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Ta bl w?wm it ma Iy CORCErL: | -

Be it known that I, JoBN FRANCIS BEN-
~NETT, of Pittsburg, in the county of Alle-
ﬂhen;y and State of Pennsylvania, have in-
vented certain new and useful Improvement‘s

in Blast-Farnace Stoves; and I do hereby de- |
clare that the follt}wmg 1s a full, elear, and

exach deseri ption thereof, 1*eference bemﬁ‘ had

to the accompanying drawings, and to the let- ,
ters of reference marked thei eon which form.

part of this specification. |
My invention relates to impr ovemeuts in

blast-furnace iron-pipe stoves in which two
‘currents of air or gas are permitted simulta-
neously to pass thrmwh the stove in oppos-
ing d1reetmns and the objects of my improve-

ments are, ﬁn:,t to facilitate the passage of the
alr by c:h'l,pmw the duets so as to offer the least
resistance thereto; second, fo provide an in-

creasing or demeaﬁmﬂ vertical path for the
_-_hmtmw -gases, qecmdmﬂ* to the direction be-

pursned t}nrd to deprwe the waste gases

e:)f fz,ppmﬂmate]y All their heating-power by
causing thelr successive contact w1th air-pipes

inthe Str‘:}‘i“"e and with a boiler to generate steam;

fourth, to attain these objects ith the mam-_.
mum sunplle:lty of construection. Iattainthese

objects by the means illustrated in the accom-

- panying dmwmgm, in which—

© 45

<o

ney.

Figurel representsanelevationof the plwt
the view being taken from behind the chim-

same, pmrtlally bmken to show construction.

Slmlhr letters refer to correspondmg parts

in each view.

A _represents a duet admlttmﬁ* the hot gases

from: o furnace Or other sourece to a stove.
A’ is a valve-box 'in which a slide-valve re-

ciprocates, thereby aenvevmg atmospheric air

to meet the bob g-—wes; 1nsarmg eombusiﬂon in

" the ehamber J.
B is a passage leadmfr smd nases deprwe&_
.partnll;r of their heat by eantact Wlth the pipes

and the walls of the furnace, to the chimney
H, in ﬂm bottom of whiech is 100‘1136(1 a steam-

genemtor to deprwe the gases of any heating-
power remainingin them. 1618 obvious, hmv- |
ever, that the boiler might be placed elsewhere.

Wlth equal efficiency, provided its location is
somewhere between the exit of the hot gases
from the stove and the chimney.

Fig. 2 is a longitudinal section of the

o }

with blast-furnaces, I make the pipe Cof a

|

“box E” plpe D boa 7, pipe E", "Dox T | E "
and out through 1 iron pipe D.
trances and exits of the iron pipes E E X E”

each stove. and six boxes.

C is the entrance of an iron plpe eonduetmﬂ
cold or ELEH]O‘S]}]’_IEI ie air to the stove, and D 18

the exit for this air, heated by tr aJversmn' the

iron pipes B I I I E’ E” B and their c{mnect
13'3' bOXeq I1 IV I‘UF I"H’! I\HH FJ’HH
1 represents the outer walls of the turnace;
which I so construet that the roof gradually
increases in height as it approaches a perpen-
dicular to the inlet A. I regulate this verti-
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o

cal enlargement by thei incereasing height of the
iron pipes B E E' B B"”, preserving in each

case the same distance between the top of the
iron pipes and the roof-wall of the furnace.
The iron pipes E I, being of the same alti-
tude, are covered by portwns of the roof 1n
the same horizontal plane;. but each of the
other pipes is covered by portions thereof in

t different planes.

When I use this stove &11]”1}, 1 mmlectmn- 70

diameter equal, approximately, one-half of
that of the blower-exit; when two are needed,

about one-fourth; and for three, abount one-

sixth. I construet each of the bo:ms | T Dl D

BT E of an area equal to that of the

pipe C. From the first box If the alr 1S
forced by the blower into the first pipe E, and

then sucecessively into the second box F, sec-

ond pipe E, box I, pipe ¥, box I, pipe E’, 8o

1 make the en- --
E” " greater than the bodies of the respect-

ive pipes by appmmm&telv fifty per cent. 8=
The slope of this increase on the two ends of

‘each pipe extends for about two diameters of

the pipe. I prefer to make these entrances
and exits oblong with flat sides, about sixteen - -
by four inches, rather than round of a diam- 90. )

eter of eight and five-tenths mches these two

hfwmﬂuthe same area. Near the t0p of the
pipes EEE E E'E” I eradually increase
the diameter until at the crown the area is fifty
per cent. greater than that of the body of the g5

pipe. Usually I place forty-eight pipesin
Pipes E L, I gen-
erally give an altitude of twelve feet and.
leave a space.of about six inches between bhe
ounter surface of the top of the pipe and the 100
inner surface of the furnace-rcof wall. The
pipes E' B" I E”"" are then made to have re-




spective he]ohts cf fourteen, sixteen, eight- |
een, and twenty feet, and an equal sp’Lce be- !

| tween their crowns and the roof of the fur-

- nace. 'T'he inlet and outlet air-pipes C and

DD are made of areas equal to the box F. The |
inlet - pipe A. terminates in a combustion- |
chamber, J, combustion being assisted by the

,H m}mOSphel ic air introduced by theslide- valve

10

20

- When the shaft rises one hundred and fifty
- teet above the surface of the ground, the boil-

- engine. The chimney is so placed as to carry

- 35

4.0

- pand in a combustion-chamber. The blast-
- furnace gases are chiefly carbonic oxide, with

- ducts of combustion would be five tlmes the

s

o ogen.) In pmc_tlce, however, the blast-fur-
nace gases contain about fourteen per cent. of |

55

ble safety - valves, gages, water - supply and

-enhelt, mixed w1th proper proportions of- air,

to the average resulting temperature, and in

A’.  The combustion-chamber extends as far
as the inner perpendicular of the box F, and
conducts the hot gases, products of combus-
fion from the furnace-gases, and air from the |
inlet A’ to passages K K K, between the boxes,

by which a continuously-asecending passage is
provided for the gases, after which the gases
descending between the first and second boxes |
I' I arrive at the outlet B, whence they are
conducted under a boiler, G, to utilize any |
heating - power remaining therein, and then | :
discharged to the atmosphere by the shaft H.

er & may be constructed with a height of
about twenty feet. The boiler, though con-
centric with the shaft, leaves a space of about
four Inches between its outer surface and the
inner wall of the shaft, providing ample pas-
sage for the gases. The boiler may have suita-

steam pipes, and Lhe usual conneetion with an

off all the waste gases from the blast-furnace
plant of which the stove or stoves form a part.
Iron-pipe stoves as heretofore constructed
recelve the blast-furnace gases (in best prac-
tice) at an average temperature of 400° Fahr-

]mvmg an average yearly temperature of 50°
IFahrenheit, admitted through suitable slide-
valves. ,The gases and air combine and ex-

accompanying proportion of nitrogen, the
same proportion as exists in the atmOSphere
If they were entirely of this composition, and
of 0° Fahrenheit, and combined with their
equwmlentofatmosl}herles,lr admitted through
slide-valves, also at 0° Fahrenheit, the pro-

initial volume, and be of a temperature of
2,700° Fahr enhelt (earbonic-acid gas and ni-

carbonic-acid gas and its accompanying nitro-
oen, also a percentage of vapor of water, vary- |
ing according to the freedom from moisture of
the stock charged into the furnace and the |
dry or humid condition of the atmospheric
air blown into the furnace; also, the atmos-
pheric air with which the blast-furnace oases
combine in the chamber beneath the iron pipes
contains more or less moisture. These non-

|
combustible gasesand vapors have to beraised

being 1msed decrease the average intensity of
the hest of the resulting productsof combus- |

- tion, althou rrh the volume of gasesisincreased.

303,208 '

Blasy- fm nace gases enteunn the stove th 400°
Fahrenheit, and the dtl]lDbthI’lC air wilth
which they combine entering at 50° Fahren- 70
heit, there being added thereto the heat of the
combmatlon, (2 700° Fahrenheit,) giving an
average temperature of 2,925° I‘mhlenhelt if
free from foreign substances but in good prac-
tice hitherto the resulting 'heat obtained is 75
about 2,000° IFahrenheit. As theproducts of
combustion “eonveying this heat of 2,000°
Fahrenheit pass from the chamberup through
the stove, they -heat the iron pipes, and then
pass out of the stove through little chimneys 8o
K K in its roof at a temperature of about

i 1,000° Fahrenheit. The atmospheric air en-

termg at the blower end of the first row of
pipes at a temperature of 50° Fahrenheit in
passing through the series of pipes is gradu- 85
ally increased in temperature until 1t passes -
out at, a temperature in degree according to
the aggregate length of the pipe, the height

of the walls, and the velocity of the current of

alr passing 'thlouwh the pipes. Forexample, go
an 1ron- plpe stove containing eight rows of
pipes at an average double 1ength of sixteen
and six-tenths feet, or, total, two hundredand
sixty feet—eight pipes in each row—the area

of each pipe being sixty and fifty-six hun- g5
dredths square inches,with a given velocity of

air, gives a temperature to the air passing out
of 1,000° Fahrenheit,which isthe best average

practice yet atbained. There i1s also the dis-
advantage of agreatvelocity of thehotcurrent roo
burning the first rows of pipes, because strik-
ing the rows of pipes nearest the entrance of

the burning gases-with greater degree of heat .

and velocity than the rows of pipes nearest
the blower. 'This is to some extent overcome 103
in practice with constant watching by closing
a damper Immediately above the top of the
little chimney between the rows of pipes first
reached. In spite of all care,the pipes doire-
quently burn and crack, and have to be re- 110
placed. Inthenewstovetheburning gasespass
in at the same temperature and deliver the
greatest intensity of heat to the rows of pipes
nearest their entrance, but becoming cooler
as their heat is abstracted by the pipes cand air 11 5
passing through the pipes, and consequently
heavier, and bemg pushed out of the way by the
Veloelby and pressure of the continuously-ris-

1 ing hot gases, and being continually drawn

away by the draft of the hot chimney, they 12c
gradually course toward the cooler end of the
stove and are drawn out atanaverage tempera-
ture of about 700° Fahrenheit. The result 1s
that an additional temperature of 300° Fahren-
heit 18 given to the hot-air blast. In the best 125
pr aetlee theoldiron-pipestovegaveanaverage
temperature of 1,000° Fahr enhelt to the blast,

but the new iron- pipe stove will give 1t an
average temperature of 1,300° Fahrenheit. As
practically 100° Fahr enheib 1s equal to three 130
per cent. of the best coke fuel,or a greater per
cent. of inferior fuel, ther efore 300° TFahr-
enheit 18 equal to mn(, per cent. of fuel saved.

In addition the blast-furnace produces nine or




g

. about ten '1‘}8‘1* cent. more _Wpig-im‘n. |
' the gasespassing out of the stove at 100° Fahr-

| Fa]u*enh_eit, because that is the temperature

1o

20

ously heated by the intensity and velocity of

frifling.

 the furnaces now largely in use delivers a blast
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10 to the mpmre inch in the cold-air main pipe,

are made to pass under the boilers and raise

“blower zmd the whole plant, passing finally

jury to the pipes.

Again,
enheit 1nstead of being delivered into the air
steam enmwh to drive the engines for the

out of the chimney at 350° Fahrenheit. Heat-
ing-gases under boilers must pass oif at 350°

of the water 1n the boilers at a pressure of one
hundyed pounds to the square inch. There
being a difference in temperature of from 300°
to 400° Fahrenheit bebween the iron outside
wall of the pipes next to the burning gases and
the iron inside of the pipes next to the heat-
ing-air, the air cannot attain the same tem-
peﬂmmre as the gases that heat it. In practice
thereisalimit tothe tempera,ture of iron pipes
conveying heated air. In the old iron-pipe
stove 1t has been limifted to heating the blast
to 1,000° Fahrenheit at its outlet, the outlet
rows of pipes being excessively and danger-

the hot current; but it i1s of record that an
iron-pipe stove with 1ts pipes almost white
hot was kept during the entire night at a
temperature of 1,900° Fahrenheit without in-
The rounded cntrances to |
the iron pipes obviate all friction, excepting
that of the air against the walls, which is
This 18 a great saving of engine-
power. For example, the blower of one of

of cold air into three hot stoves, each stove

T

which air, being hemted while passing through
the hot St(}ves o 1,000° Fahrenheit, and ex-
panded to twice its mltlal volume, ent.ers the
hot-air main pipe at a pressure of two and a
quarter “pounds to the square inch, thus hav-

ing lost nearly thirty per cent.of t]1e pressure

- of the blower by the obstruction to the air
“while passing through the eight square-edged

43

entrances and exits and the eight restricted

curved crowns of the pipes. Thus it will be
seen that estimating the loss at one and a quar-
ter per cent. for each diminution of area in
two hundred and sixty feetlength of pipe, even
ab this low pressure, amounts to a heavy loss
in volume.

Having thus fully deseribed my 111\Tent10n
what I claim, and wish to secure by LGttGlS
Patent of the United States, 18— ~
- 1. The eombination, with a hot-blast stove

50
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having its roof formed in steps, of a series of 6o

hot-air pipes of varying heights and arranged

in relation to said steps, substantially in the;

_manner and for the purpose specified.
Astove,Lhaving its roof formed 1n steps,

'm eombmwmou with the iron pipes & E E K" 65

E” B, of fixedly differing altitudes, boxes If
F B T”’ 7B, blast- iurnace onas- “inlet A

cold-air inlet A (::Ombustmn ehambel J, and
outlet B, cold- -air inlet C, and outlet D, inter-

vening pdssages K K K, the chimney I—I, and 70

boiler Gr the whole in the relation and for the
purpose herein described and shown.

In testimony that I claim the foregoing as
my own I affix my signatnre in pr esenu, of

containing sixty -four pipes, (eight rows of | two w1tnesses
eight pipes each, ) each pipe being sixty square
nmhes in area, or twenty - foul carrents of
one thousand imlr huandred and forty square
1nches,eachatapressureofthree orfour pounds

JOHI\T . BENNETT.
- Witnesses: '
M. E. IHLARRISON,
- ALEX. RANDOL.
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