follows:

(a) The proportionate mixing of the gases and
their affinities for each other when excited by heat produces
the violence of their dissociation and recombination in other
forms as compounds.

For example, the explosive mixture may be air charged
with marsh-gas, in such proportions as to develop its
maximum violence; or, on the other hand, a large propor-
tion of carbonic oxide gas may be produced as a result of a
local explosion of marsh-gas, and this gaseous mixture may
burn quietly along the roof of a passageway without ex-
ploding. Again, these conditions may suddenly change,
and the slow burning at any moment develop explosive
violence by contact with another body of gas.

(#) The oxygen of the air being the ever-ready means
to dissociation, the abundance of its supply in the air of the
workings determines largely the chemical activities.

(c) Coal-dust, suspended in the air of mine workings,
acted upon by the flame of an explosion, distils carbonic
oxide gas. This gas has the effect of lengthening the
flame, which feeds upon it, and thereby propagates an other-
wise local explosion.

(4) The physical surroundings of an explosion of mine
gases, such as the size of the working places, and all the
conditions which hinder the free expansion of the gases,
affect the pressure and temperature of the explosion.
These are important factors in determining the products of
the explosion and the extent of the flame.
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898. Causes of Ignition.—These are many. The
ignition of an explosive mixture of gases requires some
cause that will raise its temperature to the point of ignition.
In the case of firedamp, however, this temperature must be
maintained for a certain fraction of a second, or the gas fails
to ignite. This is a very important point, as upon it de-
pends the security of detonating explosives.

For example, the initial temperature of the explosion of
dynamite is 5,280° F. (Table 20); but so rapid is the propa-
gation of the combustion in the dynamite, that this tem-
perature is only maintained for a time not exceeding 15
of a second, when its heat is converted into mechanical
work, the temperature falling simultaneously with the ex-
pansion far below the point of ignition for firedamp
(1,220° F.), and thus failing to ignite this dangerous mixture.
The interval of time necessary for the ignition of firedamp
is probably due to the absorption of heat by the watery
vapor formed by the dissociation, and which must be con-
verted into steam at a high temperature before ignition of
the gaseous products can take place.

In the case of the ignition of a body of gas (firedamp),
the cause is usually the flame of a naked lamp, or a defec-
tive safety-lamp, or the flame incident to blasting.

In the case of an explosion in a non-gasecous mine, the
gases which enter into the explosion are derived from the
distillation of the coal-dust suspended in the air, and, ina
measure, also from the fine coal pulverized by the crushing
force of the blast. In this latter case, the cause of ignition
is plainly the projected flame of a ‘‘ dlown-out” shot, which
has a volume and intensity sufficient for the conversion of a
large body of suspended dust into gas.

899. Temperature of an Explosion.—In any ex-
plosion whatever, whether it be a body of gas in the mine
workings, or a charge of powder, or other explosive, in a
drill-hole, the primary or initial temperature of the reaction
is determined from the /eat units, stored in the original
constituents of the explosive mixture, and the specific keats
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or keat capacities of the resulting products of the explosion.
This temperature of ignition may be calculated from the
principles of thermal chemistry, and is always a fixed tem-
perature, as far as the explosive is concerned.

The temperature of the explosion, on the other hand, is
determined or influenced by other causes, and is always, to
a greater or less extent, lowered by external causes; as, for
example, (@) loss of heat, by conduction, betore the full de-
velopment of the explosion; (4) loss of heat, by absorption
due to expansion, before the full development of the ex-
plosion.

It will be readily seen that these losses are larger, the
slower the progress of the combustion. Thus, in the case
of a deflagrating charge, as of black powder, whose tem-
perature of zgnition is 3,632° F., the temperature of cxplo-
sion, depending upon the strength of the resisting walls, is
Inwered to a practical 2,000°F. In the case of the quiet
burning of a body of firedamp, diluted below the explosive
point, or the burning of a trail of carbonic oxide gas, left in
a passageway at times by the quick advance of an explosion,
and fed later by fresh air from rooms or chambers, the
effective temperature of the burning is often far below the
actual temperature of ignition of these gases (firedamp
1,220°, carbonic oxide gas, 1,184°), on account of the ab-
sorption of the heat of ignition by the freely expanding
gases.

900. Coal-Dust.—This discussion would not be com-
plete without some special reference to the influence of this
dangerous factor, present to a greater or less extent in many
coal-mine explosions.

The presence of coal-dust suspended in the air of mine
workings, and acted upon by a flame of sufficient volume
and intensity, gives rise to fwo practical effects, viz.:

(a) Elongation and propagation of the flame.

(6) Widening of the explosive range of firedamp.

These effects have been described, (a), Art. 897 (¢),
and (4), Art. 860 ().
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The facts in regard to any kind of dust, and its influence
upon the character of an explosion, are the following:

(a) The dust must be combustible, or it has, compara-
tively, no effect.

(4) The finer the dust and the more inflammable its
nature, the quicker and fiercer will be its combustion.

(c) The free suspension of the dust in the air, and its
complete combustion, are greatly assisted by a strong air
current.

(4) The coal-dust (fine and larger particles) is heated to
incandescence by the flame of the burning gases, distilling
combustible gas, which adds to the flame, thereby transmit-
ting the explosion through the airways. \

(¢) The incandescent carbon has the power to convert
any carbonic acid gas (€O,) with which it comes in con-
tact into combustible carbonic oxide gas (CO).

The above facts are the results of practical experience,
derived from actual observation of such occurrences, guided
by an intelligent knowledge of the chemical possibilities, as
demonstrated by experiment. The dust of anthracite coal
is not susceptible of explosion under the prevailing condi-
tions, being less friable and requiring a higher temperature
to distil its gases.

901. Reducing Liability to Explosion.—The liabil-

ity to accident by explosion can be reduced only by remov-

- ing, as far as it is possible to do so, the causes and conditions

which lead to such explosions. The incipient conditions of

a mine explosion are, with rare exceptions, found in the
following :

(2) A body of marsh-gas, collected in some cavity or
recess of the roof or disused heading; or issuing suddenly
from the working face, as a feeder or an outburst, and be-
coming transformed into a body of firedamp by its mixture
with the air of the workings; and the presence and contact
of the flame of a naked light, or a defective safety-lamp, or
the projected flame of a blast, or, as sometimes occurs, the
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flame of a safety-lamp blown through its gauze by the force
of the current, or the force of a blast, to which it has been
inadvertently exposed.

(6) The presence of a considerable quantity of fine coal,
in the form of dust, in close proximity to a working face
where blasting is performed; and the projection of the
flame of a dlown-out shot of such volume and intensity as to
effect the raising of a cloud of the dust, and to convert the
same into an incandescent volume generating combustible
gas. Thisaction has been proven, by the convincing results
of experiments which leave no room to doubt, that the pres-
ence of marsh-gas, while it stimulates and strengthens the
explosion, is by no means essential to it.

(¢) The successive and quick firing of several shots, in a
close working place, may precipitate an explosion, from the
firing of considerable volumes of carbonic oxide gas, pro-
duced in the discharge of the first shots.

SAFETY-LAMPS.

DESCRIPTION OF LAMPS.

902. General Description.—A safety-lamp is a lamp
of special construction. In appearance it very much
resembles a small lantern, which it is. The flame is com-
pletely enclosed in wire gauze or in glass and wire-gauze
casings, which prevent its contact with an outside body of
gas. Its use serves two purposes; viz., first, protection in
gaseous workings where an open light would cause serious
results, by the ignition of the gas; and, sccond, to indicate
to the miner the presence of gas.

903. Principle of the Safety-Lamp.—From our
previous study of combustion (Art. 873), we have learned
that the temperature of the burning gases must not fall
below the point of ignition of those gases, or the flame will
be extinguished. Whenever this temperature is not reached
at the initial points of reaction, there can be no ignition, and
hence no flame.
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In safety-lamps, the isolation of the flame is secured
through the cooling effect of the wire gauze surrounding it.
The gauze permits the passage of air or gas, but flame is
extinguished when it comes in contact with the cool gauze.

(See Art. 904.)

904. Effect of Cooling.—Flame is the result of gases
burning at a white heat. The temperature of ignition for
each gas, in air, is a fixed point capable of calculation, and
expresses the number of heat units evolved in the reaction,
less the heat units absorbed and rendered latent by the
products of the combustion. The proximity of any cooling
surface whatever to a flame, has the effect of reducing the
temperature of the reacting gases. The molecular vibrations
of the cooler surface are so sluggish that the heat of the
reaction in the flame is converted into molecular work,
raising the temperature of the cool surface to a certain
extent, but extinguishing the flame in its immediate prox-
imity. This phenomenon may readily be observed by
presenting a flame to a cool surface, when it will be seen
that the flame does not touch the surface, but is separated
by a thin layer of gas that does not burn, because it has
been cooled below the point of ignition. This will continue
as long as the surface remains cool. For the same reason,
one may put a very cold hand, for a moment, into the flame
of a fire without burning the hand or feeling the heat.

In the case of a flame impinging against a cool wire gauze,
or other perforated surface, the conditions are very favorable
for the cooling of the gases of the flame below the point of
ignition, as they pass through the small openings. The
gases are divided into minute streams or jets, by the meshes
of the gauze, and cooled instantly, being thereby extin-
guished.

905. Temperature of Flame.—The cooling and
extinguishing of a flame is greatly assisted by the air-cur-
rents pouring towards it, and diffusing among the gaseous
molecules. This action of the air isolates, as it were, each
burning hydrocarbon particle. Each separate particle is
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thus surrounded by an envelope which renders more pos-
sible the cooling of the particle, because its temperature is
somewhat below the temperature of ignition at the center.
This has led to the rather indefinite and often misleading
phrase, ‘“temperature of the flame.” We can not rightly
speak of the temperature of flame except in a general way,
because it is not a definite quantity, but depends wholly
upon conditions of which we have no gauge, and we find a
different effective temperature in different parts of the
same flame.

906. Requirements of a Good Lamp.—Safety-
lamps, as previously stated, are used for two separate pur-
poses, and this has given rise to two types of lamps, differing
quite widely in their construction. They are:

(a) Lamps for general mining use.

(6) Lamps for testing for gas.

The requirements a good lamp must possess, for the pur-
poses of general use in a mine, are the following:

(a) Safety in strong currents.

(¢) Minimum liability to accident.

(¢) Maximum illuminating power.

(4) Diffusion of light upwards.

(¢) Simplicity of construction, and security of fastenings

or lock.

907. Davy Lamp.—Fig. 115 shows a perspective view
of this lamp. Fig. 116 is a sectional view of the same lamp.
The Davy lamp admits air freely through the lower part of
the gauze, as shown by the arrows at @ a; while the
products of combustion pass out through the upper portion
of the gauze cylinder 6 4 and the gauze plate ¢ at the top of
the lamp. This free passage of the gas-charged air in and
out of the lamp ensures a good cap, and has made the
Davy lamp a favorite with fire bosses, notwithstanding the
danger that is always present in the unbonneted Davy lamp
of the flame of the lamp being communicated to the outside
gas, either through flaming in the lamp or from exposure



§5 GASES MET WITH IN MINES. 65

to a current. The lamp is not safe when exposed to a cur-
rent of a greater velocity than 6 feet per second. When
gas is present in a thin stratum at the roof, its presence will

F1G. 115. FicG. 116.

not be revealed by the Davy lamp. In the hands of a care-
ful and experienced man, this lamp will detect the presence
of gas in quantities as low as 3 per cent.

908. Stephenson Lamp.—This lamp consisted of a
glass chimney surmounted by a perforated copper cap and
surrounded by a perforated copper shield. The lamp gave
a poor light, and was immediately supplanted by the Davy
lamp with gauze covering.

909. Geordy Lamp.—This lamp, so called after
George Stephenson, its inventor, was a combination of the
glass chimney of the original Stephensonlamp and the gauze
of the Davy lamp. It was regarded for a considerable time
as a thoroughlyv reliable and safe lamp. It gave a better

T. 371—6
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light than the Davy lamp, and for a while came into quite
extensive use. It was quite susceptible to gas, and made a
good lamp for testing, because the gas-cap could be more
easily distinguished through the glass than through the
gauze, although the caps were not as high as in the Davy
lamp. The supply, or feed, was more restricted, and
entered the lamp below the flame and passed out through
the gauze above the glass chimney.

910. Clanny Lamp.—This lamp was designed to
secure greater protection for the flame, combined with a
better light, than was provided in the Geordy lamp. A per-
spective view of the Clanny lamp is shown in Fig. 117, and a

Fic. 117. FIG. 118.
section of the same in Fig. 118. The air, instead of being
admitted below the flame, as in the Geordy lamp, is
admitted through the lower portion of the gauze cylinder,
just above the glass, and descends, within the lamp, to the
flame.
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The lamp, while it may present some points of protection
of the flame against strong currents, does not make a good
lamp, either for testing or for general purposes of illumina-
tion. The glass is apt to become dimmed by the smoke of
the flame, owing to the interference of the downward and
upward currents above the flame. A considerable percen-
tage of gas may be present in the air before its presence
will be revealed by this lamp. The lamp loses its protective
qualities whenever sufficient gas is present to produce
flaming.

911. Evan Thomas Lamp.—This is an improvement
upon the Clanny lamp, in two points; viz., the air drawn
in at a (Fig. 119) is conducted downwards between the two

Fi1c. 119. F16G. 120.

glass chimneys with which the lamp is provided, and enters
the lamp below the flame. The upper gauze of the lamp is
provided with a sheet-iron bonnet, which is a great protec-
tion in case of flaming or inner explosion. The downward
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current of cool air serves, also,. to keep the glasses cool, and
increases their power to transmit light; a heated glass
always impairs the transmission of light.

Fig. 120 shows another type of this lamp, designed for the
use of fire bosses. Theinner glass cylinder is replaced by a
cylinder of gauze; in other respecis the principle of the
lamps is the same. At the time of the invention of this
lamp, the study and designing of lamps, with respect to
securing greater protection, received renewed attention, and
resulted in bringing forward various devices having this end
in view.

912. Marsaut Lamp.—The principal feature of this
lamp, a perspective view of which is shown in Fig. 121 and
a section of the same in Fig. 122, is the multiple-gauze

FiG. 121.

chimneys. The lamp shown in the figure (Fig. 122) has
three of these gauze chimneys, one over the other, and an
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outer bonnet of sheet iron. This lamp is adapted for use in
strong currents. The air enters the lamp above the glass
chimney; and much that has been said in reference to the
Clanny lamp in this respect is applicable to the Marsaut.

913. Mueseler Lamp.—This lamp, of which Fig. 123
shows a perspective view and Fig. 124 a section, presents an

F16. 123, Fi1c. 124.

important departure. It is the first lamp introducing a
feature calculated to increase its draft, and thereby im-
prove its illuminating power. In this lamp is provided a
central tube or chimney & of sheet iron, conical in shape,
and held in position by a horizontal, perforated diaphragm
of sheet iron ¢ ¢, at the junction of the gauze and glass
cylinders. The air enters the lamp through the gauze ata a,
and, passing through the perforations of the diaphragm, is
drawn down under the expanded mouth of the central
chimney and in close proximity to the flame. The draft
of this chimney increases to a considerable degrce the
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illuminating power of the lamp, while the central tube adds
very largely also to the security of the lamp against currents

and inner explosions, the latter sel-
dom being communicated outside of
the lamp. Itis not a lamp adapted
to the detection of gas, but it has
been known to withstand a current of
100 feet per second.

914. Howat’s Deflector.—
This consists of an annular ring A
(Fig. 125), so arranged as to deflect
the entering current of air down-
wards upon the flame. It has been
fitted to the Marsaut lamp, with a
marked improvement in the illumi-
nating power of that lamp.

915. Ash-
worth-Hep-
plewhite-Gray
Lamp.—Among

F16. 125. the lamps of spe-
cial design for testing for gas, that
shown in Fig. 126 is perhaps the most
convenient, and combines in one lamp
many of the best features. The air,
when the lamp is being used for test-
ing, enters the tops of the four stand-
ards, as shown at ¢ @, and, passing
down the standards, enters the lamp
below the flame, thereby producing
the best conditions for yielding a good
gas-cap. The glass chimney ¢ ¢ is
made slightly conical, tapering towards
the top; the same conical shape is, also,
given to the gauze chimney g, above
the glass. The gauze chimney is

bonneted. The conical shape of the glass assists the
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upward diffusion of the light, and makes the inspection of
the roof easier; while the same shape in the gauze chimney
renders the lamp more safe and secure against an inner
explosion of gas being communicated outside of the lamp.
The air being drawn into the lamp through the top of the
standards, makes it possible with this lamp to detect
a thin stratum of gas near the roof. When not in use for
testing, the air may be admitted at the battom of the stand-
ards, at 4 4, by moving a little shutter that closes them.

916. Pieler Lamp.—This lamp, shown in Fig. 127, is a
gauze lamp, similar to a Davy lamp, but
burns alcohol instead of oil, in order to ren-
der the observance of the gas-caps easier.
In its safest form, the gauze is bonneted
by a sheet-iron bonnet, the gas-caps being
observed through a glass window. This
window is very apt to become dimmed
with smoke and moisture, and impair the
observance of the caps. The lampis pro-
vided with a shield ¢, surrounding the
flame, and the latter is adjusted so that
its tip does not extend above the top of
the shield.

This lamp was designed by the inventor
to yield a standard flame which would
always present a certain height and vol-
ume, and yield flame-caps of a uniform
height, for given percentages of gas.
The following table was prepared by him
to show the percentage of gas corresponding to different
heights of flame-caps. .

} per cent. of gas yields a cap 1.25 inches high.

% per cent. of gas yields a cap 2.00 inches high.

1 per cent. of gas yields a cap 3.50 inches high.

14 per cent. of gas yields a cap 4.75 inches high.

cap reaches the top of the lamp, and

13 per cent. of gas ;beyond this percentage of gas the

lamp fills with flame.
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The heights of these caps are measured from the top of the
shield ¢. The lamp flames easily, in a mixture containing
more than 1% per cent. of gas, and is, therefore, a source of
danger, and requires great care and caution initsuse. Any
variation in the strength of the alcohol varies the height of
the flame. The flame is, therefore, not strictly a standard
flame.

917.- The Illuminating Power of Safety-Lamps.—
The amount of light given off by any safety-lamp is much
less than that of the ordinary naked light used in mines.
Table 22 gives the comparative illuminating power of some
of the various lamps described. The light of a sperm candle
is taken as 1, or unity.

TABLE 22.
Illuminating Power
of Lamp, witha
Name of Lamp. Candle Taken as 1,
or Unity.

Davy .coiiiiiii i 0.16
Geordy....coviiiiiiiii it e 0.10
Clanny......coiiiiiine viiiiiinnnnn. 0.20
Mueseler..........cooiiiiiiiiin . 0.35
Evan Thomas.......... Cee 0.45
Marsaut, 3 gauzes................o. ... 0.45
Marsaut, 2 gauzes.............. ... ... 0.55
Howat’s Deflector...................... 0.65

Ashworth-Hepplewhite-Gray............ 0.65 (about)

918. Flame-Caps or Gas-Caps.—By cxperiment, it
has been determined that the presence of carbonic acid gas,
even to the extent of 5 per cent., has no effect upon the
flame-cap.

It has also been ascertained that the height of the flame-
cap changes with the size and height of the flame itself, and
also with the oil used to produce the flame.
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919. The Oil Used in Safety-Lamps.—All the
lamps described, with the exception of the improved Ash-
worth-Hepplewhite-Gray and the Pieler lamps, are con-
structed to burn either vegetable or seal oil. In the last
two, light mineral oils are burned.

According to the English Mine Commission, the safest oils
to use are vegetable oils, such as rape, made from rape-seed,
and colza, made from cabbage-seed, and seal oil. None of
these are explosive. Petroleum used alone is liable to ex-
plode, and should be avoided.

In point of brilliancy, the flame of a lamp burning seal
oil is superior to one burning either rape or colza oil, and
the wick is less liable to become charred.

By addition of one part of petroleum to two parts of rape
or seed oil, the light is increased.

Many of the oils in common use in safety-lamps have a
tendency to encrust the wick and thereby lower the flame.
Sometimes petroleum or benzine has been added to the oil,
which reduces this tendency, and yields a better flame for
testing purposes. Alcohol yields a hotter and less luminous
flame and a much higher cap. In some cases, a hydrogen
flame has been used for testing purposes. The hydrogen is
compressed into a smail steel cylinder attached to the lamp,
and is burned in the lamp at the mouth of a small tube.
This apparatus gives a standard flame for testing, but it
can not always be conveniently obtained.

920. Locks for Safety-Lamps.—All safety-lamps
should be securely locked, and in such a manner as to pre-
clude the possibility of being tampered with. Screw-pins
are not an adequate protection.

The best lock, for security and
cheapness, is the lead-plug lock,
shown in Fig. 128.

On the right-hand side of the
oil-vessel of the lamp a pin pro-
jects, with a hole in it. Around FiG. 198,
the bottom of the top part of the lamp there is a thin,
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movable, metal ring R, and to this ring is fixed a hinged
latch.

The ring is turned around, until the latch drops over the
pin. A small plug of soft lead is put through the hole in the
pin, to prevent the hinged latch from being lifted, and
this lead plug is punched flat at both ends, to prevent it
from being pulled out. The plugs are cast in a mold, at
the colliery; and, as they are cut to pieces, in the lamp room,
when the lamp is returned to be cleaned, they are collected
and remelted, and the lead is used over and over again.
To prevent tampering with the lead plug, it is punched up
at both ends, with a punch containing a letter of the alpha-
bet. These letters are interchangeable, and it is usual to
use a new letter each day, so that the workmen can not
counterfeit them.

Machines are used for locking these lamps, and other
machines for cleaning them. Safety-lamps should be
thoroughly cleansed at the close of every shift and put in
readiness for another day.

TESTING FOR FIREDAMP IN MINES.

921. The Fire Boss.—The duties devolving upon a fire
boss are of a very serious nature. In his handsis often placed
the safety of every man in the mine. A simple oversight
upon his part may result in the most appalling catastrophe.

The safety-lamp, at the present time, is the only practical
means at the disposal of this man for the detection of fire-
damp. According to the good-condition and sensitiveness
of the lamp, and the experience of the man, his report of the
condition of each working place and section of the mine
under his charge is more or less accurate. That the fire
boss should be a careful, painstaking, and conscientious
man is readily seen upon a little reflection. Suppose, for
example, a current of 50,000 cubic feet of air per minute is
being furnished to a certain section of a gaseous mine. In
this section, perhaps, the fire boss may detect a small per-
centage of gas in the current, say 4 of one per cent. The
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total flow of gas is then 4 of 1} of 50,000 = 250 cubic feet
per minute. If a door is left open upon the airway, or a fall
occurs so as to reduce the current, say, to 3,000 cubic feet
of air per minute, this gas will render the reduced current
explosive in a very short time, and only prompt and de-
cisive action on the part of the fire boss will avert a catas-
trophe.

922. Testing by Lamp.—The use of the lamp, for
the purpose of testing for gas, depends upon the observing
of the height of a pale, bluish tip, or cap, to the flame of
the lamp. If the lamp flame is too bright, a small gas-cap
can not be seen, as the eye will be blinded by the light of
the flame.

For this reason the non-luminous, alcohol or hydrogen
flames are better adapted for observing the gas-cap. The
body of the flame should be screened from the eye while
taking an observation. This is sometimes effected by hold-
ing the hand between the flame and the eye, or by inter-
posing a metallic screen, as in the Pieler lamp.

The flame of the lamp is usually lowered to a small size
when testing, and it is always best to adopt a uniform size
of flame, to ensure uniform results. No quick movement
must be made. In case of flaming in the lamp, coolness
and presence of mind are necessary to remove the lamp
carefully from the gaseous body. A quick movement will
precipitate an explosion by the forcing of the inner flame
through the hot gauze.

A good lamp for testing purposes will have a free ad-
mission of air, preferably below the flame. The background
of the flame, or the gauze through which the flame is ob-
served, should present no reflecting surfaces, as any reflec-
tion interferes seriously with the sensitiveness of the obser-
vation.

The lamp is, thus far, the most practical means at our
disposal for gas-testing in mines. The percentages of gas
in the air, determined by its use, are necessarily only ap-
proximately accurate; but the determination is made at
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once at the point where the gas has accumulated, and the
value of this approximate knowledge can not be disputed.

923. Testing by Machines.—Undoubtedly the Shaw
Gas-Testing Machine, a view of which is shown in Fig. 129,
is the most accurate, simple, and complete mechanical de-
vice for this purpose known. Its use, however, is restricted
largely by its lack of portability. On account of this, it can
not replace the method of testing for gas, at the working
faces, by means of the safety-lamp.

The machine consists of two cylinders, or pump-barrels, 4
and B, constructed of such relative size, and so connected

F1G. 120.

to a common lever G, as to pump relative quantities of gas
and air into an ignition-chamber Z. One of the pump-
cylinders A4 is stationary and pumps air, while the other
cylinder B is so arranged as to be movable, and can be set
to pump any proportionate amount of gas. Thus, it is easy
to so arrange these two cylinders that a definite mixture of
gas and air will be pumped into the ignition-chamber. The
beam, or lever, is graduated to rcad the percentage of gas
pumped.

The ignition-chamber Z is a cylinder having a loose piston.
The mixture pumped into this chamber strikes first against
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the piston, at the left-hand end of the cylinder, and, filling
the cylinder, is expelled through an igniting nozzle at the
opposite end. If the mixture is explosive, its ignition and
explosion drives the piston forcibly against the gong /|
at the end of the cylinder. The ignition is accomplished by
a small gas-jet, or other flame burning at the discharge ori.
fice of the chamber.






MINE VENTILATION.

(PART 1)

INTRODUCTORY.

GRAVITATION.

924. As a knowledge of gravitation and the laws of
falling bodies is necessary in the study of mine ventilation,
these subjects will be briefly treated before the principles
governing the flow of air are discussed.

925. All bodies in the universe exert a certain attract-
ive force on every other body, which tends to draw the
bodies together. This attractive force is called gravita-
tion. R

If a body is held in the hand, a downward pull is felt, and
if let go of will fall to the ground. This pull is commonly
called wezght, but it really is the attraction between the
earth and the body.

926. Force of gravity is a term used to denote the
attraction between the earth and bodies upon or near its
surface. It always acts in a straight line between the cen-
ter of the body and the center of the earth. The force of
gravity varies at points on the earth’s surface.

It is slightly less on the top of a high mountain than at
the level of the sea. For this reason the weight of a body
also varies. But if the weight of a body at any place be
divided by the force of gravity at that place, the result is
called the mass of the body.

927. The mass of a body is the measure of the actua!l
amount of matter that it contains, and is always the same.
If the mass of the body is represented by , its weight
§6
Por notice of the copyright, see page immediately following the title page
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by W, and the force of gravity at the place where the body
is weighed by g, we have

weight of body

mass = ————————=—
force of gravity’

W
=— 23.
or m e (23.)

928. Law of Gravitation :

The force of attraction by whick one body tends to draw
another body towards it is dircctly proportional to its inass,
and inversely proportional to the square of the distance be-
tween thetr centers.

929. Laws of Weight:

Bodies weigh most at the surface of the earth. Below the
surface, the weight decreases as the distance to the center
decreases.

Above the surface, the weight decreases as the square of the
distance tncreases.

ILLusTrRATION.—If the earth’s radius is 4,000 miles, a
body that weighs 100 pounds at the surface will weigh
nothing at the center, since it is attracted in every direction
with equal force. At 1,000 miles from the center it will
weigh 25 pounds, since

4,000 : 1,000 = 100 : 25.

At 2,000 miles from the center it will weigh 50 pounds,
since
4,000 : 2,000 = 100 : 50.

At 3,000 miles from the center it will weigh 75 pounds,
and at the surface, or 4,000 miles from the center, it will
weigh 100 pounds. If carried still higher, say 1,000 miles
from the surface, or 5,000 miles from the center of the earth,
it will weigh 64 pounds, since

5,000 : 4,000 = 100 : 64.

At 4,000 miles from the surface it will weigh 25 pounds,

since
8,000” : 4,000 = 100 : 25.
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930. Formulas for Gravity Problems:

Let I = weight of body at the surface;
w = weight of a body at a given distance above or
below the surface;
d = distance between the center of the earth and
the center of the body;
R = radius of the earth = 4,000 miles.

Formula for weight when the body is below the surface,
wR=dIV. (24.)

Formula for weight when the body is above the surface,
wd'= WR. (25.)

ExauMpPLE.—How far below the surface of the earth will a 25-pound
ball weigh 9 pounds?

SoLuTioN.—Use formula 24, w R =d V.

Substituting the values of R, }#/, and w, we have

9 X 4,000 =d X 25;

or d= 9%;099 = 1,440 miles from the center. Ans.

ExampLE.—If a body weighs 700 pounds at the surface of the earth,
at what distance above the earth’s surface will it weigh 112 pounds?

SoLuTioN.—Use formula 28, @ J? = [V k2.

Substituting the values of &, I1”, and =, we have

112 X 2 =500 X 4,000;

or d=14/ ﬂ?l(,lfiz‘l'i"i = 10,000 miles.

Therefore, 10,000 — 4,000 = 6,000 miles above the earth’s surface.

Ans.

ExaupPLE.—The top of Mt. Hercules was said to be 32,000 feet, say
6 miles, above the level of the sea. If a body weighs 1,000 pounds at
sea-level, what would it weigh if carried to the top of the mountain ?

SOLUTION.— wd?*= W R?; or, w X 4,006? = 1,000 X 4,000%;

_ 4,000 X 1,000

whence, w = e 997 pounds.- Ans.

EXAMPLES FOR PRACTICE.

1. How much would 1,000 tons of coal, weighed at the surface,
weigh one mile below the surface ? Ans. 1,999,500 1b.
2. How much would the coal in example 1 weigh one mile above
the surface ? Ans. 1,999,000 1b., nearly.

T. 37—7 s
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3 How far above the earth’s surface would it be necessary to carry

a body in order that it may weigh only half as much ?
Ans. 1,656.854 miles, nearly.
4. A man weighs 160 pounds at the surface; how much will he

weigh 50 miles below the surface ? Ans. 158 1b.
5. If a body weighs 100 pounds 400 miles above the earth’s surface,
how much will it weigh at the surface? Ans. 121 1b.

NoTe.—Use 4,000 miles as the radius of the earth.

FALLING BODIES.

931. If a leaden ball and a piece of paper are dropped
from the same height, the ball will strike the ground first.
This is not because the leaden ball is the heavier, but be-
cause the resistance of the air has a greater
retarding effect upon the paper than upon the
ball. If we placed this same leaden ball and
a piece of paper in a glass tube, Fig. 130,
from which all of the air has been exhausted,
it would be found that, when the tube was in-
verted, both would drop to the bottom in ex-
actly the same time. This experiment proves
that it was only the resistance of the air that
caused the ball to reach the ground first in
the former experiment. This resistance of
the air may be nearly equalized by making the
two bodies of the same shape and size. For
example, if a wooden and an iron ball, having
equal diameters, were dropped from the same
height, they would strike the ground at
= almost exactly the same instant, although
) the iron ball might be ten times as heavy
as the wooden ball.

Suppose there were several leaden balls, as shown in
Fig. 131, at a; it is obvious that if b
they were dropped together, all a ™
would strike the ground at the same 099
time. If the balls werc melted to- FIG. 131.
gether into one ball, as 4, they would still fall together, and
strike the ground in the same time as before.
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Since a number of horses can not run a mile in less time
than a single horse, so 100 pounds .can fall no farther in a
given time than 1 pound can.

932. Acceleration is the rate of increase of velocity.
If a force acts upon a body free to move, then, according to
the first law of motion, it will move forever with the same
velocity unless acted upon by another force.

Suppose that, at the end of one second, the same force
were to act again, the velocity at the end of the second
second would be twice as great as at the end of the first
second. If the same force were to act again, the velocity
at the end of the third second would be three times that at
the end of the first second. So, if a constant force acts
upon a body free to move, the velocity of the body at the
end of any time will be the velocity at the end of one second,
multiplied by the number of seconds.

This constant force is called a constant accelerating
force, or comstant retarding force, according as the
velocity is constantly zncreased or decreased.

If a body is dropped from a high tower, the velocity with
which it approaches the ground will be constantly increased
or accelerated; for the attraction of the earth, or icrce of
gravity, is constant and acts upon the body as a constant
accelerating force. It has been found by careful experi-
ments that this force of gravity, or constant accelerating
force on a freely falling body, is equivalent to giving the
body a velocity of 32.16 feet in one second; it is always de-
noted by g&. As was mentioned before, g varies at different
points on the earth, being 32.0902 at the equator and
32.2549 at the poles. Its value for this latitude (about 41°
25' north) is very nearly 32.16, and this value should always
be used in solving problems. It has also been found by ex-
periment that a freely falling body starting from rest will
have fallen 16.08 feet at the end of the first second; 64.32
feet at the end of the second second; 144.72 feet at the end
of the third second; 257.28 feet at the end of the fourth
second, etc., all of which are shown in the diagram, Fig. 132.
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L6432, 14472 25798
Since g s =4=%5 Teos =2 =% g8 = 6=

and 2°, 3%, 4” are the squares of the number of seconds dur-
ing which the body falls, it is easy to see that the space
through which a body free to move will fall in a given time
is equal to 16.08 multiplied by the square of the time in
seconds.

Since 16.08 =

time in seconds.

32.16

=34 g, the space =4} g X square of

933. Formulas for Falling Bodies:

Let g = force of gravity = constant accelerating force
due to the attraction of the earth;
¢t = number of seconds the body falls;
v = velocity at the end of the time ¢;
/& = distance that a body falls during the time 2.
v=gt. (28.)

That is, the velocity acquired by a freely falling body at the
end of t seconds cquals 32.16, multiplicd by the time in
seconds.

ExaMpLE.—What is the velocity of a body after it has fallen 4 sec-
onds, assuming that the air offered no resistance ?

SoLvTioN.—Using formula 26,

v =g ?=238216 X 4 =128.64 feet per second. Ans.

=7
4 =z (27.)

That is, the number of scconds during whick a body must
have fallen to acquire a given velocity equals the given velocity
tn feet per sccond, divided by 32.16.

ExaMPLE.—A falling body has a velocity of 192.968 feet per second;
how long had it been falling at that instant ?

SoLuTioN.—Using formula 27,

v 192,96
= e =576 = 6 seconds. Ans.
N
pA (28.)

=2—?._
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That is, the height from which a body must fall to acquire
a given velocity equals the square of the given velocity, divided
hy 2 X 32.16.

ExaMpLE.—From what height must a stone be dropped to acquire a
velocity of 24,000 feet per minute ?

SOLUTION.— 24,000 + 60 = 400 feet per second. Using formula 28,
o' 4000 160,000
227 28216 64.32

v=42gh (29.)
That is, the velocity that a body will acquire in falling
through a given height equals the square root of the product
of twice 32.16 and the given height.

ExAMPLE.—A body falls from a height of 400 feet ; what will be its
velocity at the end of its fall ?

SoLuTION.—Using formula 29,
v= 42 k= 42X 3216 X 400 = 160.4 feet per second. Ans.
h=1%gt (30.)

That ts, the distance a body will fall in a given time equals
82.16 =+ 2, multiplied by the square of the number of seconds.

ExaMpPLE.—How far will a body fall in 10 seconds ?

SoLuTioN.—Using formula 30,

h=3g0 =1}X38216 X 10° = 1,608 feet. Ans.

2k
‘= V?. (31.)

That is, the time it will take a body to fall through a given
height equals the square root of twice the height, divided by
2.16.
ExamMpLE.—How long will it take a body to fall 4,116.48 feet ?
SoLuTioN.—Using formula 31,

2X4,116.48
16 = 16 seconds. Ans.

h= =2,487.56 feet. Ans.

=

A body thrown vertically upwards starts with a certain
velocity called the initial velocity. In this case gravity
acts as a constant retarding force. The formulas given
above will also apply in this case.
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ExamprLE.—If a cannon-ball is shot vertically upwards with an
initial velocity of 2,000 feet per second, (¢) how high will it go? (&)
How long a time must elapse before it reaches the earth again? -

SoLuTioN.—(a) Using formula 28,

= 5— = 5—a53 = 02,189 feet, nearly, = 11.778 miles. Ans.

To find the time it takes to reach a height of 62,189 feet, use
formula 27.

v 2,000
= E—m=62 19 seconds.

Since it will take the same length of time to fall to the ground,
the total time will be 62.19 X 2 = 124.38 seconds = 2 minutes 4.38
seconds. Ans.

THE NECESSITY OF VENTILATION.

934. Ventilation is the replacing of the foul air
contained in an enclosed space by fresh air from the
atmosphere.

To a person accustomed to workmg out of doors the ne-
cessity of ventilation is not apparent. He breathes, and the
foul gas exhaled from his lungs dissipates into the ocean
of atmosphere about him, leaving no trace behind, so
rapidly is it diluted by the ever-moving air around him.
When he descends into a mine, the case is widely different.
Here, unless assisted by artificial means, the air-currents
move very slowly or not at all. Poisonous gases from the
workings must be diluted by fresh air; the men require a
certain amount of fresh air to sustain life ; the lamps require
a certain amount in order that they may burn and give forth
light; the horses or mules require still more; air or an air-
current is required for other purposes. The result of all
this is that unless a constant supply of fresh air is being
circulated through the mine, it very soon becomes impossible
for men or animals to live in it—much less work there.

The science of mine ventilation may be comprised under
three general headings:

1. The quantity of air required.
2. The laws governing the flow of air through mines.
3. The means for inducing the flow of air through mines.
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THE QUANTITY OF AIR REQUIRED.

935. The question as to what amount of air is necessary
in mines does not admit of an exact answer. No two mines
present the same conditions, and what is an ample provision
of air in one mine is inadequate in another.

As each man requires a certain amount of pure air at
every breath, it has been the rule in the past to select one
man as the unit of calculation, and to allow so many cubic
feet for every man employed underground. Some writers
have made additional allowances for the mules and lamps.

Any estimate based on these lines is mere guesswork.
The amount of air necessary for the support of life and the
combustion of lights is insignificant in comparison with the
other requirements.

A man requires a quantity of air which varies according
to the exertion he is making, and this quantity, for a miner,
may be estimated at 28 cubic feet-per hour, or half a cubic
foot per minute. A lamp consumes about the same quan-
tity, and a mule about six times as much as a man.

A considerable quantity of air is required to render harm-
less the gas transpiring from the coal. If this gas were
given off regularly, a correct estimate of the quantity of air
required to dilute and render it harmless could be arrived
at; but, owing to sudden outbursts, this can not be done.

A shallow mine is more likely to have had the gas drained
off by the necarness of the seam to the surface, and is, there-
. fore, not likely to require so much air for the removal of
gas, in working, as a deep mine.

A change in the barometer has a decided influence upon
the ventilation. A low barometer indicates a lighter weight
of the air, and this, by reducing the pressure, assists in the
freer admission of standing gas from the goaves and disused
workings, and makes necessary an increased quantity of air
to remove this gas. Heated air requires more fresh air to
reduce the temperature and make the atmosphere of the
mine healthy and comfortable for the workmen.

At the same time, it is necessary to remember that,
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aitnough the current should be sufficiently strong to enable
it to be felt if the face is turned towards it, it must still not
be so strong as to chill those who enter it while sweating.

936. The laws relating to the ventilation of coal-mines
in the different States of the Union require, with two
exceptions, a minimum of 100 cubic feet of air per man per
minute. The Anthracite Mine Law of Pennsylvania fixes
200 cubic fcet per man per minute as the minimum. The
law of the State of Maryland fixes no minimum, but requires
that the mine ‘‘shall be in a healthful condition for the men
working therein.” The English Mines Regulation Act of
1887 requires ‘‘sufficient to dilute and render harmless all
noxious gases.”

937. Instead of attempting to fix the quantity required
at so much per man, it would be better to class the mines in
each district into groups, having reference to the number of
men employed, the area of the workings, the output, the
nature of the coal, the depth of the workings from the sur-
face and the general conditions regarding the amount of gas
evolved, etc., and to make an average estimate of the vol-
ume required for the mines of each group.

In such a classification, the increase of the ventilation
would be in accordance with the importance of the different
requirements. These requirements may be summarized as
follows :

The total quantity of air required should increase—

. With the maximum number of men employed;

. With the maximum number of mules in use;

. With the maximum quantity of explosives used;
With the maximum daily output;

With the depth of the seam from the surface

. With the thickness of the seam;

. With the extent of the live workings;

With the extent of the gob.

The volume of air to be allowed for these causes can be
determined only after careful and exhaustive research, but,

T O W W

oo
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if determined, it would ensure safety much more certainly
than the minimum system at present in vogue.

In the largest and most gaseous mine in the anthracite
region of Pennsylvania, the average quantity provided per
man per minute ranges from 200 to 700 cubic feet.

THE LAWS GOVERNING THE FLOW
OF AIR.

THE THEORETICAL VELOCITY OF AIR.

938. The theoretical velocity of air is the velocity
at which the air enters the downcast shaft, and before it is
subject to the resistance of friction due to the sides of the
mine passages. It is a purely theoretical quantity and of
little practical use. To produce a flow of air between the
upcast and downcast shafts, the pressure, or weight, of the
.column of air in the downcast must be- greater than the
pressure, or weight, of the column of air in the upcast.

939. Suppose that Fig. 133 represents a section of a
mine in which the downcast shaft 4 2 and the upcast shaft
. ‘ ’ ____ D C have the same height.
a7 7P| " The air can be caused to

7 flow from A to D by crea-
ting a difference of pressure
or of weight in the columns

j D . of air in the two shafts,
1B — c¢| = thatin the shaft 2 C being
T T T less than that in the shaft
A B.

This difference of pres-
sure, or weight, of the air columns can be created in two
ways: (1) By increasing the density, or pressure, of the
air in the shaft .4 8. (2) By expanding the air, or decreas-
ing the pressure, in the shaft /2 . Each of these methods
results in destroying the equilibrium, or equality of pressure,
or weight, in the shafts.

Seaasa

FIG. 133,
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Without entering here into a description of the methods
for producing the difference of pressure, it may be stated
that the ventilation is accomplished, according to the first of
the above methods, by the use of a blowing-fan or by a
waterfall, and, according to the second method, by means of
a furnace, exhaust-fan, or steam-jet.

940. To find the theoretical velocity of air in a mine,
due to the difference in the pressures in the upcast and
downcast shafts, we have the following formula, in which

v = velocity of the air in feet per second;

F = the constant force represented by difference of pres-

sure in pounds per square foot;

w = weight of a cubic foot of air;

£ = acceleration due to gravity = 32.16 ft.

v=4/2&
v=§ o (32.)

941. The Motive Column.—That portion of the
downcast column of air which represents the difference be-
tween the weights of theair
columnsin thedowncastand %7~~~
the upcast shafts is called
the motive column. The
excess of weight in the air
in the downcast over that 7~
in the upcast is what causes
the flow of air up the up-
cast. Hence, if we sub- 7
tract the pressure persquare
foot at the bottom of the
upcast from the pressure
per square foot at the 7/
bottom of the downcast, 2,/ /. /i
and divide the difference by
the weight of a cubic foot
of air in the downcast, we have the length of the motive col-
umn, or the column whose weight overcomes the balance and
causes the current to move up the upcast. For example, in

SRRANANNNR

Cold Colummn.

o :,// /
Y

FIG. 134.
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Fig. 134, the long hot column ¢d is equal in weight to the
short cold column b¢, and they balance each other, but
the column @ 4 of cold air is resting on é¢ and destroys the
balance, and causes a current to flow ; hence, a 4 is the motive
column.

942. Thelength of the motive column may be found by
means of one of the following formulas, in which

W = the weight of a cubic foot of air in the downcast
shaft;

p = the pressure of the downcast shaft;

o, = the pressure in the upcast shaft;

¢, = the average temperature of the air in the downcast
shaft;

t =the average temperature of the air in the upcast
shaft;

D = the depth of the upcast shaft in feet;

Al = the length of the motive column in feet;

G = the water-gauge in inches. (See Art. 1058.)

_1’ -/
Then, M= - (33.)
5.2G
A[= 7. (34.)
"D(t— )
M= (35.)

ExaMPLE.—If the temperature of the air in the downcast shaft is
40° F., and in the upcast shaft 120° F., what is the height of the motive
column, the depth of the upcast shaft being 200 feet ?

SoLuTioN.—Applying formula 35,
D(t—t) _ 200(120 — 40)
459 + 7) (@59 + 120)

Proor.—The proof of the accuracy of this conclusion may be found
as follows: The weight of a cubic foot of air in the downcast shaft is
.07968, and the weight of a cubic foot of air in the upcast shaft is.06867;
then the entire weight of the upcast shaft column is .06867 X 200 =
13.73400 pounds, and the weight of the portion of the downcast column
that balances the weight of the upcast column is 200 — 27.63 = 172.37,
and 172.37 X .07968 = 13.734 pounds.

M= = 27.63 feet.
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In formula 385 it is assumed that the temperatures of the
downcast and outer air are the same. There is no material
error involved in this assumption, and the height of the
motive column so obtained is practically correct, since any
increase in temperature due to the depth is partly, if not
wholly, ncutralized by the moisture in the shaft absorbing
heat from the air.

PRESSURE AND RESISTANCES.

943. When the word ‘‘ pressure " is used in mine ven-
tilation, it means the force that produces a movement of the
air through the workings, and is called the ventilating
pressure. The velocities of air-currents depend upon dif-
ferences in pressures, the greater the difference the greater
the velocity of the current. It should, therefore, be remem-
bered that it is not the gross pressure at the beginning of an
air-current that produces its velocity, but rather the differ-
ence between the gross pressures at both cnds, which is the
ventilating pressure. A difference of pressure of one pound
per square foot will produce a current of wind in the open
air having a velocity of about 19 miles per hour.

9414. The ventilating pressure may be expressed in
pounds (in which case it is called the total pressure),
in pounds per square foot, in inches of water-gauge, or in
feet of motive column. Unless otherwise stated, it will be
expressed in pounds per square foot. Should it be necessary
to express it in inches of water-gauge, it may be easily con-
verted into pounds per square foot by multiplying the
number of inches of water-gauge by 5.2.

In order to avoid the long term *‘ventilating pressure,’
and also to make the language conform to other books per-
taining to the subject of mine ventilation, the word pressure
only will be used, except when it is thought best to use the
full term.

The resistances met with in mines may be divided into
three classes : First, the resistance due to friction; second,
the resistance due to changing thc direction of the current,
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i. e., bends; third, the resistance due to contracting or en-
larging the airway.

The most important of these resistances is that due to
friction, and is the first that will be considered.

THE THREE LAWS OF FRICTION.

945, Asthe result of many experiments, the truth of the
three following laws, called the three laws of friction,
has been firmly established.

946. First Law.—When the velocity remains the same,
the total pressure required to overcome friction varies directly
as the extent of the rubbing surface.

947. By rubbing surface is meant the entire area
touched by the air in passing through the airway. The
cross-section of the airway may be a square, a rectangle, a
trapezoid, or a circle. If the cross-section is a square, the
perimeter equals the length of one of the sides of the
cross-section multiplied by 4; if a rectangle or trapezoid,
the perimeter equals the sum of all the sides, and if a circle,
the perimeter equals the diameter multiplied by 3.1416.
Having found the perimeter, the rubbing surface may be
found by multiplying the perimeter by the length of the
airway.

948. The first law states that if the rubbing surface be
increased, the pressure must be increased in the same pro-
portion in order to pass the air with the same velocity. In
other words, if the rubbing surface be increased 14, 2, 3, 4,
etc., times, the pressure must also be increased 14, 2, 3, 4,
etc., times in order to pass the same quantity of air.

In applying this law, it does not matter whether the pres-
sure per square foot or the total pressure is considered, if
in the first case the sectional area remains the same.

ExAMPLE.—Suppose that a certain airway passes 10,000 cubic feet
of air per minute ; what must be the increase in pressure in order to

pass the same amount through an airway whose cross-section has the
same area, but whose rubbing surface is 1.6 times as great ?
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SoLuTION.—Since the rubbing surface is increased 1.8 times, while
the other factors (velocity, quantity, sectional area, etc.) remain the
same, it follows that, according to the first law of friction, the pressure
must also be increased 1.6 times. Ans.

9149. The form of the cross-section of the airway ex-
erts a considerable influence on

the amount of rubbing surface, 10-8
as the following examples will
show : ) o

ExaMpLE 1.—Find (4) the rubbing
surface and (4) the area of the cross- —
section of an airway 1,000 feet long hav- Fltg-lsss
ing a rectangular cross-section, whose o
sides are 10 feet 8 inches long by 6 feet high. (See Fig. 135.)

SoLtTioN.—(a) The rubbing surface equals the perimeter multiplied
by the length; or, since 10 ft. 8 in. =10¢ ft., (10§ + 6 + 10§ + 6) X
1,000 = 334 X 1,000 = 33,333} sq. ft. Ans.

(4) Area =103 X 6 =64 sq. ft. Ans.

ExaMpLE 2.—Suppose that in the preceding example the rectangular

section had been 16 feet wide and 4 feet high, what would have been
the rubbing surface and area?

SoLtTioN.—The rubbing surface = (16 + 4 + 16 + 4) X 1,000 =40 X
1,000 = 40,000 sq. ft., and the area = 16 X 4 = 64 sq. ft. Ans.

In this example the cross-sectional area is the same as in
example 1, while the rubbing surface is } greater. Had the
sides been 32 feet and 2 feet, the sectional area would have
been 64 square feet, as above, but the rubbing surface would
have been (32 + 2 4 32 4 2) X 1,000 = 68,000 square feet,
or 2.07 times as much as in example 1. Hence, to pass the
same quantity of air, the pressure would require to be
increased 1.07 times.

950. It is easy to seethatthe more oblong the rectangle
is the more rubbing surface there is for the same sectional
area, and it is evident that the perimeter of a square sec-
tion is less than that of a rectangular section having the
same area. Thus, the perimeter of the square, Fig. 136,
is but 32 feet, while that of the rectangle in Fig. 135 is 33}
feet, and that of the rectangle in example 2 is 40 feet, If
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Fig. 136 represents a section of an airway 1,000 feet long,

8 6’

o ®, T a
8 100
F1G. 186. FIG. 187. FiG. 138.

the rubbing surface is 32 x 1,000 = 32,000 square feet.

ExauMpPLE 8.—Suppose an airway to have a trapezoidal cross-section
like that shown in Fig. 137, and to be 1,000 feet long; what is the rub-
bing surface and sectional area ?

SoLuTioN.—The rubbing surface (since 8 ft. 3 in.=8} ft.) equals
(10 + 8 + 6 + 83) X 1,000 = 32,500 sq. ft., and sectional area = >+ 1% x
8 =64sq. ft. Ans.

ExAMPLE 4.—A circular airway is 9.026 feet in diameter and 1,000
feet long; what is its rubbing surface and sectional area ?

SoLuTioN.—The rubbing surface equals 3.1416 times the diameter
multiplied by the length = 3.1416 X 9.026 X 1,000 = 28.36 X 1,000 =
28,360 sq. ft., and the sectional area = 9.026? X .7804 = 64 sq. ft.

It will be noticed that in all of the above examples the
area of the cross-section is G4 square feet, while the rubbing
surface varies from 28,360 to 68,000 square feet.

The results obtained above are all combined in the follow-
ing table, and show at a glance the effect produced by vary-
ing the forms of the cross-section, the sectional area and
the length of the airway being the same in all.

951. Table 23 shows that for a given sectional area the
circular airway has the least rubbing surface, and that the
square airway comes next, while, with rectangular airways,
that which most nearly approaches the square form has the
least rubbing surface. Hence, for economy in ventilation,
circular airways are best; but, since they are seldom prac-
ticable, owing to other considerations, square airways
should be used whenever it is possible to do so. If rectan-
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gular or trapezoidal airways are absolutely necessdry, they
should, in so far asit is practicable, approach the square form.

TABLE 23.

< IS

. Rubbing| & 9

Form of Dimensions of | Length Perim- Sut.'face i %
Section. Section. in Feet. | . eter mn § §

in Feet. | Square 3 (S'

Feet. é &

Circular 9.026" diam. 1,000 | 28.36 | 28,360 | 64
Square 8' x 8 1,000 | 32 32,000 | 64
Trapezoidal (10"and 6’) X 8} 1,000 | 32% 32,500 | 64
Rectangular 10'8" x ¢’ 1,000 | 33% 33,333 | 64
Rectangular 16’ x 4’ 1,000 | 40 40,000 | 64
Rectangular 32 x 2 1,000 | 68 68,000 | 64

It is evident that increasing the length of the airway will
also increase the rubbing surface. Hence, if two airways
have the same perimeter and area, but different lengths,
and the air is transmitted with the same velocity in each,
the pressures will be in direct proportion to the lengths.

ExanpLE.—Two airways are each 6 feet high and 9 feet wide;conse-
quently their areas of section and perimeters are equal. The length of
one of these airways is 1,800 feet, and the pressure indicated by the
water-gauge is 1.72 inches; the length of the other airway is 2,700 feet.
If the velocity is the same in both these airways, what should be the
height of the water-gauge for the airway 2,700 feet in length ?

SoLvuTioN.—Since the areas, perimeters, and velocities are the same.
the heights of the water-gauges will be directly as the lengths of the
airways, or 1.72 : r::1,800 : 2,700; whence, +=2.53 in. Ans.

952. Second Law.—Wihen the velocitics and rubbing
surfaces remain the same, the pressurcs required to force air
through the passages of a mine increase and decrease inversely
as the sectional arcas of the passages increase or decrease.

953. The second law states that if the velocity remains
the same and the rubbing surfaces are equal, the pressure
per square foot will increase as the sectional area decreases;

T. 371—8
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or, the pressure per square foot will decrease as the sectional
area increases; that is, if the sectional area be reduced to
4, 4 4 % etc., of the original sectional area, the pressure
per square foot must be increased, 2, 4, 6, 10, etc., times,
respectively, to pass the air with the same velocity, the
rubbing surface being the same in both cases. Or, if the
sectional area be increased 2, 4, 6, 10, etc., times the original
sectional area, the pressure per square foot may be, respect-
ively, reduced to 4, 1, §, 1%, etc., of the original pressure per
square foot required to pass the air with the same velocity,
the rubbing surface being the same in both cases.
ExaMPLE.—Suppose that the pressure per squarc foot required to
pass air at a given velocity is .02 inch per square foot in a square air-
way 8 feet high and 8 feet wide. What pressure per square foot will
be required to pass air at the same velocity through a circular airway

whose perimeter is the same as that of the square one, namely, 32 feet,
and whose length is the same as that of the square one ?

SoLuTioN.—According to the second law of mine friction, when
the velocities are the same, the pressures vary inversely as the sectional
areas of the airways. If the perimeter be divided by 3.1416, the
quotient will be the diameter of the section of the circular airway; and
the square of this diameter multiplied by .7854 is the area of the cross-
section of the circular airway in square feet; hence,

area = (Ef%y X .1854 = 81.49 square feet.
Then the pressure required is found by the proportion 81.49 : 64 ::
.02 : x; or, x=.0157 inch of water-gauge. Ans.

954. The second law only applies to pressure per square
Joot, for the total pressure remains the same, as it should;
since, when the rubbing surface and velocity remain the
same, the total resistance (= total pressure) must also re-
main the same, no matter what the sectional area may be.
Thus, in the above example, the total pressure for the square
airway is 64 X.02 =1.28 1lb,, and for the circular airway,
81.49 X .0157 = 1.28 Ib. .

ExAMPLE.—(a@) An 8 X 10’ rectangular airway is 5,000 feet long ;
what must be the length of a similar airway, 6’ X 8, having the same
rubbing surface? (4) If a pressure of .5 pound per square foot is
required to pass the air through the 8 X 10" airway with a certain

velocity, what pressure per square foot is required to pass the air
through the 6’ X 8’ airway with the same velocity ?
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SoLuTION.—(a) The rubbing surface of the 8 X 10' airway is
(8 + 10 4+- 8 + 10) % 5,000 = 180,000 sq. ft. The perimeter of the 6'X 8’
airway is 6 +8 + 6 + 8 =28 ft. Consequently, the length of the
8’ X 8 airway is 180,000 + 28 = 6,4284 ft. Ans.

(%) Since, according to the second law of friction, the pressures per
cquare foot vary inversely as the sectional areas, when the rubbing
surfaces and velocities remain the same, and the sectional areas are
8 X 10 =80 sq. ft.,and 6 X 8 =48 sq. ft.,80:48 :: »:.5; or, xr=.8} Ib.
per square foot. Ans.

Here again the total pressures are the same, since 80 X.5=
40 lb., and 48 X .83 = 40 Ib. ’

955. Third Law.—7le pressure required to overcome
Jriction in an airway varies as the squares of the velocities
when the rubbing surface and the arecas of section are the
same; and the pressures required to overcome friction vary as
the squares of the velocities multiplied by the rubbing surfaces
per square foot of section in all airways.

956. If the velocity be increased 14, 2, 3, 5, etc., times,
the rubbing surface remaining the same, the pressure must
be increased (13), 27, 3°, 5, etc., or 2}, 4, 9, 25, etc., times,
respectively; and if the velocity be reduced 1%, 2, 3, 5, etc.,
times, the rubbing surface remaining the same, the pressure
must be reduced (1%)?, 2%, 3%, 5%, etc., or 24, 4, 9, 25, etc.,
times, respectively.

If the sectional area and rubbing surface both remain the
same, the pressure per square foot will also vary directly as
the square of the velocity.

ExanMPLE.—Suppose that in the last example the velocity was 400

feet per minute, and that it was desired to increase it to 450 feet per
minute, what would be the total pressure required ?

SoLuTION.—Since the pressures vary directly as the squares of the
velocities, 400* : 450° :: 40 : x; or, v+ =504 Ib. Ans.

ExaxpLE.—In the above example, what would be the pressure per
square foot, were the velocity increased from 400 to 450 feet per
minute in the 6’ X 8 airway?

SoLuTioN.—The pressure per square foot was found to be .8 pound;
hence, according to the third law, since the sectional area and rubbing
surface remain the same, 400? : 4507 :: 8} : .r; or v, = 1.055 1b. per square
foot. Ans.
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THE COEFFICIENT OF FRICTION.

957. By meansof the three laws of friction, and by the
aid of other laws which can be deduced from them, and
which will be given'later, it is possible, when all of the data
for one airway and a part of the data for another airway are
known, to calculate the remaining data for the second air-
way; or, if all the data for an airway are known, to calcu-
late the effect produced by varying the pressure, velocity,
etc. But inorder to calculate the pressure required to force
the air (overcome the resistances) through a given airway,to
calculate the pressure required to pass a certain quantity
per minute through a given airway, and to calculate the
horsepower, etc., it is necessary to know the coefficient of
Jriction.

958. The coefficient of friction is that amount of the
total ventilating pressure whick is required to overcome the
resistance offercd by one square foot of rubbing surface when
the velocity is 1 foot per minute.

959. For example, this may be further explained by
stating that the coefficient of friction is equivalent to the
pressure required to overcome the friction in an airway one-
quarter of a foot long, 1 foot square in section, and through
which the air is passing with a velocity of 1 foot per minute.

Since the total pressure may be expressed in pounds, or
as so many feet of motive column, having a cross-scction
equal to the sectional area of the airway, the coefficient of
friction may also be expressed as a fraction of a pound or a
factor of the motive column in feet. In the various works
treating on mine ventilation, the coefficient is usually ex-
pressed in pounds, and will be so expressed throughout this
discussion.

The coefficient of friction then becomes a unit which,
multiplied by the rubbing surface in square feet (according
to the first law), and again multiplicd by the square of the
velocity in feet per minute (according to the third law), will
give the total ventilating pressure in pounds.
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960. The coefficient of friction varies somewhat for
different mines, according to the degree of smoothness of
the rubbing surface, and probably to a slight extent on ac-
count of the character of the material forming the sides of the
airway. Different experimenters have obtained values which
show considerable variation in their results; but the value
most commonly used is that determined by J. J. Atkinson,
and is the one which will be used in this discussion. This
unit is known to be too high, but since every change in di-
rection, owing to bends, and every reduction or enlargement
of the passageway, etc., entails extra losses which are very
difficult to calculate, it will be more convenient to use At-
kinson’s coefficient and disregard the extra losses. By so
doing, the entire air-course is treated as if it were a straight
airway, and the calculations are greatly simplified. The
value of Atkinson’s coefficient of friction is .0000000217
pound. In other words, the pressure required to overcome
the resistance offered by 1 square foot of rubbing surface
when the velocity is 1 foot per minute, is that part of a
pound represented by 217 divided by 1 followed by 10 ciphers,
or .0000000217, expressed decimally.

961. ExaMpLE.—(a) What is the total pressure required to over-
come the frictional resistances of a 6 X 8 airway, 12,750 feet long, if
the velocity is 480 feet per minute? (4) What is the pressure per
square foot? (¢) What should the water-gauge read ?

SoLuTioN.—(a) According to the foregoing statements, the total
pressure is equal to the continued product of the coefficient of friction,
the rubbing surface, and the square of the velocity; hence, since
the rubbing surface = 28 X 12,750 = 357,000 sq. ft., total pressure =
.0000000217 x 357,000 X480? =1,784.89 Ib. Ans.

(4) The pressure per square foot equals the total pressure divided by

T84.8¢
the sectional area = 1—8—;:—)- = 37.18 Ib. per square foot. Ans.

(¢) Since 1 inch of water-gauge represents a pressure of 5.2 pounds
3718
per square foot, 87.18 pounds represent L,;‘, -=7%.15in. Ans.
962. To express the foregoing by means of formulas, let

P = total ventilating pressure in pounds;
p = ventilating pressure in pounds per square foot;



2 MINE VENTILATION. 86

@ = sectional area of airway in square feet;

%k = coefficient of friction = .0000000217;

s = total rubbing surface in square feet;

2 = velocity of air in airway in feet per minute;
o = perimeter of airway in feet;

! = length of airway in feet;
W = water-gauge in inches.

Throughout this subject the letters as printed above will
always represent the same quantities.

P=pa  (38.)

That is, the total pressure equals the pressure per square
Joot multiplied by the sectional area of the arrway.

ExaMPLE.—If the sectional area of the airway is 56 square feet, and
the pressure per square foot is 8.46 pounds, what is the total pressure ?

SoLuTiON.—Applying formula 36, ’

P=pa=8.46xX56=473.761b. Ans.
P=Fksv. (37.)

That ts, the total pressure equals the continuea product of
the coefficient of friction, the rubbing surface, and the square
of the velocity.

ExAMPLE.—An airway 6’ X 6’ and 5,000 feet long passes air with a
velocity of 340 feet per minute; what is the total ventilating pressure ?

SoLuTioN.—Applying formula 37, s =6 X 4 X 5,000 = 120,000 sq.

ft., and z =340. Hence, P =4 s v? =.0000000217 X 120,000 X 340* =
801 1b., nearly. Ans.
ksv

= . .(3‘8.)

a

That is, the pressure per square foot equals the continued
product of the cocfficient of friction, the rubbing surface, and
the square of the velocity, divided by the sectional area of the
atrway.

ExaMpLE.—What is (@) the pressure per square foot in the last
example ? (4) the water-gauge?

SOLUTION.—(a) Substituting in formula 38, a =6 X 6 =88 sq. ft.,

and

4 2
= .0000000217% )(3‘1520.000 ¥ 840 —8.361b. Ans.
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®) Since p=5.2W, W=7, — %?25 —1.61in., nearly. Ans.

7= E (399

That is, the rubbing surface equals the total pressure
divided by the coefficient of friction multiplicd by the square
of the velocity ; or, it equals the pressure per square foot
multiplied by the sectional arca divided by the product of the
coefficient of friction and the square of the velocity.

ExAMPLE.—A gangway is 8 X 8'; if the water-gauge shows § inch

and the velocity of the air is 280 feet per minute, what is the rubbing
surface ? ’

SoLuTioN.—The pressure per square footis p=35.214"=5.2 X 4=38.9
Ib. per square foot ; the sectional area is 8 X 8 = 64 sq. ft.
Hence, substituting in formula 39,

3.9 X 64
.0000000217 x 280°

v = 1/1%. (40.)

That is, the velocity in feet per minute equals the square
root of the pressure in pounds per square foot multiplied by
the sectional area in square fcct, divided by the product of the
coefficient of friction and the rubbing surface in square feet.

a
:=—ﬁ——'or.:=

yrrt =146,713 sq. ft. Ans.

ExaMPLE.—In the last example suppose that the rubbing surface
was known to be 148,713 square feet, and it was desired to find the
velocity. Show how you would find it.

SoLuTION.—Substituting the different values in formula 40,

o ﬁa=‘/__ _39x64 .
v=4/ T - 0217 3 136,513 = 280 ft. per min. Ans.
When the total rubbing surface and. the perimeter are

known, the length of the airway may be found by.means of
the formula

/= :‘o_ (41.)

That is, the length of the airway is equal to the rubbing
surface divided by the perimcter.
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ExAMPLE.—The perimeter of an airway is 82 feet, and the rubbing
surface is 146,718 feet; what is the length of the airway ?

SoLuTIioN.—Applying formula 41,
s _ 16718 _ 4 5856t Ans.

l===

o 32

As before stated, the rubbing surface equals the product
of the length and the perimeter; or,

s=lo. (42.)

THE QUANTITY OF AIR DISCHARGED.

963. Since a certain quantity of air is required to pass
along the airway in order to secure the proper amount of ven-
tilation, it is necessary tqQ know how much air can be passed
with a given velocity; or, knowing the quantity required, it
is necessary to calculate the velocity, and from that to de-
termine the pressure. If the velocity and sectional area are
known, the quantity may be determined by the following
formula, in which ¢ = the quantity in cubic feet per minute:

q =a v. (430)

That is, the quantity of air discharged in cubic feet per
minute through a given airway is equal to the arca of the
section in square fcet multiplied by the velocity in feet per
minute.

964. A little consideration will show that formula 43
must be true; for, suppose that the sectional area is 1 square
foot and the velocity is 1 foot per minute; then it is per-
fectly evident that the quantity discharged in 1 minute is
1 cubic foot. If the velocity be increased 2, 3, 4, etc., times,
the number of cubic feet discharged will also be, respectively,
2, 3, 4, etc., times the original quantity; that is, the velocity
will be 2, 3, 4, ctc., feet per minute, and the quantity 2, 3, 4,
etc., cubic fect per minute. Likewise, if the velocity re-
mains at 1 cubic foot per minute, but with the area increased
2, 3, 4, etc., times, the quantity will be increased to 2, 3, 4,
etc., cubic feet per minute. Consequently, if the area and
velocity are both changed, the change in quantity must be
the preduct of the two; that is, if the area be increased
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from 1 square foot to, say, 26 square feet, and the velocity
increased from 1 foot per minute to 1,000 feet per minute,
the quantity will be increased from 1 cubic foot to 26 X
1,000 = 26,000 cubic feet per minute.

ExAMPLE.—A circular airway has a diameter of 9.026 feet, and the

velocity of the air is 330 feet per minute; what is the quantity passing
in cubic feet per minute ?

SorLuTioN.—Applying formula 43, a=19.026? X .7854 = 64 sq. ft.
Hence, ¢ = a v = 64 X 330 = 21,120 cu. ft. per minute. Ans.

965. If the quantity to be discharged and the sectional
area are known, and it is required to find the velocity, use
the following formula:

=7 (44.)

a

Q

That is, the velocity in fect per minute equals the quantity
passing in cubic feet per minute divided by the scctional area
in square feet.

ExaMPLE.—A circular airway has a diameter of 9.026 feet; what
must be the velocity in order to pass 21,120 cubic feet per minute ?

SorLuTioN.—The sectional area was found to be 64 square feet in the
last example. Hence, substituting in formula 44,
_ g 2,120 .
V= o= = 330 ft. pér minute. Ans.
966. The size of the airway usually depends upon other
considerations than the quantity and velocity; but, in order
to render the subject more complete, the following formula

is given:

1Y

= g. (45.)

That is, the scctional area equals the quantity in cubic feet
per minute divided by the velocity in feet per minute.

967. Formulas 43,44, and 48 may be combined with
formulas 28 to 32,so0 that the pressure (or velocity) may be
determined at once, when the quantity and other needful
data are known; but the simplest way is to calculate the
velocity by formula 40, and then substitute the value ob-
tained in formula 43 to find the quantity; or to calculate
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the velocity by formula 44, and substitute in formula 37
~ or 38 to find the pressure. The formulas are given, how-
ever, in Table 24, and are there denoted by the letters
a, b, ¢, etc., to distinguish them from the numbered for-
mulas, which are considered to be more important.
ExaMpLE.—What is the total ventilating pressure required to pass

21,120 cubic feet of air per minute through an 8 X 8 air-course 6,000
feet long ?

SoLuTiON.—The sectional area =8 X 8 =64 sq. ft. =a. The rub-
bing surface = 8 X 4 X 6,000 = 192,000 sq. ft. = s.
By formula 44,
g 21,120

v= =g = 330 ft. per minute.

Therefore, applying formula 37,
P =k s vt =.0000000217 X 192,000 X 330° = 453.72 1b. Ans.

WORK AND POWER.

968. Work is equal to resistance in pounds multiplied
by the space in feet through which the resistance is over-
come. That is, suppose that it takes a force (pressure) of
25 pounds to move a certain body; then, if the resistance is
uniform, as, for example, in lifting a weight, and the body
is moved through a distance of 36 feet, the work done is
25 X 36 = 900 foot-pounds. Since time is not mentioned in
the above definition, it follows that work is independent of
the time; that is, no matter whether it takes 1 second or 1
year to ' move the body 36 feet, the work done is 900 foot-
pounds.

Now, in order to compare the work done by different
machines, time must be considered. Hence, the amount of
work done in overcoming a resistance of 1 pound, through a
space (distance) of 1 foot in 1 minute, is called the unit of
power. The power of a machine is, then, the number of
foot-pounds of work which it can perform in 1 minute, and
this number divided by 33,000 is called the horsepower of
the machine.

The power required to produce the proper ventilative
effects may be easily calculated when the total pressure and
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the velocity are known, or when the pressure per square foot
and the quantity passed in cubic feet per minute are known.
Thus, the total pressure represents the force required to
overcome the resistances, and the velocity in feet per min-
ute represents the space (distance) passed through in 1 min-
ute; consequently, the product of the total pressure, / and
the velocity in feet per minute equals the work per minute,
or the power. That is, representing the number of units of

power by %, «=Po. (46.)

Likewise, since P=pa, u = pav; but, according to for-
mula 43, 2 v = ¢; hence,

u=pg.  (47.)

By dividing formulas 46 and 47 by 33,000, the horse-

power may be found. Letting / represent the horsepower,
©u _ Pv _ pav _ pgq

33,000 ~ 33,000 ~ 33,000 ~ 33,000° (48.)

ExaMpPLE.—What horsepower is required to pass the air in the last
example ?

H=

SoLuTioN.—The total pressure was found to be 453.72 pounds, and
the velocity 330 feet per minute. Hence, by formula 48,
H= Pv  453.72 X 830
83,000 — 33,000
ExanPLE.—If the water-gauge reading is 1.9 inches, and the quan-
tity of air passing is 20,000 cubic feet per minute, what horsepower is
required ?

=4.537 H. P.. nearly. Ans.

SoLuTION.—The pressure per square foot =52 X 1.9 =9.88 Ib.
Therefore, applying formula 48,
H= Y X4 9.88 X 20.000

33.000 = B0 = 6 H. P., nearly. Ans.

969. From formula 48, several other important for-
mulas may be derived by a simple transposition of the terms.
If the horsepower, sectional area, and the velocity of the
air are known, and it is desired to find the ventilating pres-
sure in pounds per square foot, the following formula may
be used: .

=004 (49,)

av
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Or, if the horsepower and the quantity of air to be passed
per minute are known, and p is required,

33,000 A
p="
970. If it be required to ascertain the quantity whicha
certain horsepower will cause to pass with a given pressure,
it may be found by formula 51,
g = 33,000 A
—%

Similarly, the velocity may be found by formula 52,
when the horsepower and total pressure, or the horsepower,
pressure per square foot, and sectional area are known.

- 33,000 A __ 33,000 7
- P T pa -
ExAMPLE.—It is required to pass 20,000 cubic feet of air per minute.

(a) What is the pressure per square foot if only 6 horsepower are
required ? (4) What is the water-gauge reading ?

(50.)

(51.)

(52.)

SoLuTION.—(a) Since only the horsepower and quantity are given,
formula 50 must be used. Substituting,

33,000 // _ 83,000 X 6

= 7 = 3,000 = 9.9 Ib. per square foot. Ans.
(8) Since p=5.21W, W = % = g—g =1.9in., very nearly. Ans.

ExampLE.—Had the sectional area in the above example been 50

square feet, what would the velocity have been ?
SoLuTioN.—This example may be solved in two ways. By for-
mula 44, .
v=%= 200 — 400 ft. per minute. Ans.
By formula 52,
33,000 // 33,000 X 6
Y=E""pa T T09xm

=400 ft. per minute. Ans.

971. Formulas 46 to 852 may be combined with for.
mulas 37 to 42 to produce other formulas, which will
shorten the work to some extent in certain cases; but the
student will find it a better plan, as a rule, to calculate the
pressure, velocity, or whatever he needs, by using one of
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the formulas from 36 to 44, and then substituting in one
of the later formulas.

A number of these combination formulas will be given in
Table 24, and the student may use them if he so chooses.
One of these combination formulas is so important that it
will now be given.

Multiplying both sides of formula 37 by v, Pv= ksv';
but by formula 46, Pv = «; hence,

u=rtksv. (53.)

That is, the power in foot-pounds per minute equals the
continued product of the coefficient of friction, the rubbing
surface, and the cube of the velocity.

Likewise, since ¥ = p¢ (formula 47), pg = ks¢*; or,

ks

qg= 7 (54.)

ExaMPLE.—An aircourse has a length of 4,752 feet; its perimeter
is 30 feet, and its sectional area is 50 square feet. () What quantity
of air will it pass at a velocity of 400 feet per minute? (4) What
power will be required? The pressure is 9.9 pounds per square foot.

SoLvTioN.—(a@) This question is most easily solved by means of
formula 43, but to show the reliability of formula 54, it will be
solved both ways. By formula 43,

¢ = av =350 X 400 = 20,000 cu. ft. per minute. Ans.
By formula 54, since s = 4,752 X 30 = 142,560 sq. ft.
ks 0000000217 X 142,560 X 400%
=7 = 9.9
(4) Substituting in formula 53,
u = £ s 73 = .0000000217 X 142,560 X 400° =

198,000 ft.-1b. per minute, nearly, = %’?TOO%—O =6 H.P. Ans.

= 20,000 cu. ft., nearly. Ans.

972. There is one more combination formula which is
chiefly valuable on account of the deductions which may be
made from considerations of it, and which will now be given
in order that the student may be able to answer a question
sometimes asked at examinations for mine foremen’s cer-
tificates. But, in order that an intelligent understanding
may result, it is necessary to digress here and explain a cer-
tain geometrical law.
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973. Two figures are similar when the smaller may be
so placed within the larger that their perimeters shall be par-
allel throughout their entire lengths, and their correspond-
ing sides proportional. Thus, if in Fig. 139 the perimeters of

A the two trapezoids are parallel
when one is placed within the
other,andA D:ad:: BC: be,
and the same relationisalso true

— of any other two sides,as 4 D :
5 cad::D C:dc, then the two
FIG.139. trapezoids are similar. Equi-

lateral triangles, squares, and circles are always similar.

Now, it is proved in geometry that the areas of similar
figures are to each other as the squares of any side, the
squares of their perimeters, or the squares of any line
similarly placed in them, as, for example, a diagonal or di-
ameter. Also, that the volumes of similar solids are toeach
other as the cubes of similarly placed lines in them. Like-
wise, if any two similar figures are varied according to some
power of similarly placed lines, all similar figures will vary
according to the same powers of their similarly placed lines.
For example, if the volume of a certain prism is 21 cubic
inches and the length of a certain line in it is 2 inches,
what will be the volume of a similar prism if the length of
a similarly placed line in it is 3 inches? Since the volumes
of similar solids are to each other as the cubes of their

2 X 27 _ 70.875 cubic

similar lines, 2’ : 3':: 21 : r;or, x =

inches.

974. Returning now to the subject of ventilation, con-
sider a mine having a square cross-section, and represent
the length of a side by &. Then the area is &* and the
perimeter is 44. According to formula 43, ¢ = av; but,
since for this case a=d* ¢g=d*v. By formula 40,
/

k"”, since a=d*. By formula 42, s=/o,
s
and since for this case 0 =4d, s=/X 4d=4/d. Substituting

for
v=yil=y
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& _

this value of s in the above formula forv, v=4/_72% =
kX 4ld
y‘/ rd Substituting this value of v in the expression

YA
giving the value of ¢,

— ‘/Pd. _1/1’“"
g=d*x 70 9=V (55.)

975. It must be remembered that formula 85 applies
only to square airways. A consideration of it shows that if
two square airways have the same length and pressure per
square foot, the quantities of air which they will pass will
be to each other as the square roots of the fifth powers of
the lengths of their sides.

Also, if two square airways of different lengths are re-
quired to pass the same quantity of air with the same pres-
sure per square foot, the lengths of the sides will be to each
other as the fifth roots of the lengths of the airways.

Now, since squares are similar figures, the two statements
just made will also apply to any two airways whose cross-
sections are similar figures.

976. The following example is a question asked at an
examination held at Pittsburg, in March, 1893:

ExaxpLE.—If 15,000 cubic feet of air per minute are passing through
an airway 4,000 feet in length, and 6 feet by 8 feet in section, what
should be the dimensions of the section of another airway of precisely
the same form (i. e., a similar section) to pass the same quantity of air,
the length, however, being 3,000 feet, instead of 4,000 feet, as in the
former case?

SoLtvTION.—Since the pressure is not stated, it is evidently intended
to be the same in both cases. Then, according to the above state-
ments, the lengths of similar sides are to each other as the fifth roots
of the lengths. Hence, 6 : v :: 4/4,000 : 4/3,000;

V3000 _ o e300

or, r=86x == =6 % .944 = 5.644 ft.

V4,000 ¥ 3000
Now, since the sections are similar, the sides are proportional;
[
hence, 6:5.664 :: 8: x; or, v = %8 =7.552 ft. Therefore, the

gection is 5.664' X 7.552'. Ans.
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977. From formula 85 there may also be deduced the
proposition that if two square airways have the same length
and pass the same quantities of air, the lengths of the
sides of the airway will then vary nwocrsely as the fifth
roots of the pressures. This statement applies, of course,
to airways of similar sections. Conversely, the pres-
sures vary inversely as the fifth powers of the lengths of
the sides.

A method of finding the fifth roots of numbers will be
given hereafter. (See Art. 1000.)

978. Other Resistances.—All that is necessary for
the calculation of the resistance of the flow of air through a
straight airway has now been given, and all that remains to
be considered, so far as appertains to the flow of air, are
those effects produced by bends, contractions, or enlarge-
ments of the sections, and splits. Each of the foregoing
results in a change in the velocity of the flowing air, and,
consequently, in a change in the ventilating pressure. The
losses due to bends are considerable, particularly a bend of
90° or greater. Where a bend is absolutely necessary, the
corners should be rounded (if practicable) to as large a
radius as possible, if it is desired to reduce the mine resist-
ance to a minimum. There is no reliable formula for cal-
culating the resistance due to bends, but they certainly re-
duce the velocity to a great extent, especially a bend of 90°
or greater. If the reduction or enlargement of the sectional
area is slight compared with the sectional area of the air-
way, the consequent loss of velocity may be disregarded en-
tirely. In any case, it is a difficult matter to decide how
much to allow for such loss. The losses due to regulators
and to splits will be treated separately in a later section.
Since, as before mentioned, the coefficient of friction,
.0000000217, is very high, much above what would actually
be obtained in practice for a straight airway, the losses due
to bends, enlargements, and contractions may be neglected
altogether without any material error, the airway being cal-
culated as if it were straight and of uniform section through-
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out. This statement applies, of course, to slight enlarge-
ments or contractions.

979. Formulas.—Formulas 36 to 54, inclusive, and
others which are not quite as important, are given in Table
24, so as to be convenient for reference. The formulas not
previously given are denoted by the letters a, b, ¢, etc. A
specimen calculation is also worked out with each formula.
To prevent any misconception, the letters and their mean-
ings are repeated below:

a = sectional area of airway in square feet;

H = horsepower;

% = coefficient of friction = .0000000217;

/ =length of airway in feet;

o = perimeter of airway in feet;

p = ventilating pressure in pounds per square foot;
P = total ventilating pressure in pounds;

¢ = quantity of air in cubic feet per minute;
s = rubbing surface in square feet;

u# = units of power in foot-pounds per minute;
7 = velocity in feet per minute;

I" = water-gauge in inches of water.

To render the formulas more convenient for reference,
they are not given in sequence according to their numbers,
but are classified according to the letters whose values it is
desired to find, the letters having the mecaning given above.

The basis for the calculations is an airway 5 feet wide by
1 feet high and 2,000 feet long, the velocity to be 500 feet
per minute.

T. 371—9
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