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(57) ABSTRACT 
A multiple stage oven for heating a product such as 
carpet or the like, which serially moves through each 
stage to be heated. Each stage of the oven includes a 
fuel burner for heating air within the stage, and a fan 
for recirculating the heated air in the stage for im 
pingement onto a carpet product moving through the 
stage. A portion of the heated air within each stage is 
drawn from that stage and supplied to a serially pre 
ceding stage. The volume of air withdrawn from the 
last stage in the serial arrangement, and also the vol 
ume of make-up air admitted to the first stage thereof, 
does not exceed the sum of the fuel combustion prod 
ucts within the zones and any moisture or other sub 
stance evaporated or evolved from the carpet in each 
of the heating zones. 

9 Claims, 3 Drawing Figures 
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MULTISTAGE OVEN WITH PROGRESSEVE 
CIRCULATION 

This invention relates in general to heating apparatus 
and in particular to a multiple stage oven for applying 
heat to a product such as carpet. 
The commercial manufacture of carpet typically re 

quires one or more drying or curing operations in 
which heat is applied to a carpet product. The carpet 
product is typically heated to remove moisture from a 
wet carpet product received from a preceding step in 
the manufacturing process, and/or to cure a material 
such as foamed backing applied to the carpet product. 
Typical ovens used for curing or drying consist of a 
number of individual heating zones through which the 
carpet is serially moved by a conveyor known as a ten 
terframe. Each heating zone typically includes a cham 
ber where air is heated with a fuel burner, and air recir 
culation apparatus which moves the heated air for im 
pingement onto the carpet product. Ovens used for 
curing a foamed backing material applied to a carpet 
product may be arranged to impinge heated air onto 
alternate sides of the carpet, in successive heating 
zones, since the heated air cannot flow through the 
foam-backed carpet. 
Each of the separate heating zones in carpet drying 

or curing ovens of the prior art is typically heated by a 
separate direct-fired burner which operates on a clean 
burning fuel such as natural gas or propane. The air 
within each heating zone is typically heated to a tem 
perature within the range of 300°F. to 450°F., depend 
ing on the carpet product and the backing material 
being cured, and these operating temperatures cannot 
readily or economically be provided by indirect heat 
ing. Each heating zone of the prior art carpet ovens has 
a separate exhaust fan to withdraw air, including com 
bustion products and water evaporated from the carpet 
product, from the individual zone, and also has an inlet 
damper allowing ambient make-up air to enter the 
heating chamber of the zone. Each heating zone in 
known prior art carpet drying and curing ovens is com 
pletely independent of adjacent zones. 
A typical prior art oven used for curing carpets con 

sists of five individual heating zones, and typically from 
3,000 to 6,000 cubic feet per minute (cfm) air is ex 
hausted from each heating zone. This exhausted air 
must be vented outside of the building containing the 
oven, because of the moisture and the combustion 
products contained in the exhausted air, with a result 
ing total loss of the heat contained in the air exhausted 
from each of the individual heating zones. Moreover, 
it is apparent that the volume of air exhausted to atmo 
sphere from each heating zone must be matched by an 
equal volume of make-up air supplied to the individual 
heating zones, and this make-up air is typically with 
drawn directly from the heated ambient air within the 
building wherein the oven is situated. Carpet curing ov 
ens, as a consequence, have a relatively low operating 
efficiency, with a typical operating efficiency being in 
the order of 33% of the fuel consumed by the oven 
burners. This low operating efficiency fails to account 
for the additional fuel required to heat the outdoor-air 
which must be supplied to the building to replace the 
make-up air drawn into the heating zones of the oven. 

It has been proposed to improve the operating effi 
ciency of carpet curing ovens by adding heat reclaimers 
to at least some of the individual heating zones, so that 
the heat in the air exhausted from each zone can be 
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2 
transferred by known techniques to preheat the make 
up air being inducted into a heating zone of the oven. 
It has been found in actual practice that the operating 
efficiency of a five-zone carpet curing oven was in 
creased from about 33% to about 38% by equipping 
three of the zones with heat reclaimers. The heat re 
claiming apparatus is expensive to purchase and install, 
and the heat reclaimers are efficient only if cleaned and 
maintained daily. 
The low operating efficiency of prior-art carpet 

ovens is expensive in the best of circumstances. Rising 
costs of natural gas and propane fuels, along with the 
scarcity of such fuels in many locations, places an even 
greater burden on the carpet manufacturer, and ulti 
mately on the carpet purchaser. 
Accordingly, it is an object of the present invention 

to provide an improved oven for heating a carpet prod 
uct. 

It is another object of the present invention to pro 
vide a carpet heating oven of improved operating effi 
ciency. 

It is yet another object of the present invention to 
provide a carpet heating oven which reduces the loss of 
heat in exhausted air. 
Other objects and advantages of the present inven 

tion will become more readily apparent from the dis 
closed embodiment of the invention as set forth in the 
following description, including the drawing in which: 
FIG. 1 shows a schematic plan view of a prior art car 

pet oven; 
FIG. 2 shows a schematic plan view of a carpet curing 

oven according to the disclosed embodiment of the 
present invention; and 
FIG. 3 is a section view taken along line 3-3 of FIG. 

2. 
Stated in general terms, the oven of the present in 

vention provides a number of heating zones through 
which a carpet product or other workpiece is serially 
moved to be heated, with the result that moisture is re 
moved from the carpet product in the several heating 
zones. A limited volume of heated fluid, preferably sub 
stantially corresponding to the volume of moisture re 
moved from the carpet in the heating zone plus the vol 
ume of combustion products produced by burning fuel 
in the heating zone, is withdrawn from one of the heat 
ing zones and is supplied to a second one of the heating 
zones. Heated fluid corresponding in volume to the 
fluid supplied from the first heating zone plus the vol 
ume of combustion products and moisture removed 
from the carpet product in the second heating zone is 
withdrawn from the second heating zone and is sup 
plied to a third heating zone. Heated fluid is similarly 
withdrawn from each remaining heating zone, other 
than a final one of such zones, and is transferred to an 
other heating zone to provide a serial progression of 
fluid flow between heating zones. Heated fluid is ex 
hausted to atmosphere only from a final one of the 
heating zones, and no more than the first one of the 
heating zones may need to receive make-up air sup 
plied from outside the oven. 
The present invention is better understood with ref 

erence to FIGS. 2 and 3, wherein is depicted an illustra 
tive embodiment of a carpet curing oven according to 
the present invention. As an aid in understanding the 
illustrative oven shown in FIGS. 2 and 3, there is shown 
in FIG. 1 a conventional prior art oven 10 which con 
tains five separate heating zones and which is used, for 
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example, for curing the latex backing material 11 
which has been freshly applied to the carpet product 
12. The carpet product 12 is carried by a tenter frame 
(not shown in FIG. 1) for support and movement 
through the oven 10 in a manner known to those skilled 5 
in the art. The carpet product 12 enters the inlet end 
13 of the dryer, moves progressively through five sepa 
rate heating zones, and exits the oven at the output end 
14, from which the carpet product is conveyed to the 
next work station. 10 
Since air or other heated fluid cannot flow through 

the latex-backed carpet product 12, an oven which is 
effective for curing such carpet product must direct 
heated fluid onto both sides of the carpet product pass 
ing through the dryer. Each of the five heating zones in 15 
the depicted conventional drying oven is provided with 
a number of conduits which receive heated fluid from 
one of multiple heating chambers; the conduits extend 
across the path of carpet travel to direct heated fluid 
onto a particular side of the carpet product moving 20 
through the oven. The reference numeral 18 in FIG. 1 
designates exemplary conduits connected to receive 
heated fluid from heating chamber 1 and directing the 
heated fluid against the carpet product 12 in zone 1 of 
the dryer. The conduits exemplified at 19 and contain- 25 
ing the numeral '2' are connected to direct heated 
fluid from heating chamber 2 onto the carpet product 
in a second heating zone, while the conduits exempli 
fied at 20, 21, and 22 are similarly associated with cor 
responding heating zones 3, 4, and 5, and are con- 30 
nected to receive heated fluid from corresponding 
heating chambers 3, 4, and 5. Heated fluid is directed 
against the downwardly-facing tufted side of the carpet 
product 12 in the heating zones 1, 3, and 5, while 
heated fluid is directed against the upwardly-facing 
latex backing material 11 in the heating zones 2 and 4. 
It is apparent from FIG. 1, however, that the total linear 
extent of heating zones 2 and 4 is substantially identical 
to the total linear extent of heating zones 1, 3, and 5, 
measured in the direction of travel of the carpet prod 
uct through the oven 10. 
Each of the heating chambers contains a fuel burner, 

appropriate fluid flow directing passageways connect 
ing the heating chamber with the corresponding con 
duits that direct heated fluid against the carpet, and a 
recirculation fan for recirculating heated fluid in a 
closed path including the heating chamber, the corre 
sponding conduits, and a portion of the carpet product 
and the carpet ducts. An appropriate fuel such as natu 
ral gas or propane is supplied in a line 28 to the burners 
of each heating chamber. Further details of each heat 
ing chamber are set forth below with respect to the dis 
closed apparatus shown in FIGS. 2 and 3. 
Separate exhaust fans 23, 24, 25, 26, 27 are respec 

tively connected to each of the heating zones through 
5. Each of the exhaust fans withdraws from the corre 
sponding heating zone a mixture of heated fluid, in 
cluding steam or water vapor evaporated from the car 
pet product and the combustion products of the fuel 60 
burner. Each of the five heating chambers has a suit 
able inlet opening to admit make-up air which is typi 
cally withdrawn from the atmosphere of the building in 
which the oven 10 is situated. 

In a typical carpet curing oven of the prior art, as de- 65 
picted in FIG. 1, from 3,000 to 6,000 cubic feet per 
minute (cfm) of heated fluid is exhausted from each of 
the heating zones by the corresponding exhaust fans, 
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4 
and the heat in the exhausted fluid is simply wasted. 
The exhausted fluid cannot simply be discharged within 
a building and must be vented to the outside atmo 
sphere, as previously mentioned, and so additional en 
ergy is expended as needed to heat air introduced into 
the building to replace the make-up air required by the 
OWen. 

Turning now to FIGS. 2 and 3, there is shown an oven 
indicated generally at 35 and used for heating a carpet 
product for curing or drying purposes. The improved 
oven 35 is also divided into five separate heating zones, 
with two such zones 36 and 37 being on the upper side 
of the oven and with the remaining three zones 38, 39, 
and 40 being on the lower side thereof. Corresponding 
shading lines are used in FIG. 2 to denote the heating 
zones and associated heating chambers 36H, 37H, 
38H, 39H, and 40H. Although the choice of five sepa 
rate heating zones for the improved oven 35 is by way 
of example only, and is not limiting to the present in 
vention, it will become apparent that the disclosed em 
bodiment of the improved oven utilizes components 
such as conduits, fuel burners, and recirculating fans 
which are substantially similar to the corresponding 
components of the prior-art oven, so that an existing 
prior-art oven 10 can be modified or converted to an 
improved oven 35 through the application of the fol 
lowing teachings. 
A typical cross-section view of the improved oven 35 

is shown in FIG. 3, where the carpet product 2 is sup 
ported by the tenter frame 4a and 41b for movement 
in a direction out of the Figure. The carpet as shown in 
FIG. 3 is moving through heating zones 37 and 40. One 
of the transverse conduits of the heating zone 40 is 
shown at 42, and the conduit 42 is connected to receive 
a forced flow of heated fluid from the recirculating fan 
43 located in heating chamber 40H situated below the 
heating zone 40. The heating chamber 40H also in 
cludes a fuel burner 44 connected to a suitable source 
of clean-burning fuel, such as natural gas or propane. 
The proper amount of air required for combustion of 
the fuel in the burner 44 is typically premixed with the 
fuel, externally of the oven, in a manner known to those 
skilled in the art. The heating chamber 40H is provided 
with a fluid inlet opening 48 having an appropriate 
damper valve 49 to adjust air flow in the opening. A 
fluid discharge opening 50 is provided at a suitable lo 
cation in the heating chamber 40H. 
Observing the fluid flow arrows depicted in FIG.3 for 

the heating chamber 40H and the heating zone 40, it si 
seen that air heated by the burner 44 is forced by the 
recirculating fan 43 into the several conduits (one of 
which is shown at 42) associated with the heating zone 
40. The heated air flows from the conduits, including 
the conduit 42, onto impingement with the lower side 
of the carpet product 12 passing through the oven, 
after which the suction effect of the recirculating fan 
43 draws a portion of the impinging fluid (as well as any 
moisture which evaporated from the carpet product) 
away from the carpet product back to the burner 44 to 
be heated and recirculated. The remaining portion of 
the fluid is withdrawn into the fluid discharge opening 
50, as discussed below. Heated fluid from the recircu 
lating fan associated with the heating chamber 37H, 
meanwhile, is forced through the plenum 5 and the 
conduit 52 to impinge against the upper side of the car 
pet product 12 in the heating zone 37. It will be under 
stood that a transverse cross-section view of each of the 
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other four heating chambers of the improved oven ap 
paratus 35 would show an arrangement of components 
substantially similar to that of FIG. 3. 
The interrelationship of fluid flowing in a serial man 

ner between the several heating zones of the improved 
oven apparatus 35 is shown in FIG. 2. A first exhaust 
fan 55 has an inlet duct 56 connected to the fluid dis 
charge opening 50 of the heating zone 40. Fluid is with 
drawn from the heating zone 40 by the first exhaust fan 
55, and is supplied through the duct 57 to a fluid inlet 
opening in the heating chamber 37H, which supplies 
heated fluid to the heating zone 39. The duct 57 is con 
nected to the heating chamber 37H at a fluid inlet 
opening similar to the opening 48 in the heating cham 
ber 40H, shown in FIG. 3. 
Heated fluid in the heating zone 37, including the 

fluid supplied from the preceding heating zone 40, is 
withdrawn from a discharge opening (similar to the 
opening 50 in the zone 40) by way of a duct 58, a sec 
ond exhaust fan 59, and a duct 60 connected to a fluid 
inlet opening in the heating chamber 39H. Fluid is ex 
hausted in a similar manner from the heating zone 39 
by the duct 64, the third exhaust fan 65, and supplied 
to the heating chamber 36H by the duct 66. 

Fluid is withdrawn from the heating zone 36 by the 
fourth exhaust fan 67 and is passed through a heat re 
claimer 68 before being supplied through the duct 71 
to a fluid inlet opening of the heating chamber 38H. 
Fluid in the heating zone 38 is withdrawn by the fifth 
exhaust fan 69 and is moved through the heat reclaimer 
68 and subsequently supplied to the duct 70 to be 
dumped into the atmosphere. The heat reclaimer 68 is 
connected and operated to withdraw heat energy from 
the fluid exhausted from the heating zone 38, and to 
supply the withdrawn heat energy to the fluid flowing 
from the fourth exhaust fan 67 into oven 1. The use of 
a heat reclaimer as shown herein is optional, however, 
and is not an essential element of the progressive circu 
lation system disclosed herein. The construction and 
operation of heat reclaimers are known to those skilled 
in the art. 

It can be seen that the several separate heating zones 
of the improved oven apparatus 35 are connected in a 
serial fluid flow circuit. The fluid exhausted from the 
fifth zone 40 is the sole supply of make-up fluid for the 
fourth zone 37, the fluid exhausted from the fourth 
zone is the sole source of make-up fluid for the third 
zone 39, and so on. Only the exhaust from the first zone 
38 is withdrawn from the oven and discharged to atmo 
sphere, and some of the heat remaining in the first-zone 
exhaust can be reclaimed and returned to a heating 
zone of the oven. Make-up air from outside the oven 35 
is introduced only into the fifth zone, i.e., the final zone 
in the serial arrangement. The fluid discharged to at 
mosphere from the oven is preferably withdrawn from 
the heating zone which first receives the moving carpet 
product 12, especially where the carpet product con 
tains moisture to be removed by the oven, since the 
carpet product generally will lose more moisture in 
such first zone than in any one of the subsequent heat 
ing zones. 
The improved oven apparatus 35 according to the 

present invention is most efficiently operated with a 
minimum volume of fluid withdrawn from each of the 
heating zones of the oven. The minimum volume of ex 
haust fluid which should be withdrawn from a particu 
lar heating zone is determined by the volume of water 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

6 
being removed from the carpet product by evaporation 
in the heating zone plus the volume of combustion 
products generated by the heating chamber associated 
with the heating zone, when the oven 35 is operating at 
maximum capacity, plus any volume of fluid received 
from a preceding heating zone. The minimum volume 
of fluid which should be exhausted from the final heat 
ing zone in the serial fluid flow arrangement (zone 38, 
in the disclosed embodiment of the invention) is the 
sum of the volumes of moisture removed from the car 
pet product in each heating zone plus the sum of the 
combustion products from each heating zone. Of 
course, more than the minimum volume of fluid can be 
withdrawn from the oven, if desired, although a corre 
sponding additional heat loss will be incurred. It will 
also be understood that a volume of external make-up 
air must be admitted to the initial zone of the oven 
(zone 40, in the disclosed embodiment) if more than 
the minimum volume of fluid is withdrawn from the 
OWe 

In an actual application of the present invention to a 
five-zone oven used for curing latex backing previously 
applied to a carpet product, the overall average volume 
of fluid exhausted from the oven was reduced from 
20,000 cfm, before application of the present inven 
tion, to 4,000 cfm when the oven was modified to con 
form with the present invention. When used for curing 
a latex backing containing 30% water on a carpet prod 
uct moving through the oven at 25 feet per minute, the 
energy loss resulting from heat in air exhausted from 
the oven was reduced from an estimated 4,280,000 
BTU per hour to approximately 750,000 BTU per 
hour. A corresponding substantial reduction in the re 
quired consumption of natural gas, the fuel used to fire 
the burners of the particular oven, was also observed. 
An additional energy reduction resulted from reducing 
the volume of make-up air withdrawn from the heated 
air within the building housing the oven. It is estimated 
that the specific actual embodiment of improved oven 
reduced the building heat load by about 1,500,000 
BTU per hour, assuming outside air at 0°F. 
Although the illustrative embodiment of the present 

invention depicted in FIGS. 2 and 3 establishes serial 
flow between heating zones through the use of ducts 
and fans located externally of the various heating zones 
and heating chambers, the depicted external arrange 
ment of components is only illustrative and the present 
invention is not limited to the use of such ducts and 
other external components to establish serial flow of 
fluid from a final heating zone back to an initial heating 
zone. The serial fluid flow required for the practice of 
the present invention can alternatively be provided 
through appropriate fluid flow passages and fluid pres 
sure differentials created entirely within the oven appa 
ratus. 

It will also be understood that the foregoing relates 
only to a preferred embodiment of the present inven 
tion, and that numerous alterations and modifications 
may be made therein without departing from the spirit 
and the scope of the invention as set forth in the follow 
ing claims. 
What is claimed is: 
1. Apparatus for progressively heating a moving web 

of material while the material is moving along a prede 
termined path, comprising: 

closure means enclosing the web along at least part 
of said predetermined path, said closure means de 
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fining at least a first heating zone and a second 
heating zone within; 

said first and second heating zones being serially dis 
posed within said closure means so that a web 
being moved along said predetermined path ini- 5 
tially passes through said first heating zone and 
subsequently passes through said second heating 
ZOne 

first fluid heating means associated with said first 
heating Zone and operative to apply heated fluid 
directly to the web passing through said first heat 
ing Zone; 

second fluid heating means associated with said sec 
ond heating zone and operative to apply heated 
fluid directly to the web passing through said sec 
ond heating zone; 

exhaust means directly communicating with said first 
heating zone to withdraw fluid only from said first 
heating zone and to discharge said withdrawn fluid 
from said heating apparatus; 

means supplying said first heating zone with substan 
tial make-up fluid only from said second heating 
Zone; and 

means associated with said first zone to substantially 
prevent the entry of make-up fluid into said first 25 
zone from any source other than said second heat 
ing zone. 

2. Apparatus as in claim 1, wherein each of said heat 
ing Zones includes a fluid circulating means operative 
to recirculate a flow of heated fluid in said heating zone 
onto the web passing through the said heating zone. 

3. Apparatus as in claim 1, wherein said make-up 
fluid supply means comprises a fluid flow conduit con 
necting said first and second heating zones. 

4. Apparatus as in claim 3, further comprising means 
operatively associated with said fluid flow conduit to 
move fluid from said second heating zone through said 
conduit to said first heating zone. 

5. Apparatus for progressively applying heat to a web 
of material which is moving along a predetermined 
path and which may contain moisture, comprising: 
closure means enclosing at least a portion of said pre 
determined path, said closure means defining a plu 
rality of separate web heating zones serially dis 
posed along the enclosed portion of said path; 

at least some of said heating zones including individ 
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8 
ual means for directing a stream of heated fluid 
onto at least one side of the web passing through 
the respective zone; 

exhaust means directly communicating with the first 
one of said heating zones through which the web 
initially passes and operative to withdraw fluid 
therefrom and to discharge said withdrawn fluid 
from said heating apparatus; 

fluid flow communication means directly connecting 
each of said heating zones, except for the final one 
of the heating zones along which the web passes, 
with a serially subsequent heating zone and allow 
ing said first heating zone and each such connected 
heating zones to receive substantial make-up fluid 
only from such serially subsequent heating zone; 
and 

means associated with each at said heating zones, ex 
cept for said final heating zones, to substantially 
prevent make-up fluid from entering such heating 
zones from any source other than said fluid flow 
communication means. 

6. Apparatus as in claim 5, wherein said final heating 
zone includes means operative to admit make-up fluid 
to said final heating zone from a source external to said 
apparatus. 

7. Apparatus as in claim 5, wherein each of said 
means for directing a stream of heated fluid comprises 
a fuel combustion means connected to receive and 
burn a fuel-air mixture to provide heated fluid, and 
means operative to direct said heated fluid onto the 
web passing through the respective heating zone. 

8. Apparatus as in claim 7, wherein said exhaust 
means is operative to withdraw from said first heating 
zone a volume of fluid at least equal to the total amount 
of combustion products of all said fuel combustion 
means plus the volume of moisture evaporated from 
the web passing through said heating zones. 

9. Apparatus as in claim 1, wherein: 
said make-up fluid means comprises a fluid flow path 
having an inlet directly communicating with said 
second heating zone and an outlet directly commu 
nicating with said first zone; and further comprising 

means operative to maintain fluid flow through said 
flow path from said second heating zone to said 
first heating zone. 

ce : : 


