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"UNITED STATES

PATENT OFFICE.

GEORGE W. BOOTH, OF NEW TORONTO, ONTARIO, CANADA.

TUNNEL KILN.

Applicatio_h filed March 28, 1927,  Serial No. 179,074,

This invention relates to tunnel kilns for
clay products of the type shown and described
in my prior United States Patent 1,585,018,
dated the 18th day of May, 1925, in which the

drying of the ware is effected in a chamber.or -

chambers extending lengthwise
of the kiln. : R
By such an arrangement a considerable
saving of otherwise waste heat is effected.
My present object is to devise an improved
construction whereby still greater economies
may be effected and whereby more perfect
control may be had of the successive opera-
tions of drying, pre-heating, firing and.cool-
ing '

at the top

tion lie in details of construction, as herein-
after described, one outstanding feature lies
in the use of pressure fans to supply fresh
air for cooling, drying and pre-heating pur-
poses, so arranged that a slight air pressure
may be maintained in the tunnel at each or
either side of the firing zone whereby the zone
of intense heat may be more or less restricted

5 as described, or shifted in the tunnel towards

or away from the cooling or the pre-heating
zone. A further important feature is the ar-
rangement whereby perfect control of the
drying air at different parts of the length of
the.drying chamber is ohtained -and the mois-
ture content of the ware thereby abstracted
at such a rate that warping and checking of
the ware is avoided. Further novel features
of the construction are hereinafter described
and illustrated in the accompanying draw-
ings in which ) S

Tig. 1 is a plan of a kiln constructed in ac-
cordance with my invention; .

Fig. 2 a side elevation of the same;

Fig. 8 a vertical section on the line 3—38 in
Fig. 1; '

_Fig. 4 a longitudinal section on the line
4—4in Fig, 1; : :

Tig: 5 a horizontal section of the kiln;
and

Figs. 6 to 14 are transverse sections on the
lines 6—8, T—17, 8—8, 9—9, 10—10, 11—11,
19—12, 13—13 and 14—14 in Fig. 5. -

In the drawings like numerals of reference
indicate corresponding parts in the different
figures. - v U

1 is the tunnel of the kiln which, as usual,
comprises pre-heating, firing and - cooling
zones. The pre-heating zone extends from
A to B (see Fig. 5), the firing zone from B

While many of the features of the inven-

to C and the cooling zone from C to D. On
top of the tunnel of the kiln is arranged the
drying -chamber 2 extending substantially
from end to end of the tunnel. Both the
tunnel 1 and the drying chamber 2 will be
arranged as usual for the passage of trucks
carrying the ware to be fired.

In the drawings I have shown two drying

>

chambers side by side, as this makes a con-

venient arrangement.. It will be understood

. of course, that one only may be employed

without departing from the spirit of my in-
vention. : . . o

Air heating and drying éystém.

of the kiln is formed an air supply conduit
3 to which air may be supplied by means of
a fan 4. This conduit. extends transversely
of the kiln and communicates at opposite ends

[i5]
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Adjacent the outer end of the cooling zone -

75

with air passages 5 formed in the wall of -,

the kiln at each side .of the cooling.zone.
These passages extend from one end to the
other of the cooling zone whereby there isa
transfer of heat from the interior of the cool-

cilitate the heat transfer I may form the pas-
sages 5 of a series of metal tubes 6 in con-
ductive contact at different points with the
walls.  The air supply conduit 3 also com-
municates with the interior of the cooling
zone of the kiln through damper controlled .
openings 7. A proportion of the air supplied
through the -conduit 8 may thus be turned
into the .interior of the cooling zone of the
kiln for a purpose which will hereinafter
appear. : '

Extending under. the bottom of the kiln

80

‘ing zone to the air in the passages 5. To fa- -

85

are one or more longitudinal air passages 8,

which extend past the firing zone of the kiln
and communicate with a transverse air sup-
ply conduit 9 connected with the discharge
outlet of a pressure fan 9%  The passages 8
communicate with a plurality of vertical
flues 10 extending up- at both sides of the
inner wall of the pre-heating zone of the
kiln. . These flues are separated by means of
their metal walls 11 from the products of
combustion flues hereinafter referred to. - -
Each flue 10 is provided with an upper
and lower opening 12, which openings are
formed in the inner wall of the: pre-heating
zone for admitting air from the flues 10 into
the interior of the tunnel. Any desired num-
ber of these flues or openings miuy be elosed
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by suitable plugs (not shown) at any time
to meet the needs of the case according to the
qualities of the ware to be fired. .

From the constructions described it fol-
lows that air under pressure may be intro-
duced into the cooling zone, or the pre-heat-
ing zone, ot both, by either fan 4 or 9 so that
the products of combustion in the firing zone
may be held therein or allowed totravel
somewhat towards either end of the kiln as

© may be required. It further- follows that

heated-air is provided to pre-heat the ware:
passing through the pre-heating zone of the-

kiln and to assist i the oxidation of the ware

5 therein.. Hereinafter it will appéar how the
hot products of combustion are utilized to

heat the walls of the pre-heating zone, and

also to assist in heating ‘the air passing

through the flues 10.
The air which passes through the flues 8
under the tunnel serves to cool the space be-

* neath the trucks passing through the zones
" of the kiln. The air heated in the air pas-
~sages 5 extending along the sides of the cool-

ing zone of the kiln is utilized in drying the

ware passing through the drying chambers

by means of the following constructions. At

each side of the kiln the air passage 5 com-

- municates ‘with a vertical passage 13, which

e
=t

40

« communicates at its lower end with one of the

air passages 8 and, at its upper end, with:a
longitundinal air distributing passage 14
which ‘extends substantially from end to end

“of the kiln. Dampers are provided at each

end of each ‘vertical passage 18. At each

side, above the corresponding air distributing

passage 14, is located an air passage 15 trans-
versely divided into sections, each section
communicating by means of a damper con-
trolled opening 16 with the air distributing
passage 14. Warm dry air may thus be in-
troduced into each section according to eir-
cumstances.. Hach section  communicates
with the interior of the adjacent drying

chamber by means of a longitudinal series
-of openings 17.. These openings, it will be

noted, are arranged along the top of the

outer side wall of the drying chamber: Cen-

k trally of the kiln at or-about the level ‘of the

GO

lower parts of the drying chambers I pro-
vide moist air flues 18. ‘While one flue might
serve. I prefer to employ two as conditions

“in the two drying chambers may not be ex-

kK

actly the same. The lower part of each dry-

5 ing chamber communicates with one of -the

moist air flues by means of a longitudinal se-
ries of openings 19. The moist air flues are
preferably divided into sections like the air
passages 15, and each section communicates
by means of a damper controlled opening 20
with the draw-off passage 21, which extends

_ longitudinally of the kiln and adjacent the

inlet end of the drying chamber is provided

 with a suction fan 22 whereby the moisture

5 laden air may be drawn off.

1,698,700

From the constructions described it follows
that perfect control may be obtained of the
admission of drying air and the drawing-off
of moist air at different points along the
length of the drying chambers so that the
rate of drying at different parts of the dry-
ing chamber may be accurately controlled to
prevent warping and checking of the ware.
While' manually controlled dampers might

be employed, 1 prefer-to employ automatic 7:

temperature and humidity controllers, such
as are well known-in the art, and which are
illustrated diagrammatically in the drawings.

The firing system and wtilization of the wasté
heat of the products of combustion.

70
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While any furnaces of known type niay :

be employed, I prefer to employ the furnaces

illustrated; which are preferably of different
types-at different points in the length of the
firing zone to enable the firing to be carried as
best suits the requirements of the ware to be
fired. Four types of furnace are illustrated,
which are best seen in Figs. 9, 10, 11 and 12
‘of the drawings. . : .

The first furnace I in the series illustrated

in Fig. 12 is of ordinary type, and is pref-
erably provided with a draft damper 23 auto-
matically controlled by an automatic tem-

perature controller of known type. This fur-
nace communicates directly with the interior

of the kiln through an opening 24. At each

side of the tunnel I form a flue 25 for the

products of combustion communicating with
the interior of the kiln by means of openings
96." The products of combustion entering the
tunnel through the openings 24 may thus be
drawn off threugh the flues 25 after trayel-
ling a greater or less distance through the
tunnel and around the ware being ~ fired.
Preferably the series of openings 26-is ex-
tended substantially the full length of the
pre-heating and firing zones of the kiln, as

90

100

some wares are not injured by early contact

with the products of combustion. At -any
time any of the openings 26 may be closed by
suitable plugs. The flues 25 extend along
each wall of the kiln in front of the furnaces
IT, ITX and IV and alongside the pre-heating
zone to the inlet end of the kiln where they
communicate with upwardly extending and
transverse passages 27.. The transverse por-
tion of the passages 27 communicates with
the flues 28 extending along.the top of the
drying chambers to the outlet end thereof.

At thisend the flues communicate with down- -

wardly extending and transverse flues 29
communicating with a transverse flue 30, with
which communicates the suction fan 31 by
means of which the products of combustion
may be drawn off. Under some conditions
the moist air from the draw-off. passage 21
may be allowed to pass off with the products
of combustion. I therefore provide each
draw-off passage with a damper controlled
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communication 32 with the transverse pas-
sage 27. 1t will be noted that the hot prod-
ucts of combustion are utilized to heat the
air passing through the flues 10, which. air

is supplied through either the air supply con-

duit 8,or the air supply conduit 9, or both.
The second furnace [I communicates with

the interior of the tunnel through the open-

ings 83 over the flue 25. -
The furnace 111 communicates with the m-

terior of the kiln through the-openings 34,

passage 34* and openings 34°, while furnace
number IV communicates with the interior
of the tunnel through the openings 35. Any
one or any combination of the furnaces may
be used as desired for different classes of
ware. : '

With the furnaces arranged as described,
ful 9

hot products of combustion may be circulated
in any desired manner through the ware to
be fired.

All the furnaces avre“preferably provided-

with automatic damper controllers similar to
that of furnace No. 1, and generally speaking
any of the openings or passages of the kiln

may be provided with dampers, though not.

hereinbefore set forth. : :

It is obvious that the arrangement de-
seribed not only gives me perfect control of
the drying, pre-heating, firing, and cooling
of the ware but results in economy in opera-
tion as otherwise waste heat is utilized to the

greatest possible extent and perfect control

of the combustion of the fuel is-attained.’
What I claimis: »
1. The combination of a tunnel kiln ; a sep-
arate drying chamber ; a distributing air pas-
sage formed 1n the wall of the chamber ex-
tending longitudinally thereof; an air pas-
sage arranged adjacent the distributing pas-

sage divided into sections, each section com-

municating with the distributing passage and
through a longitudinal series of openings
with the interior of the drying chamber; a
moist air flue extending longitudinally of the
kiln and communicating with the interior of

‘the drying chamber at different points in its

length; dampers controlling the communi-
cations between the distributing passage and
the sections of the sectional passage; and
means for drawing air through the said pas-
sages, chamber and flue. - L :

9. A Kiln constructed as set torth in claim
1 in which the moist air flue is formed in sep-
arated sections and a draw off passage.is
provided in communication with each sec-
tion’ by means of damper controlled open-
ngs. ' B S
.3. The combination of a tunnel kiln; a sep-
arate drying chamber; an air passage formed
in a wall of the chamber communicating
with the interior of the chamber at different
points in its length; a sectional moist air
flue extending longitudinally of the kiln,

each section communicating with the interior
of the drying chamber through a longitudinal

series of openings; a draw-off passage com--

municating with each section of the moist
air flue; dampers controlling the communi-

cations between the draw-off passage and the.

sections of the moist air flue; and means for

3

65

70

drawing air through the said passages, cham- -

‘ber and flue. :
4. The combination of a tunnel kiln ; a sep-

arate drying chamber; a distributing air
passage formed in the wall of the chamber
extending longitudinally thereof; an air pas-
sage arranged adjacent the distributing pas-
sage divided into sections, each section com-

‘municating with the distributing passage and

with the interior of the drying chamber; a
sectional moist air flue extending longitudi-
nally of the kiln, each section communicating
with the interior of the drying chamber; a
draw-off passage communicating with each
section -of the moist air flue; dampers con-
trolling the communications between the
draw-off passage and the sections of the
moist air flue; and means for drawing air
through the said passages, chamber and flue.

5. The combination of a tunnel kiln; a sep-

arate drying chamber arranged at the top of

the kiln whereby the chamber will be heated
by conduction from the kiln; an air passage
formed longitudinally in a wall of the cham-
ber and adjacent the kiln, the passage hav-
ing a series of openings communicating with
the interior of the chamber; a moist air flue
extending longitudinally of the kiln commu-
nicating with the interior of the chamber at
different points in its length ; means for draw-
ing air through the said passage, chamber

and flue; a furnace; passages for the prod-

ucts of combustion including a flue in the wall
of the chamber paralleling the aforesaid air
passage ; and means for drawing the products

75
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of combustion through said passages and flue -

from the kiln. o

8. The combination of a tunnel kiln: a
separate drying chamber arranged at the top
of the kiln whereby the chamber will be heat-
ed by conduction from the kiln; an air pas-
sage formed longitudinally in a wall of the
chamber and adjacent the kiln, the passage
having a series of openings communicating
with the interior of the chamber; a moist air
flue extending longitudinally of the kiln com-
municating with the interior of the cham-
ber at different points in its length; means
for drawing. aiv-through the said passage,
chamber and flue; a furnace; passages for the
products of combustion including a flue in

‘the wall of the chamber paralleling the afore-

=

said air passage; means for drawing the

‘products of combustion through said pas-
sages and flue from the kiln; and a damper -

controlled passage forming a communication
hatween the moist air flue and the flue for the

110
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- products of combustion whereby the moist

air may be carried off with the products. of

. combustion when desired.

7. A tunnel kiln comprising a pre- -heating,
a ﬁrmov and a cooling “zone. 1n combmatlon

_with an air heating passage formed in the

10

- 15

wall of the coohno zone of the furndce; an
air supply conduit communicating with the
air heating passage and the interior of the
cooling zene of the kiln; means for control-

ling the proportion of air passing to each; a

drymrv chamber; and means for leading. the
heated air into said drying chamber.

8. A tunne! kiln comprising a pre-heating,

a firing and a cooling zone in combination
with an air heating passage formed in the
wall of the cooling zone of the kiln; an air
supply conduit commumcatmo with the air

~ heating passage and the interior of the cool-

20
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ing zone of the klln. means for controlling

: the proporticn of air passing to each;a drv—

ing chamber; means for leading. the heated
air into said: d*‘ylno' chamber; and a passage
under the kiln commumcatnw with the air
conduit aforesaid -and with the interior of

.the tunnel at the pre-heating zone.
9 A tunnel kiln comprising a pre- heatmw )

a firing and a cooling zone in comb*nfmon
with an air heating passage formed in the
wall of the coohnn zone of the furnace; an
air supply conduit. communicating with the
air heating passage and the interior of the
cooling zone “of tlﬂe kiln; means for control-
ling the proportion of air passing to each;
a drylno chamber; means for leading the
heated air into said drying chamber; a pas-
sage under the kiln commumcatmfr with the
air conduit aforesaid and with the interior
of the tunnel at the pre-heating zone; a flue
through which the products of combustion
from the firing zone are passed.and which

“extends along “the wall of the pre-heating

zone; and means for effecting an exchande
of heat between the said flue and the air from
the last mentioned passage as it passes into
the pre-heating zone of the kiln

10. A tunnel kiln COHlpI‘lSlIlO‘ a pre-heat-
ing, a firing and a cooling zone in combina-
tion with a passage extendmd throughout the
greater part of the length of the three zones; ;
an air supply condult communicating with
said passage and the interior of the cooling
zone of the furnace; the passage also com-
municating with the interior of the pre-heat-
ing.zone of the kiln; and an air supply con-
duit communicating "with said passage adja-
cent the pre—heatlno" zone end of the same.

11. A tunnel kiln comprising a pre-heat-
ing, a firing and a cooling zone in combina-
tion with an air heating passage formed in
the wall of the cooling zone of the furnace;
a drying chamber; an air distributing pas-
sage communicating with the -air- heating
passage adjacent the inner end of the cool—
ing zone; means for leading air from the dis-

1,898,700

tmbutan' passage to and through the drying

chamber and an air supply conduit commu-.
" nicating with the air heating Dpassage and the
1nter10r of the cooling zone of the kiln adja--
) 70

cent its outlet end.

12. A tunnel kiln comprising a pre-heat—
ing, a firing and ‘a cooling zone in combina-
tion with a flue for the products of eombus-

tion extending along the wall of the pre-heat-

ing zone; a vertical flue ex tendmg up the side
of and Commumcatmﬂ with the pre-heating
zone of the kiln and passing” through the
products of combustion flue; and an air sup-

ply conduit communlcatlnw Wlth the Vertl-‘

cal flue.

18. A tunnel kiln comprising a pre-hea’c-
ing, a firing and a cooling zone in combina-
tion with & flue for the prodvc‘ce of combus-
tion extending along the wall of the pre-heat-
ing zone; ver tical flues extending up the side

of and communlcatmg with the bottom and

top of the pre-heating zone of the kiln, the
said flues having metal walls separating
them from the products of combustion flue;
and an air supply conduit’ communlcatmg
Wlﬂl the vertical flues. , ,

14." A tunnel kiln comprising a pre-heating,
a firing and a cooling zone in combination
with a flue for the products: of combiustion
located in the wall of the kiln and extending

k(]

80

85

90

05

along both the firing and pre- heatlng ZOnes;

a furnace commumcatmor with the interior of
the tunnel at the firing zone adjacent the cool-
ing zone, openings being formed from the
interior of the tunnel into the flue at different
points.in the length of the firing zone ; means
for drawing gases from said ﬂue and means
for introducing air under pressure into the
interior of the tunnel at the pre-heating zone.
15. A tunnel kiln comprising a pre- heatm
a firing and a cooling zone in combination

with a flue for the products of combustion-

located in the wall of the kiln and extending
along both the firing and pre-heating zones;

a furnace commumcatmo with the interior of
the tunnel adjacent the cooling zone, open-
ings being formed from the 1nter1or of the
tunnel into the flue at different points in the
length of the firing zone and the pre-heating

zone; means for drawmg gases from said

flue; and means for introducing -air under

100
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115

pr essure into the interior of the tunnel at the.

pre-heating zone.
16. A tunnel kiln comprising a pre-heating,
a firing and a cooling zone in combination

with a flue for the produets of combustion -

located in the wall of the kiln'and extending
along both the firing and pre-heating zones,
a furnace commumcatlno- with the interior of
the tunnel adjacent the coohnfr zone, openings
being formed from the interior of the tunnel
into the flue; a drying chamber ; a flue for the
products of combustlon extendmv Iengthwise
of the chamber and commumcatmg Wlth the
flue aforesaid; means for drawing the prod-

120

125

130
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*ucts of combustion from the drying chamber
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flue ; means for pre-heating air; a passage for
air extending along the wall of the drying
chamber communicating with the interior of
the chamber; a moist air flue also communi-
cating with the interior of the chamber;
means for drawing air from the moist air
flue; and a damper controlled communication
between the moist air flue and the drying
chamber flue for products of combustion.

17. A tunnel kiln comprising a pre-heating,
a firing and a cooling zone in combination
with an air passage along the bottom of the
tunnel extending from the cooling zone to the
pre-heating zone and communicating with
the interior of the tunnel at the pre-heating

zone and the cooling zone; an air supply con-’

duit connected with the passage; and means
for controlling the flow therefrom to the
said zones. )

18. A tunnel kiln comprising a pre-heating,
a firing and a cooling -zone in combination
with an air passage along the bottom of the
tunnel extending from the cooling zone to the
pre-heating zone and communicating with
the interior of the tunnel both at the pre-
heating zone and- the cooling zone; air sup-
ply conduits connected with the passage ad-
jacent opposite ends and means for control-
ling the flow therefrom to the said zones.

19. A tunnel kiln comprising a pre-heating,
a firing and a cooling zone in combination

with a flue for the products of combustion

located in the wall of the kiln and extending
along both the firing and pre-heating zones;
a furnace communicating with the interior of
the tunnel at the firing zone adjacent the
cooling zone, openings being formed from the
interior of the tunnel into the flue at different
points in the length of the firing zone ; means
for drawing gases from said flue; and means

for introducing air under pressure into the -
interior of the tunnel at the cooling zone. .

20. A tunnel kiln comprising a pre-heating,
a firing and a cooling zone in combination
with a flue for the products of combustion

45

located in the wall of the kiln and extending -

along both the firing and pre-heating zones;
a furnaces communicating with the interior
of the tunnel adjacent the cooling zone, open-
ings being formed from the interior of the
tunnel into the flue at different points in the
length of the firing zone adapted to be pro-
gressively closed to control the point of entry
of products of combustion into the tunnel and

‘the pre-heating zone; and means for drawing

gases from said flue at a point remote from
the furnace. ‘

21. A tunnel kiln comprising a pre-heating,
a firing and a cooling zone in combination
with a flue for the products of combustion
located in the wall of the kiln and extending
along both the firing and pre-heating zones;

-a furnace communicating with the interior of
the tunnel adjacent the cooling zone, open--

ings being formed from the interior of the
tunnel into the flue at different points in the
length of the firing zone and the pre-heating
zone ; means for drawing gases from said flue;
arid means for introducing air under pres-
sure into the interior of the tunnel at the pre-

‘heating zone and at the cooling zone.

92. A tunnel kiln comprising a pre-heating,
a firing and a cooling zone in combination
with a passage extending throughout the

-greater part of thelength of the three zones
and communicating with the interior of both -

the cooling and pre-heating zones; means for
supplying air under pressure to said passage;
and means for controlling the air passing
from the passage into said zones to vary the
relative proportion of air flowing to each.

S'zigned at Toronto this 3rd day of March,
1927, » ' :

GEORGE W. BOOTH.
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