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29. Claams

This~ invention- i§ concerhed = with: improves=-
nients in brick-and tile-kilhs of ‘the tunnel type;
as commonly -employed for-the-heat ‘treatment
of ‘such ware.

This invention relates to tunnel kilns or-oveiis: §+
especially ‘desighed for-firing-clay produets’ such:
as bricks, fire brick, tile-and-the like; either -of-
the-glazed or unglazed‘\tYpes. As is usual-in-the-
use-of tunnel kilns; the-ware<to-be fired ‘i’ moved-

progressively’ either-continuously - or intermit= 10

tently, through the kiln- from -its-entrance ‘to its-
exit at a-controlled-speed-to-effect-the required:
heat treatment-thereof. The ware-is‘placed upon
cars-or trucks which-are in-end ‘to-end-contact

to-form a continuous line-of trucks; entirely fillz- 18+

ing the kiln throughout’itslength. These trucks-
are - progressed intermittently or continuously-:
through- the kiln-by -intermittently- or -continu-~
ously pushing freshly -loaded’ cars through thé

entrance-end ‘of ‘the tunnel, theréby moving the 20

entire line, 'so- that~a truck-on which ‘the -ware"
has-been-fully p1ocessed 1s moved out of ‘the klln
at its-exit-end:

" In the movement-of the-ware through the kiln;

it- passes- through- 1ongitudinaily - spaced- zones- 28-

maintained and controlled: at-different: tempetra-
tures, so that the-greén-or-unfired-ware: which-
entérs the kiln, is successively -Hedat- treated in .
accordance  with. predetermined: requlrements

and ‘cooled to a-safe ‘témperatire for-exposure: ‘1o~ 30+

the-atmospliere; at the-time of discharge from-
the-kiln.

~In acecordance with this-invention; the kiln is-
effectively divided- lefigitudinally irito -a- -plarality

of :zones, in each of which the temperature and- g5-
" posure $o. the. atmosphere

atmospheric conditions can be:controlled from
end to end to efféct a:very aceurate-and efficierit
heat treatment of the ware. Fundamentally;
the kiln herein disclosed may- be: Iongltudmally

. divided from its-entrance-to: its-exit end into-4 . 4g:

low pre-heat zone, a:high pre-heat: zone; & Hot:
zone:and a-cooling:zone,

One objeet of this.invention: i5 to provide &
physical -structure wherein these-four zones miay:

be' effectively. established :and maintained under 45

very accurately-contiolled.conditions, and; where=-
in, within each zone both atimospherie and tem-.
perature: conditions: can be centrolled; so-4as:to-
effectively establish within each zone:oné or:thore:

subsidiary zones.of' different temperature: -and: 50

atmospheric ‘conditions.

Another object of ‘this:invention is:t6 provideé:s-
method wherein: eficient heat treatimerit: of “ware
of ‘this kind, involvirig:the éstablisiment: of difs.

ferent.and closely. controlled: atmospheric atnd: 58

(CL 25—142)

. .2

temperature conditions; as:-between: zones: of
tfeatmient;. and>within each:zene, whereby: -any
number of efficient and effective processing:cycles.,
can:be:producéd:.

Anothér chjéct:of the ~“nvention-is. to- prov1de D,
tunnel kiln and methods of operating it wherein;
a-maximum sutilization of-all:heat - put: into..the
priocess:is obtained. i o

A stilk:-further- object: of; the : invention .is: to
provide:a.kiln: structure- hich:is. readlly adapted;
ior r-the contmuous treat--
ment:of:glazed: or unglazed ware-in. either. smail
or:lérge size:.

~An: important: obJect .of- the mventlon both
from a structural and operatmg VleWpOIIlu, is the:
provision of:mgans for; transferrlng the. hlgh tem-
perature: produets .of: combustion. from- the hot.
zene- directly- into::the. high. pre-heat zone, for.
heating the ware by rect contact of the pf oducts
of:combustion: therew1th .and.for dlrectly trang--
ferring; these: produets.. of combustmn somewhat
cooled; to;the low: pre-heat zone, for transfer of:
Heat: by radiation to the green ware.witholt dl-:
rect; contact therew1th As.a. further factor. 6f
efficiencey; these. products of . combustlon aré then .
transferred:to: the dr;ers, where the i1 eshiy mold-l
ed;green;ware, is drled In.preparation . for intro-
ductmn inte:the tunnel. k.llns

Another, ebJect .of. th1s invention: 1§ the Dro--
vision ;of ‘apparatus; and operations. whereby the
fired ware.is cooled undef. closely contiolléd con=-
dltlons through the various tical temperature
points. to. mlmmlze shrmkmg trains.and to. .
sure- that. the. finished w4, WIH issue from 'the
kil at; g temperature. w h,‘permlts safe, exX--

Other and more, detailéd objécts.of the invén--
tion will be: apparent. from the, descrlptmn which .
follows wherein the emnbodiment selected for 111 S=-
tration in the; drawlngs is.deseribed. i 1

This.invention resides substanially. i
bmatlon constructlon arrangement relative 16-.
cation. of parts steps -and series of. sbeps; all a8.
heréinafter fully dlsclosed

In; the. accompanymg drawmgs— .

Frgure 1. is a- hcrlzontal CLOSS . sectmnal View.
taken.on the, lines. d—1-of: Flguf"es 6.and 7, show--
ing.the censtructlon of the entrance;end of, the
kiln, the low pre-heat zone and:a- .portion of the:
high-pre<heatzone;,

Figure: 2. is; s horizontal, cross: sectdona,l view:
‘taken:on: the . lines-2-—2:0f Figures:5: :and:-8:shows
ing the.adjacent: portions..of the: high«pre=heat:
zone:and the hot zone;. :

Figure. 3 is.a. horizontal cross:sectional: view:




: 3
taken on the line 2—2 of Figure 8 of the indirect
hot zone; line 3—3 of Figure 9 of the direct fire
zone; and line 4—4 of Figure 10 of the cooling
zone;

Figure 4 is a horizontal cross sectional view
taken on the line 4—4 of Figure 10 showing the
cooling zone and the tunnel exit structure;

Figures 1, 2, 3 and 4 when arranged end to end
in that order illustraté a horizontal cross sec-
tional view throughout the length of the kiln
taken at the various levels indicated above;

Tigure 5 is a vertical cross sectional view taken
on the line 5—?5 of Figure 2;

2,550,807
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Figure 6 is a vertical cross sectional view taken .

on the line 6—6 of Figure 1; iy

Figure 7 is a vertical cross sectional view taken
on the line T—7 of Figure 1; o :

Figure 8 is a vertical cross sectional view taken
on the line 8—38 of Figure 2; :

_Figure 9 is a vertical cross sectional view taken
on the line 9—39 of Pigure 3; _

Figure 10 is a vertical cross sectional view taken
on the line 10—10 of Figure 3;

Figure 11 is an enlarged vertical longitudinal
cross sectional view taken on the line 1i—I{ of
Figure 1;

Figure 12 is a vertical longitudinal cross sec-
tional view taken on the line 12—I2 of Figure 2;

Figures 11 and 12 when placed end to end in
that order represent a single vertical cross sec-
tional view of the high pre-heat zone; and

“figures 13 and 14 taken together are horizon-
tal cross sectional views similar to those of Fig-
ures 1 and 2 of a modified structure in which no
tube section is employed. -

As will be well understood by those familiar
with the Kilns of this type, the construction usu-
ally employs a suitable foundation and an over-

head structural steel framework, for supporting.

the kiln housing proper. The housing is con-
structed of brick and-cementing materials, and
those parts thereof which come in contact with
the high temperature gases are constructed of
refractory brick and cements. Little further ref-
erences to these materials is deemed necessary
in view of the fact that from the nature of the
structure and its intended use, as will appear
hereinafter, the kinds of materials suitable at the
various structural locations will be known.

"The car receiving end of the kiln-and the low
pre-heat section thereof, sometimes referred to
hereinafter as the pipe section, are generally
indicated at 18 in Figure 1, while the high pre-
heat section is indicated at 11 in Figures 1 and 2.
The hot or firing zone is indicated at 12 in Fig-
ures 2 and 3, the cooling section at 13 in Figures
3 and 4, and the delivery section, which may be
considered to be the terminal end of the cooling
section, is indicated at 14 in Figure 4.

The receiving end consists of a double walled
housing 27, which can be closed, upon introduc-
tion of each car, by means of a readily movable
door, not shown. The double walled housing, as
well as the remainder of the kiln structure, is
supported on a suitable foundation P on which
are mounted, in the usual manner, a pair of car
truck rails R, over which the cars C carrying the
ware W to be treated may roll through the tunnel
formed by the kiln. - )

The remainder of the kiln housing K, as il-
lustrated, is built up of brick of suitable types as
previously mentioned. The low pre-heat section
10 is arranged as a longitudinal continuation of

the double walled housing 217, and. is built with a~

greater. width, as shown in Figures 1 and 7, to

15

4
form a chamber, in which a plurality of high
temperature tubes 17 are mounted. These tubes
are mounted at one end in a header I8 and at the
other end in a header 18, which, as illustrated, see
Figure 11, may be of refractory material. These
tubes are sealed at their ends in the headers, so
that they are exposed throughout their substan-
tial length to the space: between the headers.
Formed in the housing structure K, below the
tubes 17, are a pair of parallel ducts 20, which

.are longitudinally divided into separate cham-

bers. These ducts may be divided into chambers

by means of cross walls 25, as diagrammatically

illustrated in Figure 1, in which blowers 23 are
mounted. These blowers are provided with driv-
ing shafts 24 to be driven by motors, such as the
motor M illustrated in Figure 7. Rach of the

* chambers, formed in the ducts 2§, communicates

20

25.

30.

35.

40

45

50

85

60

65.

70

75

with the space between the headers {3 and i by
means of passageways 21, only one of which ap-

- pears in Figure 7, because, as is clear from Fig-

ure: 1, the section of Figure 7, is taken on oppo-
site sides of the center of the tunnel at different
longitudinal points. The blowers 23 are set into
the ducts 26 so that their suction sides are re-
spectively open to the chambers, into which the
ducts are divided, as shown in Figure 7. The
discharge sides of these blowers open into an-
other pair of longitudinal ducts 25, which are
sectionalized by cross walls so that the ducts 20
and 25 have the same number sections. The
sections of the ducts 25 are provided with a se-
ries of discharge slits 26 which are shaped, as
clearly shown in Figure 7, so as to direct the air
discharging through these slits in an upward di-
rection more or less tangentially to the arch of
this section. As the slits 26 do not extend
throughout the length of each section but they too
are sectionalized, they appear only at the left-
hand side of Figure 7, for the same reason that
the passages 21 for both sides do not appear in
that figure. Each of the compartments of the
ducts 208 are provided with passages 22 connecting
them with the atmosphere. These passages can

1 be dampered to permit the introduction of con-

trolled quantities of tempering air, when re-
quired, as will be explained later.

Special attention is drawn to one important
improvement in kilns of this type as represented
by the structure described above. It will be noted
that the blowers 23 and their driving equipment
are mounted at fioor level and at the sides of the
kiln so that they are easily and convenientiy ac-
cessible for repair and replacement. These
blowers can be standard commercial products de-
signed to withstand the temperatures encoun-
tered and the kiln is arranged as clearly shown
in Figures 1 and 7 so that they can be slipped

‘into place at the sides of the kiin to effect by such

placement direct interconnection between the
ducts 20 and 25. This represents a very practical
feature in the maintenance of the kiln. Another
important advantage of this arrangement is
present in the fact that these fans and their
operating equipment are placed at the  cooler
level of the kiln which contributes to longer life
with less maintenance. ‘An overall advantage of
this arrangement lies in the fact that in the case
of breakdown of one of the fans it can be quickly
replaced by a spare fan without shutting the cur-
rent down and allowing it to cool as is the case
with some prior kilns. Attention is also directed
to the fact that in the arrangement disclosed
these fans are placed at both sides of the kiln
and.the duct system is sectionalized so that cir-
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culgtion. of :the presheating air in :this zoneis
effected iin parallel planes:at right angles: to the
length. of the.zone with little or no circulation.of
the gir:along +the sides.of the:zone. Thus,:a de-
sired-heat.curve.of graduyally increasing tempera-~
ture under.good contrel.can be attained.

It-awill be.clear from Figure 1:that the.double
walled housing 27 is:open to;the interior of tubes
11,:and: as .indicated at 28, both sides .of the
double walls:are interconnected.by-:a passage. .28,
which:leads to:the inlet.of a.blower.29.driven.by.a
shaft.30.t0 which:an:operating motor,:not shown,

is:connected. . Althdough mnot:shown, the delivery .

side: of the. blower :29. :is ;usually -connegcted by

means:of .a:duct to the:drying:ovens, in-which the :.

10
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fresh molded.green goods are preliminarily dried,

in:preparation for introduction;into the kiln.
Referring to Figure 2, there:isishown a:pair of
high temperature blowers 31, provided with oper-
aping shafts 32 to:be.driven by means of:motors,
not shown., The.discharge:sides of these blowers:
are connected to.a pair of .ducts-which extend
longitudinally of the high .pre-heat. section il in
the: side ‘walls of this section, -as is ‘clear from
Figures 5 and 6. Built into the side walls is-a
longitudinally inclined -division wall 34 -which
extends. upwardly :from the -blowers 31 -to the
headers. .19, -see Figures 11 and 12. These walls
34 in #his: position_divide -these ducts info -two
passageways 33 and .36 :of .gradually changing
cross;sectional area. 'The passageways 33.are of
gradually diminishing cross :sectional -area from
the hlowers. 3.1 -to the headers 18, while the pas-
sageways 36 .are of gradually increasing .cross
sectional area in the.same direction. The inner
wall.of -each of these ducts forms :the :defining
wall for the car -tunnel in the section i, .as is
clear-from Figures :5 and -6. This wall .is pro-
vided-with a series of longitudinally spaced.open-~
ings :35, near the tunnel arch, -whieh -establish
communication between the passageways-33-and
the tunnel proper. Similarly, there are formed
at ithe: bottom of these walls -at longitudinally
spaced :points a plurality of -openings 37 :estab-~
lishing .communication between the passageways
36 and the tunnel proper. Each passageway
33 :is-:provided at .several :spaced - points with

hranch pipes 39, which -connect with: pipe headers:

38-extending longitudinally of the kiln. By this
arrangement tempering air-can be fed at;a plu~
rality .of points to temper the flue:gas delivered

hy-the fans 31.s0.as-to Aatten-out the heat:curve

in this section of the kiln, if desired. The lower
defining wall of each .of the passages .35 .is in-
clined -upwardly so .as to discharge. gases from
the passageways 33 -tangentially of the tunnel
arch. .Some or all of ‘the passages 371 :are-pro-
vided with dampers 48 .and damper operating
levers 41,:operable from the exterior -of the kiln
for-controlling, at various longitudinal points; the
rate-of flow of gases through the passages 37.. As
will-appear more clearly hereinafter; the passages
35 serve to-discharge.gases:into the tunnel proper,
while  Dpassages 37 -provided exhaust passases
through which these gases are withdrawn into
the passages 36.

By reference to Figure 11, it will -be seen that
the passages-36 open directly into.the tubes 1.

“The intake ports-of the blowers 31 -communi~
cate with-.a pair of ducts.-42 formed in .and to-
wards-the bottom -of the side walls .of the hot
zone.or firing.section 12 .of the kiln. These-ducts
extend throughout the length of this section-of
the kiln. This section may be-divided .into twe
sub-gections in the sense. that the. fuel burners
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by imeansiof:whichithe Waresis fired, dnthis¢éc
tion, jare -arrarged to-effect \indirect ‘and. direct
firing; «in-that sequence, -As-shown .in Figure:8,
a=series of iburners 43:-are mounted-on each:sitde
of:theitunnel-proper,.only one-appearing:in ‘Figure
8,because, ‘as ‘in the case. of iFigure 7, the :cross
section on:opposite sides-of ‘the- center line-isat
two different:longitudinal points.  These‘burners
are-of the type for burning gaseous fuel, which
burns;:in:anopen-flame;in-an:upwardly extend-
ing passageway, the inner:side of-which is:fermed
byrasbaffle wall:44. The-passage:opens:upwardly
in:adirection itangentidl to-the -arch-of :the tun-
nel,. as sshown, - so-‘the shot :gaseous -products -of
combustion ‘are discharged ‘upwardly-against- the
tunnel carch. The burners 43 are -arranged-at
spaced:longitudinal:points; see Figures 2:and:3,in
opposed - pairs. At intermediate ‘points, ‘the
ducts 42:are connected to-the ‘tunnelproper-by
meansof ‘passages:45, .controlied by -dampers 46
and. operating 'levers-41. = The -construction of
Figure.8 iis that.of the:sub-section in -which in-
direct+firing ‘is.effected. 'The description-of :the
structure of .this :invention has -proceeded far
enough o make ‘it :apparent to ‘those skilled in
the art:that:it is;adaptable to the-use-of-any:type
of :fuel:suitable for .the firing -of -clay-products
as, for:example, coal, oil-and.thelike,

The construction of Figure 9 s in ‘the ‘sub-
section -at 'which. :direct :firing -occurs. - In--this
case, as dllustrated, the fuel burners 43’ gre-gr-
ranged.so that ‘the flame directly-impinges-upon
the .ware. 'The ‘burners 43’, :as'is -clear ‘from
RFigure 3, ‘are -arranged in ‘transversely : aliened
pairs :which:does not:appear from Figure:9, be-
cause:an-offset.cross section:like these previously
described is shown. Staggered -with. respect to
theseiburners:are‘additional passages 45-by-mesns
of awhich the ‘tunnel .proper is connected to the
ducts42. Asbefore, the dampers-46 and control
levers:#1.are:provided.

At this point it may be noted that:the structure
selected for illustrating: :the ‘invention herein -is
foria specialized firing procedure which isnot-of
general ‘application. In the ‘more -normal firing
brocedure ;the .direct firing -sub-section just de-
scribed:would not be-used. ‘Inthe:particilar: ‘proc~
ess for :which this kiln 'was designed the direct
firing sub-section is.employed-to even up thetem-
perature .as between the top-and the ‘bottom +of
thecar stacks. Thus, by direct-firing ‘the tem-
perature .at ‘the bottom -of ‘the -stacks may be
brought. up.to-the temperature at the top of the:
stacks :which s .attained :in the indirect sib-
section.

~As.shown:in Figure 3, the-cooling -section 43 s
conneeted to the firing section and the tunnel
formed thereby is:restricted at the point of:con-
nection 19050 that the ware:loaded cars will pass
from .one ;sectionto-the other -with a relatively
closefit to. prevent short-circuiting .of ‘the atmos-
pheres of ‘the two -sections.  The- walls -of the
cooling: seetion preferably are .provided -with in-
teriorly extending ‘opposed pairs of bafle walls 55
the-inner faces of :‘which:lie in the plane:of-the:
restricted .connecting section 100, -previouslyde-
scribed. ‘Thus, the cooling ‘section is effectively
subdivided into:a plurality of compartments, iso-
lated from each other, when the loaded cars:are
inghis: portion of the tunnel.. Each of these com-
partments is-provided. with a passageway 99 con-
nected -fo ‘longitudinally extending warm -gir
supply:pipes 90 which are:connected tothe outlet
of fans-48. The inner ends.of the passages:open.
through ;slots 81 .to the ;interior -af . the rtunnal .
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proper. Formed in the side walls, near the foun-:

dation level, are the longitudinally extending
ducts 88, which are connected at each of the com-
partments referred to above with the interior of
the tunnel by means of the passages 52. These
passages 52 are controlled by means of dampers
53 and operating levers 54 as shown. The intake
side of -each of the blowers 48 is connected by
means of couplings 48 with the ducts 50. These
blowers are driven by means of motors, not shown,
connected to the blower shafts 49’. The dis~
charge ports of the blowers 48 are connected to
conduits 38 for warm air recirculation in the cool-
ing zone sections; and part of this air may be de-
livered to the drying ovens, as a source of heat
to dry the freshly molded green goods, supplied,
- as. pre-heated air, to_the burner nozzles, or used
for any other purpose for which this air is useful.

~The terminal end {4 of the cooling section may
serve as a seal through which the loaded cars
move in a relatively close fit to the discharge end
16 of the kiln, which may be provided with a
movable door, not shown. By making the sec-
tion i4 long encugh in relation to the fit which
the loaded cars have therewith the opening of the
door at the end 6 will not permit of the entry of
air in sufficient quantity to upset the closely con-
trolled cooling cycle desirable for most effective
economical operation.

In the operation of this kiln, in accordance with
the methods of this invention, the pre-dried green
ware is introduced, a truckload at a time, into the
tunnel kiln through the entrance i5. The initial
starting period represented by the time it takes to
fully load the kiln is of no consequence in the
normal operation of the kiln. It will be assumed,
therefore, that the entire tunnel is occupied by a
line of cars, which are in end to end contact from
the entrance end to the exit end. The heat
treatment of a freshly introduced car will be fol-
lowed as representative of all other cars during
normal operation.

‘The door-at the entrance end 15 is opened and
a mechanism, not shown, causes a car loaded with
greenware to be slowly forced into the kiln. At
this time the door at the exit end is also open,
since the introduction of one car causes the ejec-
tion-of one car (fully processed). In the usual
operation the cars are introduced singly, at spaced
intervals, so that the movement of the line of
cars is, in effect, intermittent. As soon as the
car is fully introduced into the housing 21, the
door at the entrance end is closed and, likewise,
as a car has been ejected, the door at the exit end
can be closed.

The hot gaseous products of combustion, which

are delivered by the blowers 31, travel along the
passageway 33 and are discharged into the tunnel
proper in the righ pre-heat zone {4, through the
openings 25. The passage 33 gradually dimin-
ishes in cross sectional area away from the blower
81, since it has less and less gas volume fo trans-
mit. The very high temperature gases issuing
through the ports 8% circulate in' the tunnel
proper around the ware in the high pre-heat zone.
These gases are directed by the arch downwardly
-between the ware W which is preferably stacked
on the cars C in two transversely spaced columns,
as illustrated in Figure 6. As is usual, these col-
umns are arranged so that each article is ex-
posed as much as possible to direct contact with
the hot gases. Therefore, the articles are stacked
in labyrinth style to form an openwork lattice
through which the gases may circulate. The

10°

20

25

30

8
through the ports 31 which connect with the pas-
sageways 36, in turn connected with the tubes 11.
The passages 36 in effect are suction passages
since they communicate through the tubes {1,

- the double walled housing 27, passage 28 with the

intake of the suction blower 28. By placing the
exhaust ports 87 at the bottom of the passages 38,
the hot gases are caused to circulate in contact
with the ware W throughout all portions thereof,
so that the lower parts of the ware stacks are
properly heat treated. By adjusting the damp-
ers 49 in the passages 31, any desired rate of gas
flow at different cross.sectional regions of the
tunnel can be effected, so that the rate of heating

‘of the ware, as it progresses through the high

pre-heat section, for example, gradually in-
creases, insuring that the ware in leaving this
zone will leave it at the proper pre-heat tem-
perature.- - . :

The heat curve in this section can be flattened
out, if desired, by the introduction of cool air

“through the ports 9, see Figure 12.

The hot gaseous products of combustion, now
lowered in temperature, in passing through the
pipes 17T make of them heat radiators, by means
of which the atmosphere in the low pre-heat
section may be heated by conduction through the
walls of the tubes. The atmosphere surrounding
the pipe {1, which is preferably clean air, is
caused to continually circulate in a plurality of
substantially closed parallel circuits,- by reason

- of the blowers 23 and the sectionalized construc-
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tion of the ducts 20. Each of the duct sections
is provided with a passageway 22 having a damp-
er 22’ by means of which the air may be tem-
pered by allowing entrance of relatively cool cut-
side air therethrough. Here again, various tem-
perature conditions can be maintained at various
cross sectional regions of the low pre-heat zone.
The air circulating around the pipes 17 is re-
circulated, and its rate of circulation can be con-
trolled in one practical manner by varying the
relative speeds of the motors M. 'The air is dis-
charged through the slits 28 in a generally up-
ward direction and in passing over the hot tubes
{1 is heated to the desired temperature. This
heated air circulates through the ware stacks
and down between them by being directed not
only onto the sides of the stacks but onto the top
by the tunnel arch and down between the stacks
due to the natural circulatory flow created by the
relative arrangement of air supply slits 26 and
exhaust passages 21.

The products-of combustion still further cooled
then flow through the double walled housing 27,
where the freshly introduced goods is initially
warmed up by the radiation of heat from the
inner walls of the housing 21.

In the low pre-heat section those types of ware,
that is, particularly glazed ware or face brick and
tile, are raised to the proper pre-heat tempera-
ture under conditions where the sulphur and
other deleterious content of the ware that is
driven off in the high pre-heat zone is removed
from contact therewith, preventing contamina-
tion of the ware.

The hot products of combustion are generated
in the firing zone by the burning of the fuel in
the burners 43. The burning fuel does not di-
rectly impinge upon the ware by reason of the
bridge walls 44. The hot products of combus-
tion, however, are discharged into the tunnel
proper so as to insure, as nearly as possible, uni-
form firing of the ware. The gases are guided

gases affer contacting the ware are withdrawn 7§ by the tunnel arch down between the ware stacks,
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-«and.these gases :are withdrawn nesr -the-bottom
-of the stacks through -the passages #5:into-the
.suction ducts-42, s0:that:all parts of:the stacks
are-heated,

In the- direct -burner ;sub-sestion as is clear:

from Figure 9, the flames generated by-the burn-
~ers 43’ dlreot_ly impinge: upon the sides -of . the
ware-columns-as-distinguished :from the previous
sub-section, - where -such:-impingement is pre-
«vented. - Thus, at-the end:- of the heating-cycle
and for a.relatively.short:period of-time the.ware
-ds subjected -to-the direct action .of the burning
-fuel whereby the temperature-of. the: ware in-the
stacks: is evened. up,-as previously-explained. -As
previously -explained, -all. of:the. products of -com-
‘bustion. of the firing.zene-are withdrawn-through
the ducts 42 by.the high temperature-blowers-31.
: . - The cars then-move into.the-cooling. zone which
s effectively sub-divided .by-the bafilewalls-55
.info a series of chambers in.which: therci—rculating
-atmosphere can be maintained-at various temper-
.atures, and.generally, speaking, at-.succeedingly
Jower temperatures, whereby. any. desired cooling
.cycle may be carried out,  -As.is.well.known:in
his - art, there- are .particular temperature
_gradients.to be.maintained. and. eritical. temper-
ature points .through .whichthe . ware must be
.carried during cooling,, to. prevent. undue. shrink-
..age .and distortion of the.ware.due to.too rapid
.cooling. By .this-arrangement.the. quantity. of
air and. its temperature.enfering the compart-
. ment is such ,that a..predetermined .accurate
.amount of heat can .be withdrawn. from the ware
., to_attain these critical: temperature conditions
atb various. succeeding time.intervals, so that.the
ware. will . be. cooled .in accordance..with prede-
termined and known desirable conditions. It is
‘also possible to insure that the ware, by the
time it reaches the exit 16, will. be_at.a safe.tem-
-perature for exposure to.the atmosphere without
damaging effect. Indeed, it is usually desirable
that the ware come from the kiln at a temper-
ature at which it can be handled, which. condi-
tion can. readily ‘be.attained with this arrange-
ment
“Th review it will be seen that very efﬁment use
“of a1l heat put into the system-is effected and
‘that, for example, in the-case of contamingting
~gtmospheres, such as sre-generated in-the high

pre-heat and hot zones, the remaining heat of..

the-products of combustion is-abstracted in the
heat exchanger:or-pipe zone:18; while preventing
«@irect contact ‘between -the-poisoned- gases and
“the fresh incoming ware. “Thus, the usefil-heat
of the ‘gases-is-abstracted in-the low pre-heat

10

-icontamination of:the:ware, by reason of-the evo-

i10

15

lution -of -poisoning - gases  in-the high pre-heat -

~zone; is prevented,-so that but:a single pre-heat-
.ing-zone -is-necessary. -‘In-that case the muffe
- .comprising the pipes- fl"l»;of the, low pre-heat zone

can-be-eliminated; and what was previously the
-high -pre-heat zone:can-be merged -or expanded

.into-a -single-pre-heating zone. . In that case the

-hot-products.of combustion-delivered by the high
temperature blowers3{-are-brought directly-in
contact with the fresh incoming ware through-
out. their pre-heating: treatment, as. the con-
tammatmg gases picked up during pre-heating
-have no:effect on unglazed: ware, which ‘is-com-
mercially -objectionable. Thus, in the firing -of
unglazed- brick and:-tile -a money saving simplifi-
-cation.of the kiln is effected in. the-elimination

-.0f the relatively.expensive muffe.
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In the firing of .some:types. of ware -as dis-
tinguished from the: specialized. situation for
-which.the.structure .of Figures 1.to- 12, inclusive,
was devised, .it .is practical-to substitute for the
tube section-comprising the low: pre-heat section
a low-pre-heat section.of modified. construction
as shown in Figure 13. - ‘This section is illustrated
in Figure 13 as the general assembly indicated

by the reference numeral {0’ -and replacesthe

section 18-of ‘Figure 1. In construction the .sec-
tion 10’ is. a. substantially.exact duplicate .of .the
high pre-heat section shown in Figures.l-and 2,

-and section Ll is ilustrated in Figures 13-and 14

to.shew .ifs relationship-fo.the new section. 9’
Structurally,. seetion .10’--.comprises.a housing X

,of refractory. material having ducts 83’ .and 36

in.the side..walls thereof.. The righthand.ends

.of ‘the. ducts .33 are.connected to the.outlets..of

blowers 34« having the operating.shafts.32. .The

inlet sides -.of these blowers are connected fo.the

lefthand ends. of the ducts 36 of the high.pre-
heat.section 11. The ducts. 33’ .are of gradually

.decreasing .cross.seetion. towards the left of .sec-

tion. 10 just.as.they..are in the case of section
i1 and illustrated in Figures 11 and 12.  Similarly,
the ducts 36’ .are of gradually. increasing cross
section in the.same direction .and result from an

Jneclined bafile. wall 34 corresponding. to the haffle

wall 34. - Along the side of the passage 33’ which

.defines_the. tunnel proper.at. the top are. t,he in-
.lets 35/ corresponding to the inlei;s .35 of Figures
.11 and 12 and similarly, along the same wall at
“the.bottom. thereof are.the passages 37°..

Jt will be_ seen then . that structurally this

;modlﬁed low . pre-heat section .10’ is quite. the

.same in. construction. as the high. pre-heat sec-

66

~zone.without -first requiring ~an ' intermediate

wprocessing - of ‘the: hotter-gases coming from the
“high ‘pre-heat - zone :to-remove therefrom con-
taminating gases picked up-in the-high pre-heat
~and-hot zones. - ‘The:structure disclosed-is adapted

-the process: the-most-efficient atmospheres, suit-

able-to the -processes, -are:provided, -and their
-temperature and- flow-so -controlled,. as. to. insure
-aecurate treatment: of -the ware-in -accordance

- “to:simple-and:effective control so-that-throughout

765

.Wwith any-desired-prerequisite conditions,-some-of =

~Which.are. often. dictated. by-the. physical-chem-
ical nature of the clay from which the-products
- are molded.

_It should be pointed. out that: the ~ki;1n herein
- disclosed,; as .well-as . the. method -of- operating it
. described -above,-is. of .special yalue.in-the firing
.0f glazed: clay: products: and: face brick.and. tile.
~However,.in the firing of unglazed products;.such

a5 common brick, the danger:-of discoloration.and

-70

tion-11. .In, the.modified. structure there.is in-
terposed. between these. two_ sections the blowers

.3la. so. that the. hot, gases.withdrawn from the

ducts .36 .are delivered. into.the ducts:. 33’ and

- ultimately :pass . from-. there into. the tunnel

through: the . ports .35’. From this tunnel they

.are.withdrawn. through. the.ports 371’ into. ducts
-36’.and.from.there they travel through. the space
.27 formed: by-the. double -walls.at the..entrance
:end. of-the .kiln. into.-duct 28. and. thence .to; the

blower .29 as.before.

In: this arrangement it. will be:seen. that the
initial or low pre-heat stage -of . the -proeess. is
carried: out -by-the direct.contact of.the. heated

<gases delivered from the. section {1 into-the see-

tion. 10’. This distinguishes-from. the. arrange-

. ment,.previously described-where these same gases

were. used -to heat air by heated transference

~through a .conducting . wall which air . in. turn

circulated in.contact with the fresh incoming
ware to give. it its. jm_i;igl »pr}',e;‘,hea_t. .
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It 'will now be- apparent to those skllled in
the art that the subject matter of this invention
in hoth its structural and operational character-
"istic¢s'is capable of embodiment in other physical

“forms and uses and modifications in other ways"

without departing from the novel subject matter
herein disclosed. I do not, therefore, desire to
be strictly limited to the disclosure herein em-
ployed in an illustrative sense but only as re-
quired by the claims granted me.

What is claimed - is:

1.In a tunnel kiln, the combination compris-
ing an elongated refractory housing forming a

tunnel through which stacks of ware to be heaf

‘treated may move, said housing including a
" preheating section and a firing section having
fuel burners, means for directing the products
of combustion of said burners into the tunnel
kiln into contact with the ware in the firing
" section, means for laterally withdrawing substan-
tially all of said products of ccmbustion from
the tunnel kiln at the firing section, and means
for laterally discharging said withdrawn prod-

ucts of combustion under pressure into the tun-.
“nel kiln at the preheating section into contact’

with the ware therein.

2. In the combination of ¢laim 1, ‘said last two
means including high temperature blowers and
ducts formed in the housing walls for withdraw-
ing the products of combustion from the tun-
nel kiln at the firing section and discharging

. them into the tunnel kiln at the. preheating
section at longitudinally spaced points.

3. In the combination of claim 1, said fuel

. ‘burners being divided into longitudinally spaced
groups, means for directing the. flames from
some of said burners so as to directly impinge
these flames upon the lower portions of the
ware stacks, and means for preventing flames

of the remainder of the burners from directly °

" contacting the ware while directing the products
of combustion downwardly onto the upper por-
tion of the ware stacks.

4. In the combination of claim 1, means in

said firing section for causing the products of"

combustion to circulate downwardly onto. the
ware. . .
5. In the combination of claim 1, means in

said firing section for causing the products of
combustion to circulate downwardly onto the-

ware, said means for withdrawing the products
of combustion from the tunnel kiln at the firing
section comprising ducts opening into the tunnel
kiln in the region of the bottom of the ware stacks
and spaced longitudinally of the tunnel kiln.
~.6. In the combination of claim 1, means in
said firing section for causing the products of
combustion to circulate downwardly onto the
ware, said means for withdrawing the products
_of combustion from the tunnel kiln of the firing
‘section being distributed to effect withdrawal in
the region of the bottom of the ware stacks ab
longitudinally . spaced points, and individually
adjustable means for controlling the withdrawal

of the products of combustion from the tunnel -

kiln of the firing section at different rates at
said longitudinally spaced points.

1. In the combination of claim. 1, said hous-
ing including a cooling section, the walls of the
tunnel in the cooling section having a plurality
“of pairs of longitudinally spaced and transversely
aligned baffle walls effectively forming separate
compartments in cooperation with the ware, and
means for circulating cooling air in said com-
partments at different temperatures. -
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" 8. In a tunnel kiln, an elongated refractory
housing forming a passageway through which
ware ‘cars having the ware stacked therecn may
be moved, said housing being sub-divided into a
low pre-heat and a high pre-heat zone and a
firing zone, a plurality of burners for directing
products of combustion into said firing zone,
means for directing the products of combustion
in a cireculatory motion downwardly onto the
ware stacks, means for withdrawing the products
of combustion laterally from the firing section
at the bottom of the ware stacks, means for dis-
charging these products of combustion directly
into the high pre-heat section including ports
in the housing for directing the products of com-
bustion into the passageway at a plurality of
longitudinally spaced points near the top, means
for withdrawing the products of combustion from
the high pre-heat section at the bottom of the
ware stacks at a plurality of longitudinally spaced
points, a heat exchanger in the low pre-heat sec-
tion through which the products of combustion
pass and means for creating a plurality of effec-
tively isolated parallel paths of air circulation
over said heat exchanger and into contact with
the ware stacks in planes at right angles to the
path of movement of the ware stacks. .

9. In the combination of claim 8, said last

‘means including control means whereby different

temperatures may be maintained in said parallel
paths of air circulation.

10. In the combination .of clalm 8, sa1d last
means comprising longitudinal ducts in the wall
of the low pre-heat section of said housing, means

-for sub~dividing said duets and individual means

for circulating air through said ducts sub-divi-
sions into heat exchange relation with said heat
exchanger and the ware.

11. In a tunnel kiln refractory housmg formmg
a.low preheat section through which ware stacks
may be moved, means for passing heated gases
through said section along confined. paths, means
for causing a continuous circulation of air in
heat exchange relation with said last means,
and means for discharging such air after absorp-

-tion of heat from said first means downwardly

onto the ware stacks in a series of longitudinally
aligned parallel paths in planes at right angles
with the path of movement of the ware stacks,
and means for maintaining the 2ir in said paral-
lel paths at different temperatures.

12, In the combination of claim 11, said- last
means including means for introducing cool air

-in controlled amounts into said parallel paths.

13. In a tunnel kiln the combination compris-
ing an elongated refractory housing forming a
tunnel through which products to be heat treated
move, said housing including a firing section hav-

‘ing fuel burners and a preheating section having

a heat exchanger therein, a pair of ducts in each
side wall thereof, one duct of each pair lying in
a plane above the other duct of that pair, the low-
er duct of each pair being near the base of the
housing, means for connecting the upper duct of
each pair with the tunnel of the preheating sec-
tion so as to discharge air upwardly onto said
heat exchanger, the lower duct of each pair be-
ing connected to the tunnel at the preheating
section below the heat exchanger, and air cir-
culating means interconnecting the lower duct
of each pair with the upper duct of each pair
respectively, whereby air is circulated from the
lower ducts to the upper ducts to cause the air
discharged onto said heat exchanger to circulate
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vdovmwa;rdly in'the tunnel .of'the preheating:sec- '

14, Inthe ":combmation wof f;claim 13;:said, air
circulating means. lying:in-recesses inithe-outer

sside..walls: of-.said. housing :at: substantlaﬂly the =

~bottom .level .thereof.
‘15, In:a:tunnel kiln a. refractory housingmform-
_ing -a:‘tunnel .through. which-cars bearing:ware
- stacks-may pass, said housing having afiring:sec-

“tion, *meagns for .generating -high temperdture”

gaseous:products. .of -.combustion: at a:plurality
of longitudinally spaced points in said section,
means for directing the products of combustion
from some. of said generating means so as to di-
rectly impinge them on the adjacent ware, means
for directing the products of combustion from
the others. of said generating means upwardly
to the top of said tunnel and downwardly onto
the ware, and means for withdrawing the prod-
ucts of combustion from the tunnel of the firing
section at a plurality of longitudinally spaced
points in differently controlled amounts near the
bottom of the tunnel.

16. In a tunnel kiln, a refractory housing hav-
ing a high pre-heat section forming a passage-
way through which ware to be treated may be
moved in stacks, means for supplying hot gases
to the passageway thereof comprising pairs of
ducts in the side walls thereof, the ducts of each
pair being arranged one above the other, the
walls forming the passageway, a plurality of
longitudinally spaced ports connecting the upper
duct of each pair with the passageway and ports
in said walls connecting the lower duct of each
pair with said passageway and means for caus-
ing hot gases to move through the upper ducts
of each pair into said passageway and from said
passageway into the lower ducts of each pair.

17. In the combination of claim 16, means for

independently varying the size of the ports of
one of -the ducts of each pair to produce differ-
ent temperature conditions longitudinally of the
passageway. »

18. In the combination of claim 16, said first
ports opening into the passageway near the top
of the ware stacks and said second ports open-
ing into the passageway near the bottom of the
ware stacks.

19. In the combination of claim 16, said upper ,

ducts of each pair being of gradually diminish-
ing cross sectional area in the direction of gas
flow and the lower ducts of each pair being of
gradually increasing cross sectional area in the
direction of gas flow.

20. In the combination of claim 16, said hous-
ing having a low pre-heat section, and a heat
exchanger in said low pre-heat section in direct
communication with the lower ducts of each pair.

21. In the combination of claim 16, said hous-
ing having a low pre-heat section, and a heat
exchanger in said low pre-heat section in direct
communication with the lower ducts of each pair,
and means for causing the circulation of air in

closed circuits first in heat exchange relation 4

with said heat exchanger and then with the ware.

22. In the combination of claim 16, said hous=

ing having a low pre-heat section, and a heat
exchanger in said low pre-heat section in direct
communication with the lower ducts of each pair,
and means for causing the circulation of air in
closed circuits first in heat exchange relation
with said heat exchanger and then with the ware,
said last means including ducts in the housing
wall having a plurality of sets of openings ar-
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syangedt to:discharge:-gases-into said-passageway

into heatiexchange relation with:said-heat:ex-
changer while moving in. a direction toward said
passageway.:

23. In the-combination of claim 15, said last

=meansincluding ducts-in the housing wall, a

high preheat section also formed.:by-said. heus-
ing, and .means .for .directly transferring the
products of combustion from said ducts d1rect1y
into the tunnel of said preheat section.

‘24.: In-a tunnel kilnthe combination-compris-

“ing -a refractory -housing ~forming ' a -tunnel

through which ware stacks may be passed, the
entrance end of said tunnel forming a preheating
section, ducts in said housing at the preheating
section for supplying heated gases to the tunnel
at that section and removing them therefrom,
said ducts being sectionalized, power driven blow-
ers in each section of said ducts arranged at the
sides and at the bottom of said housing and di-
rectly accessible from the exterior thereof.

25, In the combination of claim 23, said blow-
ers including housings which can be set into
openings in the sides of the housing to effect
interconnection of said ducts.

26. In a tunnel kiln, a refractory housing form-
ing a tunnel through which ware stacks may be
moved on cars, said housing including a cooling
section, means for introducing air into the tun-
nel kiln of the cooling section under pressure at
a plurality of longitudinally spaced points, said
last means being spaced laterally of the ware so
that the incoming cooling air is warmed by ad-
mixture with the atmosphere in the tunnel kiln
of the cooling section before it strikes the ware,

and meéans for withdrawing the air from the tun- = -

nel kiln of the cooling section near the bottom
of the ware stacks at a plurality of longitudinally
spaced points.

27, In the combination of claim 26, said last
means comprising ducts for introducing the cool-
ing air into the tunnel of the cooling section at
a plurality of longitudinally spaced points, where-
by the cooling air is caused to circulate trans-
versely of the tunnel in a plurality of substan-
tially isolated bodies to maintain different tem-
perature conditions in the tunnel.

28. In a tunnel kiln the combination compris-
ing a refractory housing forming a tunne] through
which products to be heat treated are moved, said
housing including & firing section having fuel
burners and a preheating section having at least

5 one pair of ducts in the side walls thereof, each

connected with the tunnel by lateral ports, one
of said ducts being at the base of the housing
and the other near the top, and circulating means
for withdrawing the products :of combustion of
said fuel burners from the tunnel of said firing
section into said lower duct and for discharging
said products: into said top duct, said products
moving from said top duct through its lateral
ports into the tunnel at the preheating section.

29. In the combination of claim 28, a second
preheating section having at least one pair of
ducts in the side walls thereof and connected
with the tunnel by lateral ports, one of the ducts
of that pair being at the base of the housing and
the other near the top, and circulating means for
withdrawing the products of combustion from the
duct at the first preheating section into the low-
er duct of said second pair of ducts, and dlscharg-
ing them into the top duct of the second pair,
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