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UNITED STATES

PATENT OFFICE,

JIORACE J.

MORTON, OF CHICAGO, ILLINOIS.

DRYING-KILN..

SPECIFICATION-formin;g part of Letters Patent No. 645,753, dated March 20, 1900.
‘Application filed Avgust 8, 1898, Serial No. 688,041, (No model.)

To all whom it may concern:

Be it known that I, IIORACE J. MORTON
citizen of the Umted States of America, re-
siding at Chicago, in the county of Cook and
State of Illinois, have invented certain new

-and useful Improvements in Drying-Kilns, of

which the following, when taken in connec-
tion with the drawings accompanying and
forming a part hereof, is a full and complete
description, sufficient to enable those skilled
in the art to which it pertains to understand;
make, and use the same.

This invention relates to the class of dry-

ing-kilns which have fresh-air conduits or.

passage-ways taking air from above the piles
of lumber which are being dried therein and

 discharging some or all of such air into the
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drying-room underneath the heating-coils
therein. .

The invention is an improvement upon
those set out, illustrated, and claimed in Let-
ters Patent of the United States granted to
me on the Ist day of December, 1896 No.

572,210, and on the 18th day of Janumy 1898

No. 597 542, respectively.

The obJeet of this invention is to obtain an
improved construction of the drying-room
and one that will not be expenswe to build,
a construction which will give improved fa’
cilities for control of the exit and inlet of air
out of and into the drying-room during the
different stages of the drying process, an im-
proved and durable construction of the sup-
ports of the iron rails of the track and of the
heating-pipes extending longitudinally of the
drying-kiln, an improved construction of the
heating-pipes whereby the confraction and
expansion thereof are provided for and where-
by provision is made for grading the amount
of the heating-surface of the heating-coils in
the different localities of the drying-kiln de-
voted to different stages of drying of the con-
tents (usually lumber) thereof.

In the drawings referred to as accompany-
ing and forming a part of this specification,
and wherein a reference letter or numeral ap-
plied to designate a given part is used to indi-
cate such part throughout the several views,
Figure 1 is a vertical sectional view of a lnm-
ber-drying kiln embodying this invention on
line 11 of Fig. 4 viewed in the direction indi-
cated by the arrows; IFig. 2, a vertical sec-

‘gitudinal line thereof..

‘walls 3

tional view thereof on line 2 2 of [ig. 4 viewed
in the direction indicated by the arrows; Fig.
3, a perspective view of a portion of the top
and roof of the drying-kiln at the middle lon-

tive view showing the ceiling and walls of 4
drying-kiln embodymO‘ this 1nvent10n, illus-
trating the arrangement of the outlet-open-

‘ings; I‘w 45 g houzontal sectional view on

1ine‘4 4 of Fig. 1 viewed in the direction in-
dicated by the arrows. Fig. 4"is also a hori-
zonlal sectional view on line 4 4 of Fig. 1,
viewed in the same direction as is Fig. 4%,
showing a modification of the arrangement
of certain pipes differing from the arrange-
ment thereof shown in Fig. 4*; Fig. 5,a ver-
tieal sectional view on line 5 5 of Fig. 4° viewed
in the direction indicated by the arrows; Fig.

6, a side elevation, by enlarged scale, of an

iron post and a portion of the rail supported
thereby; Figs. 7, 8, 9, and 10, respectively,
details of the iron post and rail-supporter
illustrated in Figs. 5 and 6; Fig. 11, a verti-
cal sectional view on line 11 11 of Fig. 4%, by
an enlarged scale; and Fig. 12, an elevation
on line 12 12 of Fig. 4°, by an enlarged scale.
Fig. 18 is an elevation at 13 13 of Fig. 4*, by

‘an enlarged scale, of the ends of the steam-

headers of the heating apparatus of the dry-
ing-kiln, of the connection-pipes and valves

‘between the two headers, and a short section

of the heating-pipes in the headers.
1 is the floor of the drying-room of the kiln,

‘2 2 the outer walls, and 3 3 the inner walls
‘thereof.

4 4 are the studding of the drying-kiln,
between the walls 3 3 and 2 2, and 12 13 are
vertical passage-ways formed by such stud-
ding and the inner and outer walls.

5 is a false floor extending from the inner
3, respectively, toward the middle of
the kiln to and beneath the heating pipes or
coils A and B, as illustrated in Figs. 1 and 2.

6 6 are joists on floor 1, upon which joists
the false floor 5 is laid. Joists 6 6 are laid ad-
jacent to the studding 4 4, and by means of
the flcor1and false floor 5 with the joists 6 6
horizontal passage-ways are obtained which
are extensions of the vertical passage-ways
12 13, respectively.

7 7 are ceiling-joists, and 8 8 are rafters.

9 is the ceiling of the drying-room of the

Fig.-4 is a perspec-
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kiln, and R is the top or roof of the drying-
kiln. Ceiling 9 rests on ceiling-joists 77, and
the roof R rests on the rafters 8 8. Rafters
8 8 are laid adjacent to the studding 4 4, and
by ceiling 9, roof R, and rafters 8 8 horizon-
tal passage-ways are obtained which commu-
nieate with the vertical passage-ways 12 13,
respectively. The horizontal passage-ways
underneath the false floor 5, which communi-
cate with and are continuations of the ver-
tical passage-ways 12 12, are lettered 10, Fig.
1, and the horizontal passage-ways between
ceiling 9 and roof R, which communicate with
and are continuations of vertical passage-
ways 12, are lettered 11, Fig. 1. The hori-
zontal passage-ways underneath false floor 5,
which communicate with and are continuna-
tions of vertical passage-ways 13 13, are let-
tered 14, and the horizontal passage-ways be-
tween ceiling 9 and roof R, which communi-
cate with and are continuations of the verti-
cal passage-ways 1313, are lettered 15.- (See
Fig. 2.)

16 16 are vertical sides of vertically-extend-
ing passage-ways 20 21, such sides being sep-
arated by the studs 19 19, (to which the sides
are secured,) which stand on the rafters 8 8,
and such studs form the ends of such vertical
passage-ways. DPassage-ways 20 21 are open
to the atmosphere at their upper ends, and
at the lower ends thereof they open, respec-
tively, into the passage-ways 11 and 15. Pas-
sage-ways 20 form continuations of horizon-
tal passage-ways 11 11 and the outlets for the
discharge of moisture-laden air from the dry-
ing-kiln, and passage-ways 21 21 form con-
tinuations of horizontal passage-ways 15 15
and constitute inlets for the admission of
fresh air to the drying-kiln. C
22 is a board or plank extending longitudi-
nally the length of the drying-kiln and se-
cured. to the upper euds of the studs 19 19,
forming a roof over the openings 20 20 21 21.
. 23 24> 24 are openings in the inner side
walls 3 3, and 25* 25 26 are openings in the
ceiling 9, between every alternate wall-stud
and rafter, respectively, through which open-
ings the heated and moisture-laden air can
pass from the drying-room of the kiln into
the passage-ways 12 12, from thence to the
passage-ways 11 11, and out of the outlets 20
20. Openings 23, 24, 24*, 25, 25*, and 26, re-
spectively, are often provided with a cover
26%, Fig. 1, whereby the discharge of moisture-
laden air can be regulated; but the covers
26* 26* are not essential to the operation of
drying-kiln for all kinds of lumber.

Fresh air, to replace the hot and moisture-

. laden air going out of the drying-room of the

60
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kiln at outlets 20 20, is taken in through the
inlets 2121, passing therethrough and through
the passage-ways15, 14, and 13 to underneath
the heating pipes or coils A B of the drying-
kiln. The inlét passage-ways are made to al-

ternate with the outlet passage-ways 10,12,
11, and 20.
The broken lines 27 27, Figs. 1 and 2, show

the outline of piles of lumber in the drying-
kiln in position for drying.

28 28 are iron posts supporting the longi-
tudinally-extending iron rails 29, such iron
posts also carrying the iron eross-pieces 30 30,
that are bolted by bolts 31 to the posts, on
which eross-pieces the heating-pipes of coils
or series A and B, hereinafter described, are
placed. 28 is the base of the iron post 28,
which is bolted to the floor 1, as by bolts 28°,
(See Iig. 6.) .

28° is the cap of post 28, and to such cap
the iron rails 29 are secured, as by bolts 29%,
having nuts 29° thereon.

81* 31°* are iron braces bolted to the floor 1,
as by bolts 31°, Fig. 5, and to the posts 28, as
by bolts 31.

The steam-coils A A, placed on both sides
or halves of the drying-kiln in Fig. 4*, may
be and have been constructed by me differ-
ently from the steam-coils B, which are placed
on both sides or halves of the drying-kiln,
(see Fig. 4*,) the purpose sought and effected
being, however, the same—that is, assuming
that the lumber to be dried is to be run into

the drying-kiln at end ' thereof and that

the stages of the drying comprises, say, six
steps. Trucks loaded with lamber are run
into the end «' of the drying-kiln and per-
mitted there fo remain during one of the
stages of the drying, whereupon it is moved
into, say, the position of loeality a* and per-
mitted to there remain during the second
stage of the drying, after which it is sncces-
sively moved into positions a?, a*, ¢’ and af
and permitted toremain in each of said places
during one stage of drying. It is my desire
that the temperature of the drying-kiln at
the several localites shall vary, such tem-
perature gradually increasing from locality
a' to locality of, and the about-to-be-deseribed
construction of thesteam-coils A Bis for the
purpose of obtaining such difference in tem-
perature. Itis evident that if the drying-
kiln be made of sufficient length to accom-
modate six piles of lumber upon the intro-
duoction of a new pile at the ¢’ end of the dry-
ing-kiln a pile of dry luamber will be dis-
charged at the af end of the drying-kiln, and
that the drying process may be divided into
as many stages as there are contained piles
of lumber in the drying-kilns, (or multiples
thereof.) Idomnottherefore confine myself to
six of such stages or six of such piles in the
drying-kiln at any one time. .
Steam-coils A B consist, respectively, of
steam-pipes inclined toward the headers 32
and 33, such pipes extending outward from
the headers, respectively. The pipes from
header 32 extend into elbows having close
nipples and forty-five-degree elbows made up
to form offsets. (See Figs. 11 and 12.) The
pipes from header 33 extend into elbows only.
The outward-extending pipes from the head-
ers 32 and 33 arve, respectively, joined to-
gether by laterally-extending pipes called
““spring-pieces” E E. The pipes extending
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from header 32 form the top series ot layerand
arenumbered asfollows: 34,35,36,37,38,39,40,
41,42, and 43, and 44, 45, 46, 47, 48, 49, 50, 51,
52,and 53. Thepipesextendingfrom headers
33 form the bottom series or layers of pipes
and arenumbered asfollows: 54, 55,56, 57, 58,
59, 60, 61, 62, and 63, and 64, 65, 66, 67, 68, 69,
70,71, 72, and 73. The pipes of the upper
row are connected to the pipes of the lower
row by the spring-pieces E E, respectively,
as follows: 34 to 54, 35 to 55, 36 to 56, 37 to
57, 88 to 58, 39 to 59, 40 to 60, 41 to 61, 42 to
62, and 43 to 63, 44 to 64, 45 to 65, 46 to 66,
47 to 67, 48 to 63, 49 to 69, 50 to 70, 51 to 71,
52 to 72, and 53 to 78. The pipe 74 connects
header 32 with steam-supply, such steam-
supply being governed by valve 75. The
header 52 is connected to header 33 by pipe
76, valve 77, and pipes 78 and 79

80isablow-off valve, and connects to header
33 by means of pipes 81 and 79. The con-
nection to steam-trap 82 is by pipe 83 from
header 33.

84 is a blow-off valve, and connects to lower
header 33 by pipe 83. Pipe 86is a discharge-
pipe from the steam-trap 82.

TFigs. 4* and 4° show the heating-coils A and
Bto be of different lengths, the obJect being to
produce a gradually-increasing heat from the
end of the drying-room first receiving thelum-
ber toward the end of the room from whence
the lamber is discharged. Two methods are
shown of producing this result, viz: first, by
heating-coils B, Fig. 4%, which are of widely-
differinglengths; second, by heating-pipes A,
Fig. 4*, which are of different sizes, with less
variation in length, the smallest pipes being
placed at the receiving end of the room. The
connecting spring-pieces E E in coil Bare best
made of pipes smaller than the heating-pipes,
the effect of such smaller connecting-pipes
being to retard the flow of the steam when

steam is first turned on and prevent the flow’

of steam taking the shorter pipes first and
filling too quickly the lower header 33, thereby
damming up or confining the air in some of
the longer bottom pipes and tending therefore
to retard the quick and thorough heating of
such pipes as may have the air thus conﬁned
therein.

The more important purpose of’ employmw
the spring-pieces E R in the manner shown
in Figs. 4* and 4" is to provide for taking care
of the expansion of the long heatin 0f-plpes 34
to 78, both inclusive, and prevent injurious
straining of the connecting fittings. When
the top and bottom layer or series of heating-
coils A B are connected with return-bends, as
shown, described, and illustrated in Letters
Patent of the United States granted to me on
the 1st day of December, 1896, and numbered
572,210, the rigidity of such connection is so
great that often the strain occasioned by the
expansion of the long pipes when steam is
first turned onto them is such thatleaky joints
oceur. The liability of such results are en-

tirely obviated when connections by spring-

<

piecesE E areemployed, asshown, illustrated,
and described herewith,

Wooden track-stringers, upon which the
iron rails are usually laid, and wooden posts
under such track-stringers, to which the pipe-
supports are secured, are in a few years ren-
dered so brittle and weak from the effect of
the heat from the steam-pipes that often they
break, causing damage to the pipes and rails
and delays. The employment of iron posts
28 28 to carry the rails 29 29 and iron cross-
pieces 30 30 to carry the heating-coils A and
B provides a substantial structme that will
not require renewal. The bottom series of
coils A and B rest upon the iron cross-pieces
30 30. Across the top of these bottom series
of pipes and directly over theiron cross-pieces
30 30 are placed lateral pipes 87 §7, Figs. 1 and
2, upon which rest the top series of pipes of
coils A and B.

The operation of the heating-coils is as fol-
lows: The valve 77 is closed and blow - off
valves 80 and 84 are opened. Steam is then
admitted through pipe 74 and valve 75 and
flows intoheader 32 upthe top series of pipes
of coils A and B, 1‘espective1y, and thence
through the spring-pieces E E to the bottom
series of pipes, forcing the air in all the pipes
out of the blow-off valves 80 and 84. After
the air isoutof the pipes it will be followed by
water of condensation and finally by steam.
When thisoceurs, valve 77 should be opened
and valves 80 and 84 should be closed, and in
a few minutes the result is such that the
steam-pressure in both headers and both se-
ries of pipes is equalized through their entire
length and the water of condensation made
by the steam giving up heat to warm the air
surrounding the pipes flows by gravity from
the top series of pipes of coils A and B , respec-
tively, to the header 32 and thence through
pipes 76, valve 77, and pipes 78and 79 to the
header 33.
bottom series of pipes of coils A and B also
flows by gravity to header 33 and uniting with
the water of condensation from header 32
flows through pipe 83 to steam-trap 82, where
it is automatically separated from the steam
and is discharged through pipe 86 into the
atmosphere or into a tank or directly into the
steam - boiler. After the lumber has been
properiy piled on the car-bunksand run into
the drying-room the doors are closed and
steam is turned on as hereinbefore described.
Asthe airbecomes heated sufficiently it rises,
being pushed up by the surrounding cooler
air,
from the steam-coils in the drying-room rises
through the lumber and finds its outlet at the
a' end of the drying-kiln, at the opening 26,
at the a? locality of the drying-kiln through
opening 25, at the «® locality through open-
ing 25° at the a*locality through opening 24,
at the a° locality through opening 24°, and at
the a’end of the drying-kiln through opening
23. The moisture-laden air passing through

' openings 26, 25, and 25* may and does pass

The water of condensation in the:
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through the horizontal passage-way 11 toward
and out of the outlet 20. The moisture-laden
air passing through openings 24, 24, and 23
passes into the vertical passage-way 12, and a
portion thereof passes upward in said pas-
sage-way to and through the passage-way 11
and out of the drying-kiln through outlet 20,
the remainder thereof passing downward in

- passage-way 12, and from thence through the
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horizontal passage-way 10 back into the dry-
ing-kiln underneath the heating-coils A and
B. It is also from the action discharging
heated air from the drying-kiln from outlet
20, as last above described, that cool air or
fresh air enters the roof-inlets 21 21 and flows
through the ceiling passage-ways or flues 15
through the wall passage-ways or flues 13 13
to and through the floor passage-ways or flues
14 to and beneath the heating-coils A and B
and is there discharged into the drying-kiln.

The floor 1,side walls 2 and 3, and the ceil-
ing 9 are preferably double-boarded, respec-
tively, with felt paper between the boards.
Therefore the inlet and outlet passage-ways
are the only channels by which air can enter
and escape from the drying-kiln and the re-
sults sought occur as described.

The circulation in the drying-room of a
drying-kiln constructed and heated as here-
inbefore. described is not forced throughout
the length thereof, is regulated to suit the
condition of the material being dried, and is
automatic. Such circulation is not, however,
rapid in character, a rapid movement of the
air in the drying-room inducing drafts and
not being deemed by me advantageous and
the downdraft for theinflowing airis forthat
reason employed. As the air in the drying-
kiln is heated it is in a measure retarded in
its rise by the counteraction of the down-
flues, and only as the air laden with moisture
passes out through the outlets at the top of
the drying-kiln is the lower strata of air per-
mitted to rise.in the drying-kiln and a corre-
spondingsupply todescend through the down-
flues, as shown and described. I therefore
retain the air in the drying-kiln as long as
possible to obtain therefrom as much effect
as possible before its discharge therefrom.
As the air at the o' end of the drying-kiln be-
comes more heavily laden with moisture in a
given time than does the air at the a® (dis-
charge) end of such drying-kiln, the outlet-
openings at the «' end are placed in the cen-
ter of the ceiling 9. At the ¢? loeality such
openings are placed in the ceiling, to one side
of the longitudinal center thereof. At thea®
locality such openings are placed in the ceil-
ing adjacent to the side walls 3 3, and at the
at, of, and «f localities, respectively, such
openings are placed in the side walls 3 3 at
suceessively lower planes, those at locality a®
being the lowest.

In operation it occurs that substantially all
the air laden with moisture which passes
through the openings in ceiling 9 will pass
out of the outlets 20 20 communicating there-

i ' 645,753

with, while at the a® end of the drying-kiln a
portion of the moisture-laden air passing
through the openings through side walls 3 3
will pass down and back into the drying-kiln
underneath the heating-coils, as hereinbefore
described, a portion thereof will pass from the
outlets 20 20, and aless portion of such mois-
ture-laden air passing through the openings
in the side walls 3 3 will pass down and back
into the drying-kiln at localities ¢® and at.
In those localities in the drying-kiln where
the openings are in the side walls 3 3 the
discharge of moisture-laden air will be slower,
(particularly at the af end,) as such air will
rise to the ceiling and be there banked, there
being no opening in the ceiling for it to pass
out and from the kiln. Also lumber when
it first enters the drying-room should be sub-
jected toand remain in a low drying tempera-
ture until the heat has thoroughly permeated
suchlumber, after which the temperature can
be gradually raised to a high drying tempera-
ture without injury to the fibers of the lum-
ber if proper (and the hereinbefore deseribed)
means are provided to retain sufficient mois-
ture in the drying-kiln to keep the surface of
the lumber soft or open, and for such reason
the graduated heating-surface of the steam-
coils A B, as described, is employed, as well
as the special arrangements for discharging
moisture-laden air and admitting fresh air
and the return of a portion of the moisture-
laden air to the drying-room where needed.

It will be observed that during the third
and succeeding stages of drying lumber it
dries very rapidly and rupture of the fibers
is liable to occur unless means are provided
for retaining moisture in the drying-kiln at
such localities, particularly in hard woods
which are partially dry before being placed
in the drying- kiln. When lumber green
from the saw is put into the drying-kiln, es-
pecially lumber which is made from the softer
woods, as such lumber is not liable to be in-
jured by rapid drying it will be sufficient to
make all of the outlet-openings threugh the
ceiling 9 and none through the side walls 33
to give quicker movement to the air in the
drying -kiln and consequent quicker opera-
tion of the drying-kiln, and, if required, to
partially close the openings of some of them
by covers 26 262,

The connecting spring-pipes E E vary in
size preferably, so that the force required to
drive steam from header 32 through each one
of theseveralpipes extending outward there-
from throughthe connecting spring-pipe and
the pipe extending from 'such connecting
spring-pipe to the header 33 will be the same
approximately—that is, in a short pipe ex-
tending out from header 32 (called by me a
‘““header-pipe ”’) the connecting spring-pipe
connecting such header-pipe with a short re-
turn header-pipe to header 33 isrestricted, so
thatthe same force, substantially, is required
to drive steam from one header through such
short header-pipe, the connecting spring-pipe
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E, and the return short header-pipe to header
33 as is required to force steam through a
long header-pipe, the connecting spring-pipe
thereof, E, and back to such header 33 in the
connected long header-pipe. Ittherefore oc-
curs that the connecting spring-pipe E is pref-
erably of less diameter in the short header-
pipes than in the long header-pipes, and the
variation indiameterof the connecting spring-
pipes E E corresponds with the variation in
length of the header-pipes, increasing in di-
ameter from that of the connections between
the short header-pipes to that of the connec-
tions between the long header-pipes. If,how-
ever, the diameter of the connecting spring-
pipes is with relation to the diameter of the
header-pipes such that the connecting spring-
pipes joining the short header-pipes form a
substantial barrier to the passage of steam
from the upper pipe to the lower one, differ-
ent diameters in the connecting spring-pipes
are notrequired in practical use. To givean
approximate idea of the difference in diame-
ter of the header-pipes and the connecting
spring-pipes where one diameter is retained
in the spring connecting-pipes, I may say that
I have heretofore constructed drying-kilns
embodying thisinvention with header-pipes
of one-inch diameter, varying in length from
thirty feet to sixty feet, with connecting
spring-pipes of three-eighthsof aninch in di-
ameter and about three feet in length, and
also I have constructed such steam-coils with
the header-pipes, as above stated, with the
connecting spring-pipes of one-half inch in
diameter.

Ceiling 9 is placed on the ceiling-joists 77 7
and underneath the rafters 8 8 8 to prevent
warping of such eeiling in the drying of green
lumber when the air in the drying-kiln is at
times heavily laden with moisture. When
partially-dried lamber only is to be dried in
the drying-kiln, the ceiling-joists 7 7 7 may
be omitted.

Where a drying-kiln is econstructed by me
for the specific purpose of drying southern
pine green from the saw, the coil B is placed
on both sides of the drying-room, and in such
case the header-pipes are made as nearly of
the same length as possible, and the connect-
ing spring-pipes E E are made of the same
diameter ag the header-pipes. In such case,
too, the header-pipes are made of the same
diameter the entire length thereof. Insuch
case the function of the connecting spring-
pipes is not extended to producing back
pressure in the header-pipes, but provision
for the expansion and contraction of the
header-pipes is thereby made.

Having thus deseribed my invention, what
Iclaim as new, and desire to secure by Letters
Patent, is—

1. The combination with a drying-kiln, of
steam-headers and steam-pipes arranged in
an upper and a lower series extending up-
ward and outward from the steam-headers,
such pipes being of varying lengths, and con-
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necting spring-pipes joining the pipes of the
upper series of header-pipes with the pipes
of the lower series, the diameter of the con-
necting spring-pipes increasing correspond-
ingly with the increase in length of the
header-pipes joined thereby, whereby a re-
stricted passage - way for steam between a
pipe of the upper series to a pipe of the lower
series is obtained and the force required to
send steam from one header to the other will
be substantially the same in each of the pipes
extending out from such header; substan-
tially as described.

2. In a drying-kiln having inlet and outlet
passage-ways through the roof thereof and
provided with openings through the ceiling
into the outlet passage-ways at one end of
the drying-kiln and through the inner walls
thereof into the outlet passage-ways at the
other end thereof, such openings through the
ceiling successively approaching the inner
side walls and those in the inner side walls
successivelylocatedin a lower plane, the com-
bination of steam-coils comprising headers
located at the end of the drying-kiln having
openings through the inner side walls to the
outlet passage-ways, an upper and a lower
series of header-pipes of varying lengths ex-
tending outward and upward from the head-
ers, respectively, and connecting spring-
pipes joining the header-pipes of the upper
series with header-pipes of the lower series
such joined header-pipes being in different
vertical planes; substantially as deseribed.

3. Ina steam heating-coilforadrying-kiln,
the combination of steam-headers, a series of
header-pipes extending upward and outward
from each of such headers, and connecting
spring-pipes joining the header-pipes of the
upper series with corresponding pipes of the
lower series, the radiating-surface of the sev-
eral pipes of such steam heating-coil being
less at the joined ends of the header-pipes
thereof than at the header ends of such
header-pipes; substantially as described.

4, Inasteam heating-coil for a drying-kiln,
the combination of horizontally-extending
headers placed in different planes, a series of
header-pipes extending upward and outward
from each of such headers and connecting
spring-pipes joining the header-pipes in the
upper series to the header-pipes in the lower
series, means for equalizing the force re-
quired to send the steam from one header
through connecting spring-pipes to the other
header, and means for successively dimin-
ishing the radiating-surface of the several
pipes of the steam-coil as the distance there-
of from the headers increases; substantially
as described.

5. In adrying-kiln provided with alternate
inlet and outlet passage-ways through the
roof thereof communicating with horizontal
passage-ways above the ceiling and provided
with vertical passage-ways on the sides of the
drying-room of the kiln communicating with
such horizontal passage-ways, a ceiling, a
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floor and inner side walls, and a steam-coil
supported above the floor, such drying-room
provided with communicating openingsthere-
from to the outlet passage-ways above the
steam-coil, such openings extending through
the inner side walls at one end of the drying-
room and through the ceiling at the other end
thereof, and with communicating openings
therefrom below the steam-coil to the inlet
passage-ways; substantially as described.

6. In a drying-kiln having inlet and outlet
passage-ways through: the roof thereof, with
openings through the ceiling into the outlet
passage-ways at one end of -the drying-kiln
and through the inner walls thereof into the
outlet passage-ways at the other end thereof,
such openings in the ceiling successively ap-
proaching the inner side walls and those in
the inner side walls successively located in a
lower plane, the combination of inner and
outer walls, a floor, a false floor extending to
underneath the heating-coils of the drying-
kiln, a ceiling aund a roof, such roof having
openings therethrough and such drying-kiln
having passage-ways from the openings in
the roof to underneath the heating-coils, be-
tween the ceiling and the roof, the innerand
outer walls and the floor and false floor there-
over; substantially as described.

7. Inadrying-kiln, the combination of ver-
tical studding, inner and outer walls secured
to such studding rafters adjacent to the stud-
ding, a ceiling and a roof secured to the raf-
ters, whereby a series of communicating ver-
tical and horizontal passage - ways are ob-
tained, such roof having openings there-

through, a steam heating-coil above the floor
of the drying-room of the kiln, such drying-
room provided with communieating openings
therefrom to alternate passage-ways, such
openings located abovethe plane of the steam
heating-coil, and such drying-room provided
with additional openings located below the
plane of the steam heating-coil communicat-
ing with the remaining passage-ways; where-
by alternate outlet and inlet passage-ways
are obtained through the roof of the drying-
kiln; substantially as deseribed.

8. Inadrying-kiln, the combination of ver-
tical studding, inner and outer walls secured
to such studding rafters adjacent to the stud-
ding, a ceiling and a roof secured to the raf-
ters, whereby a series of communicating ver-
tical and horizontal passage - ways are ob-
tained, such roof having openings there-
through, with means for establishing commu-
nieation between the drying-room of the kiln
and the passage-ways communicating with
alternate openings through the roof, whereby
alternate outlet passage-ways are obtained
through the openings in the roof, and with
means for establishing communieation be-
tween the drying-room and the remaining
passage-ways from a lower plane of the dry-
ing-room, whereby alternate inlet passage-
ways are obtained through the openings in
the roof; substantially as described.

HORACE J. MORTON.
In presence of— '

L. D. MORRIS,
FLorA L. BROWN.
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