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of the furnace. As far back as 1879 the late Sir William Siemens 
designed a small crucible-furnace capa.ble of melting a few pounds 
of steel on this principie, and the Stassano furnace is the best
known furnace of this type used for the smelting of iron and steel. 
It is shown in fig. 17 4. The furnace rota tes round an axis 
inclined about 7º to the vertical. There are three electrodes, 
which nearly meet in the centre of the furnace, their distance 
being regulated by a hydraulic ram. A three-phase alternating 
current is used, and distributed between the three electrodes. 
The Stassano furnace is rotated by mechanism underneath the 
furnace during the operation of smelting, but this is not essential 
to this type of furnace. The furnace is lined with magnesia 
bricks, and there is provided a tap-hole for metal at the bottom of 
the furnace and a slag-hole at a somewhat higher leve!. The 
charge is fed through a hopper and inclined shoot to deliver below 
the electrodes. Furnaces of this type are now used commercially 
in the production of zinc, the volatilised metal being condensed in 
suitable chambers. 

Electric furnaces are now receiving a large amount of attention, 
and there is no doubt that great advances will be made in this 
direction in the near future. 

CHAPTER X. 

THE SUPPL Y OF AIR TO FURNACES. 

Methods of producing Draught.-ln every furnace it is neces
sary to conduct away the gaseous products of combustion to 
enable fresh air to enter and to give up its oxygen to the fuel. 
This passage of the fire-gases from the furnace and of the air to 
the furnace may be effected in two ways : first, by exhausting 
the products of combustion; and second, by forci~~ in air for 
combustion. In the former method a space contammg rarefied 
air is formed in the furnace, and atmospheric air flows in from 
outside so as to preserve the equilibrium; whilst in the latter 
method the pressure in the furnace is greater than that of the 
air outside, and consequently the air and the fire-gases are 
forced out. Although the current is usually the same in both 
cases the influence on the combustion may be different when 
the ~ovement is effected by the compression or rarefaction of 
the air. 

The exhaustion of the air is usually effected by means of 
chimneys. The chimney or stack may be regarded as a vertical 
pipe containing heated and expan~ed_ gaseous _produc~s ?f 
combustion. The column of gas w1thm the ch1mney 1s, m 
consequence of the expansion due to heat, considerably lighter 
than a column of air of the same height at the ordinary 
temperature. The consequence is that, owing to the difference of 
weight, there is an excess of pressure of air under t he grate, and 
movement ensues. This difference in the weight of the hot and 
cold columna is equal to the weight of the increase in volume 
that would be produced by heating t he cold column of air to the 
temperature of the chimney. If the elongation thus produced be 
representad by h, the vei.ocity of the movement v = ,j2gh ; but h 
is dependent both on the height of the cold column of air and on 
the difference of temperatura within and outside the chimney, 
whence it follows that theoretically the velocity of a current of 
gas within a chimney increases proportionately with the square 
root of the height and the square root of the difference of the 
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externa! and interna! temperatures, and that consequently the 
action of equal increments of height and temperatura becomes 
continually smaller. But the action of a chimney does not 
depend so much on the velocity produced as on the weight of 
air snpplied in a given period of time. The higber the products 
of combustion are heated, when tbey pass into the chimney the 
greater is their volume, and, with equal velocity, the less weight of 
gas would actually pass through the same cbimney. The 
velocities, it has been shown, increase with the difference of the 
externa! and internal temperatures, but only in proportion to the 
square roots, whilst the relative weight of the gases decrease in 
direct proportion to tbe temperatura by ~ of the original 
volume for every degree Centigrade. There must therefore be a 
limit where the action of the chimney reaches its maximum, and 
it has been calculated that this maximum is attained when the 
difference of temperature amounts to 273º, or, in otber words, 
when the externa! air is at the mean temperatura and the 
chimney gases have a temperature of 300º. Similarly, it has 
been calcnlated that the quantities of air supplied to the cbimney 
between 200º and 400º differ but slightly, so tbat for the chimney
draught these temperatures appear to be the most suitable, 
whilst for the utilisation of heat in the furnace the lower cbimney 
temperatura is obviously to be preferred; and even when the 
temperature of the chimney gases is only 100º, the quantity of 
air drawn in is to tbat drawn in by a chimney having a tempera
ture of 300º as 7 : 8. 

The amount of gas passing out of the chimney could be deter
mined from the height and temperature of the shaft and the 
specifio gravity of the gases if only the resistance given by friction 
to the gases in motion and the so-callad " free seotion " were 
known. The term "free section" is applied to the sum of the 
areas of the interstices between the lumps of fuel on the grate. 
The smaller this free seotion is, tbe quicker is the motion of the 
air in it, and the more perfect the combustion, provided that 
the reduction in section is due to a diminution of the area of the 
grate, and not to undue clogging of the layers of fuel whioh, by 
inoreasing tbe friction, at once diminishes tbe action of the shaft, 
as the volume of air supplied is necessarily lessened. 'For this 
reason small grates give rapid combustion and large grates slow 
comb.ustion with the same chimney. It has, however, previously 
been shown that a rapid motion of the air, in this case equivalent 
to rapid combustion, facilitates the production of carbonic 
anhydride, whilst a slow motion facilitates the production of 
carbonic oxide. As a rule, therefore, for the production of heat 
and for high temperature, rapid oombustion on a small grate is to 
be preferred to slow combustion on a large grate. 

The height of the stack must increase with (1) the rapidity of 
the combustion; (2) the height of the !ayer of fuel on the grate; 
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and (3) the resistance to which the current is exposed in passing 
from the grate to the foot of the stack. On the other hand, the 
height of the stack must increase in inverse ratio to the tempera
ture of tbe evolved gas. 

For furnaces in wbich the combustion is not rapid, and in 
whicb there is but slight frictional resistance, as in ~rnaces 
from which the gases pass directly to the shaft, the he1ght of 
the stack need not exoeed 33 feet. W elding-, puddling-, and 
otber furnaces in wbich tbe combustion is rapid require a sbaft 
at least 50 feet in height if the gases pass into it at a high tem
perature; but if they are cooled on t~eir w~y_, and have great 
frictional resistance to overcome by bemg ut1hsed, before they 
reach the shaft for other purposes, as for beating steam-boilers, 
it is advisable ~ make the shaft 65 to 80 feet, or even 100 feet if 
the length of the flues is considerable, and if they are narrow 
and crooked. 

A chimney ia frequently arranged so as to be common to 
severa! furnaces and in this the gases from all the furnaces 
unite. Its section is oalculated on the assumption that the 
mínimum velocity of the gases in tbe ohimney (6½ feet per_second) 
is not exceeded, even if only one of the furnaces be working and 
the otbers are cold. At the same time, in order to prevent an 
unduly deoreased velooity when all the furnaces are at work, 
the common sbaft must be made of considerable height, usually 
130 to 165 feet. To ensure the sucoessful working of chimneys 
of this kind, it is important that tbe up-currents should pass into 
the shaft in parallel direotions, so as to prevent _ suction being 
arrested by the impact on eaoh other by convergmg streams of 
gases. In order that cold air shall not be drawn into tbe shaft 
from a furnaoe that is not being worked, every flue passing from 
the furnaoes to the sbaft must be furnished with a damper. 

The vertical projeotion of the interior of the shaft may be 
either of the same width above or below, or there may be a slight 
narrowing at the top. The tapering shape increases th~ st~bility 
of the shafts, especially wben they are exposed to the act10n of 
storms. It has been proved theoretically that a slight diver
genoe towards the top gives a better drau_ght. The angle at 
wbioh tbe sides are inclined to the perpendicular should be 0·5 
to l ·5 degree. 

Any cooling of the gases interferes ~ith tbe draught. ~or t?is 
reason brick shafts are preferable to 1ron ones, and the mter1or 
should be made as smooth as may be, so as to lessen friotion. 

Tbe first researches on chimney gases are due to Péclet, who 
p-qblished sorne analyses in 1828; but ~is results, and those of 
different experimenters wbo followed h1m, were open to tbe 
objection that the samples ta.kan for analysis were only small 
fractions of the total gases in the fines, and, as they were not 
taken with sufficient frequency, they could not represent the 
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mean composition. This grave defect was, however, remedied 
by Scheurer-Kestner in an elaborate research on the composition 
of the flue gases of boiler furnaces, which will always form the 
basis of future experiments in this direction. 

A series of experiments conducted by this distinguished 
chemist and Meunier, in 1868, on the combustion of fuel in 
boiler-furnaces, showed the diffi.culty of burning fuel completely 
on the grate of a furnace ; and the analyses of the gases made 
by them led to the conclusion that the products of combustion 
alwaye contain unburned constituents, even in the case of a thin 
layer of fuel and an excess of air of more than 50 per cent. ; that 
is to say, with volumes of 240 cubic feet of air for every pound 
of coal burnt, instead of 128 to 160 cubic feet. They also 
showed that the mean proportion of unburned hydrogen reached 
20 per cent. of the total amount present. This points to the 
fact that hydrogen is more difficult to burn, even under favourablc 
?onditions, than carbonic oxide, and that with a thin layer of 
mcandescent fuel the unburned carbon in the gas exists more 
often in the form of a hydrocarbon than in that of carbonic 
oxide. 

In securing a representative sample of gas, the position of the 
flue from which the gases are withdrawn is by no means a 
matter of indifference. With a view to collect soot, it should, of 
course, be as near to the incandescent fuel as possible · but 
Cailletet has shown that the gascous products from fu~·naces 
must not be collected immediately after being liberated from the 
fuel, for a current of gases from a mass of incandescent fuel may 
contain notably more carbonic oxide than the same gases do 
when cold-that is, during the cooling, combination of carbonic 
oxide and oxygen takes place. 

In a series of tests made by the author 1 in connection with 
an exhibition opened with a view to abate the nuisance arising 
from smoke, 85 cases showed that the relation by weight between 
the carbon completely burnt to carbonic anhydride and that 
present in the form of hydrocarbons or carbonic oxide varies 
between the limits of 1000: 4 and 1000: 375. There were, how
ever, only 9 cases in which a ratio of 1000: 200 was exceeded, 
and but 3 in which the ratio was less than 1000: 10. 

In 17 cases given by Scheurer-Kestner this relation varied 
from 1000: 10 to 1000: 211, the result being mainly dependent 
on the amount of air introduced to effect the combustion. With 
reference to the hydrogen, it is to be observed that in thesc 
experimenta the proportion of carbon completely burnt to 
carbonic anhydride to the bydrogen present, either in the free 
atate oras hydrocarbona, varíes from 1000: 3 to 1000: 16. The 
loss of carbon in the form of soot never exceeds 1 per cent. of 

1 Report o/ Sm.oke Abatement Commütee, London, 1882, in which volnme 
there are references to the literature of the subject. 
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the fuel burnt, while the mean loas is probably between 0·5 and 

0·75 per cent.1 d d 
In many cases it is important to be able to keep a recor '· a~ 

so be able to control the composition of waste gases; and w1~h1~ 
recent years a nuruber of forma of apparatus have been devise 
for the automatic analysis of furnace_ g~es, based upon the 
determination of the contained carbon d1oxide. 

The methods adopted rnay be divided into two classe~-th?se 
depending on the specific gravity of the gases, and those 1~ wh1ch 
the carbon dioxide is removed by absorption. Th~ f?rmer mclude 
the Lux gas-balance,2 Arndt's Oekonometer,s and ~1m1lar appara~us 
devised by Pfeiffer, 4 Siegert, and Krell.6 Smce the spec1fic 
gravity of the furnace gases is not only dependent upon the 
proportion of carbon dioxide present, but also upon. that of the 
contained water vapour and unburnt gases, and _is, moreover, 
variable with the pressure, re1mlts based upon th1s method of 
examination can only be regarded as a_pproximate, _and are not 
sufficiently accurate or reliable to subst1tute the ordmary analyt
ical methods. The forma of apparatus in which the car~on 
dioxide is absorbed are more reliable, as their method of workmg 
is based upon the removal of the specific constituent, the percent
age of which is required to be known. The forros of apparatus 
based on this principle include the "Ados" or "Sarco" apparatus,

6 

the Simmance-Abady " Combustion Recorder," 7 the apparatua of 
e Jung s that of H. J. Westover,9 that of W. H. Porter,10 the 
Uehling~Steinbardt" Gas Composimeter," 11 and the Autolysator 

12 

of Stracho Johoda and Genzken. . 
Of these the Ados and Simmance-Abady Combustion Recorder 

are the b;st known in this country. Both depend upo_n the 
absorption of the carbon dioxide by means of a solut1on of 
potassium hydroxide and the subsequent recording of ~he de~rease 
in volume effected by the absorption, whereby an _mterIDittent 
estimation of the carbon dioxide in the furnace gases 1s effected at 
successive short intervals. . 

1Uowing-Engines.-The mechanical appliances employe_d f?r 
the production of a stream of compressed a.ir are so varied m 

1 For fuller information on this subject the student is referred to Gruner's 
Traité de Métallurgie and Ledebur's Die Oefen. . 

2 Lux and Precht, Fischer's Jahreseber., 1893, XXXIX, 1206. 
3 JJ. R, P., 70,829, 125,470, 129,163. 
4 D. R. P., 78,612. .. 695 
6 Verein dtuts, Ing., 1888, xxxii. 1090 ; 1893, xxxv_1_~· • 
a Ger. Pat., 160,288. Zeit, angew. Clhem., 1906, xvm. 1231. 
7 Eng. Pat.,18,680, 190_6. 
s CJl,(!m, Zeü., 1905, xxix. 446. 
9 U.S. Pat., 833,274, 1906. 

10 Eng. Pat., 9540, 1906. .. 
u Eng. and Min. Journ., vol. vn. p. 608 ... 
12 Zeü. Chern. Apparatenkufl(ie, 19071 u. 57; Journ. Soc, Clhem. Ind., 

l90B, u;vü. 608, 2¾ 
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their details that it is impossible to do more than allude to them, 
the construction and the principles involved falling more in the 
province of the mechanical engineer than in that of the metal
lurgist. 

In early times the blast was obtained solely from leathem 
bellows, which were at first single-acting, and subsequently double
acting, but as leather soon becomes inflexible and brittle, it was 
found advisable to employ wooden bellows. In this way was 
evolved the box-blower, with single-acting movement of a piston. 
In the course of time cast iron was substituted for wood, and the 
iron blast-cylinder, one of the forms of blowing-engines still in 
general use, was obtained. In addition to this, for low pressures 
and large volumes of blast, fans and blowers are largely used. 

A blowing-cylinder consists of a cast-iron cylinder fitted with a 
piston receiving a reciprocating ruotion from the crank-shaft of 
the engiue. At every stroke, air is drawn into the cylinder on one 
side, and on the other corupressed air is forced into a reservoir 
or into the blast-main. The interior of the cylinder is connected 
with the atmosphere on the one hand, and with the blast-main 
or reservoir on the other, by meaos of flap- or disc-valves fitted 
in the cylinder-covers. The piston is actuated by engines of 
the vertical direct-acting or of the beam-engine type, the 
former being now generally preferred. On the Continent the 
blowing-engines are frequently of the horizontal, direct-acting, 
condensing or compound class. The amount of blast required to 
be delivered is often very considerable, as is shown by the follow
ing examples :-

At the Dowlais Works in South Wales the blowing-engines 1 
are worked with a boiler pressure of 100 pounds per square inch, 
and have two steam cylinders side by side, one 36 inches in diameter 
for high-pressure steam, and another, which is steam-jacketed and 
64 inches in diameter, for low-pressure. 

Connected with and directly underneath each steam cylinder 
is a blast cylinder 88 inches in diameter. The engines are 
designad to give a maximum pressure of 10 lbs. to the square 
inch, and working with a 5-foot stroke at 23 revolutions per 
minute, give 19,000 cubic feet of a.ir per minute at atmospheric 
pressure. 

They are capa.ble of blowing 25,000 cubic feet of air per 
minute if necessary, and the pressure actually developed is over 
5 lbs. to the square inch. 

At the Barrow Rema.tite Steel and Iron Corupany's works 2 a 
set of 3000 horse-power quarter-crank blowing-engines are used. 
The two steam cylinders together form a compound engine, which 
can be worked as condensing or non-condensing. The steam 

1 See T. ?tf, Grant, "Notes on Blowing-Engines," Journ. ofthe Westo/ Scot. 
Iron and Súel Inst., vol. v. p. 128. 

2 Journ. Jr011, ami Súel Inst., 1903, ü. p. 628, 
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c->:linders are 42 inches aud 84 inches respectively in diameter, 
w1th a 5-foot stroke. The steam pressure is 150 lbs., and the 
normal speed is 50 revolutions per minute, which is equivalent 
to a duty of about 20,000 cubic feet of free air. 

They can be worked at 80 revolutions per minute with a maxi
mum pressure of 30 lbs. to the square inch. 

For foundry purposes the blast is usually supplied by centri
fugal fans or by ~low~~- The fa.o, although possessing the 
~vantage of great 111mphc1ty, has but limited application, since it 
1s useless when pressures exceeding about 6 inches of water
column are required to be produced. In such cases the Root's 
blower, or a mach~ne of sim~lar type, may be advantageously 
e~ployed. I~ cons1sts of an 1rou casing, in which are placed a 
pa1r _of revolvmg cast-iron \~afters driv~n by belts off pulleys, and 
makmg about 400 revolutions per mmute the smallest possible 
clearance being left. between the two cu~ed sur faces as they 
revolv~. The bl~t 1s conveyed in air-tight riveted sheet-iron or 
steel pipes or mains of ample cross section to the hot-blast stoves. 

A_s examples_ of more recently introduccd forms of blowing
engmes, gas-dnve_n engi~es and steam turbines may be mentioned. 

Large gas blowmg-engmes have been adopted with considerable 
success. The first_ blo_wing-engi~e worked by blast-furnace gas 
was erected at Seramg m 1899; 1t was of 600 horse-power and 
was worked with unpurified gas.1 ' 

In recent years there has been a great development of the 
use of t~e surplus ~ases of the blast-furnace for the driving of 
gas engmes to prov1de power, not only for the blowing-engines, 
but also. for ali purposes connected witb ironworks, and this 
m~th~ 1s found to be more economical than the older methods 
us1~g mtermediary boilers, etc. In 1 906 there were in work 
or m course of erection . in Ge~any, in 41 smelting-works, 
no less .than 349 gas engmes, w1th an effective horse-power of 
385,000, the great majority of these being worked with blast
furnace gas. One of the early difficulties met with in the use of 
blas~furnace gas in engines was the presence of dust and tar, 
cons1der~ble wea,r and tear resulting from the presence of gritty 
dust,. owmg to the want of efficient means of cleaning. The 
cleamng of the gases has therefore received a considerable 
amount of attention, and it is recogaised that cleaning is also 
advantageous for that portion of the gas which is used in the 
hot-blast. stoves. A. Sahlin 2 has described the methods used 
for cleanmg the gases, and states that it should take place in 
three stages, viz. :-

l. The preliminary dry cleaning by meaos of dust-catchers etc 
. 2. Further cleaning, so as to fi.t the whole of the gas fo; us~ 
m stoves, roasting-kilns, etc. 

~ Journ. Ir<>n and Súel Inst,, 1900, i. p. 109, 
Ibia,, 1905, i. p. 324. 
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This is accomplished by means of stationary ~l~aners, and t~en 
by coolers or scrubbers, with or without the add1t10n of. rev?lvmg 
washers. The stationary cleaners consist of a combmat1?n oí 
cylindrical vessels in which the gas is led downwards w1th a 
rapid motion and upwards with a slow motion. In the scrubbers 
the gases pass upwards while a spray of wa_te~ falls !rom the 
top, thus wetting the particles of dust and ass1st1~g t~e1r separa
tion. The interior of the scrubbers may contam s1eves, coke, 
bricks, etc., to increase the surface.1 

3. The special cleaning of such part of the gas as is to be used 
for power purposes. . 

This final purification is etfected by sorne type of centrifugal 

E h 

--:-;:-
-- ~-.\ 

Frn. 175. 

machine, such as that introduced by Theiren, shown in figs. 175 
and 176. 

This consists esseutially of a rapidly revolving water-tight 
drum D, fig. 175, with vanes set obliquely on its periphery. 
'l'his drum is surrounded by an outer fixed casing, which forma 
the suction-chamber A. This casing is lined with coarse wire 
netting E, so as to give a rough surface, and the clearance between 
the edge of the vanes and the inside oí the casing is only about 
a quarter of an inch. Water enters at the side of the apparatus at 
K tangentially to the casing of the middle chamber O, and leaves 
the apparatus through the pipe G, shown in figs. 17 5 and 176. 
The gas is drawn in by the vanes h, and the coarse dust separates 
in the suction-chamber. By means of fans at each end of the 

1 Journ , Iron and Steel Inst., 1906, iii. p. 45. 
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drum D, the gas is then drawn through the space between the 
drum and the casing, the dust is projected against the spiral 
meshes of the grating E, while the water entering at the same 
time is also distributed over the surface of the grating. In this 
way the water is broken up and the dust efficiently removed. 
This apparatus is capable of cleaning a blast-furnace gas contain
ing 4 t-0 5 grammes of dust per cubic metre down to 0·008 
gramme per cubic metre, which is actually more free from 
suspended particles than is the surrounding atmosphere. This 
result is obtained with less than half a litre of water per cubic 
metre of gas. Although this apparatus requires more power 
than a slowly revolving cleaner, it is found to be more efficient, 

Frn. 176. 

and to be specially suited for use where high purification is 
required. 

Steam turbines have been introduced in the Oleveland district 
and elsewhere; they are said to work economically and to give 
a uniform and steady air-blast. The use of a turbine blower in 
connection with ordinary reciprocating steam blowers is con
sidered iu sorne respects to be the ideal method of augmenting 
an existing blowing-plant. Turbines have the advantage of 
being cheaper and smaller than reciprocating blowers. 

Hot-blast Stoves. -The temperature of combustion increases 
with the temp¡irature of the air consumed up to the limits which 
are fixed by dissociation. Hot air economises in the blast
furnace a sum of calories equal to that which it brings, but ü 
this heat has to be initially imparted to the air by the combustion 
of a fue! of equal value to that consumed in the furnace, it is 
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evident tbat tbe economy will be at best but doubtful. In all 
ca.ses the advantage of hot-blnst will be in direct proportion to 
the cheapness of the fuel that is burnt in heating the blast. 
There is a great advantage when the waste heat of the furnace 
can be utilised in this way. By employing a fuel identical with 
that burnt in the blast-furnace it would appear, however, that 
there is still a distinct advantage due to the more perfect com
bustion of the carbon than is attained in the furnace, there 
being produced a greater proportion of carbonic anhydride as 

comparad with that of carbonic 
oxide. 

The apparatus in which the 
blast is heated before passing to 
the furnace was formerly heated 
by solid fuel, but now the waste 
gases from the furnace are practi
cally always usad. The first 
appliances for heating the blast 
date from 1828, when they were 
introduced by Neilson at Glasgow. 
This discovery, that 100 lbs. of 
coal burnt in heating the blast 
was a.ble to save 300 or 400 lbs. 
of fuel burnt in the furnace, 
was received with disbelief, and 
ironmasters were very slow in 
availing themselves of one of the 
most important inventions which 
had been made in conuection 
with the metallurgy of iron. 

The cast-iron hot-blast stoves 
formerly used in metallurgical 
works may be referred to two 
types, both introduced at the 
same date. In 1833 Faber du 
Faur invented a hot-blast stove, 

F10. 177. consisting of sixteen cast-iron 
. ~ipes united by semicircular 

bends, formmg one long serpentme pipe enclosed in a chamber 
b~ated by the waste gases from the blast-furnace. It was placed 
~1rectly above tbe t~roat of tbe furnace. The second type of 
1ron hot•blast stove d1ffered from the former in that tbe blast
current was split in its passage tbrough the stove. It consisted 
of a~ oblo~g fire-brick chamber, containing a series of A-shaped 
cast-1ron p~pes, that connected two parallel horizontal main pipes 
embedded m the masonry on either side of the rectangular fire
place that extended throughout the stove. 

A modification of this second type is the so-called pistol-pipe 
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19~~e (fig. 177). ~n this case the arch is replaced by a single pipe 
d1v~de~ longt1tud1.nally, the division reaching nearly to the top, 
wh1ch 1s enlarged m the forrn of the stock of a pisto!. 

F10. 178. 

Two ma.in types of regenerative hot-blast stoves are now 
employed. These are based on the principie of the intermittcnt 
absorption of heat by masses of fire-brick and the transference of 
the hea.t to the blast. The first stove of the first type was con-
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structed by Cowper in 1860; it is similar in arrangement to & 

Siemens regenerator. It is enclosed, however, in an iron ca.se so 
as to withstand the pressure of the blast. The first stove of the 
second type was consiructed by Whitwell in 1865 for the Thornaby 
Works at Stockton. It is essentially a serpentine pipe-stove 
constructed of fire-brick. 

The Cowper stove, which is represented in sectional elevation 
and plan in figs. 178 and 179, consista of a sheet-iron tower I, of 
circular horizontal section, closed with a dome-shaped roof B, 
and lined intemally with fire-brick. .A. circular flame-flue, F, 
extends from the base to the dome, whilst the remainder of 
the stove is filled with fire-brick chequer-work, and forros the 
regenerator R. The waste gases from the blast-fumace pass in 
by the valve G, and are burnt at N, the necessary air for com-

e 

F10. 171l. 

bustion entering by the valve A.. The flame descends through 
the chequer-work and passes out by the chimney-valve V. In 
this way the brickwork becomes hea.ted. The valves G, A., and 
V a.re closed, a.nd cold bla.st, admitted through the valve C, 
is passed through in the reverse direction. It absorbs heat 
from the chequer-work, a.nd is delivered as hot-blast by the 
valve H. The chequer-work is constructed of Cowper's honey
comb bricks. Two stoves are worked in conjunction, one 
being heated while the blast passes through the other. It is 
advisable to have a third in reserve. These stoves are 60 to 
65 feet high, and 26 to 28 feet in diameter. Compared with 
pipe-stoves, the saving of fuel is a.bout 20 per cent., and the 
increased make is also 20 per cent. A.n exact a.vera.ge of over 
100 stoves shows the saving in fuel to a.mount to a little over 
5 cwt. of coke per ton of iron.1 

1 E. A. Cowper, Journ. Ir01i aiul Steel Inst., 1883, p. 576. 

• 
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The Wbitwell stove 1 is shown in fig. 180. It is merely a brick
work serpentina pipe formed by vertical walls, and enclosed in a 
cylindrical case. The waste gases from the furnace enter at A 
and are burnt, a.ir being admitted through the passages a a. 
The flame passes up and down the passages formed by the 
dividing walls, a.nd esca.pes to the chimney by the passage C. 
When the stove is heated, the gas a.nd chimney va.lves are closed, 
and cold blast is admitted at D, a.nd passes out heated at B. The 
walls forming the regenerator consist of 5-inch brickwork. The 
older forms of Whitwell stove were 25 feet in height. Recently 

D-

FIG. 180. 

the height has been greatly increased, the largest size adopted 
being about 70 feet high and 25 feet in día.meter. .A. domed top 
is also now used in place of the flat top as introduced by 
Whitwell. 

A number of modifications ha.ve been introduced in the con• 
struction of fire-brick hot-blast stoves ; for example, the Ford and 
Moncur stove,2 first introduced in Cumberland, has been designed 
chiefly to faciliate cleaning. For this purpose the upper edges of 
the bricks employed are dormer-shaped, to prevent the dust 
lodging; the stove is also divided into four separa.te parts by 
vertical partitions, so that when it is desired to clean out the 

1 h um. lrm a?Ul Stcel Inst., 1869, p. 206; 1871, ii. p. 217. 
2 l bid., 1896, i, p. 201. 



378 Al'f I:STRODUCTIOS TO •ETALLUROY. 

dust, the blast is turnad on to each section separately, and by 
proper release-valves the air is allowed to suddenly escape, and so 
carry away the dust, and it is claimed by this means that the 
11toves can be kept clcan without tho necessity of stoppages: 

In the Gordon-Cowper-Whitwell stove, used largely 11_1 the 
Southern States of America, both the Cowper and the Wh1twell 
systems are combinad, while a separata chimney is provided to 
make each stove quite independent of the draught of the stack. 
It is claimed that these stoves have the advantage that gases 
which contain a considerable proportion of dust may be employ?d, 
while, owing to the fact that thc l~tter part of the rcgeno~t1ve 
action is conducted by Cowper bncks, the gases are effic1ently 
cooled, and a high temperatura can be imparted to the b~ast. 

In the Massick and Crookes stove 1 the regenerator 1s on the 
Whitwell principie, but arranged in what _is known_ as a "three
pass " system · the main combustion-tube 1s placed m the centre 
of the stove ~nd the gases, aíter passing up the central tube, 
pass once d~wn and once up _through gas-passages similar in 
principie to those of the Wh1twell stove, but arranged con
centrically round the main combustion-tube. The products of 
combustion pass out at the top of the stove. . 

Dry Blast.-The question of the effect of the mo1~ture con
tained in the a.ir supplied to blast-furnaces has . rece1ve~ very 
much attention during the last few years, and 1s certamly of 
considerable importance in many localities. 

As long ago as 1799 ~r Dawson ?f _Low Moor read a p~per 
before a scientific society m York, pomtmg out the great d1ff~r
ence in the moisture of the air going into the blast-furnac~ 1_n 
the hot months of the year and in the winter months_; a~d 1t ~s 
also interesting to note that the_ Duke of De~onsh1re, m h1s 
address delivered in 1869 at the maugural meetmg of the Iron 
and Steel Institute, mentioned, among the importan_t proble1:1s 
which at that time either seemed to ha.ve found solut1on or still 
remained to be solved, the effect of moisture contained in the air 
of the blast, and varying at different season~ of th~ year. ~t was 
at one time thought that in hot-blast pract1ce the mtroduct1on of 
water vapour would be advantageous, as the. hydrogen produced 
by its decomposition is such a powerful reduc1_ng agent. 

The question was consídered at length by Su· L. Bell, who camo 
to the conclusion in his Principlea of the Manufacture of Iron and 
Steel that there is no advantage to be obtaincd by increasing the 
quadtity of water vapour in the blast. . . . 

W. H. Fryer considered the effect of m01sture m the au--blast 
before the Cleveland Institutíon of Engincers in November 1890, 
and stated that the effect of the moisture is to lower the tempera
tura at the tuyeres so that more fuel and grea~r engine-:power 
havo to be used, and the variations in the quant1ty of m01sture 

1 Joum. Iron and Steel Inst., 1890, ii. p. 340. 
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cause const.ant variations in the working of the fumace and in 
the nature of the iron produced. 

In the same paper Mr Fryer gave drawings and particulars of 
an apparatus for drying the air, at a cost of 4½d. per ton of pig
iron produced. This apparatus, which does not appear to have 
been used on more than an experimental scale, consisted of a 
cast-iron cylinder fitted with shelves, on which were placed lumps 
of dry calcium chloride which it was proposed to dry by heat 
after being used for a certain time ; the apparatus was arranged 
so as to work continuously. Calorimetrio calculations are given, 
based on data given by Sir L. Bell with regard to hot blast, and 
the reactions in the furnace, showing the losses due to the moisture 
in the blast. The resulta with dry blast at 10º C. and 485º C. 
are most interesting in view of recent developments, and are as 
follows :-

Temperature of blast . . . . . • 1 o• C. 
lncrease of ms.ke of pig-iron per cent. . . 31 ·42 
Diminution of power required for blast per cent, 67 •50 
Diminution of coke reqnirod in fume.ce 21 •51 

465º c. 
15·07 
15-71 
12·01 

In 1899 S. D. Mills 1 called attention to the necessity of using 
the driest air possible for supplying blast-furnaces. He had 
found great differences in the amount of moisture in the air in
side and outside the engine-house on a cold day, and suggested 
that the buildings and engines should be arranged so as to take 
air directly from the exterior in preference to using the air in the 
buildings. 

The application of dry blast to the manufacture of iron has 
been practically worked out by J. Gay ley 2 who points out that 
the air used in the blast-furnace is by far the most variable 
element involved in the process; for whereas the raw materials 
used for the charge vary within about 10 por cent., the atmos
phere, of which large quantities are used per ton of iron lll.ade, 
varies in its content of moisture from 20 to 100 per cent. from 
day to day, and often in tho same day. The desiccation of the 
air used in blast-furnaces in such a way as to reduce its moisture 
to a small quantity and to keep it uniform must of necessity 
contribute in a marked degree towards the attainment of uni
formity in the furnace operations. 

With air containing 1 grain of water per cubic foot, there is 
passed into the furnace, for each 1000 cubic feet used per minute, 
practically 1 gallon of water per hour. A furnace of average 
size in the Pittsburg district consumes about 40,000 cubic feet 
of air per minute, which would pass into the fnrnace 40 gallons 

1 
Journ. o/ the U.8. A&IOC'iation o/ Charcoal lron. Workers, vol. viii. pp. 

306-310. 

~ Journ. Iron and Stul Inst., 1904, ü. p. 275; 1905, i. p. 256. See also 
Amer. Inst. Min. Eng., Feb. 1906. 
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of water per hour for each grain of moisture contained in a cubic 
foot of air. 

The resulta of observations of tbe amount of moisture contained 
in the atmosphere at Pittsburg nre given by Mr Gayley in the 
paper mentioned above, whicb show that the amount Yaries from 
1 grain per cubic foot on an exceptionally dry day iu winter, to 
over 10 grains per cubic foot on au exceptionally humid day in 
summer. There would therefore, on these two days, enter the 
furnace 40 and 400 gallons of water per hour respectively. 

After many preliminary experiments, Mr Gayley decided that 
the most practica! method of desiccating the air was refrigeration 
by means of anhydrous ammonia. For this purpose an insulated 
chamber containing coils of pipe is used; this cbamber is so 
located that the air for the blowing-engine is drawn through it 
at atmospheric pressure. The brine system of refrigeration is 
UBed, the ammonia machines for cooling the brine being of the 
compressor type. As the air passes through this chamber on its 
way to the blowing-i3ngine the moisture present is condensed as 
water or as frost on the lower pipes, and as frost or ice only on 
the upper pipes. When the pipes have become covered with frost, 
the cold brine is shut off from severa! vertical lines of coi} at 
once and warmer brine is passed through these pipes. 

The frost is rapidly melted and the water formed run off; cold 
brine is then again run through the pipes which have thus been 
cleared of frost, and the refrigeration and de:;iccation again com
mences. For cooling the calcium chloride brine used in the 
refrigerators, brine tanks are used wbich contain twenty coils of 
pipes, consisting of an inner and an outer pipe, these coils being 
covered with the brine. The return brine from the refrigerating 
chamber flows into the top of the tank, is cooled by the ammonia 
expanding between the outer and the inner pipes, withdrawn by a 
pump and forced through the inner pipe (where it is cooled below 
Oº C.), and thence into the coils in the refrigerating chamber. 

This system of brine refrigeration was usad in order to mini
mise the risk of accidents which might occur should direct 
refrigeration by means of ammonia be used. 

For thawing off the frost from the coila, these are divided into 
three divisions, and one of these is thawed off as a.hove every 
da.y ; in this way refrigeration is not interfered with. During 
the first run of the plant the water collected from the thawing 
of the frost averaged 2784 gallons per 24: hours. 

It should be remembered that n.dvantages accrue not only from 
the fa.et that a large amount of moisture is actually extracted, but 
also from the íact that the air used is practically uniform in 
moisture content, in spite of constant variations in thc humidity 
of the atmosphere. The very first run obtained by Mr Gayley 
after the erection of the desiccating plant showed great saving in 
the fuel consumption, and also an incrcased burden. 
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The effect of thus cooling the blast is also to increase the 
effective capacity of the blowing-engines, owing to the greater 
density of the air. . , . . 

The following figures g1ven by Mr Gayley 11lnstrate tbe d1ffer
ences obtained in tbe working of a furnnce :-

Product. 
Coke 

Wlth Ordlnary Blaat. 

. 358 tons per day. 

. 2147 lbs. per ton. 

Wlth Dry J3JaaL. 

447 tons per day. 
1726 lbs. per ton. 

B. Ossan 1 considera that dry blast is especially suited for a 
clima.te where tbe variations between da.y and night tempera
tures are considerable. In Europe, the changes are not so marked 
as at Pittsbur~, and Ossan is of opinion that Gayley's ;°lethods 
would not show here a sufficient saving of fuel to paya sat1sfactory 
return for the capital invested in the plant. By modifications in 
the plant, however, the cost could be much _r~duced, and i_t w~uld 
be sufficient in most cases if a uniform hum1d1ty were mamtamed 
throughout the year without removing practically the whole of 
the moisture, as wn.s done in the original Gayley's plant at 
Pittsburg. 

J. E. Johnson, jun.,2 has considered the relativa cost of the 
different methods of a.ir refrigeration, and is of the opinion that 
the use of a brine-circulating system, as used in Gayley's original 
plant, as a precaution against accidents, is unnecessarily expensiv~, 
whilst the substitution of the direct expansion of the nmmoma 
would reduce tbe first cost, the labour and the power required. 
He also suggests the use of a two-stage method of refrigeration, 
one at, say, 36º F., and the second n.t 15º F., and also urges that 
there is no commercial gain by refrigerating at too low a 
tempera tu re. 

1 Iron Age, 1906, vol. lxxviii. p. 798. 
"Journ. Ir<>n arnl Sttll I11st., 1906, iii. p. 404, 


