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HEAT EXCHANGE DEVICE

Application filed April 25,

This invention relates to heat exchange
devices of the class in which a plurality of
loosely assembled members are alternately

‘heated to high temperatures and cooled.
6 through a considerable temperature range by
contact of gases therewith. It involves a new
and improved means of and method for sup-
porting such members whereby the expansion
and contraction of the members take place
without setting up any serious lateral or ver-
tical strains, and for preventing harmful or
destructive stresses on the members of the
device.
One adaptation
blast stove. :
Heretofore, so far as I am aware, hot
blast stoves have been constructed as follows:
A circular or elliptical combustion cham-
ber was built inside the stove shell. It rest-
ed on the bottom of the shell and was tied
into the brickwork lining of the shell from
its lower end up to the top of the ¢checkwork.
A plurality of closely spaced brick piers rest-
.ed on the bottom of the stove shell outside .
of the combustion chamber and supported on
their tops a plurality of horizontally ar-
ranged brick arches tied together and to the
circular brick wall inside the shell of the
stove. These arches in turn carried on their-
tops other smaller horizontally arranged
brick arches at right angles to the first arches
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of my invention is a hot
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and similarly tied into each other, the arches .

therebeneath, the lining of the stove, and the
.. combustion chamber walls. Flat fire bricks
“ or tiles spanned the spaces above the second
.arches and were spaced apart distances cor-
responding to the spacing of the checkers or
tiles thereon. . Circuitous and more or less
restricted gas passages were thus provided
through the arches and between the bricks to
the checkers. The checker brick or tile were
built on these flat bricks or tiles to the desired
height. - . .
There are many disadvantages inherent in:
such a construction among which are the fol-
lowing: :

_4u

To insure adequate support for the check-

‘ ers during the life of the stove the support-
"5o 1ng structure of piers, arches and fire brick
 tiles have been built strongly and tied to-
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gether into substantially an integral whole.
which not only seriously impeded the flow of
gases therethrough by decreasing the area of
passage and interposing angular bends in
their line of travel thereby increasing the g,
losses due to friction and turbulence but also

was ill adapted to withstand the wide and
sudden temperature changes. Due to the
contraction and expansion incident to the
recurrent temperature changes the support- g,
ing structure often cracked and disintegrated -
with resultant destriuction of the stove lin-

ing. When any such failure occurred the
cost of repair was very high and often re-
quired the rebuilding of the checkers as well g5
as the supporting structure for the reason
that it was impossible to replace arches with
new ones and have them take up their share
of the superimposed load without first remov-
ing the checkers. ,

Since the fire brick used in the supporting
structures has small compressive and almost
negligible tensile strength but still must
carry the heavy load of the checkers the vol-
ume of the fire brick in the supports has been 75
increased to such an extert that the areas of
the passages for air and gas were correspond-
ingly decreased to an amount less than was
desirable with an incident increase in the -
frictional resistance to the movement of the gg
gases and a very unequal distribution of the
gases. , S : )

By my invention I am able to provide a
heat exchange device, for example, & hot
blast stove in which the supports. for the g5
checker work will last as long as or longer
than the balance of the stove; in which the
gas passages through the supporting struc-
ture are as large as or larger than the checker
openings and very direct; in which the dis- 90 .
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_tribution of the gases is'as free as is possible

because of direct passages of very large area
in which much stronger supports for the tiles. -
can be built within the space allotted; in

“which ample room can be. provided for ac- 95

cess to all supports for inspection, cleaning
or repairs; in which the checkers are sup-
ported in units so that each unit may expand
and contract independently of and without
damage to the others; in which the walls of 100
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the checkers or tiles may safely be formed of
the proper thickness for the most efficient
operation of the stove; in which such repairs

- as may be needed by any of the checker-work
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tnits or their supports can be readily made
without disturbing other similar units or im-
posing any added weight on such other units;
and in which practically the entire lower

. edges or surfaces of the lowermost horizontal

course of checkers or tiles are resting on the
stpporting means.

In the drawings accompanying and form-
ing a part of this specification in which I
have illustrated one embodiment of my in-
vention

Fig. 1 is a fragmentary view of a central
vertical section of a hot blast stove embody-
ing my invention;

Fig. 2 is a top plan view, partly in section,
of the stove of Fig. 1, and indicating certain
of the supporting members;

Fig. 3 is a top plan view of one form of tile
support constructed in accordance with my
invention; -

Fig. 4 is an elevation of the tile support be-
ing taken from the front of Fig. 3;

Fig. 5 is an elevation of the tile support,
taken at right angles to the view of Fig. 4;

Fig. 6 is a perspective view of an improved
checker or tile; |

Fig. 7 is an enlarged top plan view of sev-
eral assembled tiles;

Fig. 8 is a top plan view;

Fig. 9 is a side elevational view partly in
section of part of a modified form of tile

.support;

Figs. 10 and 11 are top plan and side eleva-

tional views of another part of the modified

form of tile support; _
Fig. 12 is an enlarged sectional view taken

.on line 1212 of Fig. 10; and

Fig. 18-is a sectional view of a tile from
the bottom course; !

Fig. 14 is a side elevation partly in section
taken on line 14—14 of Fig. 15 of a hot blast

‘stove of the central combustion chamber type

embodying my invention;

Fig. 15 1s a horizontal sectional view taken
on line 15—15 of Fig. 14; and

Fig. 16 is an enlarged fragmentary view

- showing the details of the beam supporting
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strut;

Fig. 17 is a diagrammatic showing of tem-
perature controlling means for a hot blast
stove.

Figures 1 to 16 inclusive show a hot blast
stove of a more or less conventional type
comprising an outer shell 1 with suitable lin-
ing walls 2. A combustion chamber 3 is
formed by walls 4 which rest on the bottom
wall of the shell 1 and are spaced apart from
the lining walls 2. This stove 1 is provided
with an inlet 5 for gases to be burned in cham-
ber 8, with one or more outlets 6 for the es-
cape of gaseous products of combustion flow-
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ing from chamber 8 and with a suitable pas-
sage 7 through which heated air may flow
when the stove is reversed and air to be heat-
ed is brought in through passages 6.

To support the checkerwork within the
stove shell and outside of the combustion
chamber 8 I provide supporting members so
constructed and supported as to be independ-
ent of each other, and each being free to ex-
pand and contract vertically and laterally
without contacting with the others. Pref-
erably such members take the form of a plu-
rality of supporting columns or posts 8 which
rest on the bottom wall of the shell 1. These
posts are preferably cylindrical, hollow cast-
ings composed of metals or alloys resistant to
the gases which contact therewith and hav-
ing sufficiently high compressive and tensile
strengths at the highest temperatures to
which they are subjected to support the loads
imposed thereon. For example, cast iron,
chromium steel or chromium nickel steel and
their alloys may be used for these posts.

Non-metallic materials may be used for col- -

umns if desired, but occupy more space than
the metal columns.- Each post 8 carries at its
upper end a cap 9 of suitable shape dependent
on its particular location in the stove, the
several caps being spaced apart from each
other sufficiently for expansion and consti-
tuting a horizontal, perforated wall extend-

.ing throughout the space within the lining
2 and outside of the combustion chamber

walls 4. -

Each cap 9 is independent of all the other
caps and together with its post 8 forms a sup-
porting unit for checkers or tiles disposed
thereabove which is free to expand and con-
tract vertically and laterally independently
of the other units." The cap of Figs. 3, 4 and
5 consists of a cylinder 10 having an annular
flange 11 at its lower end to locate the cap on
the top of a post 8; a grid or perforated plate
12 at the upper end and webs or ribs 12¢ from
the cylinder 10 to the under side of the plate
12 between the round openings 18 or square
openings 13¢ in the plate. Since some of the
openings 13 and 13a are above the post 8 and
annular flange 11, enlarged openings 14 are
provided through sides of cylinder 10 and
webs 12¢ to permit gas to flow through such
openings 18 and 13a.
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The caps 9 are preferably composed of cast -

metal but since they are subjected to greater
tensile stresses than the posts 8 and also to
substantially the same compressive stresses it

1s preferable to use metal compositions such

as chromium or chromium nickel steels for the
caps although. other materials having suffi-
cient strength at the high temperatures and
sufficient resistance to the action of the stove
gases may be used.

Upon each plate 12 is supported a horizon-
tal course of checkers or tiles 15 with the en-
tire bottom surface of each tile engaging the
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plate 12 and with the round holes 16 through
the tiles aligned with passages 18 in the plate.
Raised ribs 120 on the plate about the open-
ings serve to position the tiles of the lowest
course on the plate. The tiles of the lowest
course are chamfered around the bottom of
the central hole 16, as indicated at 16a, Fig.
13, to fit the ribs 125, Fig. 4, or 23a, Fig. 12,
as the case may be. Additional courses of
checkers or tiles 15 are similarly supported

on the first course and other courses are added

until the desired vertical height of checker-
work has been attained. The tiles 15 are
preferably not bonded to each other nor other-
wise connected together, and are not connect-
ed to the lining walls 2 or walls 4, and the caps
9 are also not connected to walls 2 or 4 or to
each other. The tiles are laid without being
crowded closely together, thus leaving each
tile as well as each group- free to expand
slightly in a horizontal direction without de-
structive contact with its neighbor and also
free to expand vertically. As a result each
post or column 8 and its cap 9 supports the
group of tiles covering a given area and ex-
tending to the full height of the heat ex-
changing space, and each such group may be

considered as a unit or member which can ex- .
,pand and contract laterally and vertically

without any destructive contact with the ad-
jacent groups or members or the walls 2 or
4, and which can be repaired, replaced or re-
newed wholly or in part or cleaned independ-
ently of the other units or members.

The entire weight of each such unit is trans-
mitted by its column 8 to the stove foundation.

The tiles 15 (see Fig. 6) are preferably
octagonal in horizontal section with their al-
ternate outer side surfaces 15¢ wider than the
remaining side surfaces 156 so that when the
tiles are assembled as above described with
the narrower surfaces 156 of adjacent tiles in
contact with each other, the wider surfaces 15a
define square passages 17 between the tiles
which align with the corresponding square
passages 13¢ in plate 12. In this manner the
tile walls define round holes 16 and passages
17 are formed between the tile of the maxi-
mum desired size from the standpoint of effi-
cient stove operation and at the same time the
walls of the tiles are kept at the desired min-
imum thickness. It will be readily under-
stood that tiles of exactly octagonal form or
of any other suitable forms may be used.

In Figs. 8 to 12 is shown a modified form
of cap which is made up of two separable
parts. One part, which I have named a col-
umn cap, comprises a disc 18 to seat on the
top of a column 8 and a depending flange 19
to locate the disc on the column, and a plu-
rality of upstanding ribs 20 united to the disc
and flange and to each other and terminating
at their tops in the same horizontal plane. At
the intersection of certain of the ‘walls 20,
holes are formed to receive dowel pins 20a

which project up into and serve to locate the
separable grid or plate 21 on the column caps.

3

Certain parts of the ribs 20 are cut away at .

206 to form gas passages. The grid or plate
21 resembles the plate portion 12 of the cap
of Figs. 8,4 and 5 but has shallow strengthen-
ing ribs 22 integral with the underside of the
-plate and extending between the perforations
23, and 23¢. Tile locating ribs 230, similar
to the ribs 126, Fig. 4, project above the top
of plate 21. 2 -
The columns 8 and caps are so designed that
the center of the superimposed load of tiles,

is, in each case, approximately on the center

of the column, thus avoiding any eccentric
loading of the columns 8. '

The columns 8 are so located in the stove
shell that when the columns caps 12 or caps
and grids, 20 and 21, respectively, are assem-
bled, the marginal projections and recesses
match in such a manner as to form square
openings 13a or 23¢ between them. In as-
sembling, clearance is also allowed between
adjacent marginal projections of the grids.
Support is thus provided for all the tiles and
space is allowed for free expansion or con-
traction of the grids.

The column caps and grids of Figs. 8 to
12 are preferably made of some material suc
as mentioned for caps 9. *

In addition to the above mentioned advan-
tages my invention enables me, without in-
creasing the height of the stove, to increase
the amount of heat exchanging capacity of a
hot blast stove by an amount correspond-
ing to the additional layers of checker tile
which I employ in the space heretofore oc-
cupied by the several arches and bridges of
the checker work supporting means in prior
art hot blast stoves, this being accomplished
by the relatively small vertical dimensions
of the caps as compared with the much
greater vertical dimensions required by
the prior art arches and bridges. I also ob-
tain a larger amount of heating surface due
to the smaller openings and thinner walls of
the checkers, the use of such checks being
made possible by supporting the entire bot-
tom ends of the checker walls on a rigid, non-
distorting structure.

The improved construction above described
with its capacity for being rapidly and high-
ly heated is well adapted to use with tempera-
ture indicating and controlling means. In
fact it is desirable to employ some such means
to prevent abnormally high temperatures in
the space surrounding the supporting means,
such as the columns and caps 1llustrated.

In Fig. 1 is shown a pyrometer tube 25,
which may be of any suitable form and con-
struction, and which projects into the stove
space in which the columns 8 are located. A
temperature indicator or recorder 26 dis-
posed outside of the stove shell 1 is connect-.
ed to the pyrometer. An attendant may reg-
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ulate the temperature in the stove as desired
by observing the indicator or recorder and
control the combustible gas accordingly.
Figs. 1 and 2 show a hot blast stove with
the combustion chamber adjacent to one side

wall. In Figs. 14 to 16 T have shown a. stove:

in which the combustion chamber is centrally
disposed in the shell. Conduits leading from
outside the shell to the combustion chamber
are required with such a construction but
would 1nterfere with certain of the checker-
work supports of Figs. 1 and 2 unless pro-
vision is made for supporting the checker-
work over the conduits in some other manner.

In Figs. 14 to 16, the stove shell 1 has a
lining 2, a combustion chamber 8, checker-
work 4, posts 8 and caps 9 for supporting
checkerwork 15. Conduits 30 extend from
the outside of shell 1 to,chamber 3 and af-
ford passageways for combustible gas to en-
ter the combustion chamber or for air blast
to enter or leave the stove. Outlets 81, simi-
lar to outlets 6 of Fig. 1, permit escape of
products of combustion and entry or escape
of air blast.

The conduits 80 are formed by brickwork.
I have extended the brickwork at either side
of each conduit, as at 32, to form piers. On
each pier is placed a metal plate 33 having a
knife edge recess 34 in its upper surface.
Knife edge members 85 rest in recesses 34 and
carry beams 36 recessed at 37 to receive the
members 35. The beams 36 each carry a cap
9 and serve as substitutes for posts 8 to sup-
port ecaps 9 over conduits 30. If desired, one
knife edge 35 may be eliminated by continu-
ing the pier 32 on up until plate 33 contacts
with beam 36 when the latter is in its normal
position.

In erecting the apparatus of Figs. 14 to 16
the posts 8 and caps 9 are put in place, then
beam 86 is rested on members 35 and held in

-place until cap 9 is lowered onto beam 36

after which wedges may be inserted between
cap 9 on beam 36 and adjacent caps 9. Then
the checkerwork can be laid and the wedges
can then be removed. The members 35 will
permit free expansion and contraction of
beam 36 while adjacent caps 9 will prevent
any dislodgment of members 35.

In Fig. 17, which shows means for auto-
matically regulating the temperature of a
hot blast, 40 designates a valve in the conduit
5 of Fig. 1 for varying the amount of com-
bustible gas admitted to the combustion cham-
ber 3. 41 designates a motor actuating de-
vice of any well known type for actuating
valve 40. The thermostat 25 and indicator 26
of Fig. 1 are connected by any suitable well
known electrical means to the motor device
41 so that when the temperature in the space
surrounding posts 8 reaches a predetermined
temperature the valve 40 will be actuated to
decrease or cut oft the supply of combustible
gas and thereby prevent further rise in tem-

1,835,074

perature. When the temperature falls below
the predetermined temperature the valve 40
will be opened to admit more combustible gas.
In this manner the temperature about posts
8 can be controlled as desired. )

Having thus described my invention what I
desire to secure by Letters Patent is defined
in what is claimed, it being understood that
various changes, modifications and alterations
may be made in the above described embodi-
ment of my invention without departing from
the spirit and scope of the invention.

“What is.claimed is: )

1. A stove checker supporting structure
composed of independent units, free to move
vertically, independent of each other, and
provided with expansive clearance laterally,
each resting on a unit support independent
and free of contact with the adjacent support-
ing units.

2. Stove checker supporting units, each
comprising a single column supporting a con-
centrically loaded cap out of contact with ad-
jacent supporting members.

3. A stove checker supporting structure in-
cluding a plurality of units, each unit of
which is composed of a gas and heat resistant
metal of adequate strength at stove tempera-
tures to carry the load of tiles superimposed
thereon and supporting practically the en-
tire bottom surface of the bottom course of
checker tiles, each unit being centrally sup-
ported on a column, independently of the ad-
jacent supporting structures and brickwork.

4. A hot blast stove comprising a lined
shell, a combustion chamber therein and a
plurality of vertical groups of checkers each
group being independently supported with-
out supporting contact with adjacent groups,
the said shell, shell lining, chamber and
groups forming structurally independent
units capable of individual expansion and
contraction without destructive engagement

~with adjacent units.

5. In a hot blast stove, a heat exchanging
unit comprising a column, a column cap and
a plurality of checkers arranged vertically
above and supported by the column and its
cap arranged to permit unrestrained expan-
sive and contractive movement.
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6. In a hot blast stove, a column, a per- .

forated cap seated on the column and sup-
ported solely thereby, and a plurality of
hollow checkers supported on the cap and
arranged to define passages aligned vertical-
ly with the perforations in the cap.

7. In a hot blast stove, a plurality of in-
dependent, adjacent, upright groups of su-
perimposed checker tiles defining vertical gas
passages, and a plurality of means each sup-
porting one of said groups for expansion and
contraction of each group independent of the
remaining groups. »

8. In a hot blast stove, a plurality of in-
dependent adjacent, upright groups of super-
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imposed checker tiles defining vertical gas

Ppassages, and a plurality of means each sup-
porting one of said groups for expansion and
contraction of each group independent of the
remaining groups, the said means having
vertical perforations aligned with the said
passages.

9. In a hot blast stove, 2 plurality of in-
dependent supporting columns resting on
the stove foundation, and a plurelity of
groups of adjacent superimposed checker
tiles,” each group being supported by a col-
umn for expansion and comtraction inde-
pendently of the remaining groups.

10. ‘A hot blast stove including checker-
work composed of independent, vertically
extended groups of units, and means sup-
porting each entirely independently of other
such groups. \

11. A hot blast stove including a lined
stove shell and a plurality of groups of adja-
cent vertically extending columns of checker-
work units, each group of units being spaced
apart from adjacent groups and being sup-
ported independently of such other groups.

12. A hot blast’ stove comprising a lined
stove shell, a combustion chamber within
the shell, and a plurality of vertically extend-
ed groups of ‘checkerwork units within the
shell, each supported on a column means rest-
ing on the bottom wall of the shell and being
independent of and spaced apart from other
such groups of units and from the shell lin-
ing- for independent expansion and contrac-
tion. - ' B

13. A hot blast stove comprising a lified
stove shell, a combustion chamber therein
having its Walls~supported on the bottom
wall of the shell and spaced apart from the
lining of the shell for independent expansion
and contractiopn, and a plurality of vertically

extended groups of checkerwork units within
the shell, each group of units being support-

ed on  column resting on the bottom wall of

5 the shell and being independent of and

spaced apart from other such groups of
units, and from the combustion chamber

walls and from the shell lining for independ- -

ent expansion and contraction.
14. In & hot blast stove, & column, a per-

- forated cap on the column, and 2 horizontal

. course of uﬁstanding hollow checkers sup-

ported on the cap with substantially their

- entire lower surfaces engaging the cap and

with their passages aligned with perforations
in the cap.

15. In a hot blast stove, & horizontsal course
of checker tiles defining vertical gas passages,
and- column means supportingly engaging
substantially the- entire lower surfaces of

said tiles, said means having perforations in

. alignment with and at least as large as the

said gas pa,ssaEes. ‘ :
16. In ahot blast stove, a horizontal course
of checker tiles defining vertical gas passages,

B

and column means of substantially the same
horizontal extent as the course of tiles sup-
porting the tiles and having perforations in

substantially vertical alignment with thesaid |

gas passages. ,

17. In a hot blast stove, a horizontal course
of checker tiles defining vertical gas passages
and occupying substantially the entire area
between the stove lining and the combustion
chamber walls, and a plurality of disconnect-
ed means each supporting a porticn of the
said tiles independently of the remaining
tiles and supporting means.

- 18. In a hot blast stove, a plurality of in-
dependent, checkerwork supporting units, |
each unit i)eing free to expand and contract
laterally and vertically without contacting
with any of the other units. = - ,

19. In a blast furnace stove, a plurality
of columns and column caps for supporting
the checkerwork so constructed and support-
ed as to be entirely independent of each
other and each being free to expand and con-
tract vertically and laterally without con-
tacting with the other columns or caps. ;

20. In a hot blast stove, a central combus-
tion chamber having inlet and outlet. con-
duits, checkerwork above said conduits and
means for supporting the checkerwork in
independent groups, said means including a
beam extending across one of the conduits
carrying a group of checkerwork and sup-
ported by expansion and contraction permit- -
ting means,

n testimony whereof I hereunto affix my
signature this 23d day of April, 1929. .
ARTHUR G. McKEE.



