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3,172,647 
CONTINUBJS KHLN 

George Bickey Resamey, Jenkintown, Pa., assignor to 
Bickley Firaaces, incorporated, Philadelphia, Pa., a 
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This invention relates to a firing system for a continuous 
kiln or the like and is applicable to other continuous heat 
treating furnaces. 

Continuous kilns in use heretofore have several dis 
advantages involved in their firing systems. For example, 
prior continuous kilns have been unable to achieve a pre 
dictable and settable temperature in zones along the length 
of the kiln. Accordingly, prior continuous kilns are not 
adjustable with accuracy to various heating cycles and re 
quire considerable time in placing them into operation and 
in adjustment of the firing system during operation. It 
is one object of this invention to provide a firing system 
which is settable to achieve and maintain desired tempera 
tures in zones along the length of a continuous kiln. 
One of the reasons for the inability for conventional 

kilns to obtain controllable temperature zones is that 
these kilns employ the counterflow principle wherein a 
current of air is moved continuously through the kiln in 
the direction opposite to the movement of the ware through 
the kiln. This longitudinal flow creates a condition that 
does not permit temperature adjustment along the longi 
tudinal zones of the kiln and results in fuel inefficiency. 
It is an object of this invention to provide a firing system 
for continuous kilns or the like in which air flow between 
the zones is minimized whereby the kiln temperatures may 
be adjusted with accuracy. 
Another problem involved in conventional kilns is the 

uneven temperature distribution in the kiln chamber caused 
by the hot gases stratifying along the upper portion of the 
kiln chamber as a result of their buoyancy. This prob 
lem is accentuated in the heating up and cooling down 
regions wherein considerable temperature differentials 
exist between the top and bottom of the kiln chamber. 
In most cases, this temperature differential is several 
hundred degrees and often more. Accordingly, the ware 
on top of the kiln is considerably hotter than the ware at 
the bottom. This requires that at a critical temperature 
range of the ware the necessary slow heating rate must be 
extended from the time the high temperature ware passes 
through the critical temperature range to include the time 
for the low temperature ware to also pass through this 
critical temperature range. This results in the necessity 
for increasing the length of time the ware passes through 
the kiln. Another object of the invention is to provide a 
firing System for a continuous kiln in which there is main 
tained a substantially constant temperature throughout the 
height of each zone of the kiln whereby time savings are 
achieved. 
A further object of the invention is to provide a firing 

System for continuous kilns in which there is achieved good 
circulation throughout each temperature zone so that effec 
tive heat transfer may take place between the gases and 
the ware. 
The above and other objects and features of the inven 

tion will appear more fully from a consideration of the 
following detailed description in conjunction with the 
accompanying drawings wherein: 
FIGURES 1A, 1B and 1C are longitudinal sectional 

views of adjacent sections of a continuous kiln in accord 
ance with this invention; 
FIGURE 2 is a section taken on line 2-2 of FIG 

URE 1B: 
FIGURE 3 is a section taken on line 3-3 of FIG 

URE 1B: 
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FIGURE 4 is a section taken on line 4-4 of FIG 

URE 1C; and 
FiGURE 5 is a sectional view of a burner assembly 

used in the kiln in accordance with this invention. 
The continuous kiln in accordance with this invention 

comprises a horizontally extending structure defining a 
longitudinal tunnel or kiln chamber 20 defined by a lining 
of suitable refractory material. The chamber defining 
refractory walls include an arched ceiling 22 supported on 
vertical side walls 24 and 26. The type and the size of the 
refractory at various locations of the kiln is chosen in 
accordance with the particular temperature occurring in 
zones within the kiln chamber 20 at such locations. Pref 
erably the lining consists of prefired burner blocks and 
bricks of a high purity sintered mullite composition and 
is backed up with a layer of insulating brick which, in turn, 
is backed up with insulating block. The refractory walls 
are supported in a steel plate casing 28 with Weided struc 
tural steel reinforcement. The kiln chamber is supported 
above the floor level and steel cross-members 36e are pro 
vided to tie the bottom of the kiln together and to support 
rails for the kiln cars. The structural aspects of the kiln 
are in accordance with conventional practice and will be 
apparent to those skilled in the art. 
The bottom of the kiln chamber 20 is defined by re 

fractory walls 32 supported on the kiln cars 34. The cars 
ride on horizontally extending rails and are provided with 
conventional sand sealing means 35 for closing the kiln 
chamber at the bottom thereof. A vertically sliding door 
36 is provided at the inlet of the kiln to close the same 
when necessary. A baffle 37 is provided at the outlet of 
the kiln. The baffle is constructed to close off the outlet 
end of the kiln and has a central opening sized to permit 
movement of the kiln cars through the outlet end of the 
kiln. The cars 34 are moved through the kiln by any 
suitable means well known in the art, as for example, a 
hydraulic pusher. The cars 34 are provided with a hori 
Zontal platform 38 for supporting the ware indicated at 
W. The ware supporting structure is provided with trans 
versely extending openings 39 to permit circulation of the 
hot gases as will be described more fully hereafter. 
The kiln consists of a plurality of individual zones or 

firing sections 1-15 throughout its length, each section ex 
tending an equal longitudinal distance. Means are pro 
vided at each section for producing a settable predeter 
mined temperature therein. By way of a typical example, 
a kiln for 3100 F. firing of a ware setting or size of 
eighteen inches by eighteen inches may comprise firing sec 
tions extending four feet along the kiln chamber. 
The individual firing sections 1 to 6 comprise a "heat 

up' zone in which the temperature of the ware is raised 
under controlled conditions. The firing sections 7 and 8 
comprise a "soak' zone in which the ware is heated to 
the maximum temperature for the heating cycle. Firing 
sections 9 and 10 comprise a "pre-cool' zone in which the 
ware is cooled rapidly to lower the temperature beneath 
the soak temperature. Firing sections 11 to 15 comprise 
a "cooling' zone in which the ware temperature is gradu 
ally reduced by the use of cooling air. The number of 
individual firing sections comprised in each of the com 
posite zones may be varied in accordance with the partic 
ular kiln application. 
The means for producing a predetermined settable tem 

perature in each individual zone comprises a pair of burn 
er or nozzle assemblies for introducing gas into the kiln 
chamber tangentially at the top and at the bottom there 
of as is best shown in FIGURES 2, 3 and 4. These gas 
introducing means are arranged in the same vertical plane 
centrally of the zone and to direct gases into the klin 
chamber tangentially in the same circumferential direc 
tion by way of tangentially extending inlet nozzle pas 
sages 21. While in accordance with the broadest aspect 
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of the invention various gas introducing means may be 
used, it is preferable to use a burner assembly such as that 
disclosed in U.S. Patent No. 3,055,652. The advantage 
of using such a burner assembly is that this apparatus is 
designed to maintain a sufficient gas stream mass velocity 
so that all the gases introduced into the zone circulate 
around the kiln.The introduced gases sweep continuously 
from top to bottom around the ware as is shown by the 
arrows in FIGURES 2, 3 and 4. The passages 39 in the 
supporting structure of the kiln cars 34 permit passage of 
the gases across the bottom of the kiln chamber 20. 
The velocity of gas streams should be set slow enough 

so that the ware is not disturbed and high enough to make 
a few revolutions around the kiln chamber each second. 
This full time high velocity gas circulation eliminates 
stratification of the gases and avoids any substantial tem 
perature differential between the top and bottom of the 
kiln chamber. 

Since the above-mentioned patent discloses the details 
of the burner assembly for achieving the desired results, 
only a brief description of this burner assembly will ap 
pear herein. As shown in FIGURE 5, each burner as 
sembly 40 comprises a suitable burner 42 adapted to be 
mounted on the shell of the kiln. The burner 4 com 
prises a body 42 cemented to a refractory block 48-de 
fining a combustion tunnel-50 communicating with the in 
terior of the body 42. Preferably the burner 41 is of 
the type having a plug defining an annular burner port as 
is more fully described in said patent. A rectangular dif 
fusion air block 70 of refractory material is positioned in 
a rectangular opening 72 in the vertical side wall of the 
kiln. Block 70 has a recess 74 adapted to receive the 
downstream end of block 48. Block 70 has a central 
cavity 76 adjacent the upstream end of recess 74 and a 
bore 78 communicating with the downstream end of cen 
tral cavity 76. Cavity 76 and bore 78 define a passage 
way through which the products of combustion from tun 
nel 50 pass and leading to the inlet nozzle passage 21 com 
municating with the kiln chamber 20. 
A ceramic conduit 80 is mounted in the refractory wall 

and communicates at its downstream end with a passage 
way 82 formed in block 70. Passageway 82 communi 
cates with central cavity 76. Conduit 80 and passage 
way 82 provide a path for the flow of diffusion air into 
cavity 76 from the air supply conduits which are con 
nected to the upstream ends of the conduits 86. Since 
air is diffused with the products of combustion from tul 
nel 50 in cavity 75, this cavity may be termed a diffusion 
chamber. 
A cylindrical diffuser member 86 is mounted in central 

cavity 76 and defines, at the inner wall thereof, a pas 
sageway between tunnel 50 and bore 78. The inner 
wall of diffuser member 86, tunnel 50 and bore 78 are 
all in alignment. Diffuser member 86 has a radially ex 
tending flange 88 which positions the diffuser member 
86 within cavity 76 so that the diffuser member outer 
wall is spaced from the wall of cavity 76 whereby an an 
nular chamber 90 is formed adjacent the diffuser member 
outer wall. Diffuser member 86 has a plurality of radial 
openings 92 extending therethrough and circumferentially 
and longitudinally spaced thereabout. Openings 92 Serve 
to meter or control the amount of air passing from chan 
ber 90 through the diffuser member 86 into the products 
of combustion passing from combustion tunnel 56 of 
burner 41. Diffuser member 86 is made of a material 
which can withstand extreme thermal shock and thermal 
stress, such as silicon carbide, silicon nitride, mullite, 
alumina or other, ceramics. 

In the firing of the kiln, a fuel-air mixture is supplied 
to the burners 41 through conduits 62, valves being pro 
vided for regulating the amount of fuel-air mixture pass 
ing to the burners 41. Air is supplied to conduits 89 
through distribution connections which have valves coin 
nected therein for regulating the amount of air passing 
to the chambers 90. The regulating valves are adjusted 
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to provide the desired flame temperature and the mass 
velocity of the gas stream passing from the burner as 
semblies. In order to insure that all of the ware is 
heated uniformly, the mass velocity of the gas stream 
passing from the burner assemblies are adjusted so that 
the gas stream completely encircles the ware. When 
preheated diffusion air is used, the fuel-air mixture com 
prises 20 to 33 percent pre-mixed air, the rest of the air 
being supplied through the diffusion passages. The dif 
fusion air control has a minimum low flow rate so 
that the circulation pattern is maintained at all times, 
it being better to have inefficient gas burning than to 
have too low a mass velocity. 
The products of combustion leave combustion tunnel 

50 and pass into the central opening in diffuser men 
ber 36. The secondary air passes from conduit 80 into 
annular chamber 90 from which the air passes through 
openings 92. Diffuser member 86 serves to meter the 
air and cause it to mix in small jets with the fully burned 
combustion products passing from the combustion tunnel 
50. The diffuser member 86 insures that there is a thor 
ough mixture or diffusion of the air and the products of 
combustion by reason of the plurality of openings 92 
which direct the small jets of air at right angles into the 
products of combustion. - 

In the heat-up zone, the gas introducing means of firing 
section comprises what may be termed a nozzle assem 
bly which introduces only hot air into this section of 
the kiln chamber 20. Although there are no burners 
provided in this firing section, each nozzle assembly may 
have a construction similar to the burner assembly 
shown in FIGURE 5 so that a burner may be added if 
desired. The firing sections 2 to 6 are provided with 
burner assemblies constructed as shown in FIGURE 2 
which illustrates the arrangement of firing section 6. It 
is to be noted that in FIGURES 2, 3 and 4 the burner 
and nozzle assemblies are shown in outline form for 
simplicity of illustration. Each of the upper burner as 
semblies of firing sections 2 to 6 receives an air-gas mix 
ture by way of a distribution connection 60 providing 
communication between the burner inlet conduit 62 and 
a manifold iiile 2. The manifold line E2 is connected 
to the inlet line 64 which receives a supply of the air 
gas mixture from a gas premixing machine (not shown). 
Each of the lower burner assemblies of firing sections 
2 to 5 receives the air-gas mixture by way of a distri 
bution connection 106 providing communication between 
the burner inlet conduit 52 and a manifold line OS. The 
manifold line 108 is connected to the iniet line 04 from 
the fuel supply. Each of the distribution connections 
69 and 166 has connected therein a manually adjustable 

throttle valve which is set in accordance with the desired 
fuel input for a particular firing section. 

Each of upper and lower burner assemblies for firing 
sections to 6 receives a supply of hot air by way of 
conduits 80 providing communication between the diffu 
sion inlet passageways 82 and manifold ducts 18 and 

2, respectively. The manifold ducts () and 112 are 
connected to an inlet line 14 which is connected to the 
discharge conduit 6 of a hot air blower 8. The 
blower 128 draws hot air from the pre-cool Zone as will 
be described hereafter. Each of the hot air conduits 89 
is provided with a manually adjustable throttle valve 
which is set in accordance with the desired hot air input 
for the particular firing section in accordance with the 
air-gas input. 
Means are provided for exhausting gases from the heat 

up zone at various longitudinal locations of the kiln 
chamebr 20. Such means comprises a plurality of ver 
tical conduits 529 communicating at their lower ends 
with the crown of the kiln chamber through ducts 121 
and at their upper ends with a horizontally extending 
exhaust duct 22 communicating with the intake end of 
an exhaust blower 24. The discharge duct i26 of the 
blower or exhauster 24 may be connected to the outside 
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of the building containing the kiln. Each of the vertical 
conduits is provided with a manually adjustable damper 
valve 28 for regulating flow therethrough. Two of the 
vertical conduits 120 communicate with firing section 
and one of the conduits communicates with each of 

firing sections 2, 3 and 4. The exhaust conduits 
120 closest to the charging end of the kiln draw 
gases at the lowest temperature of the heat-up zone so 
that a minimum amount of heat is removed from the kiln 
and maximum fuel efficiency is achieved. The exhaust 
conduits 29 which are located toward the central region 
of the heat-up zone are located to make it possible to 
draw off gases from this zone before they cool enough 
to permit condensation of alkalies or other volatile 
materials within the zone. 

Control means are provided for maintaining automati 
cally a desired temperature in the heat-up zone. Such 
means comprise a pyrometer 130 arranged to sense the 
temperature in the heat-up zone and to actuate a suitable 
controiler 32. The controller 532 operates control mo 
tors 34 and 136 which adjust throttle valves 38 and 348 
connected in the air-gas input manifolds 62, 88 and 
the hot air intake line 134, respectively. In operation, 
if the pyrometer senses a drop in temperature, the con 
troller is actuated to effect an increase in the flow of air 
gas mixture and of the hot air into the supply lines for 
the burner assemblies. The controller may comprise 
suitable differential pressure transmitters and ratio relays 
for regulation of the air supply pressure as a function of 
the fuel supply pressure. The specific details of the con 
trol means is in accordance with techniques well known 
in the control art and will be readily apparent to those 
skilled in the art. 
The construction of the firing sections 7 and 8 forming 

the soak zone is illustrated by FIGURE 3 which shows 
firing section 7 in cross-section. The upper burner as 
sembly of firing section 8 receives the air-gas mixture by 
way of a distribution connection 42 providing communi 
cation between the burner inlet conduit 62 and a line 44 
connected to the fuel inlet line ié4. A manually adjusta 
ble throttle valve is connected in the distribution line 142 
to regulate flow therethrough. The lower burner assembly 
of firing section 8 receives the gas-air mixture by way of 
a distribution connection 46 providing communication 
between the burner inlet conduit 62 and a line 148 con 
nected to the fuel inlet line 104. A manually adjustable 
throttle valve is connected in the distribution line 146 to 
regulate flow therethrough. 
The upper burner assembly of firing section 8 receives 

a supply of hot air by way of a distribution conduit 80 
providing communication between the diffusion inlet pas 
sageway 82 of the burner assembly and a duct 150. The 
duct #58 is connected to the discharge line 16 of the 
hot air blower 18 by connections 152 and 154. The lower 
burner assembly of firing section 8 receives a supply of hot 
air by way of a distribution conduit 89 providing com 
munication between the diffusion inlet passageway 82 of 
the burner assembly and a duct 56. The duct a 56 is 
connected to the discharge line ió of the hot air blower 
118 by connections 158 and 54. Manually adjustable 
throttle valves 60 are connected in the distribution con 
duits 39 to regulate flow therethrough. 
The upper burner assembly of firing section 7 receives 

the air-gas mixture by way of a distribution connection 
152 providing communication between the burner inlet 
coinduit 62 and a line A64 connected to the fuel inlet line 
64. A manually adjustable throttle valve is connected 

in the distribution connection 62 to regulate flow there 
through. A similar air-gas mixture supply arrangement 
is provided for the lower burner assembly, this arrange 
ment being omitted from the drawings for simplicity of 
disclosure. 

The hot air supply for the firing section 3 is identical 
to the supply for firing section 7 whereby corresponding 
parts have been given the same reference numerals with 
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6 
primes added. The connecting conduits receive the sup 
piy of hot air from the discharge 116 of the hot air 
blower from the supply line and deliver them to the dis 
tribution lines by way of ducts formed in the kiln. Suit 
abie manually adjustable throttle valves are provided for 
regulating the air flow to the burner assemblies. 

Control means are provided for maintaining automati 
cally a desired temperature in the soak zone. This con 
trol means involves two controlled zones, one in each 
of the firing sections 7 and 8, and comprises a pair of 
pyrometers 65 and 168 arranged to sense the tempera 
ture in firing sections 7 and 8, respectively, and to actu 
ate a controller 70. The controller 170 may comprise 
suitable differential pressure transmitters and ratio relays 
for controlling the operation of motor operated valves 
172 and 74 in the fuel supply lines 44 and 164, respec 
tively, and motor operated valves 76 and 78 in the hot 
air supply lines 154 and 54, respectively. The lower 
burner asemblies of firing sections 7 and 8 also have their 
fuel supply lines controlled by motor operated valves re 
sponsive to the controller 70. The controller 70 regu 
lates the air supply manifold pessure as a function of the 
air-gas manifold pressure to insure the proper ratio for 
full combustion at the various burner positions. Again, 
there will be maintained a minimum air supply to insure 
sufficient mass velocity. The controller 179 is responsive 
to the temperatures sensed by the pyrometers to control 
the burner temperatures to achieve the desired tempera 
ture within the firing section. In order to permit the 
use of a single controller with two separate control loops, 
there may be employed a timer-operated switching relay 
which transfers input and output circuits to the controller 
at regular intervals. The details of the temperature con 
trol will be apparent to those skilled in the art. 
The hot air recirculating blower 18 draws air from 

the pre-cool zone by way of vertical conduits 180 con 
..nected at their lower ends with the firing sections 9 and 
19, respectively, and at their upper ends with a horizon 
tally extending blower intake duct 182. Manually ad 
justable throttle valves S4 are provided in the vertical 
conduits 180 for regulating flow therethrough. 
The gas introducing means in the firing sections 9 and 

10 of the pre-cool zone deliver only hot air into the kiln 
chamber. The upper nozzle assemblies receive hot air 
by way of the distribution conduits 186 providing com 
munication between the inlet to the nozzle assembly and 
a manifold duct 188 receiving air from the discharge line 
190 of a recirculating blower 92. The lower nozzle 
assemblies receive hot air from the discharge line 190 of 
the blower 92 by way of a manifold duct 194 and dis 
tribution lines 196. The distribution lines 186 and 196 
have connected therein manually adjustable throttle valves 
for regulating flow therethrough. 

In the cooling Zone, the gas introducing means of each 
of the firing sections to 15 comprises nozzle assem 
blies which receive cooling air through a longitudinal in 
let and warm air through a side inlet. The cool and 
warm air mix in the diffusion chamber and the mixture 
is forced into the kiln chamber by way of the inlet noz 
zle passageway 21. This mode of operation is best illus 
trated in FIGURES 1C and 4. 
The cooling air is delivered to a pair of horizontally 

extending manifold ducts 290 and 202 by way of the 
discharge duct 294 of a cooling air blower 206. The 
cool air in the manifold duct 200 is delivered to the 
longitudinal inlet of the upper nozzle assemblies by dis 
tribution connections 208. Each of the distribution con 
nections 208 has a manually adjustable throttle valve 
therein for regulating flow therethrough. The cooling air 
in the manifold duct 262 is delivered to the longitudinal 
inlet of the lower nozzle assemblies by the distribution 
connections 210 each of which has a manually adjustable 
throttle valve therein for regulating flow therethrough. 

The Warm air is delivered to the horizontally extend 
ing manifold ducts 188 and 194 on opposite sides of the 
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kiln by way of a duct 2:2 connected to the discharge 
duct 90 of the warm air recirculating blower 92. The 
Warm air in the front manifold duct 83 is distributed to 
the side inlet of the upper nozzle assemblies by suitable 
distribution conduits 214 each of which has a manually 
adjustable throttle valve therein for regulating flow there 
through and distribution passage 2E 6 in the kiln wall. 
The warm air in the rear manifold duct 94 is delivered 
to the side inlet of the lower nozzle assemblies by suit 
able distribution conduits 28 each of which has a manu 
ally adjustable throttle valve therein for regulating flow 
therethrough and by distribution passages 220 in the 
kiln wall. 
The recirculating blower 192 draws warm air from 

the crown of the cooling zone by means of a vertical 
conduit 222 communicating at its lower end with the 
crown of section 13 and at its upper end with the intake 
duct 224 for the biower 92. As is best shown in FEG 
URE 1C the blower 192 recirculates warm air through 
the kiln chamber. The discharge duct 90 of the blower 
has an outlet portion 226 which may be connected to 
driers or the like (not shown). The flow through this 
outlet portion 226 is regulated by a throttle valve 228 
connected therein. 
Means are provided to control the movement of gases 

through the kiln chamber so that there is a minimum of 
longitudinal movement of the gases, particularly between 
the soak and pre-cool zones. In this respect, the kiln in 
accordance with this invention differs radically from con 
ventional kilns employing the counterflow principle. The 
control means comprises a pair of pressure controller 
units for maintaining the same pressure on either side of 
a baffle 230 between the soak and pre-cool zones. The 
baffle 230 is constructed to block flow between the sec 
tions 8 and 9 and has a central opening sized to permit 
movement of the kiln cars through the kiln. One con 
troller unit comprises a pressure controller 232 respon 
sive to the pressure sensed by a pressure sensing means 
234 and arranged to operate a control motor 236 for a 
damper valve 238 in the outlet duct 26 of the exhaust 
blower 24. The pressure sensing means 234 is mounted 
on a kiln to be responsive to the pressure in the soak zone 
side of the baffle 238. The other controller unit com 
prises a pressure controller 249 arranged to be responsive 
to a pressure sensing means 242 and to operate a control 
motor 244 for the damper valve 228 in the outlet duct 
226 of the recirculating blower 192. The pressure sensi 
tive means 242 is mounted on the kiln to be responsive 
to the pressure in the kiln chamber in the pre-cool Zone 
immediately adjacent the baffle 230. 
The controller unit responsive to the soak Zone pressure 

operates to adjust the amount of air drawn from the heat 
up zone to maintain a predetermined kiln pressure at the 
pressure sensing location. At the same time, the pressure 
controlier unit responsive to the pressure in the pre-cool 
zone adjusts the amount of air drawn from the cooling 
zone to maintain the same predetermined pressure in the 
pre-cool zone sensing location as that pressure maintained 
by the other controller unit. Accordingly, the pressure on 
each side of the baffle 230 is equalized to thereby mini 
mize any flow of gases across what may be terrned a static 
flow plane. This static flow plane is indicated by the 
lines A-A in alignment with the baffle 230. 
To illustrate the operation of the pressure control, et 

it be assumed that the temperature control for the heat 
up zone calls for more fuel and more preheated air in 
which case this additional preheated air is drawn from the 
pre-cool zone by the recirculating blower 18. This 
would create a reduction in pressure in the pre-cool Zone 
which would be sensed by the pressure responsive mean 
242 in this zone. The pressure responsive means 242 
then actuates the controller 246 to operate the damper 
valve 228 in a direction so that less air is exhausted from 
the cooling zone to the pre-cool zone. This movement re 
stores the pressure balance to minimize any flow across 
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the static flow plane. In a like manner, the pressure con 
trol on the heat zone side operates, by adjusting the 
damper valve 238 in accordance with the pressure sensed 
by pressure responsive means 234, to maintain the set 
pressure on the heat Zone side of the static flow plane to 
restore the pressure balance thereat. - 

t will be apparent that the firing system in accordance 
with this invention is settable to achieve predictable tem 
peratures in various zones along the length of the kiln. 
vioreover, the zone temperatures may be varied in ac 
cordance with a desired heating cycle for a particular 
ware. Each Zone can be adjusted to any temperature 
level providing for slow or fast heating at any zone with a 
constant car speed. Since the temperature profile along 
the length of the kiln will be the same for the top and 
bottom, there being no stratification of the gases, this 
profile can be adjusted to meet with accuracy the require 
ments of ware quality and low kiln furniture costs. In 
regions midway between the locations of the burners of 
each firing section there is some mixing between the gases 
from adjacent firing sections whereby there is a gradual 
transition in temperature between adjacent firing sections. 
In adjusting the firing sections of the kiln, the throttle 
valves controlling the gas inputs are adjusted manually to 
produce the desired temperature as measured by tempera 
ture measuring means. The temperature measurement 
may be by thermocouples permanently installed in the 
kilns in locations so that they measure the temperature of 
one of the burner assemblies or by a portable pyrometer 
having a thernocuple which could be inserted through 
suitable holes in the kiln. The thermocouple access 
holes are indicated at 7 and extend horizontally through 
the vertical wails of the kiln at a central location. The 
temperature sensed at the opposite side of the kiln cham 
ber from each burner is used as the basis for adjustment 
of such burner. This adjustment is made for each of the 
burner assemblies of each firing section. If desired, pyro 
metric controls could be installed to control all fifteen 
firing sections or merely certain critical groups of sections. 
It is apparent that most of the firing sections of the kiln 
disclosed may be set to various temperatures within a 
range of temperatures. Of course, all of the firing sec 
tions may be provided with such control if desired. 

Stratification of the hot gases is avoided by setting the 
air and fuel flow rates into the burner assemblies so that 
the raixture of gases entering the kiln chamber have a 
sufficient mass velocity to overcome the buoyancy tend 
ency of the hot gases. The gas streams enter the kiln 
chamber with sufficient velocity to maintain rapid cir 
culation which results in uniform temperatures from top 
to bottom in each firing section. 

During operation of the kiln, the various blowers direct 
gases into appropriate firing sections through nozzle or 
burner assemblies. The cooling air supplied by the blower 
26 is circulated around the ware in the cooling zone and 
moves gradually toward the soak zone. A portion of the 
air supplied by blower 206 is withdrawn by blower 192 
and is delivered to driers by way of outlet conduit 226 
and the remaining portion of this air enters the intake 
32 of blower i3. The baffle 239 between the Soak Zone 
and the pre-cooling zone in conjunction with the pressure 
controller units discussed above minimize movement of 
the air in the pre-cool and cooling zones into the soak 
Zone which is the high temperature zone of the kiln. This 
results in increased thermal efficiency since any cooling 
gases moving into the soak zone would exert a cooling 
effect. 
The blower 18 delivers hot air to the burner assen 

blies in the heat-up and soak zones. The amount of air 
discharged through each barrier assembly is regulated by 
the throttle waives associated therewith. A partial mix 
ture of gas and air is burned in each burner to raise the 
temperature of the mixture of burner combustion products 
and hot air to the desired level. The mixing takes place 
in the diffusion chamber of each burner assenbly and the 
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discharging gas streams from the burner nozzles 21 sweep 
tangentially around the kiln chamber walls and circulate 
through the ware. 
The gases introduced into the heat-up and soak zones 

Sweep around the cars at right angles to the car movement 
and move gradually toward the entrance end of the kiln 
where these gases are exhausted by the blower 124. The 
blower 24 draws the gases through the conduits 120 and 
operates to withdraw gases at a temperature to prevent 
condensation of the alkalies and the like in the kiln 
chamber. If desired, the dampers 28 in the conduits 
120 may be positioned to cause movement of the gases 
all the way to the entrance end of the kiln chamber, this 
arrangement achieving maximum thermal efficiency. 
Automatic temperature control of the heat-up and soak 

Zones is accomplished by operation of the control means 
discussed above. Briefly stated, this control is obtained 
by automatic adjustment of the amount of fuel and, 
through Suitable interconnecting proportioning relays, the 
amount of hot air input. 

It will be apparent that changes may be made in the 
construction and arrangement of parts without departing 
from the scope of the invention. For example, a kiin 
which is to operate at lower temperatures would not re 
quire the particular heat-up zone disclosed and the firing 
Sections of this zone could be replaced by a blower 
Supplying room temperature air to the burners. In this 
case the exhaust from the pre-cooling zone would be con 
nected to the intake of the recirculating blower 192 for 
the cooling zone whereby the cooling zone encompasses 
the pre-cooling zone. Accordingly, it is not desired to 
be limited except as required by the following claims. 
What is claimed is: 
1. A continuous kiln comprising wall means defining a 

horizontally extending kiln chamber, a heat-up zone ex 
tending longitudinally of the kiln chamber, said heat-up 
Zone comprising a plurality of adjacent firing sections 
extending longitudinally of the kiln chamber, a soak zone 
defined by a second longitudinal portion of said wall 
means and comprising at least one firing section extending 
longitudinally of the kiln chamber, each of said firing 
sections having means for introducing gases into said kiln 
chamber in a transverse direction to cause circulation of 
said gases in a transverse region along the wall means 
around the periphery of said kiln chamber, means for 
conveying ware to be heated longitudinally through said 
kiln chamber and through said zones, and means asso 
ciated with each gas introducing means for adjusting 
the same to introduce gases into the kiln chamber at 
a selected temperature within a range of temperatures 
whereby each of said firing sections along the length 
of said kiln chamber may be set to provide a desired ten 
perature condition within said kiln chamber at the firing 
section location. 

2. A continuous kiln comprising wall means defining a 
horizontally extending kiln chamber, a heat-up zone de 
fined by a first portion of said wall means extending longi 
tudinally of the kiln chamber, said heat-up zone compris 
ing a plurality of adjacent firing sections extending longi 
tudinally of the kiln chamber, a soak zone defined by a 
second longitudinal portion of said wall means and com 
prising at least one firing section extending longitudinally 
of the kin chamber, a cooling zone between said soak 
Zone and the discharge end of the kiln chamber, said cool 
ing zone being defined by a third longitudinal portion of 
said wall means comprising a plurality of adjacent firing 
sections extending longitudinally of the kiln chamber, 
each of said firing sections having means for introducing 
gases into said kiln chamber in a transverse direction sub 
stantiaily tangentially to said wall means and at a velocity 
to cause circulation of said gases in a transverse region 
along the wall means and around the periphery of said 
kiln chamber, means for conveying ware to be heated 
longitudinally through said kiln chamber and through said 
zones, and means associated with each gas introducing 
means for adjusting the same to introduce gases into the 
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kiln chamber at a selected temperature within a range of 
temperatures whereby each of said firing sections along 
the length of said kiln chamber may be set to provide a 
desired temperature condition within said kiln chamber 
at the firing section location. 

3. A continuous kiln comprising refractory wall means 
defining a horizontally extending kiln chamber, a heat-up 
Zone defined by a first portion of said wall means extend 
ing longitudinally of the kiln chamber, said heat-up zone 
comprising a plurality of adjacent firing sections extend 
ing longittidinally of the kiln chamber, a soak zone de 
fined by a second longitudinal portion of said wall means 
and comprising at least one firing section extending longi 
tudinally of the kiln chamber, each of said firing sec 
tions having means for introducing gases into said kiln 
chamber in a transverse direction to cause circulation of 
said gases in a transverse region along the wall means 
around the periphery of said kiln chamber, means for 
conveying ware to be heated longitudinally through said 
kiln chamber and through said zones, and means associ 
ated with each gas introducing means for adjusting the 
Saine to introduce gases into the kiln chamber at a selected 
temperature within a range of temperatures whereby each 
of said firing sections along the length of said kiln cham 
ber may be set to provide a desired temperature condition 
within said kiln chamber at the firing section location, 
said gas introducing means in said heat-up and soak 
Zones comprising a pair of burner assemblies, one of said 
burner assemblies being located to direct a gas stream 
tangentially into the upper portion of said kiln chamber, 
the other of said burner assemblies being located to direct 
a gas stream tangentially into the lower portion of said kiln 
chamber in the same circumferential direction as said one 
burner assembly so that said burners provide supplement 
ing gas streams. 

4. A continuous kiln comprising refractory wall means 
defining a horizontally extending kiln chamber, a heat-up 
zone defined by a first portion of said wall means ex 
tending longitudinally of the kiln chamber, said heat-up 
zone comprising a plurality of adjacent firing sections ex 
tending longitudinally of the kiln chamber, a soak zone 
defined by a second longitudinal portion of said waii 
eans and comprising at least one firing section extend 

ing longitudinally of the kiln chamber, each of said fir 
ing sections having means for introducing gases into said 
kiln chamber in a transverse direction to cause circula 
tion of said gases in a transverse region along the wall 
means around the periphery of said kiln chamber, means 
for conveying ware to be heated longitudinally through 
said kiln chamber and through said zones, and means as 
sociated with each gas introducing means for adjusting 
the same to introduce gases into the kiln chamber at a 
selected temperature within a range of temperatures 
whereby each of said firing sections along the length of 
said kiln chamber may be set to provide a desired ten 
perature condition within said kiln chamber at the firing 
section location, each of said gas introducing means in 
said heat-up and soak zones comprising a pair of burner 
assemblies, one of said burner assemblies being located 
to direct a gas stream tangentially into the upper portion 
of said kiln chamber, the other of said burner assemblies 
being located to direct a gas stream tangentially into the 
lower portion of said kiln chamber in the same circum 
ferential direction as said one burner assembly, each of 
said burner assemblies comprising a diffusion chamber, 
a burner directing its products of combustion through 
said diffusion chamber and into said kiln chamber, and 
means for supplying air to said diffusion chamber in an 
amount to increase the mass velocity of the gas stream 
entering said kiln chamber to a rate to effect circulation 
thereof around the circumference of the kiln cihamber 
whereby the temperature in each firing section is substan 
tially the same from the top to the bottom thereof. 

5. A continuous kiln comprising wall means defining a 
horizontally extending kiln chamber, a heat-up zone de 
fined by a first portion of said wall means extending lon 
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gitudinally of the kiln chamber, said heat-up zone com 
prising a plurality of adjacent firing sections extending 
longitudinally of the kiln chamber, a soak zone defined by 
a second longitudinal portion of said wall means and com 
prising at least one firing section extending longitudinally 
of the kiln chamber, each of said firing sections having 
means for introducing gases into said kiln chamber in a 
transverse direction to cause circulation of said gases in a 
transverse region along the wall means around the periph 
ery of said kiln chamber, means for conveying ware to 
be heated longitudinally through said kiln chamber and 
through said zones, and means associated with each gas 
introducing means for adjusting the same to introduce 
gases into the kiln chamber at a selected temperature with 
in a range of temperatures whereby each of said firing 
sections along the length of said kiln chamber may be set 
to provide a desired temperature condition within said kiili 
chamber, said gas introducing means of each firing section 
comprising a pair of burner assemblies, each of said burn 
er assemblies comprising a diffusion chamber, a burner 
directing its products of combustion through said diffusion 
chamber and into said kiln chamber, means for Supplying 
fuel to said burner, means for supplying air to said diffu 
sion chamber for mixture with the burner combustion 
products to increase the mass velocity of the gas stream 
entering said kiln chamber, a throttle valve adjustable to 
regulate the amount of fuel supplied to said burner, and 
a throttle valve adjustable to regulate the amount of air 
supplied to said diffusion chamber. 

6. A continuous kiln comprising wall means defining a 
horizontally extending kiln chamber, a heat-up zone defined 
by a first portion of said wall means extending longitudi 
nally of the kiln chamber, said heat-up zone comprising 
a plurality of adjacent firing sections extending longitudi 
nalty of the kiln chamber, a soak zone defined by a sec 
ond longitudinal portion of said wall means and com 
prising at least one firing section extending longitudinaliy 
of the kiln chamber, a cooling zone between said Soak 
zone and the discharge end of the kiln chamber, said cool 
ing zone being defined by a third longitudinal portion of 
said wall means and comprising a plurality of adjacent fir 
ing sections extending iongitudinally of the kiln chanaber, 
each of said firing sections having means for introducing 
gases into said kiln chamber in a transverse direction to 
cause circulation of said gases in a transverse region 
along the wali means around the periphery of said kiln 
chamber, means for conveying ware to be heated longi 
tudinally through said kiln chamber and through said 
Zones, means associated with each gas introducing means 
for adjusting the same to introduce gases into the kiln 
chamber at a selected temperature within a range of ten 
peratures whereby each of said firing sections along the 
length of said kiln chamber may be set to provide a de 
sired temperature condition within said kiln chamber, each 
of said gas introducing means including at least one burn 
er assembly, each of said burner assemblies comprising a 
diffusion chamber, a burner directing its products of com 
bustion through said diffusion chamber and into said kiln 
chamber, and means for Supplying preheated air to said 
diffusion chamber to increase the mass velocity of the 
gas stream entering said kiln chamber, said air supply 
means being connected between a portion of said cooling 
zone in the vicinity of said soak Zone for Supplying pre 
heated air from said cooling zone to said diffusion cham 
ber. 

7. A continuous kiln comprising wall means defining a 
horizontally extending kiln chamber, a heat-up Zone de 
fined by a first portion of said wall means extending oil 
gitudinally of the kiln chamber, said heat-up zone com 
prising a plurality of adjacent firing sections extending 
longitudinally of the kiln chamber, a soak zone defined 
by a second longitudinal portion of said wall means and 
comprising at least one firing section extending longitudi 
nally of the kiln chainber, a cooling zone between said 
soak zone and the discharge end of the kiln channer, 
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said cooling zone being defined by a third longitudinal 
portion of said wall means and comprising a plurality of 
adjacent firing sections extending longitudinally of the 
kiln chamber, each of said firing sections having means for 
introducing gases into said kiln chamber in a transverse 
direction substantially tangentially to said wall means and 
at a velocity to cause circulation of said gases in a trans 
verse region along the wall means and around the periph 
ery of said kiln chamber, means for conveying ware to be 
heated longitudinally through said kiln chamber and 
through said zones, means associated with each gas intro 
ducing means for adjusting the same to introduce gases 
into the kiln chamber at a selected temperature within a 
range of temperatures whereby each of said firing sections 
may be set to provide a desired temperature condition 
within said kiln chamber at the firing section location, and 
means for restricting gas flow between said soak zone and 
said cooling Zone. 

8. A kiln as claimed in claim 7 wherein said flow re 
stricting means comprises a vertically extending baffle 
blocking flow between said soak and cooling zones, said 
baffle being mounted on said wall means between said 
soak and cooling zones and having a pair of side portions 
extending vertically along the sides of said wall means 
and a horizontal portion extending between said pair of 
side portions across the top of the kiln chamber. 

9. A kiln as claimed in claim 7 wherein said flow re 
stricting means comprises means maintaining a constant 
pressure in a plane between said soak Zone and said cool 
ing Zone. 

i0. A continuous kiln comprising wall means defining 
a horizontaily extending kiln chamber, a heat-up zone de 
fined by a first portion of said wall means extending lon 
gitudinally of the kin chamber, said heat-up zone con 
prising a plurality of adjacent firing sections extending 
longitudinally of the kiln chamber, a soak zone defined by 
a second longitudinal portion of said wall means and 
comprising at least one firing section extending longitudi 
naily of the kiln chamber, a cooling zone between said 
Soak Zone and the discharge end of the kiln chamber, said 
cooling zone being defined by a third longitudinal por 
tion of said wall means and comprising a plurality of ad 
jacent firing sections extending longitudinally of the kiln 
chamber, each of said firing sections having means for 
introducing gases into said kiln chamber in a transverse 
direction to cause circulation of said gases in a transverse 
region along the wall means around the periphery of said 
kiln chamber, means for conveying ware to be heated lon 
gitudinally through said kiln chainber and through said 
Zones, means associated with each gas introducing means 
for adjusting the same to introduce gases into the kiln 
chamber at a selected temperature within a range of tem 
peratures whereby each of said firing sections may be set 
to provide a desired temperature condition within said 
kiln chamber at the firing section location, and means 
maintaining a constant pressure along a static flow plane 
extending vertically between said soak zone and said cool 
ing Zone whereby the flow of gases between said soak 
and cooling Zones is minimized, said last-mentioned means 
including means for exhausting gases from said heat-up 
Zone at a rate to maintain said constant pressure at the 
Soak Zone side of said static flow plane and means for 
exhausting gases from said cooling zone at a rate to main 
tain said constant pressure at the cooling zone side of said 
static fiow plane. 

11. A continuous kiln connprising wall means defining 
a horizontally extending kiln chamber, a heat-up zone de 
fined by a first portion of said wall means extending ion 
gitudinally of the kiln chamber, said heat-up zone com 
prising a plurality of adjacent firing sections extending 
longitudinally of the kiln chamber, a soak zone defined by 
a second longitudinal portion of said wall means and 
comprising at least one firing section extending longitudi 
naily of the kiln chamber, a cooling zone between said 
Soak Zofle and the discharge end of the kin chamber, said 
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cooling zone being defined by a third longitudinal por 
tion of said wall means and comprising a plurality of ad 
jacent firing sections extending longitudinally of the kiln 
chamber, each of said firing sections having means for 
introducing gases into said kiln chamber in a transverse di 
rection to cause circulation of said gases in a transverse 
region along the wall means around the periphery of said 
kiln chamber, means for conveying ware to be heated 
longitudinally through said kiin chamber and through said 
zones, means associated with each gas introducing means 
for adjusting the same to introduce gases into the kiln 
chamber at a selected temperature within a range of tem 
eratures whereby each of said firing sections may be set 

to provide a desired temperature condition within said 
kiln chamber at the firing section location, and means 
maintaining a constant pressure along a static flow plane 
extending vertically between said soak zone and said cool 
ing zone whereby the flow of gases between said soak and 
cooling zones is minimized, said last-mentioned means in 
cluding a first blower for exhausting gases from said 
heat-up zone, means regulating the rate of said exhaust of 
said first blower, first pressure sensing means arranged to 
sense the pressure in said kiln chamber immediately ad 
jacent the soak zone side of said static flow plane, first 
control means operatively connected to said regulating 
means for said exhaust of said first blower and responsive 
to the pressure sensed by said first sensing means to ad 
just said first blower exhaust regulating means to exhaust 
gases at a rate to maintain said constant pressure at said 
first pressure sensing location, a second blower for ex 
hausting gases from said cooling zone, means regulating 
the rate of said exhaust of said second blower, second 
pressure sensing means arranged to sense the pressure in 
said kiln immediately adjacent the cooling zone side of 
said static flow plane, and second control means opera 
tively connected to said regulating means for the exhaust 
of said second blower and responsive to the pressure 
sensed by said second sensing means to adjust said second 
blower exhaust regulating means to exhaust gases at a rate 
to maintain said constant pressure at said second pressure 
sensing location. 

12. A continuous kiln comprising wall means defining 
a horizontally extending kiln chamber, a heat-up zone de 
fined by a first portion of said wall means extending longi 
tudinally of the kiln chamber, said heat-up zone adjacent 45 
the charging end of the kiln chamber comprising a plu 
rality of adjacent firing sections extending longitudinally 
of the kiln chamber, a soak Zone defined by a second lon 
gitudinal portion of said wall means and adjacent the 
heat-up zone comprising at least one firing section ex 
tending longitudinally of the kiln chamber, a cooling zone 
between said soak zone and the discharge end of the kiln 
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chamber, said cooling zone being defined by a third longi 
tudinal portion of said wall means and comprising a plu 
rality of adjacent firing sections extending longitudinally 
of the kiln chamber, each of said firing sections having 
means for introducing gases into said kiln chamber in a 
transverse direction to cause circulation of said gases in 
a transverse region along the wall means around the 
periphery of said kiln chamber, means for conveying ware 
to be heated longitudinally through said kiln chamber and 
through said zones, means associated with each gas intro 
ducing means for adjusting the same to introduce gases 
into the kiln chamber at a selected temperature within a 
range of temperatures whereby each of said firing sections 
along the length of said kiln chamber may be set to pro 
vide a desired temperature condition within said kiln 
chamber at the firing section location, means drawing 
gases from said cooling zone and supplying them direct 
ly to the gas introducing means of said heat-up and soak 
Zones for introduction into said kiln chamber, means for 
exhausting gases from the charging end of said heat-up 
Zone, and means drawing gases from said cooling zone and 
returning a portion of said withdrawn gases directly to 
Said cooling Zone and directly exhausting the remaining 
portion of said withdrawn gases. 

13. A continuous kiln comprising wall means defining 
a horizontally extending kiln chamber, a zone extending 
longitudinally of the kiln chamber, said zone comprising 
a plurality of adjacent firing sections extending longitudi 
nally of the kiln chamber, each of said firing sections hav 
ing means for introducing gases into said kiln chamber in 
a transverse direction Substantially tangentially to said wall 
means and at a velocity to cause circulation of said gases 
in a transverse region along the wall means and around 
the periphery of said kiln chamber, means for conveying 
Ware to be heated longitudinally through said kiln cham 
ber and through said zones and means associated with 
each gas introducing means for adjusting the same to in 
troduce gases into the kiln chamber at a selected tempera 
ture within a range of temperatures whereby each of said 
firing sections along the length of said kiln chamber may 
be set to provide a desired temperature condition within 
said kiln chamber at the firing section location. 
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