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go all wion, is a city cancegas, 
Be it, known that, I, PERRY. W. T. JRNER, 

a citizen of the Jnited States, and a resi 
dent of ly?yncias, New Mexico, have invented 
certain new and useful Improvements in 
Drying-Kilns, of which the following is a 
specification. 
This application is a continuation of my 

previous application Serial Number 31,498, 
filed June 1, 1915, for drying kiln, with 
modifications and in provements thereon. 
Ivy invention is especially adapted to dry 

ing kilns for lumber, but it is capable of use 
for drying bricks and other purposes. It, 
will be sufficient herein to explain the inve 
tion as applied to a iunaber kiln. 

Kilns heretofore used for timber are ob 
jectionable for one or more of the following 
reasons: incomplete or inefficient, drying; ex 
cessive checking, or splitting of iumber; 
“case-hardening' due to redeposit of nois 
ture upon the lambei. These difficulties are. 
believed to be due principally to improper 
or inefficient circuiation, as will be more 
particularly explained hereafter, 
One of the principal results obtained by 

nay invention is to provide efficient circula 
tion of the proper anoint of air. In a long 
test under severe conditions a kiln elabody 
ing Eny invertion has properly dried more 
lumber in the same time, or has more per 
fectiy and uniforniy dried the same anoint, 
of itinbei is a shorter, time, has reduced 
checking and Spiiting to a larked degree 
aid has entirely avoided case-hardening, as 
compared with ordinary kins of substan 
tially the same nominal capacity. 
The characteristics and advantages of my 

invention will be further described hereafter 
So far as may be necessary to enable per 
sons skiied in the art, to understand the 
same, in connection with a detailed descrip 
tion of the accompanying drawing, which 
shows one typical form of kiln previously 
used and also shows an exemplifying en 
bodiment of my invention. 

Figure i is a longitudinal vertical Section. 
through a kill ex-bodying my inventio). 
Fig. 2 is an enlarged, detail of the Saine. 
Fig. 3 is a longitudinal vertical section of 8. 

Specificatiii. pi. 

i S. e ; E. 0, 1. i. S. 

typical old form aid. Fig. 4 is a detail of 
the Saine. Fig. 5 is a face view of the regu 
lating fans, 

In previously approved kilns, of which 
Fig. 8 is one typical example, there is 3, 55 
Cold air chamber. C, above which is a hot 
chamber or drying chamber H. These cham 
bers are inclosed in V2 is which are usually 
of brick with suitable provision for heat 
insulation and the drying chamber is suit- 80 
ably roofed with proper heat, insulation. At 
the ends 1 and 2 are doors for the entrance 
and exit respectively of cars carrying un 
iber properly racked to permit, the passage 
of air between the boards. The details of 65 
the building, doors and means for handling 
the iu Inber into and out of the kiln, are noi, 
of special importance and will not be par 
ticularly described. These arrangemcits 
Jay be any suitable ones well known in the 7e 
art. Supported by suitable beams between 
the cold air chamber and the drying cham 
ber is a grid of steam pipes S and steam 
is usually supplied to these pipes from a 
main at 3 and discharged at 4 so that the 75 
circulation of steam in the heating coils sub 
stantially corresponds with the course of 
the imber through the kiln. 
Air is supplied to the cold chamber 

throtigh a plurality of flutes 5 (shown in front, 80 
elevation. Fig. 4) which communicate with 
an oblong conduit 6 open at the discharge 
end which is some distance from the rear 
wall of the kin-usually about one-third of:- 
the length of the kin. This conduit, 6 is 85. 
provided with narrow transverse openings 8 
at intervals in the top, the purpose of which 
is to discharge air upward at intervals. At 
the front, end of the roof upon one or both 
of the side was is a chimney or stack 9, 90 
containing the discharge fiues connected with 
discharge openings 10 usually arranged 
diagonally in the side walls of the drying 
chamber, the discharge openings aid stack 
for one side of the kiln being clearly, shown 95 
in Fig. 3. The cubic capacity of the dis 
charge stack is usually considerably greater 
than that of the supply conduit 6 and its 
fues. 

it, as been found that kins constructed 

  

  

  

  



2 
as, described fail to dry lumber as quickly 
or as completely and uniformly as desired; 
that they frequently accumulate moisture 
upon the roof which drops back upon the 
lumber, also that there is a tendency for 
moisture extracted from the lumber near the 
entrance end 1 to be redeposited upon lum 
ber near the exit end 2. This redeposit 
of moisture by, dripping from the roof or 
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directly from the air in the kiln causes the 
effect known as “case-hardening” in many 

There is also an undue amount of C3SeS. 
checking and cracking of the boards. The 
principal cause of these difficulties is be 
lieved to be the fact that air does not cir 
culate properly in the kiln. Instead of 
passing through the slits 8 in the top of 
conduit 6 to any considerable extent, the 
principal amount of air introduced into the 
cold chambei issues at the discharge end 
under the influence of the draft from the 

stack 9. 
passes up through the heating coils between 
the center and front end of. the drying 
chamber and after extracting moisture from 
the lumber a considerable part of the hot 
moist air passes out of the stack through 
the openings 10, but a substantial part of 
the air also returns toward the discharge 
end of the kiln, and completes a circuit of 
air therein, indicated by light lines and 
arrows in Fig. 3; The circulation set up 
by the course of air from the supply con 
duit to the stack causes air containing mois 
ture drawn from the lumber near the end 1 
to circulate toward the discharge end 2. 
Being already loaded with moisture this 
air does not have proper capacity to with 
draw moisture from the lumber near the 
discharge end, and on the contrary, there is 
a notable tendency for moisture, to be re 
deposited upon the stacks of lumber which 
are soon to be discharged at the end 2. 
There is also frequently an accumulation of 
moisture upon the roof and this drips back 
upon the lumber. This effect is noticeable 
in lumber discharged, because it is fre 
quently found that some of the lumber, and 
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especially that in the center of the stacks, 
is quite" moist even when the outer lumber 
of the stack is comparatively dry. Owing 
to the high temperature in the drying cham 
ber it is impossible to make exact tests of 
the circulation, but the theory given to ac 
count for the deficiencies of the kiln is based 
upon the closest possible observation and 
accounts in a reasonable, and it is believed 
in a correct, way for the results obtained. 
The circulation consequent upon the condi 
tions described is also believed to produce 
undesirably variable temperatures in the 
drying chamber and th variations of tem 
perature are supposed to be responsible for 
the checking and splitting of the lumber 

Most of the cold air therefore 
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which is often noticed. With kilns in use 
to the completion of my invention it is 

often found to be difficult, even with the 
expenditure of liberal amounts of fuel, to 
maintain a sufficiently high temperature in 
the drying chamber and this is believed to 
be largely due to the fact that an unnec 
essarily large quantity of air is passing 
through the kiln in connection also, of 
course, with the inefficient circulation pro 
duced in the drying chamber, evidenced by 
the results obtained and theoretically ac 
counted for as above. 

Fig. 1 shows one embodiment of my in 
vention which obviates or decidedly lessens 
the difficulties above mentioned. The kiln 
is constituted as previously described, ex 

scept with respect to the circulation system. 
In place of the air supply means formerly 
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used I provide usually a single intake flue 
or pipe 11, usually of round section and 
preferably located substantially centrally of . 
the width of the front wall of the cold air 
chamber. This flue terminates at 12, a short 
distance within the cold chamber. Within 
this flue and usually near the intake end 
thereof is a regulating device 13, which in a 
preferred form consists of an automatically 
acting rotary regulating device. More par 
ticularly described this is, in the most im 
proved form of the invention I have up to 
the present time devised, a rotary bladed 
fan, as shown in enlarged section in Fig. 2. 
The shaft or spindle 14 of this fan is par 

90 

95 

allel to the axis of the flue and is supported 
by suitable bearings 15 carried by suitable 
supports within the fiue. It has been found 
usually desirable to permit the fan to run as 
freely as possible and for that purpose easy 
running cone or roller bearings may be used. 
If it is found by experiment that such free 
running bearings are not necessary or de 
sirable, plain bearings or other suitable 
mounting for the fan or equivalent regulat 
ing device may be employed. 
At the discharge end of flue 11 is a de 

flector or diffuser 16, consisting in this em 
bodiment of a shallow cone or pyramid of 
sheet metal having its apex located slightly 
within the discharge end of the flue. A 
Small substantially annular discharge space 
is thus afforded between the end of the flue 
and the face of the diffuser. This diffuser 
may be suitably supported in any convenient 
way in the position shown and details of 
the supporting means are therefore not par 
ticularly described. 

In place of the discharge stack ordinarily 
employed I provide for a kiln of ordinary 
dimensions, a single discharge flue or pipe 
17 which may be located substantially cen 
trally in the roof of the hot chamber and 
near the end 1 or lumber entrance end there 
of. The intake end of this exhaust flue is 
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preferably larger than the discharge end. In 
the present embodiment desired results are 
obtained by providing the flue with a fared 
intake 18 and this is located considerably 
below the top of the drying chamber. 
Within the fue and preferably near the top 
thereof is a regulating device 19 consisting 
in this embodiment of an automatic rotary 
bladed fan substantially the same as the in 
take fan, except, for dimensions. As clearly 
indicated in the drawing, the discharge fue. 
is substantially larger than the intake fue. 
The relative sizes of the fiues may be varied 
'somewhat, but in a satisfactory working en 
bodiment of the invention I have employed 
the following dimensions: intake file, di 
ameter 2 inches; exhaust fue, diameter 28 
inches. In the present embodiment this 
exhaust regulating device or fan is mount 
ed to freely rotate in bearings similar to 
those used for the intake fan. A satisfac 
tory detail of fan construction consists in 
connetting the tips of the diagonally ar 

25. rang, blades to a ring 20 of sheet metal. 
This ring runs very close to the inside of the respective fue. 
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When the kiln constructed as described is 
properly charged with green lumber and 
heat supplied through the steam pipes, ex 
pansion of air in the drying chanaber causes 
an exhaust through flue i7 and the move 
ment of air through the flue causes the fan 
19 to revolve. Air enters the cold chamber 
through flue 11 and causes the fan 13 to 
revolve at such speed as to supply the proper 
amount of air to take the place of the air 
exhausted through flue17. The entering air 
strikes baffle plate 16 and is to a consider 
able extent diffused throughout the cold 
chamber and rises through the grid of steam 
pipes in accordance with the draft created 
by the heat therein. A large part, and prob 
ably a major part, of the entering air how 
ever passes upward through the part of the 
steam coil nearer to the end 2 of the kiln. 
The current of the circulation of air is in 
dicated by broken lines and arrows in Fig. 1, 
the heavier portion of the circulation lines 
indicate the probable course of the major 
part of the air. There is a large expansion 

i of air in the drying chamber due to the 
heat. Supplied thereto and this expansion is 
probably considerably augmented by the ex 
pansion of water vapor drawn from the lum 

This expansion, it is believed, causes ber. 
a noticeable pressure, especially near the 
top of the chamber Fi and this pressure 
causes a vigorous discharge of moisture 
laden air through the exhaust £iue and the 
exhaust fan 19 rotates rapidly in accord 
ance with the discharge of air through it. 
It is also believed that the properly selected 
capacity of the intake file li, combined with 
the baffling and regulating effect of the in 

take fan 13 and the retarding and diffusing 
effect of the baffle plate 16, creates a re 
duced pressure in the cold chamber and in 
the lower part of the hot air chamber. 
Probably the pressure in these parts of the 
kiln is decidedly below atmosphere and 
where this effect, is obtained the evaporating 
capacity of the heat supplied is markedly 
augmented. It is supposed that the circu 
lation from the intake to the exhaust, fue 
is practicaily direct at all the parts, or most 
all paris, of the kiln, without any consid 
erable return currents or eddies. and that 
this circulation is approximately propor 
tional to the proper requirements of the 
lumber in different, parts of the kiln. It is 
found that there is little or no tendency for 
moisture to collect upon the roof of the dry ing chamber and practically no tendency 
for moisture to be redeposited upon the 
lumber. It is also found that lumber comes 
fron the discharge end 2 of the kiln in a 
remarkably dry condition with unusual free 
dom. from checks or splits. This indicates 
that the lumber, which becomes drier as it is 
moved from the entrance to the exit end of 
the kiln in the progressive loading and dis 
charge of lumber, is progressively dried and 
that the lumber about to be discharged re 
ceives an ample current of dry hot air, which 
removes from it the last trace of moisture. 
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This complete drying of the discharged lum 
ber without the redeposit of moisture there 
on indicates clearly that there is such circu 
iation as to substantially eliminate recon densation. . 

it is also found that this kiln is remark 
ably free from the effect of atmospheric 
conditions, such as moisture, wind pressure 
and direction, etc. While each of the rotary 
fans evidently revolves in accordance with 
the air pressure imposed upon it, the results 
obtained from the kiln indicate that, these 
fans have a mutual and coöperative baffling 
and regulating effect, which is not obtained 
in kilns having unrestricted or manually 
controlled supply and discharge ?ites. The 
impact of air directly against the blades 
evidently checks the speed of the air while 
it causes the fan to rotate and diverts the 
air tangentially and this tangential or 
whirling movement of air in the intake pipe 
is possibly responsible to a large extent for 
the proper diffusion of air in the cold cham 
ber and its prope?' circulation in the drying 
chamber without return currents. The dis 
charge fan i9, in addition to its other func 
tions, is also believed to have a considerable. 
effect in bailing heat and retaining heat 
within the hot chamber to a greater extent 
than ordinary, while at the same time per 
mitting the discharge of moist air with suffi 
cient freedom. As previously stated, ordi 
Inarily a smaller quantity of aiy is circulated 

3. 

5. 

28 

25 



... through this kiln than is ordinarily the case, 
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but the circulation is more efficient, there 
fore with the same amount of heat supplied 
the average temperature will be greater and 
the drying more effective. 
When the temperature in the kiln is rela 

tively low, as, for instance, after the kiln 
has been opened for discharging lumber and 
recharging with green lumber, the draft is 
relatively moderate; but if the flues 11 and 
17 were of sufficient area to admit sufficient 
air for all conditions, the draft even at the low temperature, except for the regulating 
fans 13 and 19, would be sufficient to pass 
through the kiln more air than could be 
efficiently heated. The result would be in 
efficient drying, because a relatively large 
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volume of air at low temperature has an in 
ferior capacity to extract moisture from 
the lumber. But the employment of the au 
tomatic regulating devices 13 and 19 offers 
suitable resistance to the relatively moderate 
draft and reduces the air supply to the 
quantity that. may be efficiently heated at 
the relatively low temperature of the kiln. 
As the temperature builds up the draft.in 
creases and the regulating fans by revolv 
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ing faster permit a greater amount of air to 
pass through the kiln; but the fans at the 
same time exert a proportional regulating 
effect and prevent the passage of so much 
air as would be admitted without them; in 
other words, the cuantity of air is suitably 
varied at different temperatures, but is at 
the same time regulated so that only so 
much air is passed through the kiln as may 
be effectively heated, and this air in turn 
acts most efficiently in extracting moisture 
from the lumber. f 

It has been found that under substantially 
the same conditions a much more uniform temperature a higher average tempera 
ture is Eli, my invention than has 
been previously the case. In one test run 
33 temperature readings were made at suit 
able intervals of a kiln embodying my in 
vention and a kiln otherwise similar except that it has a decidedly larger heating 
surface and ordinary circulation system. 
These readings showed an average temper 
ature in my kiln of 213 and in the other 
kiln 195 with the same steam supply. This 
temperature difference is of more value than 
the mere percentage difference, because at 
the higher temperatures an additional few 
degrees has a relatively greater effect than 
the same number of degrees at lower tem 
peratures. 

have given above what I believe is the 
correct theory of operation of my inven 
tion, but, owing to’ the working conditions 
and especially the temperature within the 
hot chamber, positive circulation tests can 
not be made and the theory of operation is 
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deduced largely from results noted. What 
ever the exact opération of the device may 
be, there is a very decided improvement in 
dying efficiency as compared with pre 
yiously used devices and this improvement 
is, in a few words, undoubtedly due to im 
proved and efficient circulation afforded by 
the coöperation of the devices described. , 
The fan blades enployed are usually 

quite wide, and overlapping and set at a 
very obtuse angle to the axis of the flue; 
but these conditions may vary in some cases 
and different types of fans or rotary valves 
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or other equivalent regulating devices may 
be employed where desired. 

I have described one supply and one dis 80. 
charge flue for a kiln and this will probably 
be suitable in kilns of standard size, but in 
Some cases, as where the kiln might be un 
usually wide, two or more supply or dis 
charge flues or both might be used. 
The combination of all the elements de 

scribed is probably the most desirable for 
efficient drying, but it is to be noted that the 
coöperation of less than all of the elements 
may produce an improved result as com 
pared with previous structures. For in 
stance, the baffle plate 16 without the fan, in 
combination with suitable flues will pro 
duce an improved result. In some cases 
improved results from those formerly ob-, 
tained would be noted if the exhaust regu 
lating device were omitted while retaining 
the intake regulating devices as described. 
I claim: - w 

1. In a drying kiln, the combination of a 

85 

90 
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drying chamber, a cold air chamber there 
below, heating pipes between the chambers, 
an air supply for the cold chamber, baffling 
means therefor and a discharge flue passing 
through the roof of the drying chamber near 
one end thereof and terminating in an en 
larged inlet below the top of said chamber. 

2. In a drying kiln, the combination of a 
drying chamber, a cold air chamber there 
below, heating pipes between the chambers, 

105 

1.0 . 

an air supply flue for the cold chamber, a. rotary regulating device therein, a diffusing 
device for said flue, a larger discharge flue 
for the drying chamber and a rotary regu 
lating device therein. . 

- 3. In a drying kiln, the combination of a 
drying chamber, a cold air chamber there 

lls 

below, heating pipes between the chambers, 
a supply flue for the cold chamber, a rotary 
bladed regulating device therein, a discharge 
flute for the drying chamber and a rotary 
bladed regulating device therein. - 

4. In a drying kiln, the combination of a 
drying chamber, a cold air chamber there 
below, heating pipes between the chambers, 
a supply flue for the cold chamber, an auto 
matic ratt.ry bladed regulating device in 
the flue rotating in a transverse plane there 

20 
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of, a bailing device at the rear end of the 12. In a trier of the class described, the 65 
fue, a discharge fue at the top of the drying coabination of a drying chamber, a cold air 
chamber and an automatic rotary biaded charter thereunder, a layer of heating pipes 
regulating device therein rotating in a trans- located in position to heat air as it passes 
verse piane of said fue. from one chamber to the other, a supply 

5. in a drying kiln, the combination of a flue for the cold air chamber, a rotary rega- 70 
drying chamber, a cold air chamber there- lating device in Said flue, baffling means ad 
beiow, heating pipes between the chambers, jacent to the discharge end of said flue, a 
a supply fitte for the coid air chainber, a discharge flue for the drying chamber, and 

30 rotary bladed regulating device in Said fue, a rošary regulating device in said discharge 
a discharge flue for the drying chanier ter- file. - 
minating therein below the op of the chair. 18. In a drier of the class described, the 
ber and a rotary bladed regulating device combination of a drying chamber, a cold 
in said discharge flue. air chamber thereunder, a layer of heating 

6. In a drying kiin, the combination of a , pipes located in position to heat air as it, . 
drying chamber, a cold air chamber there. passes from one chamber to the other, air 80 
below, heating pipes between the chanie's, Supply means for the coid air chamber com 
a supply passage for the cold air chamber, prising means for regulating the admission 
a rotary biadei regulating device in Said of air and diffusing through the cold cham 

28 flue, a discharge fue for the drying char - bei air supplied thereto, a discharge flue 
ber terminating therein below the top of the for the drying chaimber, and regulating 85 
chamber, the intake end of said discharge means therein actuated by the air passing 
flue being larger than the exhaust end there- through said flue. 
of and a rotary biaded regulating device in 14 in a drier for lumber or the like, the 

35 said discharge fius. combination of a drying chamber, an air 
7. The combination of a drying chamber, chainbei there inder, heating pipes, an air 90 

a gold air chanabe: therebelow, heating supply fiue for the air chamber, a dis 
means between the chanibers, 31 air stapply charge flute for the drying chamber, and a 
fire for the cold air chamber, a discharge regitiating fan in said discharge flue actu 

S. flue for the drying chairber, entering said ated by the discharged air. . 
chamber below the top thereof and a rotary 15. In a drier for jumber or the like, the 95 
regulating device to regulate discharge of combination of a drying chamber, an air 
air from. said dying changer. chamber there Ender, heating pipes, an air 

8. The combination of a drying chainber, supply flue for the air chainber, a discharge 
a cold air chamber therebelow, heating means flue for the drying chamber, and a regulat 
between the chambers, a supply flue for the ing fan in said air supply fiue actuated by 100 
cold air chanbar provided with a baffle piate the entering air. . 
ai: a discharge fire fox he drying chamber 16. in a drier forumber or the like, the 
Serainating thereit below the top thereof. conahination of a drying chainher, an air 

40 S. En a drier 
33 shilation of a g chamber, a cold air supply file for the air chamber, a discharge 05 
carrier kegeant a layer of heating fille for the drying charnber, and a regulat 
piges incated in position to hea & air as it ing fan in the discharge five rotating on an 
passes front one chartise to the other, a 8xis substantially parallel with the fue. 
air slippiy five ior tie cold air chamber, a i. in a drier for lumber or the like, the 
discharge ?ize for the drying chamber, aid combination of a drying chamber, an air it 
a Fijiazy regulati: ; device is: tile cold air. chamber thereuilder, heating pipes, an air 

- S. the class is Ecritoes, the supply file for the gir chamber, s, discharge 
chanier, a coic air fine for the drying chamber, and a regulat 

heating pipes ing fan in the air supply flue rotating on an 

3. 

kii the class described, the chainber thereunder, heating pipes, an air 

contiation of a di 
charaber here: a leyer of 
located is positigia is eat air as it passes axis stribstantially paraie with the fue. 5 
from one chainine & the other, a iii. ssp. i8. In a drier for lumber or the ike, the 
ply fitte for the coic air charber, a discharge combination of a drying chamber, an air 
passage for the tiring chamber, and baiting chamber thereunder, heating pipes, an air 
means adjaccini to the discharge point of supply flue for the air chamber, a discharge 
the air Siy i tie. fate for the drying chamber, and a regulat 

: 1. In a drier if the ciass described, ie ing fan in the discha:ge flue rotating on an 
contination of a drying: chamber, a coit air axis substaniaiiy paratei with the fue, said 
chair, her the endley', a layer of heating pines fan being irripelied only by the air current 
located ii) isition to heat air as it passes in the fiae. - 

$3 

S 3. 

from the citinies' to the other, an aij stip- 39. In a drier for lumber or the like, the is 
-ply fire for the exi?t air chamber, a discharge iiation of a drying chamber, an air 
fitae for the dr. chainber, and a rotary !' thereunder, heating pipes, an air 
reguiating device for the discil 8,3ge firie, supply fuse for said air claiber, a discharge 
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flue for the drying chamber, and a regulat 
ing fan in the air supply flue rotating on an 
axis substantially parallel with the flue, said 
fan being impelled only by the entering 
al. '... ." n 

20. In a drier for lumber or the like, the 
combination of a drying chamber, an air 
chamber thereunder, heating pipes, an air 
supply flue for the air chamber, a discharge 
flue for the drying chamber, a regulating 
fan in said supply flue and a regulating fan 
in said: discharge flue, said fans being im 

pelled only by their respective air cur 
rents. , , 

21. In a drier of the class described, the 15 
combination of a drying chamber, an air 

: chamber thereunder, heating pipes located 
in position to heat air as it passes from the 
air chamber to the drying chamber, an air 
supply flue for the air chamber, a discharge 20 
flue for the drying chamber, and regulating 
means in one of said passages actuated by 
air passing through said flue. 

PERRY W. TURNER. 
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