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This invention is concerned with improve. 
ments in brick-and tile kilns of the tunnel type, 
as commonly employed for-the-heat treatment 
of Such ware, 
This invention relates to tunnel kilns or ovens: especially designed for firing clay products 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 is moved 
progressively either continuously or intermit 
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 fill 
ing the kilnthroughout its length. These trucks 
are progressed intermittently or continuously 
through the kiln by intermittently or continu 
ously pushing freshly loaded' cars through the 
entrance end of the tunnel, thereby moving the 
entire line, so that a truck-on which the ware 
has been fully processed is moved out of the kin 
at its exit end. ? ?? 

In the movement of the ware through the kiln, 
it passes, through longitudinally spaced zones: 
maintained and controlled at different-tempera 
tures, So that the “green or “unfired ware, which 
enters the kiln, is successively heats treated: in 
accordance with predetermined requirements. 
and cooled to a safe temperatu?e - för exposure istö 
the atmosphere, at the time of discharge from 
the kiln. 
In accordance with this invention, the kiln is 

effectively divided longitudinally into a plurality. 
of Zones, in each of which the temperature and, 
atmospheric conditions can be controlled from 
end to end to effect a very accurate and efficient 
heat treatment of the ware. Fundamentally, 
the kiln herein disclosed may belongitudinally. 
divided from its entrance to its exit end into a 
low pre-heat Zone, a high pre-heat zone, a hot, 
ZOne, and a cooling zone, 

O'Fae object of this invention :: iš to providea 
physical structure wherein these four zones may 
be effectively established, and maintained under 
Very accurately controlled conditions, and, where. 
in, Within each Zone both atmosphericandžtem. 
perature conditions cari be controlled, so: as to ; 
effectively establish within each zone:one or more. 
Subsidiary Zones of different temperatures and 
atmospheric conditions. 
Another object of this invention isto providea. 

method wherein efficient heat treatment of ware, 
of this kind, involving the establishment of dif. 
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2. 
temperature conditions, as: between zones:-of, 
treatment, and within each zone, whereby any 
number of efficient and effective, processing cycles, 
can be produced. - ????? ? 
Another object of the inventionis, to providea, 

tunnel kiln and methods of operating it wherein; 
a maximum utilization of calliheat put into the 
proceSS is obtained s . . . 

As still:further: objects of the invention is: to 
provide a kiln structure which is readily, adapted; 
with minor alterations; for the coatinuous treat, 
ment: oifigiaZedor UEglazedware in either. Small 
or large size; ... . . . NI W ! "...-? ' . ... ‘’’’ 

An important objects of the invention, both 
from a structural and operating viewpoint, is the: 
provision of means fortransferring the high tem 
perature: products of: combustion from the hot, 
Zone directly into the high pre-heat. Zone, for: 
heating the ware by direct contact of the piroducts. 
of combustion therewith and for directly trans 
ferring these products of combustion, somewhat. 
cooled; to the low-pre-heat zone, for transfer of 
heat. by: radiation to the green ware. without di 
rect; contact therewith. As. a., further: factor, óf 
efficiency, these products of combustion are then 
transferred to the driers, where the freshly mold-. 
edigreen, ware is dried in preparation for intro 
duction into the tunnel kilns. 
Another, object:of. this: invention. iš.. the prö 

vision of apparatus, and operations whereby the 
fired ware is cooled under closely controlled con 
ditions through the various critical temperature. 
points to minimize shrinking...strains and to in 
Sure-that the finished ware. Will issue from the 
kiln at a temperature, which permits safe, ex-. 
posure to the atmosphere. w a 
Other and more detailed objects of the inven 

tion Will be apparent from the description which, 
follows wherein the embodiment selected for illus 
tration in the drawings is described in full detail. 
This invention resides substanially in the com, 

bination, construction, arrangement, relative lo 
cation of parts; steps and series of steps, all as 
hereinafter fully disclosed. 

En; the accompanying, drawings-- . . . . . ... ? 
Figure 1 is a horizontal cross-sectional view. 

taken on the lines-l-f-of-Figures 6 and 7, show 
ing:the construction of the entrance end of the 
kiln, the low pre-heat zone and apportion of thes, 
high-preheatZone; 
Figure 2 is, a horizontal cross sectional view, 

taken on the lines. 2-2 of Figures 5 and 8 show. 
ing the adjacent portions of the high pre-heat: 
Zone and the hot zone; 

ferent and closely controlled: atmospheric and ss. Figure. 3 is, a horizontal cross-sectional view, 
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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 illustrate a horizontal croSS Sec 
tional view throughout the length of the kiln 
taken at the various levels indicated above; 

Figure 5 is a vertical cross sectional view taken 
on the line 5-5 of Figure 2: 
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form a chamber, in which a plurality of high 
temperature tubes 7 are mounted. These tubes 
are mounted at one end in a header 3 and at the 
other end in a header 9, 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 T, are a pair of parallel ducts 2i), which 
are longitudinally divided into separate cham 

Figure 6 is a vertical cross sectional view taken . 
on the line 6-6 of Figure l; 

Figure 7 is a vertical cross sectional view taken 
on the line 7-7 of Figure 1; - 

Figure 8 is a vertical cross sectional view taken 
on the line 8-8 of Figure 2: . . . 

Figure 9 is a vertical cross sectional view taken 
on the line 9-9 of Figure 3; 

Figure 10 is a vertical cross sectional view taken 
on the line O-O of Figure 3; 
Figure 11 is an enlarged vertical longitudinal 

cross sectional view taken on the line - of 
Figure 1; 

Figure 12 is a vertical longitudinal croSS Sec 
tional view taken on the line 2-2 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 14taken 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 usul 
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 in Figure 1, while the high pre 
heat section is indicated at in Figures 1 and 2. 
The hot or firing zone is indicated at 2 in Fig 
ures 2 and 3, the cooling section at 3 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 4 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 F 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 
fo is arranged as a longitudinal continuation of 
the double walled housing 27, and is built with a 
greater width, as shown in Figures 1 and 7, to 

15 

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. Each of the 
chambers, formed in the ducts 20, communicates 
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With the Space between the headers 3 and 9 by 
means of passageways 2, 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 2G 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 2 for both sides do not appear in 
that figure. Each of the compartments of the 
ducts 20 are provided with passages 22 connecting 
them with the atmosphere. These passages can 

45 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 floor level and at the sides of the 
kiln So that they are easily and conveniently 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 kiln 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 

  



5. 
culation of the preheating airinthis zone is 
effected in parallel planes.at right...angles to the 
length of the zone with little or no circulation of 
the air: along the sides of the Zone. Thus, a de 
siredheat curve of:gradually increasing tempera 
ture under good control can be attained. . . 

It will be clear from Figure 13that the double 
walled housing 27 is open to the interior of tubes 
7, and as indicated at 28, both sides of the 

double walls are interconnected by a passage 28, 
which leads to theinlet of a blower. 29.driven by a 
shaft, 30; to whichiangoperating motor, Imot. ShoWin, 
is connected. Although not shown, the delivery 
side of the blower 29, is usually connected by 
means of a duct to the drying ovens, in which the . 

5. 
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fresh molded green goods are preliminarily dried, 
in preparation for introduction 3 into the kilmi. 

Referring to Figure. 2, there is shown a pair of 
high temperature blowers 3, provided with Qper 
atting shafts, 32 to be driven by means of notors, 
not shown. The discharge sides of these.blowers 
are connected to a pair of ducts which extend 
longitudinally of the high pre-heat. Section if in 
the side walls of this section, as is clear from 
Figures 5 and 6. Built into the sidewalls is a 
longitudinally inclined division wall;34. Which 
extends upwardly from the blowers 3 to the 
headers. 9, see Figures 11 and 12. These Walls 
34 in this position divide these ducts into two 
passageways 33 and 36 of gradually changing 
cross-sectional area. The passageways 33 are of 
gradually diminishing cross Sectional area from 
the blowers 3. to the headers. Il 9, 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 f, as is 
clear from Figures 35 and 6. This Wall is pro- i 
vided with a series of longitudinally Spaced open 
ings 35, near the tunnel arch, which establish 
communication between the passageways: 33' and 
the tunnel proper. Similarly, there are formed 
at the 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 
branch pipes. 39, which connect with pipe headers 
38 extending longitudinally of the kiln. By this 

... arrangementº tempering air - can be fed at ;a, plu 
rality of points to temper the flue gas delivered 
by the fans 3 so as to flatten 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 stangentially of the tunnel 
arch. - Some or all of the passages 37 are pro 
vided with dampers 40 and damper. Operating 
levers 4, 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 passages 37 provided exhaust paSSages 
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 T. 
The intake ports of the blowers 3 communi 

cate with a pair of ducts. 42 formed in and tor 
wards the bottom of the side walls of the hot 
zone, or firing section 2 of the kiln. These ducts 
extend throughout the length of this section-of 
the kiln. This section may be divided into two 
sub-sections in the sense that the fuel burners 
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6. 
by means of which the ware is fired, in this sect. 
tion are arranged to effect indirect and direct 
firing, in that. Sequence, As shown in Figure 8, 
a series of burner's 43. are mounted on each side 
of:the tunnel proper, only one-appearing-in Figure 
8, because, as in the case of Figure 7, the croSS 
section om opposite sides of the center line issat 
two different longitudinal points. These burners 
are of the type for burning gaseous fuel, which 
burns, in van kopen flame; in an:upwardly extend 
ing paSSageway, the inner side of:which is formed 
by a baffle wall;44. The passage. opens upwardly. 
inia, direction stangential to the airch of the tuna. 
nel, as shown, so the hot gaseous products of 
combustion are discharged upwardly against the 
tunnel arch. The burners .43 are arranged at 
spaced longitudinal: points, see Figures 2 and 3,in 
Opposed : pairs. At intermediate points, the 
ducts i2 are connected to the tunnel proper by 
means of passages:45, controlled by dampers v46 
and operating levers: A. The construction of 
Figure 8 is that of the sub-section in which in 
directifiring is effected. The description of the 
structure of this invention has proceeded far 
enough to 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-the-like. 
The construction of Figure 9 is in the sub 

section at which direct firing occurs. In this 
case, as illustrated, the fuel burner's 43' arear 
ranged. So that the flame directly impinges upon 
the Ware. The burners 43', as is sclear from 
Figure 3, are arranged in transversely, aligned 
pair's Which does not appear from Figure -9, be 
cause an offset. cross section-like those previously 
described is shown. ... Staggered... with respect to 
theseiburners are additional passages. 45-by-means 
of Which the tunnel proper is connected to the 
ducts:42. As before, the dampers 46 and control 
leyers:47 are provided. 
At this point it may be noted that the structure 

Selected for illustrating: the invention herein is 
for a specialized firing procedure which is not-of 
general application. In the more normal firing 
procedure the direct-firing sub-section just de 
scribed would not be used. In the particular proc 
eSS for which this kiln was designed the direct 
firing sub-section is employed to even up the tem 
perature as between the top and the bottom of 
the car 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 is attained in the indirect sub 
Section. 
...A.S. shown in Figure 3, the cooling-section 3 is 
connected to the firing section and the tunnel 
formed thereby is restricted at the point of con 
nection 00. So that the ware loaded cars will pass 
from one section to the other with a relatively 
close fit to prevent short-circuiting-of-the-atmos 
pheres of the two sections. The Walls of the 
cooling. Section preferably are provided with in 
teriorly extending opposed pairs of baffle walls 55 
the inner faces of which lie in the plane of the 
restricted connecting Section f00, previously ide 
scribed. Thus, the cooling section is effectively 
subdivided into a plurality of compartments, iso 
lated from each other, when the loaded cars are 
in this portion of the tunnel. Each of these com 
partmentsis provided with a passageway 99 con 
nected to longitudinally extending warm air 
Supplypipes 90 which are connected to the outlet 
of fans 48. The inner ends of the passages: open. 
through slots 5 to the interior of the tunnel. 
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proper. Formed in the side walls, near the foun 
dation level, are the longitudinally extending 
ducts 50, 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 9 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 9 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 6 of the cooling section may 

serve as a seal through which the loaded cars 
move in a relatively close fit to the discharge end 
| 6 || of the kilm, which may be provided with a, 
movable i door, mot Shown. By making the sec 
tion 4 long enough 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 cycie 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 5 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 27, 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 3, travel along the 
passageWay 33 and are discharged into the tunnel 
proper in the righ pre-heat Zone , through the 
openings 35. The passage 33 gradually dimin 
ishes in cross Sectional area, a Way from the blower 
3, Since it has less and less gas volume to trans 
mit. The very high temperature gases isSuing 
through the ports 35 circulate in the tunnel 
proper around the ware in the high pre-heat Zone. 
hese gases are directed by the arch downwardly 

between the ware W which is preferably stacked 
On the CarSC in two transversely spaced columns, 
as illustrated in Figure 6. As is usual, these col 
umlins 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 
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8. 
through the ports 37 which connect with the pas 
sageways 36, in turn connected with the tubes T. 
The passages 36 in effect are Suction paSSages 
since they communicate through the tubes l, 
the double walled housing 27, passage 28 with the 
intake of the suction blower 29. By placing the 
exhaust ports 37 at the bottom of the passages 36, 
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 40 in the passages 37, any desired rate of gas 
flow at different cross. Sectional regions of the 
tunnel can be effected, so that the rate of heating 

I 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 39, see Figure 12. 
The hot gaseous products of combustion, now 

lowered in temperature, in passing through the 
pipes 7 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 7, 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 
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 out 
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 7 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 26 in a generally up 
ward direction and in passing over the hot tubes 
T 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 2. 
The products of combustion still further cooled 

then flow through the double walled housing 2, 
where the freshly introduced goods is initially 
warmed up by the radiation of heat from the 
inner Walls of the housing 2. 
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 after contacting the ware are withdrawn 75 by the tunnel arch down between the ware stacks, 
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It will now be apparent to those skilled in 
the art that the subject matter of this invention 
in both its structural and operational character 
listics 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 heat 
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 combustion 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 kilin at the preheating Section into contact 
with the ware therein. . . . ... - 

2. In the combination of claim 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 at 
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. 

7. 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 con 
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 thereon 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 circulatory 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 claim 8, said last 
means comprising longitudinal ducts in the Wall 
of the low pre-heat section of said housing, means 
for Sub-dividing said ducts 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 housing forming 
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 air 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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whereby said products are discharged into the 
tunnel at the second preheating section. 

WILLIAM L. HANLEY, JR. 
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