
United States Patent (19) 
McCreary et al. 

54 APPARATUS FOR DRYING MATERIALS 
75 Inventors: David McCreary, Latham, John 

McCreary, Newtonville; Harvey 
Anderson, Elnora, all of N.Y. 

73) Assignee: McCreary Machine Works, Cohoes, 
N.Y. 

(22 Filed: Apr. 21, 1971 
21 Appl. No.: 136,797 

52) U.S. Cl............................ 34/156, 34/46, 34/47, 
34/158 

51) int. Cl............................................. F26b 13100 
58) Field of Search..................... 34/46, 47, 48, 50, 

34/155, 156, 158, 160 

56 References Cited 
. UNITED STATES PATENTS 

3,048,383 8/1962 Champin............................... 34/156 
3,680,218 8/1972 Belue et al............................ 34/156 
1976,280 10/1934 Fischer...... ... 34/46 X 
2,038,457 4/1936 Venturini.............................. 34/55 
2,083,141 6/1937 Buck................................. 34/158 X 
2,236,430 3/1941 Hurkthal........................... 34f62 X 
2,920,398 1960 Liljenstrom............................. 34/46 
3,079,910 3/1963. Bloom et al... 26/91 A 
3,259,995 7/1966 Powischill........................... 34/50 X 
3,403,454 10/1968 Smith.......................... . . . . . . 34/155 X 

[11] 3,758,960 
(45 Sept. 18, 1973 

3,460,265 
3,623,235 

8/1969 
1 1/1971 

Smith........................................ 34f1 
Smith...................................... 34/48 

Primary Examiner-Carroll B. Dority, Jr. 
Attorney-Kane, Dalsimer, Kane, Sullivan & Kurucz 

57 ABSTRACT 

Apparatus and method for continuous drying of materi 
als including means and steps for passing the material 
to be dried into a drying chamber having a plurality of 
drying zones; uniformly directing heated fluid through 
the drying zones, each drying zone having means to di 
rect the heated fluid substantially uniformly over the 
surfaces of the material to be dried; and having dis 
charge fluid collecting means in communication with 
the drying zones to collect the discharged fluid, and 
means for moving substantially all of the discharged 
fluid through a heat exchanger means so as to uni 
formly heat substantially all of the discharged fluid to 
a desired temperature and means to conduct the uni 
formly heated fluid to the distributing means and tem 
perature control means to maintain the fluid tempera 
ture in the drying chamber and then passing fluid 
through the distributing means whereby the uniformly 
heated fluid is conducted through the drying zones to 
continuously dry the material uniformly. 

8 Claims, 10 Drawing Figures 
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APPARATUS FOR DRYING MATERIALS 

BACKGROUND OF THE INVENTION 

Various methods and apparatus have been used to 
dry materials, particularly web like materials for the 5 
textile industry. Where material is to be dried or other 
wise treated and finished, it is generally suspended be 
tween a pair of moving rails and then passed through 
a drying apparatus. Such a device is commonly referred 
to as a tenter machine having a drying chamber cou 
pled thereto. The tenter conveys the fabric through the 
drying chamber which includes multiple units or mod 
ules separately controlled. Each unit uses a heat ex 
changer to heat the air which is circulated through that 
unit. To compensate for the drop in temperature of the 
returned air, the temperature in succeeding units is in 
creased to dry the material and is therefore non 
uniform. Thus, because of the use of multiple heat ex 
changers, a constant supply of heated air at uniform 
temperature is impossible. Other drying units use a 
combination of air and superheated steam to try and 
maintain a uniform temperature. However, these dry 
ers have the same problems and difficulties of the type 
described above. 

Further, the prior art dryers provide means for pass 
ing the heated air or heated air and superheated steam 
through the web material generally from below the 
moving material which causes a billow to form and, 
consequently, can alter the physical characteristics of so 
the material such as drape, hand and resiliency at dry 
ing temperatures particularly if the material is a syn 
thetic material. Also, these dryers will ruin or destroy 
the material to be dried if the machine for any reason 
is caused to stop. The drying zones cannot be brought 35 
to ambient temperatures to prevent the destruction, 
burning or discoloration of the web material within the 
drying apparatus. 

SUMMARY OF THE INVENTION 

This invention generally relates to drying apparatus 
particularly adapted for use in textile industries in con 
nection with tenter machines. The invention contem 
plates providing a drying apparatus for drying materials 
comprising a drying chamber having a plurality of dry 
ing zones therein, each drying zone having a pair of 
conduit means for directing heated fluid to each side of 
the material to be dried, a fluid discharge chamber cou 
pled to the conduit means from each drying zone and 
disposed remotely from the conduit means for conduct- 50 
ing discharged fluid from the drying zone to a heating 
means to uniformly heat the discharged fluid to a de 
sired temperature, heat exchanger means for heating 
substantially all of the discharged fluid conducted 
therethrough, distributing means mounted to the dry 
ing zones and coupled thereto to conduct the uniformly 
heated fluid to each drying zone and then passing the 
uniformly heated fluid through the distributing means 
whereby the uniformly heated fluid is conducted 6 O 
through conduit means in the drying zone to uniformly 
dry the material passing therethrough. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 represents a top plan view of our improved 

drying apparatus. 
FIG. 2 is a side elevational view taken along the lines 

2-2 of FIG. I. 

O 

5 

20 

25 

40 

55 

65 

2 
FIG. 3 is a sectional view taken along lines 3-3 of 

FIG. I. 
FIG. 4 is a sectional view taken along lines 4-4 of 

FIG. 3 showing the heat exchanger section and path of 
fluid taken through the heat exchanger. 
FIG. S is a sectional view taken along lines 5-5 of 

FIG. 3. 
FIG. 6 is a sectional view taken along lines 6-6 of 

F.G. . 
FIGS. 7-10 are schematic illustrations which show 

the controls for regulating the flow of fluid through the 
drying apparatus and means for distributing the fluid 
therethrough. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

For a better understanding of the invention, refer 
ence is made to the drawings, particularly FIGS. 1 
through 6. The drying apparatus embodied in FIGS. 
1-6 is generally indicated by numeral 10 and is en 
closed around a tenter frame, shown in a fragmentary 
section only. The drying apparatus is formed with a 
horizontal passage 12 which extends therethrough so as 
to provide a path for the textile material "M." Textile 
material M is preferably removably mounted on a high 
speed pin type tenter chains 16 by pins 17 such as dis 
closed in U.S. Pat. No. 3,050,816. Drying apparatus 10 
is mounted around the tenter chains so that tenter 
chains 16 and the textile material M as shown in FGS. 
3, 5 and 6 pass through the entire length of the drying 
apparatus 10 through passage 12. 
Drying apparatus 10 is generally rectangular in shape 

and is provided with a top or roof portion 20, a bottom 
or floor portion 22, side walls 24 and 26, and front and 
rear walls 28 and 30. Front and rear walls 28 and 30 are 
formed with horizontally extending openings forming 
the entrance and exit openings 13 and 14 of passage 12. 
Drying apparatus 10 is constructed having a plurality 

of means forming drying zones 32, 33, 34, 35 and 36 
of similar structure. Thus, in describing the portions of 
drying zone 32, the similar portions of drying zones 33, 
34, 35 and 36 need not be described. Means forming 
drying zone 32 is shown most clearly in FIG. 3 and is 
enclosed by top, bottom and side walls 20, 22, 24 and 
26. 
Spaced conduits comprising an upper pair 38 and a 

lower pair 40 are disposed in parallel relationship to 
each other and extend across the drying apparatus so 
as to be positioned above and below tenter chains 16. 
Upper conduits 38 and lower conduits 40 are formed 
so that the surfaces lying in close proximity to the ten 
ter chains 16 are provided with openings 42. The con 
duits 38 and 40 are mounted in position by upstanding 
partition 44. Partition 44 is formed with openings sub 
stantially equal to the openings formed by conduits 38 
and 40 so that fluid may pass into the conduits and 
through the openings 42 so that the fluid passing 
through openings 42 comes in contact with the upper 
and lower surfaces of the material M to be dried. Parti 
tion 44 is spaced from side wall 26 which provides a 
passage for heated fluid to enter conduits 38 and 40 as 
shown by the arrows in FIG. 3. 
An unhoused type fan 50 is mounted on partition 44 

so as to direct heated fluid from the heating zone 
through conduits 38 and 40 so that the heated fluid 
contacts the textile material M by passing through 
openings 42 of conduits 38 and 40. The heated fluid 
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contacts the surfaces of textile material M substantially 
uniformly over the entire upper and lower surfaces so 
that the textile material M is supported by the fluid and 
lies substantially in a horizontal plane while passing 
through passage 12 of the drying apparatus. The heated 
fluid impinges on the material M from above and below 
and always at a desired set temperature. This promotes 
uniform drying from each side of the material M as well 
as a gradual even drying throughout the entire length 
of the drying apparatus. 
As will be explained hereinafter, conduits 38 and 40 

may be provided with means to automatically open 
damper devices mounted at the ends thereof to provide 
a bypass for heated air if the tenter chains should cease 
to operate for any reason. Such a system obviates the 
possibility of loss of material M due to excessive heat 
that may be present in the drying apparatus. Also, pro 
visions are made for bypassing substantially all of the 
fluid through the heating means while the drying appa 
ratus is not in operation. This obviates any damage to 
material that may be in passage 12 of the drying appa 
ratus. 

Partition 46 is spaced from side wall 24 and is filled 
with filters to provide a return fluid plenum of ex 
hausted fluid from the discharge chamber 52 which is 
formed by floor 22 bottom 62, portions of front and 
rear walls 28 and 30, portions of partition 44 and side 
wall 24. The chamber 52 provides fluid communication 
between the heated fluid being conducted through con 
duits 38 and 40 and the discharged fluid being con 
ducted to the heating means. Note in FIG. 3 direction 
of the arrows which indicate the path of the fluid as it 
passes through drying zone 32. Mounted in partition 46 
are a plurality of filters or screens 47, which remove 
any lint that may be present in the discharge fluid after 
passing over the surfaces of textile material M. The 
screens are preferably removably mounted in partition 
46 for periodic cleaning. The heating means 60 is 
mounted preferably above drying zones 32, 33, 34, 35 
and 36 and extends substantially the length of the dry 
ing chamber 10. 
The heating chamber 60 is generally rectangular in 

shape and is provided with top, bottom and side walls 
61, 62, 63 and 64 and is best illustrated in FIGS. 3, 4 
and 6. Mounted within heating chamber 60 is heat ex 
changer 66 which extends over substantially the entire 
length of drying apparatus 10 and is illustrated in side 
elevating in FIG. 6. Heat exchanger 66 is formed hav 
ing an elongated tubular member 67 which extends 
substantially the length of heating chamber 60 and is 
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bent upon itself so as to form a serpentine path through 
heating chamber 60. Heating unit 70 is mounted on en 
trance end 68 of tubular member 67 and may be either 
an oil or gas fired burner which causes hot gases to flow 
through tubular member 67; through the discharge end 
71 to pass the hot gases into chimney 72. 
FIG. 4 is a top plan view of heating chamber 60 and 

heat exchanger 66. A plurality of tubular members 
comprise heat exchanger 66. Thus, at the entrant end 
68 one or more heating units 70 may be mounted 
thereto to provide required amount of BTUs to uni 
formly heat fluid to a desired preset temperature. The 
fluid is preferably air although other gaseous sub 
stances may be employed so long as those substances, 
when heated, will uniformly dry a material such as a 
textile web. Obviously, many changes in design are pos 
sible. However, each heat exchanger used is designed 
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4. 
for a maximum output of BTUs. Also, the heating unit 
need not be an oil or gas fired unit, it could be electric. 
A heated fluid such as oil could be circulated through 
tubular members 67. Obviously the type of heating unit 
and heat exchanger means will be dictated by econom 
CS. 

The heating chamber 60 is provided with a pair of up 
standing partition or walls 63 and 64. Partition 63 is 
spaced from filters 47 to form a conduit or duct 72 for 
the passage of return air to be heated. Partition 63 is 
rigidly mounted to bottom wall 62 of the heating cham 
ber 60 and end wall 30 of drying apparatus 10 as illus 
trated in FIGS. 4 and 6. The other end 73 of partition 
63 is spaced from front wall 28 to provide an entrant 
opening 75 to heating chamber 60 for return air or fluid 
to be heated. Partition 64 is mounted in heating cham 
ber 60 in a similar fashion as in partition 63. As illus 
trated in FIG. 4, the fluid discharge opening 76 is dia 
metrically disoosed from entrant opening 75 so that all 
return air passing through entrant opening 75 into heat 
ing chamber 60, as illustrated by the arrows in FIG. 4 
will be uniformly heated and subsequently pass through 
discharge opening 76 through fluid distributing plenum 
78 and into the intake opening of fan 50. A plurality of 
fans 50 are provided, one for each drying zone 32, 33, 
34, 35 and 36 to move substantially equal volumes of 
uniformly heated fluid through each drying zone. 
Fans 50 are mounted in opening 45 of partition 44 

and are separated from each other by walls 41, 43, 45, 
57 and 49 thus forming a compartment means or fan 
duct 51 for passage of uniformly heated fluid dis 
charged from the heat exchanger to conduits 38 and 40 
of drying zones 32, 33, 34, 35 and 36. In conjunction 
with the flow of fluid through drying apparatus 10, a 
by-pass fluid flow system may be employed and is 
shown in FIGS. 3 and 7-10. After the fluid has passed 
through openings 42 of conduits 38 and 40 it is drawn 
to the discharge side of drying zone 32. A fluid by-pass 
duct 33 of drying zone 32 is formed by top wall 20, bot 
tom wall 61 which is also the top wall of heating cham 
ber 60, the upper portions of front and rear walls 28 
and 30 and the upper portions of side walls 24 and 26. 
Damper assembly 88 which may be manually or, auto 
matically operated controls the amount of by-pass air 
which is fed into the heated air to maintain the desired 
uniform temperature. In FIG. 3, damper 88 is closed to 
ambient air and by-pass air. Thus, only uniformly 
heated air can pass through drying zone 32. In FIG. 7 
a mixture of by-pass and heated air is circulated 
through fan 50. In FIG. 8, the damper position is similar 
to the damper position of FIG. 3. In FIG. 9 the damper 
functions as a 3-way valve in which a mixture of outside 
air, unheated return air and uniformly heated air from 
the exchanger is allowed to enter fan 50 for circulation 
through the drying zone. 

Positioned along the bottom wall 22 of drying appa 
ratus 10 is exhaust duct 100. Exhaust damper 101 is 
pivotally mounted in exhaust duct 100 and may be 
manually or automatically operated to remove warm 
moist air, or fluid. Exhaust duct 100 is connected to ex 
haust stack or chimney 103. A motor driven suction fan 
assembly 104 mounted on stack 103 establishes the 
necessary exhaust pressure for removal of moist warm 
air from drying apparatus 10. In practice, it has been 
found that moist exhausted air discharged from drying 
zones 32 and 33 contains higher moisture content than 
exhausted air from drying zones 34, 35 and 36 and is 
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therefore removed from the drying zones in greater vol 
umes than exhaust air from drying zones 34, 35 and 36. 
About five complete air changes per minute maintains 
a relative humidity of heated air which is suitable for 
drying material being passed through the drying cham 
ber 10. 
FIG. 7 schematically illustrates the temperature and 

fluid control system of apparatus 10 for drying mate 
rial. Drying zones 32, 33, 34, 35 and 36 may be pro 
vided with temperature zone control means 80. Zone 
control means may include temperature sensor bulb 82 
connected to a temperature controller 84 which in turn 
is connected to damper operator device 86. Damper 
operator device 86 is connected to damper assembly 88 
which has means to direct fluid at ambient or near am 
bient temperature into intake opening of fan 50. By 
controlling the damper assembly and directing the 
proper amount of fluid or air into the drying zone, uni 
form fluid temperature may be maintained or, if de 
sired, a temperature gradient may be maintained be 
tween each drying zone or zones. 
Heat control means 90 maintains a constant desired 

temperature in the heat exchanger means 66 so that the 
fluid passing through the heat exchanger chamber 60 
is heated uniformly and at a desired preset tempera 
ture. A temperature sensor bulb 92 is connected to 
temperature controller 94 which is also connected to 
burner operator device 96. Burner operator device 96 
is connected to heating unit 70. In operation tempera 
ture controller 94 is set as a desired temperature so as 
to maintain uniformly heated fluid or air being dis 
charged from the heating chamber 60. Temperature 
sensor bulb 92 will send a signal to temperature con 
troller 94 when the fluid temperature is below the de 
sired preset temperature which, in turn, will cause heat 
ing unit 70 to operate. Likewise, when the desired tem 
perature of the heated fluid is too high, a signal is trans 
mitted from temperature sensor bulb 92 through tem 
perature controller 94 which then causes heating unit 
70 to shut down. In this manner uniformly heated fluid 
is maintained to allow uniform drying of material M. 
The damper assembly 88 is controlled in similar man 

ner as heating unit 70 by temperature sensor bulb 82 
and temperature controller 84. 
When operating drying apparatus 10 textile material 

M to be dried is mounted on pins 17 of tenter chains 
16. Wet or moist material M is moved at about 210 to 
300 feet per minute through drying apparatus 10 in 
which uniformly heated air at about 300°F. is continu 
ously circulated through drying zones 32, 33, 34, 35 
and 36. Heated air at 300°F. is passed under positive 
pressure from fan 50 through fan duct 51 and into con 
duits 38 and 40 of drying zone 32, 33, 34, 35 and 36. 
Conduits 38 are mounted above tenter chains and are 
positioned transversely of drying apparatus 10. Con 
duits 40 are mounted similarly to conduits 38 but are 
positioned transversely below the moving web material. 
Openings 42 formed in conduits 38 and 40 are spaced 
from each other in face to face relationship so that 
heated or conditioned air being passed through con 
duits 38 and 40 will contact the upper and lower sur 
faces of the moving web material M at approximately 
equal velocities and equal volumes thus allowing textile 
material M to be passed through drying apparatus 10 
in a substantially weightless condition. It has been ob 
served when textile material M is being passed through 
drying apparatus 10 substantially no air passes through 
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6 
textile material M and, as a result, it appears to be float 
ing through drying apparatus 10 on a cushion of air 
with substantially no billowing of textile material M. 
The exhausted or spent heated air accumulates at the 
discharge side of the drying zone and is conducted up 
wardly through filters 47 and through common entrant 
opening 75. The air is then caused to pass through and 
over heat exchanger means 67 so that the air passing 
out of the heat exchanger means will pass through com 
mon discharge opening 76 and be conducted along dis 
tributing conduit 78 to subsequently be drawn into the 
intake opening of fans 50. 
Fans 50 are controlled so that equal volumes of 

heated air, which have been heated to a predetermined 
preset temperature, are drawn through fans 50 to be 
recycled through conduits 38 and 40 for continuously 
drying textile material M. In actual tests conducted 
using the drying apparatus herein acetate textile mate 
rial of 200 inches in width was uniformly dried with 
substantially no temperature variation across the mate 
rial and through the plurality of drying zones. The tem 
perature measured at the right, left and center showed 
temperature curves substantially identical. The temper 
ature of the acetate material before entering was about 
80'F. along the right, left and center of the acetate. Al 
most immediately upon entering the first drying zone 
the temperature uniformly rose to about 300°F. and re 
mained at this set temperature with less than about 10 
variation throughout the entire drying time the acetate 
was passing through apparatus 10. Such runs are repro 
ducible from day to day and the temperature desired 
need only be preset to allow uniform drying over the 
entire surfaces of textile materials. 
As described in FIGS. 7-9, the temperature of the air 

may be controlled by employing damper means 88. For 
example, if a desired temperature which is different 
from the temperatures of the other drying zones is re 
quired, the damper means 88 of a particular fan 50 will 
be set for sensing the temperature required so that by 
pass air can be introduced into the particular fan in 
question thereby effecting a temperature gradient be 
tween drying zones. 

In FIG. 10 a damper means 110 is mounted at the exit 
ends of conduits 38 and 40 and may be either manually 
operated or automatically controlled. A damper con 
trol device 112 is connected to damper means 110 and 
to the tenter machine. In the position as shown in FIG. 
10 the damper control device would have caused a sig 
nal to be transmitted to the damper actuating means to 
cause the damper means to open since the tenter ma 
chine would have stopped. To avoid loss of fabric due 
to overheating, the dampers would cause the heated air 
to pass therethrough while only a minimum of heated 
air would pass through openings 42 of conduits 38 and 
40. At the same time, damper means 110 would be in 
the open position outside or ambient temperature air 
would be passed into drying apparatus 10 to reduce the 
temperature thereof before being conducted through 
the apparatus. 
While the invention herein has been described for 

drying a textile material, it should be understood that 
the drying apparatus may be used for drying films or 
other fibrous materials. Also, the heated air may be 
conditioned with other drying mediums such as super 
heated steam where desired. 

It is apparent that many modifications may be ac 
complished and redesign of component parts of the ap 
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paratus may be had without departing from the spirit 
and scope of the invention described herein. 
We claim: 
1. An apparatus for uniformly drying material com 

prising: 
a generally rectangular drying chamber including 

side walls, a top wall, a bottom wall, front and rear 
walls; 

said front and rear walls having horizontally extend 
ing openings forming a lined entrant and exit open 
ing between the front and rear walls of said cham 
ber to define a pathway therebetween for the pas 
sage of the material to be dried therethrough; 

an upstanding partition mounted in the drying cham 
ber between said side walls; 

a plurality of spaced parallel panels mounted trans 
versely between said upstanding partition and one 
of said side walls to form a plurality of compart 
ment means; 

a plurality of fluid supply means mounted in said dry 
ing chamber and being in fluid communication 
with each of said compartment means; 

and means forming a plurality of drying zones in said 
chamber and spaced along said pathway, each dry 
ing Zone including at least a pair of spaced parallel 
conduits positioned above and below said pathway; 

said conduits being mounted horizontally in said dry 
ing chamber and being in fluid communication 
with said compartment means; 

a plurality of fluid supply openings of predetermined 
size and spacing in said conduits and said openings 
facing the pathway to provide a uniform distribu 
tion of fluid to the entire surface of the material to 
be dried in said chamber; 

means forming a fluid heating chamber between the 
side walls and extending the length of the drying 
chamber and being in fluid communication with 
said compartment means and said pathway; 

means placing said fluid heating chamber in commu 
nication with each of said fluid supply means; 

heat exchanger means disposed in said fluid heating 
chamber for heating and conditioning the fluids to 
be distributed through the fluid supply means; 

means forming an exhaust passageway being in fluid 
communication with said pathway to conduct the 
exhaust fluid through said fluid heating chamber so 
that the heat exchanger means will uniformly heat 
the fluid prior to distributing the heated fluid 
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8 
through said fluid supply means; 

a partition in said heating chamber extending from 
said rear wall and stopping just short of said front 
wall for directing all of the fluid from the exhaust 
passageway to the front of said heating chamber; 

a further partition in said heating chamber extending 
from said front wall and stopping just short of said 
rear wall for directing all of the fluid from said 
heating chamber to one end of a fluid distributing 
plenum formed between said further partition and 
said upstanding partition to distribute heated fluid 
to said plurality of compartment means. 

2. The apparatus of claim wherein the heat ex 
changer means comprises a plurality of elongated tubu 
lar members extending substantially the entire length of 
the heating chamber; heating means for heating the 
elongated tubular members, said heating means being 
mounted thereto. 

3. The apparatus of claim 2 wherein the heating 
means is a gas fired burner in which the hot gases of 
combustion are conducted through the elongated tubu 
lar members so that fluid contacting the exterior sur 
faces of the tubular members is heated to a desired pre 
set temperature. 

4. The apparatus of claim 2 wherein the heating 
means is oil fired. 

5. The apparatus of claim 1 wherein the fluid supply 
means for conducting heated fluid through said means 
forming a plurality of drying zones comprises an un 
housed fan. 

6. The apparatus of claim 1 wherein said conduits in 
clude a fluid entry opening in fluid communication with 
said compartment means and a normally closed end, 
said closed end having damper means mounted thereon 
which is adapted to be opened to provide a heated fluid 
bypass to prevent said heated fluid from contacting the 
surfaces of the material to be dried. 

7. The apparatus of claim 1 wherein said means form 
ing an exhaust passageway includes filter means for fil 
tering particulate material from the discharge fluid. 

8. The apparatus of claim 1 wherein said drying 
chamber includes a discharge fluid exhaust conduit 
having damper means mounted thereon, said damper 
means being in fluid communication with said means 
forming a common exhaust passageway for controlling 
the amount of discharge fluid exhausted therethrough. 
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