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PREFACE.

A\ ——

W
® ArcHiTEcTs and builders long familiar with the perennial

i _ newspaper statement that gas manufacture as an industry is
| \f\in a retrogressive condition, and is doomed to speedy extinc-
f§ tion through the competition of electricity, must credit the
expiring industry with an extraordinary degree of vitality
when they take into consideration the provisions they are
called upon to make in all classes of buildings for the intro-

duction of gas.

Palatial modern hotels illuminated throughout, regardless
of cost, with electric light, have to be provided with gas
services larger and more extensive than those employed
f before the advent of electricity; for where hundreds of cubic
' feet of gas were formerly used for illumination, thousands
: are now consumed for heating purposes. In large city
restaurants gas-fittings have to be provided to supply numer-
. l\ ous grillers, ovens, and water-heaters, and in both city and
suburban shops and residences the incandescent gas-light is
everywhere in demand. In model dwellings and workmen’s
cottages gas is extensively used in conjunction with the

penny-in-the-slot meter ; and in casual wards, asylums, and
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PREFACE. vii

consisted of coal-gas alone, but in London and most other
large towns, as well as in many towns of minor importance,
a mixture of coal-gas and carburetted water-gas is now
supplied. This mixture differs from coal-gas in specific
gravity and composition, requires a different proportion of
air for its combustion, and should be supplied to the burner
under a different pressure. In many large factories a low
grade non-luminous gas known as “power-gas” or “fuel-
gas” is largely used for driving machinery, and this also
requires a higher pressure and less air for its combustion
than either coal-gas or water-gas.

Within the last six years the use of acetylene, as an
illuminant and fuel, has become fashionable in country
mansions, churches, and villages which possess no public
gas supply, and architects and builders are frequently
consulted as to its applicability for various purposes, and
are liable to be called upon to make provision for its
introduction into widely different classes of buildings.

In the present volume the methods employed for the
manufacture of coal-gas, water-gas, power-gas, and acetylene
are described in general outline, while the properties of the
different gases, and the conditions under which they are
consumed with greatest advantage, are discussed in greater
detail. Reference is made to the new business methods
adopted by many gas companies, and the offer of some of
. the companies to supply and fix all internal gas-fittings. A
brief description is given of the work of the Local
Authorities in making provision for the constant testing
of the gas supplied to consumers, and in affording facilities
for the impartial testing of consumers’ meters, while the
laws of this country relating to the use of acetylene, and tae
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storage of calcium carbide, are enumerated in the concluding
chapter.

The author is indebted to Messrs. H.O.Carr, A.M.I.M.E,
and R. P. Harris, for most of the illustrations, and takes
this opportunity to also thank those gas-works’ managers
and technical chemists who have supplied him with informa-
tion upon various subjects. He is also indebted to the
“Journal of Gas Lighting” and the *“Gas World” for
information obtained from those journals.
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.~ GAS AND GAS FITTINGS.

———e

CHAPTER L.
INTRODUCTION.

THE gas industry was founded by the Scotch engineer,
William Murdoch, in the last decade of the eighteenth
century. Prior to that period no gasworks of any descrip-
tion existed in any part of the world, although it had long
been known that inflammable gas could be obtained from
coal and certain other substances by distillation, and could
be led through a pipe and ignited at its open end.

Claims of priority of discovery of the fact that gas
obtained by the distillation of coal could be used for lighting
purposes have been made for certain Continental experi-
mentalists, but the fact that Murdoch was the first to
establish gas manufacture as an industry, and the first to
erect gasworks for lighting purpcses on a comparatively
large scale, is beyond dispute.

During the nineteenth century the industry rapidly
developed into one of foremost importance. Gas-producing
plant was erected in every civilised country, and gas
securities took rank with those of water and railway under-
takings. The introduction of electricity and of cheap oil
caused fluctuations in the value of gas shares, but did not
cause any diminution in the world’s rate of gas production.
Not only is the consumption of gas at the present time
greater than at any previous period, but extensions of
existing plant are in course of erection in numberless
districts. At the close of the century 1,614 separate gas

»



2 GAS AXD GAS FITTINGS.

uadertakings were in existence in the United Kingdom
alone, and these oollectively manufactured gas at the rate
of 156,665,269,000 cubic feet per annum.

In the early part of the nineteenth century all the gas
undertakings were controlled by private owners or by
companies, but throughout the last half century Local
Authorities have evinced an increasing desire to obtain
control of the works supplying gas to their respective
districts. In spite of the fact that gas properties have
become so valuable that high prices have always to be paid
for them, we find on reference to the “‘Gas World’ Year
Book ” for the year 19o1, that 265 gas undertakings in the
United Kingdom are already in the hands of the Local
Authorities, and included in this list of localities supplied
with municipal gas are the towns of Aberdeen, Belfast,
Birkenhead, Birmingham, Blackburn, Edinburgh, Leeds,
Leicester, Nottingham, and Manchester.

At first gas was manufactured exclusively from coal, and
was used almost solely for lighting purposes, but as time
progressed and the art of gas-making was more closely
studied by chemists and engineers, it was found that
inflammable gas could be economically manufactured from
a number of other materials, and that illumination was but
one of a great number of purposes for which gas was
eminently suited. - Certain kinds of sawdust and timber
yield very good gas, and even sewage has its advocates as a
gas-making material. In certain parts of the world, notably
in the United States, America, vast subterranean accumula-
tions of so-called ‘‘natural gas” have been discovered, and
these have been tapped and distributed in the neighbouring
towns as a substitute for coal-gas. An accumulation of
inflammable gas has recently been discovered in this
country, at Heathfield in Sussex, and thé gas has been
cmployed for lighting the local railway station by the
incandescent gas-light system. The gas confined in these
subterranean chambers is, of course, all consumed sooner
or later, as the formation of gas, if still proceeding, proceeds
at a very slow rate. Sometimes, however, the quantity of
natural gas discovered is very large, and is sufficient to
supply a town for many years. In the neighbourhood of
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coalfields natural gas had been discovered long before
Murdoch was born, but no successful attempt had been
made to utilise it for lighting purposes. During the last
five years acetylene gas, produced from calcium carbide, has
also been extensively used, but at the present time the
only formidablé competitors of coal-gas are water-gas and
the diluted form of water-gas commonly termed *power-
gas,” “fuel-gas™ or “ producer-gas.”

By blowing steam through strongly-heated coke or other
fﬁl'{n of carbon a non-luminous gas can be manufactured
which possesses about half the heating value of coal-gas,

and which can be produced in many localities at much less

than half the cost. If illuminating gas be required, the
lon-luminous gas can be mixed with oil-gas or enriched in
Some other manner, and thus be made to resemble coal-gas
0 illuninating power. Carburetted water-gas, as the
mixture of oil-gas and water-gas is termed, is, however,
inferior in some respects to coal-gas of equal illuminating
Power, The difference between the two varieties of gas
will be explained in a succeeding chapter.

It is obvious that the solution of the question as to
Whether coal-gas, water-gas, or carburetted water-gas is
the most suitable for the supply of a specific district is
dependent upon the local prices of gas-coal, coke, and oil,
and upon the purposes for which the main proportion ot
the gas is required. In some districts cheap gas of a low
illuminating value is the most suitable ; but in districts in
which good gas-coal is abundant and cheap, coal-gas of
Comparatively high illuminating value remains the most
economical supply.

As coke is one of the residuals obtained from the distil-
lation of coal, it frequently happens that a mixture of
coal-gas and carburetted water-gas may be economically
supplied. As a matter of fact, carburetted water-gas per se
is very largely used in America, while in London, north of
the Thames, -and in many other British towns, a mixture
of coal-gas with carburetted water-gas isused. In factories
where the gas is used for driving engines cheap non-
luminous fuel-gas is largely used, the consumption of

Mond gas at the works of Brunner, Mond & Co., in
 3KY
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Cheshire, for example, being about a million cubic fe€t
per hour. _

The manufacture of gas of different composition, specifi €
gravity, illuminating power, and calorific value in differen %
localities has rendered it necessary for a purchaser of ga=
appliances to take into consideration the district in whicF=
the appliances are to be fitted, if they are to be used undes—_
the most favourable conditions. The satisfactory use o
gas is, moreover, made difficult by fluctuations in the=
pressure of the gas supplied. In London the tests made=
by the gas examiners appointed by the London County
Council show that the pressure in the street mains varies
from about 1°4 in. to 3-8 in. of water, and in buildings the_
pressure sometimes fluctuates toa yet greater extent owing
to defects in the fitting of the local-service pipes, and the
height to which the pipes are carried. The pressure in
buildings in London seldom exceeds 3} in., but it often
falls to 1 in., and at the latter pressure many gas appliances
fail to work in a satisfactory manner. Gas governors may
be used to reduce the pressure to any desired point, but are
useless when trouble is caused by insufficient pressure.
An ‘“‘atmospheric ” gas fire which will burn satisfactorily
with coal-gas supplied at 1} in. pressure will not burn so
well with a mixture of coal-gas and water-gas of the same
illuminating power supplied at the same pressure, because
water-gas, whether plain or carburetted, has a higher
specific gravity than coal-gas, and. having a different com-
position, requires a different proportion of air for its
combustion. This fact is recognised by some of the gas-
fire makers, who supply a special fitting for use with
water-gas mixtures. ]

Where gas is supplied of uniform composition and at a
uniform pressure appliances can readily be devised to
consume the gas in a satisfactory manner, whatever may
be its composition or the pressure (above 1} in.), at which
it is delivered from the mains; but in London north of
the Thames, and in certain other localities, much trouble
has been caused by frequent fluctuations in both composi-
tion and pressure.

For the incandescent gas-light system non-luminous gas is
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as Serviceaole as illuminating gas, provided it possesses the
same heating power, and recent experiments by Dr. Strache
appear to prove that water-gas, having only one-half the
heating value of coal-gas and quite devoid of illuminating
pwer, may be as efficient for lighting purposes by this
system as the coal-gas. If illuminating gas is to be used
for incandescent gas lighting, it must be mixed before
reaching the point of ignition with sufficient air to cause it
t°_bum with a non-luminous flame; otherwise the mantle
will become coated with soot and cease to emit light. In
view of the statement of Mr. George Livesey, Chairman of
the South Metropolitan Gas Company, that 50 per cent. of
the gas sold by that company is used for purposes other
than lighting, and of the fact that throughout the country
the ratio of gas used for heating to that used for
lighting (other than incandescent lighting) is already
large and is increasing at a rapid rate, it is apparent
that the commercial value of gas is now dependent upon
Its calorific value rather than upon its illuminating power.
n practical gas manufacture it is found that the higher
the illuminating power of the gas the greater is its heating
POWer; but no inflexible law simultaneously controls the
WO factors, and it is possible to produce two gaseous
Mxtures, the one giving a non-luminous flame and the
othera flame having a certain illuminating power, of which
the pnon-luminous flame shall be capable of yielding more
light with the incandescent mantle than the illuminating
gas. It has, mareover, been found that the increase in
heating power of a so-called ‘““high quality” gas is often
Very far from proportionate to the increase in the cost of .
manufacture; and in Styria the town of Pettau has been
brilliantly lighted with non-luminous water-gas and incan-
descent mantles in preference to employing the more
costly coal-gas. The water-gas is made and purified by
the “Strache” process, the fuel employed being a low-
quality brown coal.

During the last fifteen years the number of purposes to
which gas has been applied has increased to a remarkable
extent, and has, of course, been accompanied by a corre-
sponding increase in the variety of gas appliances masnu-
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factured. The penny-in-the-slot prepayment meter ha=
also been introduced within that period, and has proved so>

+ popular that there are already about 800,000 of them in
use in the United Kingdom alone. Since the introduction
of the slot meter the use of the ring burner for boiling
water has become general in all large towns, even in the
workman’s tenement or cottage, and prepayment gas fires
have become extensively employed for hotel bedrooms.

These facts sufficiently indicate the importance to all gas
consumers, and especially to students of building con-
struction, of a knowledge of what is being done at our
great gas factories, of the facilities which exist for using
gas for domestic purposes and in the various arts and
crafts, and of the concessions which are now being granted
by many gas companies, under the spur of competition,
and in recognition of the more extensive requirements of
gas consumers of the present day. In the present volume
these matters are discussed, and a description is given of
modern burners and various appliances for the use of gas,
while the concluding chapters are devoted to acetylene
gas and the apparatus employed for its generation and
consumption.

Much has yet to be discovered before the highest possible
efficiency in light, heat, or power can be obtained from
inflammable gas, but a large number of the complaints
which from time to time are made against the public gas
supply are due to ignorance, and resuit either from misuse of
the gas or from its avoidable deterioration after manufacture.
Sometimes the gas manufacturer is at fault; but more
frequently the consumer, who consumes the gas in unsuit-
able burners, or the architect who approved the internal
fittings of the building and the contractor who supplied
them, are really responsible for the fact that the gas fails to
perform its legitimate duties. The causes which lead to
many of these complaints, and the precautions which must
be observed in order to obtain satisfactory results from the
gas, are discussed in subsequent chapters.
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CHAPTER IL
MANUFACTURE OF COAL GAS.

Murooch made his earliest experiments with gas as an
iluminant in 1792 at Redruth, in Cornwall, and subse-
quently at Old Cumnock, in Ayrshire, the place of his
birth. But it was after his removal to the works of Boul-
ton, Watt & Co., at Soho, near Birmingham, in 1798, that
his most important work in gas-lighting was carried out.
Atthe Soho works he collaborated more or less with James
Watt, of steam-engine fame, and was allowed to erect a gas-
making plant, which satisfactorily supplied a portion of the
works of this celebrated firm with the new illuminant.
_ The early history of the gas industry is replete with -
Interest and not devoid of humour, for many of the sensa-
tional claims made for gas by a popular lecturer and com-
pany promoter of the period named Winsor, and by other
enthusiasts less cautious than the industrious Murdoch,
appear very ludicrous in the light of present knowledge
regarding the properties of coal-gas. It is interesting to
observe that before inflammable gas was successfully em-
ployed for lighting purposes, efforts had been made to use
Itas a source of power. In 1801 Philipe Lebon, a French
experimenter, in amending his patent of 1799, claimed the
use of motive power obtained by the explosion of inflam-
mable gas mixed with air ; and in this country, as early as
the year 1791, John Barber obtained a patent for “a
method of using inflammable air for the purposes of pro-
curing motion and facilitating metallurgical operations,”
which consisted partly in successively exploding mixtures
of air and coal-gas. It is, however, necessary to here con-
fine our attention to the study of the gas industry as it exists
at the present time, and those desirous of tracing its
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development during the nineteenth century will find the
subject exhaustively treated in King's ¢ Treatise on Coal-
Gas.”

Although inflammable gas may be manufactured from s0
many different carbonaceous substances, coal is still more
extensively employed than any other material for the pur-
pose of gas manufacture.

Coal.—The coals most largely employed in this country
for gas manufacture are the bituminous coals of Durham
and the neighbouring counties. The cannel coals ©
Scotland, Wales, and Northumberland yield the largest
volume of gas, and the gas is of the best quality. At oD¢
time it was the common practice to mix a certain propo¥-
tion of cannel with the bituminous coal in order to produc®
a gas of higher illuminating power than could be obtain€
from the bituminous coal alone, but about ten or twelw €
yuirs ago the quantity of available cannel coal became €
small, and its price so high, that it ceased to be used £«
any large extent in the southern counties of England, ap <
the carburctted water-gas which was then introduced as #*
substitute for gas from cannel coal is now being used no
merely as an enriching agent, but to a certain extent iz ™
many districts as a substitute for ordinary coal-gas itself -
Anthracite and the various classes of steam coal are not=
used for coal-gas manufacture, because they yield very”
little gas, and are valuable for steam-raising purposes.

The quality and quantity of the gas yielded even by
coals of the same class vary considerably, but as an
indication of the results commonly obtained it may be said
that ordinary bituminous coal should yield not less than
10,000 cubic feet of 15-candle gas per ton, while cannel
should yield not less than 11,000 cubic feet of 28 or 3o-
candle gas.

Coke.—The average yield of coke from ordinary gas-
coal is 1,360 lbs. per ton. The coke should be of good
quality and not yield more than about 4 per cent. of ash
when burnt, although it not infrequently amounts to 8 or
even 10 per cent. The average yield of coke from cannel
coal is somewhat less, and, owing to the large quantity of
ash it yields, the coke has no commercial value.
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universally made of fireclay and fitted either in a hori
position or inclined at an angle of 30 to 33 deg.
The retorts may be round, oval, or (Q)-shaped in crc
section, the latter shape being the most common.
internal diameter of the retort is usually about 21 in. ]
15 in.  The length of a “single” retort is 10 ft., while ¢
length of a “through” retort, having a mouthpiece at bof§
ends, is 20 ft.  The retorts now commonly used may
divided into three classes— (
(1) Singles, or retorts having only one mouthpiece; '3
(2) Doubles, or “through ” retorts, having a mouthpiec
at both ends;
(3) Inclined retorts, in which the coal is introduced
the upper end and the coke withdrawn from tt
lower. 1
Retorts with one mouthpiece only (fig. 1) are now seld
used except in small gasworks. The coal is introduced §
one end only, the opposite end being closed with a fireclsg
back. In large works, “through” retorts (fig. 2) W
usually employed These are double the length of thaj
called ‘“single” retorts, and are usually made in ti
pieces, jointed together. A mouthpiece is provided at &
end of the retort, and coal is simultaneously introdug
through each mouthpiece. Each mouthpiece is providj
with a gas-tight lid or door. Inclined retorts or ¢ slopes§§
(fig. 3) are usually Q-shaped and either 15 ft. or 20 ﬁ.ﬁ
lcugth The angle of inclination is about 32 deg. '
coal is fed into the upper end of the retort and distributed
itself by gravitation over the inclined floor; and when the*
distillation is completed the coke is allowed to slip out from
the lower end, the coke being stirred, if necessary, with a
long rake. Inclined retorts may be charged and ¢ drawn”
with much less expenditure of labour than horizontal
retorts, and when the coal to be carbonised is of uniform
quality they may be used with success. When, however,
the coal to be used varies greatly in quality and specific
gravity, trouble is often caused by the coal failing to spread
itself properly over the floor of the retort, and imperfect
carbonisation, resulting in excessive agglomeration of the
pieces of coke and a low yield of gas, occurs. To break
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the force of the stream of coal as it is shot into the inclined
retort, baffle plates have in some cases been adopted, and
other devices have been proposed to make inclined retorts
a greater practical success. Many gas engineers are now
using them in great number without baffle plates and with
good results, while others claim that for ordinary working
conditions the horizontal retorts remain the better form.

Retort Settings.—The retorts are set in brickwork
having joints made with fireclay mortar. A number of
retorts are grouped together over one furnace, and form a
“bed.” The number set in one bed varies in different
works from three to twelve, but seven or nine laid in three
tiers is the number most commonly adopted. The retorts
are supported by the front walls of the bed, and by a num-
ber of walls erected within the setting. A number of beds
built side by side in one block form a ‘bench ” of retorts.

Heating the Retorts.—The retorts may be heated by
direct firing from beneath, but this method of heating
is rapidly being superseded by the so-called regenerative
system. By the regenerative system the retorts are more
_uniformly heated and their life is prolonged, while a higher
heat efficiency is obtained from the fuel consumed. The
regenerative system consists essentially in the conversion of
the solid fuel into inflammable gas, the combustion of this
inflammable gas in the chamber or furnace in which the
retorts are fitted, and the utilisation of the heat of the pro-
ducts of this combustion as they leave the furnace for
heating the air (called the secondary air) admitted to the
furnace for the purposes of combustion. The generator in
which the solid fuel is converted into gaseous fuel is usually
situated beneath the charging floor of the retort-house. It
is filled with coke heated to incandescence, and a carefully
regulated current of air (termed the primary air) is allowed
to pass up through it. In some cases the current of
primaty air is heated by the waste heat of the furnace
before it is admitted to the generator. The carbon of the
coke combines with the oxygen of the air to form the
inflammable gas, carbon monoxide. This carbon monoxide
together with the nitrogen of the air admitted passes from
the upper part of the generator into the overhead furnace
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iz which 2 retortsare Jocated  Here the carbon monc

meeting w.i1 hat secondary air burns to carbon dic
with 12e evolanoan of heat, which maintains the retor
the required temperature.

The izflammable gas from the generator should cor
about 33 per cest of carbon monoxide ; the remainde
the gas is mainly atmospheric nitrogen which will
burn, and which acts solely as a diluent which abst
heat from the flame of the carbon monoxide. A s
proportion of carbon dioxide is also always present in
generator gas owing to the imperfect control of the reac
between the oxygen and the heated coke; and s
quantities of hydrogen and methane are usually pre
owing to the decomposition in the generator of a cer
quantity of steam from the ashpans beneath the gener:
The products of combustion which escape from the fun
flues to the main flue and thence to the shaft w
terminates above the roof of the retort-house, sh
consist almost wholly of nitrogen and carbon dio»
The channels which admit the secondary air to
furnaces are formed in close proximity to the furnace fl
so that the escaping products of combustion serve to
the incoming air before they escape into the atmospl
Sometimes the blue flame produced by carbon mono
when it burns to carbon dioxide may be seen at the tc
the shaft of the retort-house. The presence of this f]
shows that the current of secondary air admitted to
furnaces is not being properly regulated, and that the w
of the heat obtainable from the generator gas is not b
utilised in the furnaces.

Ashpans.—A pan containing water is placed w
the furnacc bars of cach generator. The heat from
incandescent fuel and from the falling cinders vaporis
cortain quantity of the water, and the steam passing
through the furnace bars tends to keep them cool an
ratard the rate at which they wear away.

Charg ln* and Drawing.—When the retorts
churgedd by hand the coal is either introduced with
ald of the shovel, or is placed in a long semi-circular s
haviug a oapncltv of about 1§ cwt. of coal. Three 1
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mise the scoop and thrust it into the retort, the man having
charge of the handle at the back of the scoop turns the
woop round and then withdraws it. A second scoop-
| charge is immediately added through the same mouthpiece.
K “through ” retorts are employed, another gang of men
-simultaneously charge the opposite end of the retort, for
the scoops extend only to one-half the length of the retort.
- Consequently the charge taken by each ‘‘through” retort
" #Wabout 6 cwt., or 3 cwt. per mouthpiece. Immediately
the charging is completed the mouthpieces are closed.
After the coal has been in the retort for four, five, or six
bours, as the case may be, the mouthpieces arc again
opened, and the residue in the form of coke is withdrawn
by means of a long-handled rake. The red-hot coke is
ooled with the aid of water, or is taken in its hot condition
to feed the generators. The charging and drawing is now
mmonly performed by machinery, instead of by manual
ur.

Retort Carbon.—Some of the hydrocarbons cvolved
from the coal under the influence of heat are decomposed
before they can escape from the retort, and a hard, dense
deposit of carbon, known as *‘retort carbon” or ‘scurf,”
acumulates on the sides of the retorts. The deposit
forms less rapidly when there is a slight vacuum in the
retorts instead of a slight pressure. By the use of an
“exhauster” the gas pressure in the retorts can be
maintained approximately at atmospheric pressure, but the
variations in the rate at which the gas is expelled from the
coal render fluctuations unavoidable. When the deposit
has attained a thickness of one or two inches it must bc
removed, as it lessens the capacity of the retort and
diminishes its heat conductivity. It is usually removed
with the aid of chisel bars.

Clinker.—*Clinker” is produced by the partial fusing
of the mineral matter left as ash from the fuel upon the
heated fire-bricks, a kind of slag being formed. This
clinker is extensively used for “rockwork ” in ferneries and
for garden purposes. The fire-brick rubbish, together with
the clinker, is sometimes pulverised and mixed with sand
or sharp grit and used in concrete.
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Ascension-pipes.—The gas and vapour expelled from
the coal in the retorts passes up a vertical pipe, called an
ascension-pipe, which rises from each mouthpiece to a short
distance above the retort stack. The ascension-pipes
usually have an internal diameter of about 5 in.

Bridge-pipes and Dip-pipes.—The upper end of
cach ascension-pipe is joined to a short bridge-pipe which
extends horizontally back towards the retorts. The other
end of each bridge-pipe is connected to a short dip-pipe
which extends vertically downwards into the hydrauhc
main, where it terminates in an open end dipping Just
below the surface of the liquid in the main.

Hydraulic Main and Foul Main.—The hydraulic
main is a pipe not less than 18 ins. in diameter. It may
be ()-shaped, square, oblong, or round in cross section,
and is preferably constructed of mild steel plates. The
hydraulic main is frequently supported on standards placed
on top of the retort bench. All the dip-pipes  along
one side of the bed dip into the same main, being sealed by
the liquid, which is maintained at a constant level in the
main. The gas as it enters the hydraulic main is laden
with tarry matter in the form of fine spray, which gives it
the appearance of a brown vapour, but the greater portion
of the tar condenses out before the gas leaves the main.
The tar sinks to the bottom of the main and is covered
with an aqueous ammoniacal liquid, which also is condensed
from the gas coming from the retorts. Frequently a second
large main called the “foul main,” which runs the whole
length of the retort-house, is provided at the back of the
hydraulic main, and the gas leaving the hydraulic main
passcs into the foul main.
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CHAPTER III.
PURIFICATION OF COAL-GAS.

Condensers.—The temperature of the gas as it leaves the
main is usually about 130 deg. Fahr., or as it leaves the

foul main about 125 deg. Fahr, and in order to cool

it to atmospheric temperature the gas is led from the foul
main through the condensers. These may be vertical or
nearly horizontal (fig. 4) pipes. They are exposed to the
open air, and if of the horizontal form, may be cooled in
het weather by being sprinkled with water. The con-
densers in use vary greatly in size and form, but are all
provided with means for drawing oft the tar and ammo-
niacal liquor which condénses in them. No attempt is
made to cool the gas below the atmospheric temperature.

Exhausters.—The gas leaving the condensers usually
passes next to an exhauster. The exhauster is a descrip-
tion of pump which draws the gas (through the hydraulic
main and -condensers) from the retorts and prevents the
gas from accumulating under pressure in them ; while the
gas, as it passes through the exhauster, is so compressed
that it issues from the outlet at a pressure sufficient to
enable it to force its way through the washing and purifying
apparatus and station meter, and to lift the bell of the
gasholder.

Washers and Scrubbers.—After removing the con-
densable matter from the gas by passing it through the
condensers, the gas as it leaves the exhauster is led to the
washers and scrubbers, where it is washed and scrubbed in
order to remove, as far as practicable, all the soluble
impurities, ' )

(M
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The term ‘“washer ” is usually applied to a rect
tank in which the gas bubbles through the liquid -
agent, while the term ‘ scrubber” is applied to the
tower in which the gas filters through a bed of
having its surfaces maintained in a moist conditior
term ‘‘washer-scrubber” is applied to an appar
which both washing and scrubbing are effected. Ti
terms are, however, sometimes used indiscriminate!

In the washers the gas is washed in the amr
liquor obtained from the hydraulic main and conder
this liquor may be made to retain a further quantit
impurities remaining in the gas. To this liquor
added the weakest liquor from the scrubbers. The"
used in many works are rectangular tanks fitted
number of perforated trays immersed in the amr
liquid. The volume of gas is broken by being
through perforated tubes and by contact with the tr:
rises in small bubbles through the liquor. In the
the remaining portion of tar is extracted from :
hence the washers are sometimes termed “tar ext:
In other cases a specially constructed ¢ tar extra
put in action before the washers. From the wasl
gas passes to the scrubbers, where with the aid «
ammoniacal liquor, and finally of clean water, the a
still remaining in the gas, together with a quantity
soluble impurities, is removed.

The scrubber towers (fig. 5) are usually filled w
or with wooden grids, through which water is all
trickle. The gas flowing upwards meets the de:
water and parts with its ammonia. In more
scrubbing appliances circular brushes or a series
forated discs attached to a central shaft are made tc
at a slow speed and cause the water to come into
contact with the gas. The object of all wash
scrubbing devices is to remove the ammonia from
with the use of as little water as possible, for the
the quantity of ammonia in the ‘gas liquor” obta
greater is its value for the purpose of manul
sulphate of ammonia.

Purifiers.—After leaving the scrubbers the

N
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tontals a certain quantity of sulphuretted hydrogen, carbon
dioxide, and carbon bisulphide, which should be removed.

The carbon dioxide (commonly called carbonic acid) is
absfl‘aCted by passing the gas through slaked lime, carbonate
of lime being formed (fig. 6). The sulphuretted hydrogen
may also be removed by slaked lime, but the sulphur in the
lime compound produced cannot readily be recovered, and
the compound itself possesses such an obnoxious odour that
Its production in large quantity in any residential neighbour-
hood is iable to be resented. The sulphuretted hydrogen
IS therefore now usually removed by passing it through
Ydrated oxide of iron to which sawdust has been added to

"nder the oxide more porous. The sulphide of iron
Prodyced is decomposed when allowed contact with air into
9Xide of iron and free sulphur, and before being permanently
Put out of action the oxide is several times turned out of
i © purifiers and exposed to the atmosphere for revivifica-
[ooh‘ The free sulphur can be employed without difficulty
. T the manufacture of sulphuric acid, and is therefore a
- SSidual of considerable value. The “spent oxide,” as it
ti <alled, has also the advantage of emitting a less objec-
Onable odour than lime which has been saturated with
Qlphuretted hydrogen.
b The carbon bisulphide has no affinity for slaked lime,
l]llt slaked lime which has been saturated with sulphuretted
bydrogen readily abstracts it from the gas. The carbon
sulphide is therefore removed by passing it through lime
“Which has been “sulphided ” on the works.

The scheme usually adopted for the dry purification is
the following :—The gas from the scrubbers enters a set of
Durifiers containing slaked lime spread in layers upon
Wwooden grids. The carbon dioxide and the sulphuretted
hydrogen are at first both abstracted by the lime, a mixture
of carbonate of lime and hydroxyhydrosulphide of lime
being formed. But carbon dioxide is able to decompose
hydroxyhydrosulphide of lime [CaOHSH], driving out
the sulphuretted hydrogen and itself combining with
the lime to form carbonate of lime. When, therefore,
the gas containing both carbon dioxide and sulphuretted
hydrogen does not meet with sufficient free slaked lime

C 2
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to readily satisfy all the carbon dioxide, the carbon

@lioxide begins to attack that portion of the lime which
has been combining with the sulphuretted hydrogen,
and turning out the sulphuretted hydrogen, sends that
impurity forward again with the gas, and itself combines
with the lime. The carbon dioxide is therefore retained in
the first set of lime purifiers, while the gas still containing
sulphuretted hydrogen, but not carbon dioxide, passes for-
ward to a second set of lime purifiers. Here the sulphur-
etted hydrogen is able to combine with the lime undisturbed
by the presence of carbon dioxide. When the second set
of purifiers is sufficiently charged with sulphuretted hydro-
gen these purifiers are employed to purify the gas from
carbon bisulphide, while the sulphuretted hydrogen which
still continues to come forward is removed by passing the
gas through a third set of purifiers containing hydrated
oxide of iron. In some cases, after the sulphide purifiers
have been prepared, the purifiers containing oxide of iron
are brought into action between the carbonic acid purifiers
and the ‘“sulphide” vessels, so that the gas passes first
through the lime purifiers, which remove the carbon dioxide,
then through the oxide of iron purifiers, which remove the
sulphuretted hydrogen, next through the sulphide purifiers,
which remove the bisulphide of carbon, and finally, through
another oxide of iron purifier, termed ‘the check box,”
which removes the small quantity of sulphuretted hydrogen
which is evolved from the sulphide purifiers.

System of connecting Purifiers.—To enable the
gas to be sent in any necessary order of rotation through
the purifiers, and to enable any purifier to be disconnected
from the other purifiers in a set without putting the whole
set out of action, by-pass pipes have to be provided as shown
in fig. 6a. The illustration shows the connections for a set
of three lime purifiers, Nos. 1, 2, and 3, and it will be seen

/tha:»—*' "the arrangement of pipes and valves there figured
le to send the gas in the order of rotation Nos. 1,

. 3, I, 2, or to cut oft No. 2 for recharging, and

as to be purified by passage through No. 1

y number of purifiers may be placed in a

gas may be passed through any number of

"
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hydrozen, and consequently this impurity is, as a rule,
removed as completely as possible. The carbon dioxide
is also usually more or less completely removed, because
it prejudicially affects the illuminating power of the gas.
One per cent. of carbon dioxide in the gas reduces its
illuminating power about 4 per cent,.

Mixing Air with the Gas,—When consumers of
gas make the discovery that air is being deliberately added
to the gas passing into the purifiers, they in many cases
imagine that the air is being added to serve as an adulterant.
Now the presence of 1 per cent. of air in the purified gas
diminishes its illuminating power by about 6 per cent.,
4 per cent. of air reduces the illuminating power 25 per
cent., and 45 per cent. of air causes the gas to burn with a
non-luminous flame. It is evident, therefore, that air can-
not in practice be used as an adulterant, for its presence in
any appreciable quantity would be at once apparent even tc
the untrained eye when the gas was used as an illuminant.

The fact is that a quantity of air not exceeding 3 -pe
cent. of the gas purified is in some works let into the
purifiers to oxidise the sulphur compounds of lime or iron
which are formed there, but the atmospheric oxygen is al
abstracted by the material in the purifiers before the gas
passes from them. The atmospheric nitrogen passes for-
ward with the gas, but is too small in quantity to exert
much influence. Usually the proportion of air admittec
is limited to a maximum of 1} per cent.

In oxide of iron purifiers the oxygen of the air attacks
the sulphide of iron formed by the action of the sulphurettec
hydrogen on the iron oxide, and re-converts it into oxide
of iron, while the sulphur displaced by the oxygen is founc
in a free state mixed with the oxide. The admission o:
air makes it possible to use the oxide for a longer perioc
before it is necessary to turn it out and expose it to the
atmosphere for more complete revivification. In fact, the
oxide need not be revivified in the open air until some
25 per cent. of its weight consists of free sulphur. The
use of air in the purifiers also diminishes the odour emittec
by the spent material when first exposed to the open air.

In lime purifiers air is often admitted when an alternative
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scheme to that described is adopted for purification from
sulphur compounds. About 1} per cent. of air is admitted
to partially sulphided lime purifiers, the oxygen oxidises
the sulphur compounds of lime, and free sulphur often
amounting to 1o per cent. is found in the spent lime.
Spent lime from purifiers to which air has been admitted
creates less nuisance than spent lime from gulphide purifiers
from which air has been excluded. .

Other schemes and other substances have been adopted
for gas purification, but lime and hydrated oxide of iron
used in a manner more or less approximating to the system
here delineated are employed more extensively than any
other materials.
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CHAPTER 1V,

STATION METERS, GASHOLDERS,
STATION GOVERNORS, DISTRIBUTIO

Station Meters.—The gas leaving the purifiers -usua
passes next to the “ station ” or *works ” meter (fig. 7),
order that the total quantity of gas made may be ascertain
and recorded. The meter case is usually rectangular fa
large meters and cylindrical for those of smaller capa:i
Sometimes a separate meter is provided for each ret
house. The station meter is always one of the varie
known as ‘“wet” meters, in which a drum revolves in
chamber partly filled with water. The drum has three
four internal compartments of equal capacity.

The meter is filled with water to a level a little high
than the axle on which the drum revolves. The gas enteri
one of the chambers causcs it to slowly revolve. As the
chamber becomes filled with gas its inlet passes beneath
the water level, and the inlet to the next chamber at the
saine time rises above the water level, and allows gas te
enter and continue the revolving motion of the drum. The
capacity of the chambers of the drum is dependent on the
level of the water ; when the water level is too low the
gas capacity of each chamber is increased, and the meter
registers a smaller quantity of gas than has in reality passed
through it, and when the water level is too high the gas
capacity of each chamber is decreased and the meter indi-
cates a larger consumption than the correct amount. It is
necessary therefore to maintain the water at a constant
level, and this is accomplished by supplying the meter with
a small but continucus stream of water, and a siphon over-
flow which prevents the water from rising above the proper
water line.
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Gasholders.—From the station meter the gas passes
into the gasholder (fig. 8). The gasholder is often called a
‘‘ gasometer” by those not connected with gas undertakings,
but the term has long been discarded by gas engineers.
The gasholder still remains a gasometer, inasmuch as it is
possible to estimate roughly the quantity of gas in the gas-
holder by counting the number of riveted plates (of known
dimensions) in a vertical line above the water level in the
tank. From the height of the holder above the water, and
from its diameter, it is easy to calculate the contents of the
holder; but the introduction of the station meter has
rendered the use of the gasholder as a meter unnecessary.
The gasholder consists of a cylindrical bell which is free to
rise and fall in a tank containing water. It is maintained
in equilibrium by suitable supports, and has its lower end,
which is open, always immersed beneath the surface of the
water. The holder may be single or telescopic, the bell
which contains the gas being technically known as a “lift.”
. A telescopjc holder may have several lifts, but the dome of
the top lift serves for all the other lifts, which are merely
telescopic cylinders. In a telescopic holder the lower edge
of the smaller upper lift is turned outwards and upwards
to form an annular trough or *cup,” which is filled with
water and which receives the turned-over upper edge of the
large cylinder. A gas-tight seal is produced, and when the
inner cylinder is filled with gas and continues to rise, its
cup is caught by the turned-over edge of the lower and outer
cylinder, which is then drawn up out of the water tank
without breaking the water seal in the cup. The pressure
on the gas within the holder may be as great as 12 in. of
water, but varies with the weight of the holder.

The largest gasholder in the world is that erected by
Mr. Livesey, at the East Greenwich works of the South
Metropolitan Company. This holder has six lifts, is 300 ft.
in diameter, rises when filled to a height of 180 ft., and
has a .capacity of 12 million cubic feet. The two topmost
lifts ascend above the top of the framing.

The gasholder tank is usually a circular excavation
walled with concrete, brick, or stone ; a circular or conical
mound termed the “dumpling” or “cone,” being commonly
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left in the centre of the tank. Modern gasholder tanks

are sometimes constructed in steel and built above ground

Leakages in such tanks are more readily stopped than in

those of brick or concrete. Steel tanks are, in some cases,

cheaper than brick or concrete tanks, and are said to be

almost as durable, but the selection of a material for tank

construction must be governed by the relative pnces of
steel, brick, and cement.

Station Governor.—Afer leaving the gasholder the

gas passes to the station governor (fig. 9), which enables the

pressure of gas

passing forward

to be reduced and

[414) regulated to any

desired point

The governor

most commonly

employed  con-

sists of a cast

iron” water tank,

through the bot-

tom of which the

gas from the gas-

holder is con-

ducted up by a

- — pipe which ter-

_ minates in an

open end just

— above the surface

— - of the -water

Within the tank

F i is a floating bell

which covers the

gas inlet and out-

let pipes, and

from the crown

of which a coni-

cal or parabolic

valve with its

Fig. 9.—Station Governor. apex upwards is
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Diameter of Pipe 1 in.

Length of pipe in yards .. 10 : 22 ! 30 . 50
! |
Cubic feet of gas delivered under initial !
pressure of Iin. .. 675 | 476 389 i 301
Cubic feet of gas delivered under initial |
pressure of 1°2 in.. .. 738 | 522 | 427 ' 329
. |
Diameter of Pipe 36 in.
i
Length of pipe in yards ... ... 1,000 ; 5,000 10,000
. |
Cubic feet of gas delivered under |
initial pressure of 1 in. ... 530,000 | 234,000 166,000
Cubic feet of gas delivered under |

initial pressure of 2 in. «. 741,300 ] 332,300 234,000

In practice, however, the actual discharge is considerably
less than the theoretical quantity, especially in the case of
small pipes. The smaller the pipe the greater the friction
per unit of gas delivered. Hurst gives a table based on
actual experiments showing the gas (sp. gr. not quoted)
discharged through small service pipes of various lengths,
from which the following are taken : —

Diameter of Pipe 1 in.

Length of pipe in yards......ccccoooerriineinninnnes 10| 20 | 30 | 50
Cubic feet of gas delivered under initial

pressure of I iN. cevevnenieeecenenrininnneennen.., 337 | 233 | 190 | 148
Cubic feet of gas delivered under initial

pressure of 13in. cooiel civeinniiiienne, 368 | 260 | 212 | 164

It will be seen that the discharge of gas obtained at the
burners from small service pipes is only about one-half the
volume that should, according to Pole’s formula, pass
through the pipes if perfectly straight and horizontal.
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Even for larger pipes the volumes of gas discharged
quoted by Hurst are much smaller than those given by
Newbigging, as will be scen from the following comparative
figures :—

Diameter of Pipe 12 in.

Length of pipe in yards ..eceeuveeiiiiiiininienniieenniine, 500 1,000

Cubic feet of gas delivered under initial pressure of

pin. (Hurst) oo 33,255 23,515
Cubic feet of gas delivered under initial pressure of

1in. (Newbigging)... .. cocooiiiiiiiiiiiiiinnnnnnen 47,433 33,631
Cubic feet of gas delivered under initial pres.ure of

2in (Hurst) .ooviviiiiiiiiiiinninien 47,030 33,255
Cubic feet of gas delivered under initial pressure of

2 in. (Newbigging) .......... PN 67,262 47,433

In practice it is better to adopt the figures quoted by Hurst,
for the introduction of angles and curves in the pipes, and
the accumulation in them of liquid or solid matter, tends to
diminish their delivering capacity. The smaller the pipes
the. greater their liability to become blocked with naphtha-
lene, tarry matter, rust, or water. The present tendency
in gas supply is to distribute it at a considerably greater
pressure than 1 in. The delivering capacities of the pipes
vary approximately directly as the square root of the
pressure and inversely as the square root of the length.
If the pressure is increased four times the volume of gas
delivered is doubled. If the length of pipe is increased
four times the quantity of gas delivered is halved.
Main-service Pipes.—The main-service pipes should
be of wrought iron, unless the employment of this material
be prohibited by the corrosive action of the soil. Cast-iron

" pipes are often used, but are apt to have leaky joints, and

lead pipes are apt to become distorted owing to subsidence

‘fgf the ground in which they are buried. The diameter of

_sides o

le;l‘g§ewice-pipe required is dependent upon the description
the ramber of the appliances to be supplied. It is usual

n'ﬂe that each burner requires 5 cubic feet of gas per
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hour, but‘ as most consumers use a large proportion of the
gas consumed for purposes other than lighting, this rule is
now of little service. Domestic gas fires commonly con-
sume over 30 cubic feet per hour, ring burners from 12 to
15 cubic feet, while cookers and water heaters use an
indefinite quantity but require a comparatively large volume
for a short period. The capacity of the pipes required
should not be calculated upon the average hourly consump-
tion, but upon the consumption when every gas-consuming
appliance in the building is in use at the same moment, and
at the lowest pressure permitted by Act of Parliament. As
a rule, the gas manufacturer provides and fits the main
service-pipe and meter; and, owing to the comparatively
heavy cost of pipes of large diameter, frequently supplies a
pipe barely large enough for the duty required from it when
the gas is first connected to the building, and as addi-
tional fires and stoves are usually introduced from time to
time after the service-pipe has been laid, it frequently
happens that the pipe is not sufficiently large for the work
it is expected to perform. The consumer obtains a very
low efficiency in light or heat per unit of gas consumed, and
naturally concludes that the manufacturer is supplying
“bad gas,” and regards it as an additional injury that just
at the time he most urgently needs an ample supply
(as on a cold, foggy day) his gas flames assume their worst
appearance, owing to the fact that his neighbours are
simultaneously drawing upon the supply as largely as
possible. The fact that the gas bill is a little Jess heavy
does not in any way compensate for the fact that the gas
fails to perform its legitimate duties.



38 GAS AND GAS FITTINGS.

CHAPTER V,

.

WATER-GAS; CARBURETTED WATER- |

GAS; PRODUCER-GAS.

_:I WATER-GAS is produced by passing steam through incan:
:" descent coke. The oxygen of the water vapour unites with
the carbon of the coke to form the inflammable gas, carbon
' monoxide, while the hydrogen of the water vapour is left
. in an uncombined condition. Water-gas therefore consists
essentially of a mixture of the two inflammable gases,
carbon monoxide and hydrogen; it contains other gases in
small quantities, but the whole of these should never
amount to 10 per cent. of the total volume of the gas.
Water-gas has no odour, and burns with a non-luminous
flame, while its heating power is about one-half that of
coal-gas. It is sometimes called ‘“blue water-gas” to
distinguish it from carburetted water-gas which burns with
a bright luminous flame instead of with the blue non-
luminous flame of plain water-gas. Water-gas is more
poisonous than coal-gas because it contains a larger pro-
portion of carbon monoxide, the most poisonous constituent
present in appreciable quantity in coal-gas. To diminish
the danger attendant upon the use of a poisonous gas
devoid of odour, the water-gas when used alone is usually
impregnated with mercaptan or carbyalmine, very small
quantities of which will give a penetrating odour to large
volumes of the gas.
Carburetted Water-Gas is a mixture of water-gas
with oil-gas. The water-gas is passed through the heated
chamber in which the oil is decomposed, and the mixture

of water-gas and oil-gas is then passed through a super-

heater to make the gas more permanent. Carburetted
water-gas has an odour quite as penetrating as that of coal-
gas, and burns with a luminous flame, Its heating and
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lighting value varies with the proportion of oil-gas it
contains, but compared with coal-gas of equal illuminating
power the heating value of carburetted water-gas is about
Io per cent. less than that of coal-gas. .
Producer-Gas, sometimes called “ fuel-gas,” or “ power-
gas,” is produced by passing a current of air, or of air and
steam, through incandescent coke or other carbonaceous
matter. About one-half of the total volume of the gas is
non-combustible nitrogen, while the other half consists
mainly of carbon monoxide and hydrogen. The gas has so
low a combustible power that in some cases, where the
nitrogen exceeds 6o per cent., it is necessary to use the gas
in a hot condition as it comes from the producer to prevent
the gas from becoming incombustible. Some of the better
class producer-gases, such as Mond gas, can be used
whether hot or cold, but they are all of very low heating
value. In most cases the producer-gas has a heating value
of about one-half that of water-gas, or one-fourth that of
ordinary coal-gas. Producer-gas is largely used for indus-
trial purposes, because it can be made very cheaply and
from almost any description of carbonaceous matter. Dow-
son gas, Siemens gas, Wilson gas, and Mond gas must all
be classed as producer-gases. A great number of producers
have been devised both in this country and abroad, but the
gases produced always consist mainly of a mixture of
carbon monoxide and hydrogen largely diluted with atmo-
spheric nitrogen.

Water-Gas Manufacture.

‘“European” Process.—Water-gas is made by heat-
ing a bad of coke to incandescence with the aid of a blast of
air, then cutting off the air and sending a current of steam
throagh . the heated coke. The products of combustion
obtained when the coke is subjected to the air blast are not
allowed to mix with the gas produced by the action of the
steam on the coke. Producer-gas is the term given to the
products of combustion obtained when the air is in use, and
in the *“ European” process the producer-gas formed can be
used for heating the oil for carburetting the water-gas or

for' other purposes. The producer-gas contains sufficient
D
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when burned to carbon dioxide evolves 14,500 B.T.U.
The coke in the producer is therefore raised to the necessary
temperature more quickly when carbon dioxide is formed
within the producer than when the producer-gas consists
of carbon monoxide. Working on this system the time
occupied by the ¢ blow ” has been reduced to less than two
minutes, and the time during which water-gas is made has
been prolonged to ten minutes, and over 70,000 cubic feet
" of water-gas can be made per ton of coke in place of the
34,000 cubic feet made by the ¢ European” process.

On the other hand, owing to carbon dioxide instead of
carbon monoxide being formed, the producer-gas from the
Dellwik plant is not combustible, and cannot, therefore, be
used for heating the oil used for carburetting the gas when .
an illuminating gas has to be manufactured. The value of
the combustible producer-gas does not, however, approach °
that of the additional yield of water-gas obtained with the
Dellwik plant.

The specific gravity of Dellwik water-gas has been found
by Professor Lewes to be 0°5365, and the composition
of the gases obtained by the two processes to be as
follows :—

‘“European”  ¢‘ Dellwik-Fleischer”

Process. Process.
P e ——— *
- o4 .
58 4 g
g - [&] &]
. 1) A -
E- B 3
e o
S = z
Hydregen .coeniininnnnnnn, 288  s51°'54 — 51776
Carbon monoxide ............ 29'33  39'98 1°40 3858
Carbon dioxide . 5°61 1825 473
Oxygen ....... . — 1°20 081
Nitrogen.......ccovvennnnnnnee. * 2-87 7905 4'12

100°00 100°00 1C0°00 100 00
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The following analysis of Dellwik water-gas, showing
he small quantities of hydrocarbons commonly present, has
>een published by Professor Lunge :—

- * Dellwik Water-gas.
Hydrogen ...................... 5080
Methane . ..... e ‘82
Ethylene........................ ‘05
Carbon monoxide . .............. 3965
Carbon dioxide .................. 465
Oxygen .........ovviiiiiinn..n. ‘20
Nitrogen ...............covou.... 383

100°00

The drawings, pp. 40, 41 (figs. 10 and 11) show a
Dellwik-Fleischer water-gas plant in vertical section and
plan. The gas-producing capacity of plant of the dimen-
sions here shown is 40,000 cubic feet per hour.

Lewes Carbonization Process.— During the ordinary
process of manufacturing gas frem coal, some of the rich
illuminating hydrocarbons which are present in the gas
evolved from the coal, are decomposed during the passage
of the gas along the heated retort into gases of less illumi-
nating value. Other illuminating hydrocarbons are also
lost in the formation of tar. Professor Lewes has suggested
that much of this loss might te prevented by passing a
rapid stream of water-gas through the retorts at the same
time that the coal is being distilled. It was thought that
the stream of water-gas would carry the coal-gas out of the
retorts before the richer hydrocarbons had been so largely
decomposed by contact with heated surfaces, and that the
mixture of coal-gas and water-gas thus produced would have
a higher illuminating value than if coal-gas were merely
diluted with water-gas in a gasholder. '

During the summer months of the years 1900 and 19or,
a number of experiments on a large scale were carried out
at the Crystal Palace District Gasworks by Professor Lewes
and Mr. Sydney Y. Shoubridge on the lines indicated, and
it was found that as much as 40 per cent. of non-luminous
water-gas could be passed through the retorts without
reducing the illumjnating power of the mixed gas hy -more
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than about 10 per cent. The coal-gas alone had an illumi-
nating power of 1655 candles, and this was reduced to
14'85 candles when 40°1 per cent. of water-gas was passed
through the retorts. After making allowance for the reduc-
tion in illuminating power it is calculated that a saving of
over two shillings per ton of coal carbonized may be effected
by the adoption of this method of carbonization.

Carburetted Water - Gas Manufacture. — The
apparatus most commonly used in this country for the
manufacture of carburetted water-gas, is a modification
of the Lowe plant so extensively used in the United States.
The plant consists of three main parts, the generator, the
carburettor, and the superheater (fig. 12); and as the gas
is made by an intermittent system, the sets are usually
erected in duplicate.

In the generator, plain water-gas is made in the manner
previously described. The carburettor is a chamber of
about the same height as the generator, say, 18 ft. in
height, and 10 ft. in diameter, and is packed with small
fire-bricks arranged in chequer form. The hot producer-
gas from the generator is led into the upper part of the
carburettor, where it meets with a blast of air and is
partially consumed, the heat evolved by the combustion
serving to heat the bricks in the carburettor. The products
of combustion, together with the gas not yet consumed,
pass into the superheater, which is a chamber about 6 ft.
higher than the carburettor and is likewise packed with
bricks. In the superheater the gases meet with another
blast of air, the combustion is completed, and the tempera-
ture of the bricks is thereby raised. The products of
combustion escape into the open air through a shaft. The
generator, carburettor, and superheater having been raised
to the required temperature, the supply of air is cut off
and steam is admitted to the generator. Water-gas is
immediately produced and passes to the carburettor: here
it meets with heated oil which is being pumped in at the
top of the carburettor, and which is dispersed in the form
of spray. In the carburettor the oil is converted into gas,
and mixes with the water-gas, which carries it forward to
the superheater, The mixture of oil-gas and water-gas
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stable under ordinary atmospheric conditions than coal-gas.
The gas is subsequently purified by a series of operations
very similar to those employed for the purification of coal-
gas, but as the gas contains very little ammonia or
bisulphide of carbon it dbes not urgently require purifying
from these impurities. The tar obtained in the manufac
ture of carburetted water-gas frequently contains 50 to 6o
per cent. of water, or more, and this must be removed
before the tar can be distilled.

According to Butterfield, the composition of carburetted
water-gas of 26 c.-p. (sp. gr. 0'62) made by this process is
approximately : —

Hydrogen ......... e 34°0 per cent.
Methane ........................ 15°0 ”
Hydrocarbons absorbable by fuming

sulphuricacid .................. 12°5 »
Carbon monoxide.................. 330 ”
Nitrogen .................... o'5to 50 ”

The oil commonly used for carburetted water-gas manu-
facture is that known as ‘“solar distillate,” having a specific
gravity of about 0'870, and a flashing point of about 170
deg. Fahr., but other oils varying considerably in com-
position, gravity, and flashing point have been successfully
employed for this purpose. In practice about 45 Ibs. of
coke and 3} gallons of oil are used for every 1,000 cubic
- feet of 22-candle gas produced.

Carburetted water-gas has been used in America since
about 1878, its popularity there being due to the abundance
and cheapness of petroleum. The first plant used in this
country was erected in London in 1891. By the end of the
year 1900 carburetted water-gas plant had been erected in
the United Kingdom by eighty-one companies or Local
Authorities, the total gas-producing capacity of the plant
being 134,570,000 cubic feet per day.

From time to time objections have been raised to the
public supply of carburetted water-gas, and in 1899 a De-
partmental Committee was appointed to inquire into the
use of water-gas and other gases containing a large propor-
tion of carbon monoxide, After hearing many experts, the
Committee recommended that when water-gas is supplied
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a maximum limit for carbon monoxide should be fixed;
that where such limit is fixed, some person should be
appointed to test for carbon monoxide ; and that, before
any kind of water-gas is distributed in any place, due
notice should be required to be given.

So far as the supply of illuminating gas is concerned, the
recommendations of this Committee have apparently been
completely ignored by Parliament and the Government
Departments up to the present time, while the desirability
of introducing a statutory calorific standard has not yet
been discussed by Local Authorities or by Parliament,
although Professor Lewes in his Report to the Birkenhead
Corporation (1897), and Dr. Harold Colman, of the Bir-
mingham Gasworks, have both shown that carburetted
water-gas has a lower heating value than coal-gas of equal
illuminating power. The answer to the question as to
whether the use of carburetted water-gas should be
allowed, should depend mainly upon the relative prices
to be charged for coal-gas and carburetted water-gas,
and the terms of the contract made. If a standard price
has been fixed for 16-candle coal-gas, an article of some-
what less value is being obtained if 16-candle carburetted
water-gas is being supplied, and, therefore, the standard
price should be slightly lowered.

In the year 1901, an important step in the right direction
was made by the introduction into the Mond Gas Com-
pany’s Act, which permits the distribution of non-luminous
gas in certain districts for heating and power purposes, of
clauses relating to the heating power of the gas, and also to
the proportion of carbon monoxide in the gas. The pro-
portion of carbon monoxide is to be limited to 14 per cent.,
and the minimum heating value of the gas is to be 125
British thermal units, and provision is made for the
appointment of impartial examiners to test the quality of
the gas, at testing places provided and maintained at the
expense of the Gas Company,
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CHAPTER VI

‘PRODUCER-GAS MANUFACTURE, MOND
GAS, OIL-GAS, AIR-GAS, ENRICHMENT
WITH LIGHT OILS.

Producer - Gas Manufacture. — The description of
producer-gas obtained by blowing air through heated coke
has already been described as a by-product in the old
process of water-gas manufacture. Instead of separately
making a high-class water-gas and a low-class producer-
gas by alternately blowing air and steam through the heated
fuel, a higher class producer-gas, consisting of a mixture of
water-gas and the producer-gas previously described, may be
made by passing a regulated mixtureof steam and air through
the fuel, the heat evolved by the combustion of the carbon
with the atmospheric oxygen being made to balance the
heat absorbed during the decomposition of the steam. An
excess of air has to be used to compensate for loss of heat
through unavoidable causes. A large number of generators
or producers have been invented to manufacture gas of this
description, and the gas produced is usually known by the
name of the inventor of the plant—e.g.,, Mond gas,
Siemens gas, Dowson gas.

In some producers anthracite or a more bituminous
fuel is used instead of coke, as, for instance, in the Mond
producer, in which cheap coal slack is employed; and
the hydrocarbon gases evolved from the fuel enrich ‘the
producer-gas to a certain extent, and increase its value.
The tar may be recovered by cooling and washing the gas,
or may be destroyed by passing the gas through a sufficient
thickness of heated coke. .

The following table shows approximately the compo-
sition and relative heating values of natural gas and of the
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gases most couix:nonly used in this country for lighting,
heating, and motive power; but it must be remembered
that in every case the composition of the gas is variable :—

% |

] — . [-] ]

S8 Bod . . g .
3|53 | 24 | 34| 1| i
.3 S Z0D B ' 8 7

Hydrogen ............ 5285 | 2062 | 4917 | 248! 1876 | 86

Methane ............ 33 7328 31 2°3: 03t 2°4

Unsaturated! Hydro-|

carbons ............ 397! 430 nil nil o031 | nil

Carbon monoxide ...| 534 | 100| 4375 | 132 | 2507 | 24'4

Carbon dioxide ...... nil o8 | 271 129 | 637 52

Nitrogen ........ veenees 396 | nil 406 [ 468 | 4898 | 59°4

100°00 | 100°00 | 100°00 | X00°0 | 10000 | 1000

Gross Calorific value,
B.T.U. per cubic| i
foot .e.ceeevinnninnnn, 624 890 304 155 150 135

The difference between the heating value of coal-gas and
carburetted water-gas of similar illuminating power is
shown by the following figures published by Dr. Colman :—

Carburetted
Coal-Gas,  Water-Gas.
Illuminating power ..... . 17°31 ... 17°46 candles.
Heating value (gross) ... 158'9 ... 142§ } calories per
’» s (net) ..... . 1457 ... 132'9§ cubic ft.

To convert the calories into British thermal units

. multiply by 4 (or, more correctly, 3'968).
The table (see p. 50) given by Bryan Donkin in his book
on “ Gas Engines ” is interesting as showing the variations
in the composition of the coal-gas supplied in different
localities. The analysis of London gas supplied by the
Gas Light and Coke Company needs revision, as the carbon
monoxide now commonly amounts to 9 or even 12 per cent.,
owing to the addition of large proportions of carburetted
water-gas. :
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Producers.—In the older forms of producer the fuel
usually rested on firebars through which the air supply
entered. In order to make the draught sufficiently power-
ful to carry the producer-gas forward an overhead cooling
tube was provided. The gas ascended to this tube, and
after being cooled was allowed to descend, the weight of the
cold descending gas being sufficient to create a ‘“pull” on
the hot gas ascending through the fuel, and to thus increase
the current of air drawn through the firebars. In these
“open ” producers the rate of manufacture is slow owing to
the slow speed of the air draught, and the small quantity
of steam permissible. Better results are obtained by
closing the ashpit and admitting regulated currents of air
and steam under pressure. The air and steam are supplied
together.. A jet of steam is blown into a tube, and owing
to the force of its impulsion draws air into the tube with it,
and the steam and air pass together into the producer.
The size of the jet is adjustable, so that the proportion of
air to steam can be varied as required. By using a hollow
jet of steam instead of the so-called ‘“solid” jet formerly
used, a given quantity of steam can be made to draw in a
larger volume of air.

Mond Gas.—Hitherto producer-gas has in this country
been manufactured on the works on which it is to be used,
and is usually consumed while hot. The promoters of the
Mond scheme propose to supply a large area in Stafford-

shire, including several important towns, with Mond gas

for power purposes. It is proposed to distribute the gas
in steel mains under an initial pressure of 7 lbs. per sq. in.
in order to limit the size of the mains required. The
difference between this pressure and that of 1 in. to 4 in.
of water under which coal-gas is commonly supplied is
shown in the following table :—

Weight of a column of water in lbs. per square inch. (Waler

al maximum density at 3'9 deg. C).
1th in. water 000361 lbs. per sq. in.

1in. ,, = 003061 ”
277 ?n' py = IO .n
194 m. , = 70 ”
554 in. =200 ”
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According to Sir F. Bramwell, the gas is to be sent out
under an initial pressure of about 7 lbs. per sq. in. from
the distributing stations, and at the point of delivery to
the consumers is to be reduced to about 2 Ibs. The maxi-
mum price is to be 3d. per 1,000 cubic feet, when not less
than four million cubic feet per quarter are used, and 4d.
per 1,000 cubic feet for smaller quantities.

Mond gas is a producer-gas made with the aid of an
unusually large quantity of steam, about 2} tons of steam
being blown into the fuel for every ton of coal slack con-
sumed. A large quantity of ammonia is present in the gas
produced, and this is recovered and subsequently converted
into sulphate of ammonia, the sale of which is expected to
almost cover the cost of the coal slack.

Oil - Gas. — Instead of being used for the manu-
facture of carburetted water-gas, oil may be directly
decomposed into a gas very rich in illuminating hydro-
carbons. The oil-gas may be used without admixture
with other gas, or may be used for enriching gas of poorer
quality.

Pintsch’s System and Pope’s System.—The oil-
gas produced by these systems is extensively used for
lighting railway carrlages, lighthouses, and buoys. Even
after compression it has an illuminating power of about
73 candles per cubic foot when consumed in the ordinary
railway carriage-lamps. A gallon of oil, such as Russian
Solar Distillate or Scotch gas oil, yields about 82 cubic feet
of so-candle gas. The gas is stored for use in steel

cylinders under a pressure of about ten atmospheres ( 150
Ibs. per square inch). When subjected to this compressmn,
about 1 gallon of tarry liquid, known as “hydrocarbon,”
condenses from every 1,000 cubic feet of gas compressed,
and the illuminating power of the gas is reduced from 50
to about 38 candles per 5 cubic feet rate.

The oil-gas is manufactured by vaporising and decom-
posing the oil in specially-constructed retorts heated to a
cherry red heat. It is now a common practice to mix about

. 20 per cent. of acetylene with the oil-gas jefore compression,
; the illuminating power of this mixture be) g doublé that of
' the plain oil-gas.

N
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Peebles Process.—By this process, the invention of
Messrs. Young & Bell, oil or tar is converted into gas and
coke, the gas being washed with oil or tar, which is itself
subsequently decomposed into gas and coke. One ton of
tar from Durham coal is said to yield 15,000 cubic fect of
25-candle gas and 15 cwt. of good quality coke; and one
ton of Scotch gas oil to yield about 22,000 cubic feet of
go-candle gas, the illuminating power being calculated from
the enriching value of the gas when mixed with low
quality gas. About 54 cwt. of hard graphitic coke is
obtained per ton of oil.

Oil-gas is so rich in heavy hydrocarbons that it burns
with a very smoky flame in burners which are suitable for
coal-gas, and has therefore to be consumed in burners with
very small orifices, such as the No. o or No. oo Bray
burner, and at the rate of about 1 cubic fcot per hour.
Professor Lewes gives the following as the composition of
oil-gas as made by the Pintsch and Young systems
respectively :—

Composition of Oil-Gas.

Pintsch Young
-~ Cas. Gas.

Unsaturated hydrocarbons .. 3565 .. 4383
Saturated hydrocarbons .. 4537 .. 36°30
Hydrogen .. .. .. I2°44 .. 168s
Carbon dioxide .. .. ©074 .. 0063
Carbon monoxide .. .. ©o06o .. o000
Oxygen .. .. .. 200 .. 1'14
Nitrogen .. - .. 300 .. 12§

100°00 100°00

Air-Gas.—In America, illuminating gas is often made
by passing air at ordinary temperatures over light petroleum
spirit. This is, however, a crude and wasteful method of
using the oil, and many accidents have occurred owing to
an explosive mixture of air and petroleum vapour having
‘been formed in some part of the apparatus.

The Kitson Light.—This light is produced by heating
a large mantle to incandescence by means of an oil flame
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rendered non-luminous by causing the oil vapour to draw
in by its injecting action the necessary volume of air just
before it enters the butner. The mantle is similar to that
used by the Welsbach incandescent gas light, but is larger.
The oil is placed in a cylinder, and air is then pumped into
the cylinder. The pressure of air in the cylinder (about
5o Ibs. per square inch) forces the oil up a pipe of very
small bore, and injects it into the lamp, where it passes
through a tube located a short distance above the mantle
and where, heated by the waste combustion products, it i
vaporised. The compressed air is not used for combustior
of the oil. The apparatus is compact, and has the advan
tage of not requiring any distributing pipes. It is, there
fore, useful for lighting works not supplied with gas, or fo
works of a temporary nature where a powerful light i
required without incurring the expense of laying ga
service-pipes. The hissing noise made by the lamp make
it unsuitable for most indoor work. The illuminatin;
power of the light is about 1,000 candles, and the cost o
the oil used amounts to about 1d. per hour.

Eanrichment of Gas with Light Oils.—Instead ¢
decomposing heavy oil into a rich gas and using it to enric
low quality gas, the gas may be passed over liquid light oi:
or brought in contact with oil which has been vaporisec
but not decomposed, with the aid of steam. These ligh
oils are mostly distillates from Arherican petroleum, an
are sold under fancy names. Carburine has a boiling point ¢
about 70 deg. C. and a specific gravity of about 0'68. Gasolin
has a boiling point of about 4o deg. C. and a specific gravit:
of about 0'65. Petroleum Spirit a boiling point of abou
95 deg. C., and a specific gravity of about o'70. Commercia
9o per cent. benzol contains, according to Butterfield, abou
70 per cent. benzene and 25 per cent. toluene, and has
boiling point between 82 and 112 deg. C., while its specifi
gravity varies from 0'882 and 0-885.

The process of enriching gas with oil vapour is terme
‘“ carburetting.” In Germany benzol is largely used fo
carburetting plain water-gas. The gas may be carburette:
with light oils at atmospheric temperatures, but in thi
country it is usual to vaporise the oil by steam heat. I
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London, all gas supplied north of the Thames is required
by Act of Parliament to have an illuminating power of not
less than 16 candles when consumed in a standard argand-
burner at a rate of 5 cubic ft. per hour. The gas from the
coal used in London has an illuminating power of 14 to 1§
andles, and it is therefore necessary to raise it to about
16} candles by carburetting it with light oil or by mixing it
with rich carburetted water-gas. Mr. H. Leicester Greville
has found that 1 gallon of petroleum spirit vaporised in a
Price carburettor is capable of enriching 10,286 cubic ft. of
wal-gas from 16 to 17 candle-power.
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the following as the results of an assay of a typical London
coal tar :—

Per cent. by
weight. Remarks.
Specnﬁc gravity at 155 deg.
C.=1'192.
Aqueous ammomacal liquor ..... . 353

Light oils (dnsullmg over below
170 C.)essveersereescsssesnnssannes 199  Lighter than water. Include
benzol, which is used for
the manufacture of aniline.

Middle oils (distilling over be-
tween 170 and 270 C.) ...... 1846 Include napthalene and car-

bolic acid.
Anthracene oils (distilling over
above 270 C.) cceeaeeerrensesees 12°20 From which alizarin is manu.
factured,

Pitch (medium) ......ceernreeeerrvee 5920 Used for paving, roofing,
varnishes, patent fuel, &c
Loss on distillation ....eceeree.re 462

1CO'CO

Tar Concrete and Tar Pavement.—Tar concrete
is made of broken stones or shingle thoroughly mixed with
tar, about twelve gallons of tar being used for every cubic
yard of concrete. The tar should be heated and the solid
matter dried before the two are mixed. Breeze, furnace
cinders, broken clinker, and other materials are also often
employed for mixing with the tar. For tar pavement,
Newbigging recommends the following treatment:—The
solid ingredients are divided into three grades—1. Coarse
material which will not pass through a sieve having bars
4 in. apart; 1. Riddlings which will pass this screen, but
will not pass through a £ in. sieve; and 3. Fine matenal
which passes through both sieves. The three grades are
made hot and . mixed with hot tar in the following propor-
tions :—

. I part tar  or 24 gals. tar to
3. Coarse material ..... 9 parts solid { 1 lonlsolld.
N 1 part tar or 30 gals. tar to
2. Rlddhng! sesesecceren 7 parts solid { l6ton ISOIId
e . I part tar or 36 gals. tar to
3. Fine material oo ¢ garts solid { 1 ton solid.

T2
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The footpath having been curbed, the upper edge of the
kerb standing 3 in. above the solid bottom of the path, the
coarse mixture is laid down 2 in. thick ; then the medium
mixture is laid § in. thick ; and, ﬁnally, on top of this the
fincst material is laid about g in, thick. Each layer is
rolled with a 10 cwt. roller before being covered with the
succceding laycr. The surface of the pavement may be
sprinkled with powdered Derbyshire spar or granite to
improve its appecarance.

Tar for making pavement should, according to O’Connor,
be heated until converted into pitch that will harden on
cooling ; but if overheated the tar will lose its tenacity, and
produce a pavement which will disintegrate rapidly. The
tar should be heated in open boilers, at about 194 deg. Fahr,
for from four to twelve hours.

Tar as a Paint for Iron.—Coal-tar contains sub-
stances of an acid nature, and these should be removed
before the tar is used as a preservative paint for iron.
When tar is distilled a neutral, solid, resinous pitch is
obtained as a residue, and this pitch, when dissolved in
benzene or petroleum, makes a better paint for iron than
raw cold-tar. It should be applied while hot. Coal-tar or
coal-tar pitch should not be used on iron exposed to the
direct heat of the sun’s rays, for tar paints so heated are
liable to soften and run. Tar paints are valuable for paint-
ing pipes to be laid under ground and for sheet-iron flues.
Tar is also suitable for protecting iron rivets and nuts.
In its raw condition it always contains more or less
water mixed with it, and this should be carefully removed
before it is used as a paint.

Spent Oxide.—Spent oxide of iron, when discarded
for further use in the purifiers, should contain not less than
50 per cent. of free sulphur. In large works this is some-
times converted into sulphuric acid to be used on the works
for the manufacture of sulphate of ammonia, but the spent
oxide produced in smaller works is usually sold to sul-
phuric acid manufacturers.

Gas Lime.—The lime used for gas purification should
be flare lime, and as pure as possible. A good building
lime would not be suitable for gas purification, for the
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power of  setting,” indicative of a good building lime, is a
feature to be avoided in lime required for gas purifiers, and
the impurities which often increase the value of the lime
for building purposes always depreciate its value as a
purifier. When the lime in the purifiers has become
‘““spent” it is thrown out and exposed to the atmosphere
for as long a period as possible, unless it is to be re-burnt
to ‘quicklime on the works. Exposure to the air causes
oxidation of some of the unstable constituents, and
diminishes the intensity of the odour evolved by the lime.

" In large towns the gas manufacturer usually has to pay
for the removal of the spent lime, but in country towns the
farmers buy it for a small sum for agricultural purposes.
Gas lime improves soils of a certain class, and checks
certain plant diseases, but it should never be used until it
has been exposed to the air for a long period. Dr. Voelker
has found the composition of gas lime, which has been
exposed to the atmosphere for a sufficiently long period to
render it a safe manure, to be as follows :—

Composition of Gas Lime (dried at 2120 F.).
Water of combination and a little organic

matter .. . per cent. 7°24

Oxides of iron and alumma, w1th traces
" of phosphoric acid .. .. 2'49
Sulphate of lime .. .. .. 464
Sulphite of lime .. .. .. 15'I9
Carbonate of lime .. - .. 49°40
Caustic lime . .. .. 1823
Magnesia and alkalies .. .. 253
Insoluble silicious matter .. .. 28
100°00

Sulphate of Ammonia.—The ammoniacal liquor from
the hydraulic main, condensers, washers, and scrubbers is
collected in a well or tank, and subsequently used for the
manufacture of sulphate of ammonia. The sulphate is
principally used for agricultural purposes as a mtrogenous
manure. '

When the ammoniacal liquor is boiled, the carbonate and
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sulphide of ammonia it contains are decomposed and free
ammonia is liberated. The ammonia, together with steam
and other gases, passes to a vessel termed the ¢ saturator,”
which contains diluted sulphuric acid, and in which solid
sulphate of ammonia in the form of minute crystals is
precipitated as the acid becomes saturated with ammonia.
The sulphate is fished out with a perforated ladle and placed
on a draining table. A small proportion of the ammonia in
the ammoniacal liquor is present as chloride, sulphate, and
other compounds of ammonia which are not decomposed
when the liquor is boiled ; the residual liquor remaining
after the ‘‘free ammonia” has been removed by boiling is
therefore heated with lime, which causes the ‘fixed”
ammonia to be liberated, and renders it available for conver-
sion into sulphate of ammonia.

A sample of ammoniacal gas liquor (sp. gr. 1°0207 at 22
deg. C.) examined by S. Dyson had the following composi-

tion :— - :
Grammes per Litre.

Ammonium sulphide ............ 303
v carbonate............ 39'16
” chloride ............ 1423
” thio-cyanate.......... 1'80
” sulphate ............ 0’19
” thio-sulphate ....... . 280
” ferro-cyanide ........ - 0'41

Prussian Blue.—Compounds of. hydrocyanic . acid
(prussic acid) are present in small quanties in the unpuri-
fied coal gas as it leaves the retorts. These compounds are
termed cyanides (ammonium cyanide and sulphocyanide),
and several processes have been devised to recover the
cyanogen in the form of sodium or potassium ferrocyanide
for subsequent conversion into the cyanide of iron (Fe, Cy,,)
known as Prussian blue. The manufacture of Prussian
blue is, however, carried on at very few gasworks in this
country, and very few details relating to the method of
manufacture, and the economy effected, have yet been pub-
lished ; and it is said that the Prussian blue obtained is not
so pure as that manufactured from other sources. Prussian
blue is always present in more or less quantity in oxide of
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iron which has been used for purifying the gas from sulphu-
retted hydrogen.

Bisulphide of Carbon.—Liquid carbon bisulphide has

been recovered on a comparatively large scale by H.
Leicester Greville from the spent lime discharged from the
purifiers used for removing this impurity from the gas.
The liquid bisulphide may be obtained by simple distilla-
tion of the spent lime with water. It was found that the
lime would yield about 1} per cent. by weight of liquid bi-
sulphide, and that the residue left in the boiler contained
5o per cent. of free lime, and could be again used for puri-
fication purposes. It was proposed to use the liquid
bisulphide for dissolving the free sulphur from the spent
-oxide of iron produced.on the works, the sulphur and bi-
.sulphide of carbon to be subsequently separated by distilla-
tion, and the oxide of iron, after removal of the sulphur,
to be again used for gas purification. The scheme has not,
however, been adopted, as it has been found more econo-
mical to6 burn the sulphur contained in the spent oxide
inte gaseous: sulphur dioxide, and to subsequently convert
it into sulphuric acid,
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CHAPTER VIIL

CONSUMER'S METER AND SERVICE
PIPES.

Consumer’s Meter—-The consumer’s meter may be of
either the “wet” or “dry” description, but the.‘dry”
meter is now almost universally employed. Fig. 13 shows
a wet meter in section, and fig. 14 a dry meter. The wet
meter is constructed on the same principle as the station
meter previously described.

The dry meter has a case of tinned iron divided into
compartments by a central partition, and two or more
movable diaphragms having flexible leather. sides. The
gas enters aud leaves the compartments alternately through
suitable slide valves. The pressure of the gas on the
surfaces of the diaphragms causes alternate inflation and
collapse of the bellows-like chambers, and, consequently,
alternate variations in the area of the inner and outer com-
partments, and the movements of the diaphragms bring
into operation the lever and cranks which actuate the
wheelwork of the indicators. .

Meters are classed according to the number of *lights”
which they are intended to supply, each light being sup-
posed to consume 6 cubic feet of gas per hour. Thus a 10-
light meter should be provided when the consumption is
likely to approach 6o cubic feet per hour, and a 5o-light
meter when a supply of 300 cubic feet per hour is required.
This nominal capacity of the meter does not represent
the largest quantity of gas which can be passed through
the meter under ordinary pressures, but the meter should
not be required to perform more than its nominal duty
The prepayment meler, alsq called the coin meter or the slot
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“Sale of Gas Act” of 1859 a meter is passed as correct when ._
it registers not more than 2 per cent. fast or 3 per cent.
slow, the slow registration being in favour of the consumer.

Fig. 14.—A Dry Meter.
.In most large towns one or more meter testing. offices
are provided and maintained by the Local Authority, which
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also employs competent and impartial inspectors to test any
meter which may be sent to the office for the low fees
quoted in the Sale of Gas Act. ) ' ’

The following circular, issued from the Guildhall, London,
will serve as an example of the facilities commonly afforded
to gas consumers for verifying the registration of gas-
meters. The privilege of having a meter, or any number
of meters, tested at this low rate of charge is not confined
to the inhabitants of the City of London, but is open to
every one. The circular runs thus :—

““The attention of the inhabitants of the City is called to
the facilities for testing gas-meters :(—

I. The Testing Office provided by the Corporation is
situate at the City Green-yard, Lower Whitecross-street.
Office hours g to 5.

II. A gas consumer desiring to have his meter tested
should first give twenty-four hours’ notice thereof to the
gas company. If at the expiration of that time the com-
pany have not taken the necessary steps to examine and
test such meter, the consumer may do so, the party in the
wrong paying certain charges.

III. The charge for testing a 2, 3, or 5-light meter is
sixpence, and for larger meters as follows :—

Dry Meters. Wet Meters.

Lights. e. d. Lights, s. d.
10 ...... I o 10 ...... 1 o
20 ..., 1 o 20 ...... 1 o
30 ... 1 o 30 ...... 2 o
§0 ...... 2 o 50 .. 2 o
6o ...... 2 o 6o ...... 3 o
80 ...... 3 o 8 ...... 4 o
100 ...... 3 o 100 ...... 5§ o
150 ...... 5 o 150 ...... 8 o
200 ...... 7 o 200 ...... 10 o

IV. Three days are by the Act allowed for testing, but as
a rule a meter can be received back the same day.

V. The consumer can, under special circumstances, have
his meter tested on his own premises, but extra cost is
thereby incurred, -
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CHAPTER IX.

GAS PRESSURE AND GAS GOVERNORS,
PRESSURE AND CONSUMPTION GAUGES.

WHEN gas is required for the purpose of producing an

. illuminating flame it should be supplied at the point of
ignition under very low pressure (say o5 in. of water), but
when required for incandescent burners, or other burners
in which air is admitted to produce a non-luminous flame,
the gas should be supplied to the point at which it is
injected into the mixing tube of the burner under a higher
pressure (say i} in.). It is commonly stated that ‘“atmo-
spheric” gas fires are most efficient when supplied with gas
under a pressure of about # in., but although this may be
true when coal-gas is used in nicely adjusted gas fires
having clean burners and tested under favourable con-
ditions in a room free from draughts, it is a statement
which is likely to mislead the ordinary consumer.

In practice the burners are seldom perfectly clean, but
are more or less covered with dust deposited from the at-
mosphere or dropped upon them from the overhead fire-
clay or asbestos fuel; consequently the gas ceases to issue
in sufficent volume, becomes mixed with too large a pro-
portion of air, and “flashes back” when ignited, or burns
with a short, noisy, green flame. Non-luminous flames,
produced by admitting air before the point of ignition,
have .also a greater tendency to ‘“flash back” under the
influence of air draughts, caused by opening windows or
doors, when the gas is supplied under a pressure of less

E
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than 1 in. than with gas under a higher pressure. Also
the common practice of mixing carburetted water-gas with
the coal-gas, and thereby increasing the specific gravity of
the gas, necessitates the use of gas under a higher pressure
than § in. The main disadvantage attendant on the use of
gas under high pressure is the hissing noise produced in
the burner.

Initial or House Gas Governors.—The pressure of
the gas as it leaves the consumer’s meter varies consider-
ably during every twenty-four hours in most districts, and
to prevent it exceeding a certain limit at the points of
ignition a governor is often affixed on the service-pipe close
to the outlet of the meter. The object of the governor is to
prevent wasteful consumption of gas, and to maintain a
uniform pressure at the burners irrespective of the changes
in the pressure under which the gas is supplied to the
meter. When the pressure of the gas entering the meter
is too low, or the meter itself is too small, governors are
quite useless.

Governors should always be fitted in a level position, and
in places where they can readily be inspected. By turning
a screw or manipulating small weights the governors can be
so adjusted that the pressure at the outlet will be main-
tained at any desired point lower than the pressure at the
inlet. It is usual to recommend that the pressure be re-
duced to 1 in. when the usual number of lights are in use,
but if incandescent burners or other appliances fitted with
“ atmospheric ” burners are to be supplied in addition to
burners for luminous flames, it is better to allow a pres-
sure of 14 in. at the governor outlet, and for the luminous
flames to use governor burners, or Bray burners fitted with
the *“ economisers” to be described in the next chapter.

The governor usually consists of a small chamber
through which the gas flows, the inlet being partially
closed by a small cone which automatically rises and re-
duces the size of the inlet orifice when the pressure in-
creases, and which descends as the pressure decreases and
thereby increases the size of the orifice through which gas
_ can pass. In some governors the upper part of the cham-
ber consists of a flexible leather diaphragm, which expands
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about 1 in. of water for every 10 ft. of elevation, and in
lofty buildings a governor may with advantage be provided
on the service-pipe at every elevation of 30 ft.

Pressure Gauges.—The simplest pressure gauge is a
glass U-tube filled to about half its height with water, one
end of the tube being open to the air and the other open to
the air until connected to the gas supply-pipe. When both
ends of the tube are open to the atmosphere the column of
water is at the same height in both limbs; but when one
limb is connected to the gas supply the pressure of the gas
causes the water level to be depressed in one limb and to
rise in the other. The height of the water level in the one
limb above that in the other limb is measured in inches,
and represents the pressure of the gas in inches of water.
For convenience the water in the tube may be tinted with
cochineal or soluble indigo, a scale graduated in tenths of
an inch may be attached to the tube, and a stopcock and
nipple may be fitted to the end of each limb; but these
additions merely render the apparatus more convenient to
use, and do not affect the accuracy of the readings.

Mercury Gauges.—For pressures higher than the
maximum of 4 in. or 5 in. under which coal-gas is usvally
supplied, the U-tube may be charged with mercury instead
of water, mercury being 134 times the weight of water.
Mercury gauges are sold having a scale on which the figures
represent the pressure in inches of water, and the neces-
sity of multiplying the readings by 134 in order to
convert them into inches of water is thereby obviated.

High-pressure Gauges.—For measuring pressures of
many pounds to the square inch, spring gauges in a circular
metal case, similar to those used for steam boilers, are
employed.

Service-pipe Cleansers.—Supply pipes and service
pipes exposed to low temperatures sometimes become
blocked with naphthalene or other matter deposited from
the gas. To remove the obstruction the pipe is usually
“blown out” with the aid of a force pump known as a
“service cleanser,” the removal being sometimes facili-
tated by introducing into the pipe a solvent, such as benzol,
naphtha, or petroleum.

~
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gauge a cap provided with the instrument is screwed on
the top in place of a burner, and reference is made to
another scale engraved on the opposite side of the metal
case. The float rises as before, and the point at which
the disc remains at a constant height indicates on the scale
the pressure in inches of water of the gas under examination.
Variations in the specific gravity of the gas do not affect
the accuracy of the pressure indications.

Testing the Gas Fittings.—Gas supply pipes and
fittings to be used with gas under ordinary pressures of less
than 4 in. of water should always be tested under a pressure
of 10 in. or 12 in. before being approved as gas-tight. A force
pump and mercury or water pressure-gauge with connecting
pieces form the whole of the apparatus required for testing;
gas or air being forced into the pipes until the required
pressure is obtained, and observation being made as to
whether the pressure remains constant for a long period or
gradually decreases. A leak-detector of this description is
made by Harrison & Sheard, and quite recently a detector
known as the * Wizard,” in which benzoline is provided to
render the air inflammable, and thus facilitate detection of
the point of leakage, has been introduced by Falk, Stadel-
mann & Co.
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CHAPTER X.

LUMINOUS FLAT FLAMES.

To obtain the highest lighting efficiency from a luminous
flame the pressure under which the gas escapes at the point
of ignition must te very low. The luminosity of the flame
is due to the presence of minute particles of solid carbon
liberated - by the decomposition of certain hydrocarbons
under the influence of heat. The greater the temperature
to which the carbon particles are heated the greater is the
intensity of the light emitted.

When gas issues under high pressure from the burner,
less light is emitted from the flame than when the gas is
burned under low pressure, because rapid currents of air
are induced in the neighbourhood of the flame, which con-
sequently becomes cooled and over @rated, and becomes
less highly charged with the solid carbon particles.

The gas should issue from the burner in such a manner
that the flame is capable of supplying itself with that pro-
portion of air required to effect complete combustion of the
gas without cooling the flame by undue dilution. If the
flame is of such shape or dimensions that it cannot attract
to itself sufficient air to completely oxidise all the carbon
particles liberated, the flame becomes smoky and emits
less light than when the gas is consumed under favourable
conditions. A poor quality gas requires less air than a
rich gas, and the apertures in a burner to consume the
former should be larger than those in a burner for rich gas.
A pressure of o'5 in. at the inlet of the burner is sufficient
in most cases.

Flat flame burners may be divided into three classes:—
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relative sizes of the flames obtained from this burner (a)
without and (b) with the economiser respectively are shown
in fig. 21, In each case the rate of gas consumption was
5°6 cubic ft. per hour, and the pressure under which the gas
was supplied to the burner was 1} inches. The illumi-
nating power of the flame without the economiser was
14 candles, but this was increased to 16°6 candles when
the burner was capped with the cconomiser.

It will be observed that the lower the pressure the better
the result when no economiser was used, but that when the
burner was capped with the economiser the results im-
proved as the pressure increased. The gas issuing from
the cconomiser is under less pressure than when it issue;
from the orifices of the burner below it, and in every casc
the economiser increased the light efficiency of the gas.
The light efficiency obtained when the Bray burners were
uszd without an economiser would prozably have been
higher had the flow of gas to the burneis been adjusted by
turning the gas-cock until the flame appeared to be giving
the maximum amount of light. Professor Lewes gives the
following table of comparative duties of flat flame burners
of different sizes tested with 16-candle gas, but the pressure
of the gas is not stated, and the flames were probably
always adjusted by turning the gas-cock until the brightest
flame was obtained.

Can