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NATURAL DRAFT CURING SYSTEM

CROSS-REFERENCE TO RELATED APPLICATIONS

This application claims the priority benefits of US provisional
patent application serial number 61/402,379, filed August 26, 2010, and U.S.
provisional patent application serial number 61/387,777, filed September 29,
2010.

BACKGROUND

Technical Field

The present disclosure pertains to the curing of organic materials
and, more particularly, to a system of curing materials such as tobacco leaves
that reduces the use of wood or coal and provides environmental benefits such

as reducing greenhouse gases and deforestation.

Description of the Related Art

The curing of Flue Cured Virginia or (FCV) tobacco is an energy

intensive procedure due to the large amounts of moisture that must be removed
from the freshly harvested leaves. For example, a typical tobacco barn
containing 20,000 pounds of green tobacco leaves requires the removal of up
to 17,000 pounds of water. Modern and fuel efficient curing systems are
common in the developed world, and a number of patents exist for bulk curing
systems that use forced air and complex heat recovery systems (for example,
U.S. patent no. 6,742,284). In the developing world, however, even though
some of these modern methods are available, the majority of tobacco is still
cured with archaic and inefficient systems.

In developing countries, tobacco is cured either by large
commercial farmers or by small Holder Farmers.

Small Holder Farmers (those who cultivate approximately 1-5
hectares of tobacco) cure tobacco in simple, unsealed sheds made from brick,

sticks, and mud. Tobacco is placed inside the shed and a small fire is built
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inside a rudimentary brick furnace. The furnace is connected to fireboxes that
are made from brick and metal, with a brick chimney. The firebox lengths range
from 3 to 9m. The roof of the structure is made from thatch or corrugated
steel. Small vents are placed in the four corners of the structure, through which
air is naturally drawn in and heated, which collects moisture from the leaves
before it exits through a small crack between the ceiling and the top walls. The
structures are generally poorly built, prone to destruction by fire, and make it
difficult to control the curing process. Additionally, the systems are extremely
inefficient—specific fuel consumption ranges up to 15 KG of wood per KG of
dry tobacco produced (15:1). Existing modern curing methods are beyond the
financial reach of almost all small holder farmers.

Two general categories of curing systems are available for
commercial farmers (farmers with more than 5 hectares of tobacco under
cultivation) in the developing world. The first is the previously mentioned forced
air systems, such as the bulk curers. The second category of curing system is
non-forced air systems. These systems are similar to the small holder system
(described above), but with several changes. They are larger and utilize a
more complex furnace in conjunction with flue pipes instead of fireboxes.
Airflow is controlled both at the inlet (in the bottom four corners of the structure)
and the outlet (at the top of the structure). These systems are extremely
inefficient (specific fuel consumption ranging from 5:1 up to 10:1), but are still
popular because they are relatively cheap to construct and manage, and no low
cost alternatives exist.

These systems face a number of challenges and shortcomings.
For example, because air is vented through the ceiling during most of the curing
process, it is not possible to insulate the ceiling. This causes significant losses
and forces the furnace to run at higher power levels, which increases the risks
of barn fires and/or drying the leaf before it is cured (a.k.a. fixing green’). The
conventional curing systems are difficult and complicated to manage and
therefore are often beyond the skill level of the unskilled laborers who manage

the barns. The end result is that vents and doors are often not closed or
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opened at the correct times, which leads to increased fuel consumption and a

reduction in the quality and value of the finished leaf.

BRIEF SUMMARY

The present disclosure relates generally to a system and method
for more economically and efficiently drying a moisture containing material and
is particularly applicable to the curing and drying of tobacco. Although
specifically designed for tobacco, it is contemplated that the principles taught
herein can also be applied to dry other products, including a wide variety of
agricultural and food products.

In accordance with one embodiment of the present disclosure, a
natural draft curing system for curing objects is provided. The system includes
a building having a roof and a plurality of walls with at least one wall having an
opening to provide egress in to and out of an interior of the building; a source of
heat associated with the interior of the building, the source of heat having a
chimney system that conveys hot gases and exhaust from the heat source to
an exterior of the building, the chimney system having a first chimney pipe of a
first diameter and a second chimney pipe of a second diameter that is greater
than the first diameter to create a negative pressure in the interior of the
building when hot flue gasses exit the first chimney pipe; a system of
convective pipes in the interior of the building coupled to a the chimney system
that circulate hot flue gases and provide heat to the interior of the building; a
plurality of vents in at least one wall of the plurality of walls that admit ambient
air drawn in to the interior of the building by the negative pressure created in
the interior by the chimney system, the vents structured to direct the ambient air
over the system of convective pipes to heat the ambient air; and a structure to
hold the objects to be cured in the interior of the building.

In accordance with another embodiment of the present disclosure,
a heating system for the interior of a structure is provided. The heating system
includes a source of heat; a system of convective pipes in the interior of the
structure; an exhaust system having a first exhaust pipe connected to the

source of heat and to the system of convective pipes, and a second exhaust
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pipe surrounding the first exhaust pipe and extending upward past a top of the
first exhaust pipe, the second exhaust pipe in fluid communication with the
interior of the structure; and a vent system in the structure in fluid
communication with the interior of the structure and with ambient air exterior to
the structure.

In accordance with another aspect of the present disclosure, the
heating system includes a control system coupled to the vent system.

In accordance with a further aspect of the present disclosure, the
system of convective pipes is coupled to the first exhaust pipe and the vent
system is positioned to direct ambient air over the convective pipes. Ideally, the
convective pipes are positioned adjacent a floor of the structure, and the vent
system comprises at least one vent formed in a wall of the structure adjacent
the floor and opposite a wall on which the exhaust system is formed.

In accordance with yet a another aspect of the present disclosure,
the system of convective pipes is connected to the source of heat and is
structured to conduct combustion gases from the source of heat to the first
exhaust pipe and to radiate heat to the interior of the structure. Ideally the
source of heat is a wood burning or fan-assisted coal burning furnace. Other
forms of biomass, such as compressed or non compressed agricultural waste
products (rice husks, coffee husks, bagasse, etc.) can also be used as a fuel
source .

In accordance with another aspect of the present disclosure, a
natural draft curing system for curing objects is disclosed. The system includes
a building having a roof and a plurality of walls supporting the roof; a source of
heat associated with the interior of the building, the source of heat having a
chimney system that conveys hot gases and exhaust from the heat source to
an exterior of the building, the chimney system having a first chimney pipe of a
first diameter and a second chimney pipe of a second diameter that is greater
than the first diameter to create a negative pressure in the interior of the
building when hot flue gasses exit the first chimney pipe; a system of
convective pipes in the interior of the building coupled to the chimney system

that circulate hot flue gases and provide heat to the interior of the building; a
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plurality of vents in at least one wall of the plurality of walls that admit ambient
air drawn in to the interior of the building by the negative pressure created in
the interior by the chimney system, the vents structured to direct the ambient air
over the system of convective pipes to heat the ambient air; and a structure to
hold the objects to be cured in the interior of the building over the system of
convective pipes. ldeally the system includes a control system coupled to the
vent system.

In accordance with another aspect of the present disclosure, the
system of convective pipes is coupled to the first exhaust pipe and the vent
system is positioned to direct ambient air over the convective pipes. Preferably,
the convective pipes are positioned adjacent a floor of the structure, and the
vent system comprises at least one vent formed in a wall of the structure
adjacent the floor and opposite a wall on which the exhaust system is formed.

In accordance with still yet a further aspect of the present
disclosure, the system of convective pipes is connected to the source of heat
and is structured to conduct combustion gases from the source of heat to the
first exhaust pipe and to radiate heat to the interior of the structure.

In accordance with another aspect of the present disclosure, a
method for curing objects using a natural draft system according with any of the
foregoing embodiments is provided. For example, the natural draft system
includes a building having a roof and a plurality of walls supporting the roof; a
furnace associated with the interior of the building, the furnace having a
chimney system that conveys hot gases and exhaust from the furnace to an
exterior of the building, the chimney system having a first chimney pipe of a first
diameter and a second chimney pipe of a second diameter that is greater than
the first diameter to create a negative pressure in the interior of the building
when hot flue gasses exit the first chimney pipe; a system of convective pipes
in the interior of the building coupled to the chimney system that circulate hot
flue gases and provide heat to the interior of the building; at least one vent in at
least one wall of the plurality of walls that admits ambient air drawn in to the
interior of the building by the negative pressure created in the interior by the

chimney system, the at least one vent structured to direct the ambient air over
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the system of convective pipes to heat the ambient air; and a structure to hold
the objects to be cured in the interior of the building over the system of
convective pipes. The method includes providing fuel to the furnace to generate
hot flue gases from a combustion of the fuel; having the hot flue gases pass
through the system of convective pipes to generate heat to the interior of the
building, then having the hot flue gases pass through the first chimney pipe and
then the second chimney pipe to create a negative air pressure in the interior of
the building relative to ambient air pressure; allowing ambient air to enter the
interior of the building through the at least one vent in response to the negative
interior air pressure.

Preferably, the method includes controlling the at least one vent to
selectively open and close the at least one vent in response to conditions in the
interior of the building.

In accordance with another aspect of the method, the system of
convective pipes is coupled to the first exhaust pipe and the at least one vent is
positioned in the at least one wall, and the method includes directing ambient
air over the system of convective pipes.

In accordance with another aspect of the method, the convective
pipes are positioned adjacent a floor of the structure, and the at least one vent
is formed in one wall of the structure adjacent the floor and opposite a wall on
which the exhaust system is formed, and the method includes directing the
ambient air over the convective pipes in a direction away from the at least one
vent and towards the wall on which the exhaust system is formed.

Ideally the method includes providing one of wood, coal, or other
form of biomass as the fuel for the furnace. In addition, the method has an initial
step of placing the objects to be dried on the support structure in the interior of
the building.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS
Figure 1A is an isometric exterior view of a traditional small holder

tobacco curing shed,;
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Figure 1B is an isometric cutaway perspective of the internal
components of a traditional small holder tobacco curing shed showing the
furnace and the brick and metal heat exchanger inside the curing shed;

Figure 2A is an external elevation view of a conventional
commercial tobacco curing shed. It shows a furnace, air intake, and an
external single chimney common to conventional barns;

Figure 2B is an internal plan view of a conventional commercial
barn showing the Y furnace, flue pipes, and the chimney positioned above the
furnace;

Figure 3A is a mechanical drawing of an external isometric view of
a first embodiment of a dryer (18,000 KG capacity, wood powered) formed in
accordance with the present disclosure (wood powered);

Figure 3B is a schematic drawing of an external isometric front
view with cutaway of the dryer of Figure 3A;

Figure 3C is a schematic drawing of the external isometric front
view with cutaway of the dryer of Figure 3B with the tier poles removed for
clarity;

Figure 3D is a schematic drawing of an external isometric front
view with cutaway of the dryer of Figure 3B (18,000 KG capacity wood powered
iteration) with the tier poles and tobacco leaves added for illustrative purposes;

Figure 3E is a mechanical drawing and external isometric rear
view of the dryer of Figure 3A;

Figure 3F is a schematic drawing of an external isometric rear
view of the dryer of Figure 3A with the chimney sections partially cut away for
illustrative purposes;

Figure 3G is an internal plan view of the furnace;

Figure 3H is a schematic drawing of an external isometric view of
the dryer of Figure 3B with the vent doors shown in the open position whereas
the furnace door is closed;

Figure 3l is a schematic drawing of an external isometric view of
the dryer of Figure 3B with the vent doors and furnace door shown in a closed

position;
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Figure 3J is a schematic drawing of an internal isometric view of
the dryer of Figure 3B in which the positioning of flue pipes and air vents is
shown;

Figure 3K is an isometric front view of the furnace.

Figure 4A is a schematic drawing of an external isometric view of
an alternative embodiment of the dryer of Figure 3A (18,000 KG capacity, coal
powered with fan assist iteration) formed in accordance with the present
disclosure;

Figure 4 B is an illustration of a coal furnace with fan assist for the
embodiment of Figure 4A;

Figure 5A is a schematic drawing of an external isometric front
view of an alternative embodiment of the dryer (3000 KG capacity, wood
powered iteration) formed in accordance with the present disclosure; and

Figure 5B is a schematic drawing of an external isometric rear
view of the embodiment of Figure 5B in which the chimney sections and a side

wall are partially cutaway for illustrative purposes.

DETAILED DESCRIPTION

Building

In one embodiment, a drying system and a method for its use is
provided, the drying system includes a building 10 having a drying chamber or
container containing a product to be dried. Figure 3A shows the basic barn
structure, generally indicated by the numeral 10, with front wall 11, side walls
13 and 15, rear wall 16, and a metal roof 17 that protects the interior, including
a main curing chamber 20, from the elements. The volume of the main curing
chamber 20 varies from 10 to 300 cubic meters depending on the quantity of
tobacco to be cured. The front wall 11 contains air vents 24. The total number
of the vents ranges from 8 vents for the 250 stick barn to 16 vents for the 1000
stick barn. The total cross-sectional area of the vent inlets 24 varies from 1200
cm? for a 250 stick rocket barn to 2400 cm? for a 1000 stick rocket barn. Each

of the individual vents range from 10 cm tall x 10 cm wide for a 250 stick rocket
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barn to 15 cm tall x 10 cm wide for a 1000 stick rocket barn. The front air vents
24 are the only source of fresh air into the main curing chamber 20.

Referring to Figure 3B, the system includes the plurality of air inlet
vents 24 for fresh air, a drying air pathway 19, a wood powered heat source 26,
a heat exchanger 30, and a double chimney exhaust system 35 (described in
more detail below in conjunction with Figure 3F). The system of the present
disclosure offers major innovations not currently known in the art. The system
provides a unique energy efficient method for precesssing-processing large
quantities (up to 18,000 kg) of flue cured (FCV) tobacco that utilizes waste heat
to develop a horizontal convective flow of drying air to remove moisture from
the tobacco leaf without the use of an electrical fan.

As seen in Figure 3C, the system features one double outlet
furnace 26 (Venturi Y’ furnace) in conjunction with an exhaust system 35 that
includes, in this embodiment, 25 to 70 meters of 25 to 30 cm diameter flue
pipes 30 in the interior or main curing chamber 20 of the building 10. The
furnace 26 and flue pipe system 30 is structured to provide heat to the tobacco
and the inner barn environment 20. As seen in figure 3C, the convective flue
pipe system 30 exits the main curing chamber 20, where it passes into a 30 cm
diameter chimney 38 (shown in Figure 3F). Ideally the chimney 38 is enclosed
on three sides and partially enclosed on a fourth side by a brick chimney
structure 37, with inner volume ranging from 2 to 10 cubic meters, depending
on the quantity of tobacco to be cured. After exiting the 30 cm diameter internal
chimney 38, the hot flue gases pass into a 56 cm diameter external chimney
36. This causes the air temperature to rise inside of the external chimney 36,
creating a pressure drop inside the external chimney 36 and in the interior 20 of
the dryer building 10. This results in the pulling of air in through the plurality of
air intake vents 24 along the front wall 11. The double chimney system 35
creates a powerful (1.6 m/s) convective flow of drying air through the tobacco
leaves 39 and inner barn environment 20.

The system can be adapted for curing any quantity of tobacco

from 0-18,000 kg. Three iterations of the Curing Barn have been constructed:
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1. An 18,000 kg capacity wood powered system (designed for
commercial farmers);

2. An 18,000 kg capacity coal powered system with fan assist
furnace (designed for commercial farmers); and

3. A 4,000 kg capacity wood powered furnace (designed for
small holder farmers) that utilizes either metal flue pipes or brick/metal
fireboxes.

The design creates a high-quality product (44% increase in crop
value for Malawian small holder tobacco farmers) while using significantly less
fuel (up to 70% reduction in wood) as compared to traditional systems.

As seen in Figure 3D, the main curing chamber 20 holds the
sticks of tobacco 21, which are supported on horizontal tier poles 22. The floor
23 of the structure is flush with the top of the foundation 12, and supports the
‘Y’ outlet furnace 26. The furnace 26 connects to flue pipes 30, which are
supported by eleven brick supports 34, which vary in height from 10 cm — 40
cm. The length of the flue pipe heat exchanger varies from 20 m for a 250 stick
barn up to 80 m for a 1000 stick barn. The rear wall 16, shown in Figure 3E,
contains a door 18 and a rear wall opening 32 (shown in Figure 3F) that varies
from 80 cm x 150 cm in size for a 250 stick barn up to 80 cm x 250 cm for 1000
stick barn.

Referring to Figure 3F, the flue pipe gases exit the furnace 26 and
travel through the main curing chamber 20 via the system of convective flue
pipes 30 in the exhaust system 35 and enter into a 30 cm diameter internal
chimney 38. The internal chimney 38 is partially contained by the brick
chimney 37 that varies in height, depending on the quantity of tobacco that is
cured, from 2.5 m for a 250 stick barn to 4.5 m for a 1000 stick barn. The
height of the internal chimney 38 varies from 3.6 m for a 250 stick rocket barn
to 5.3 m for a 1000 stick rocket barn. After exiting the outlet 42 of the internal
chimney 38, the gasses pass into the outer chimney 36. The outlet 42 for the
internal chimney 38, is placed halfway up the height of the exterior chimney 36.

The height of the exterior chimney 36 varies from 2 m for a 250 stick barn to 4.4

10
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m for a 1000 stick barn. The rear wall opening 32 creates an air passageway
between the outer exterior chimney 36 and the main curing chamber 20.

As seen in Figure 3J, the flue pipe length nearest to the air vents
24 should be placed so as to create a 20 cm horizontal gap 33 between the flue
pipes lengths 30 and the air vents 24. The center point of the flue pipe nearest
the air vent 24 should be flush with center vertical point of air vents 24.

The barn is insulated with a 15 cm thick layer of grass or other
insulation in the ceiling 9 (Figure 3A), which prevents air losses through the roof
17. Referring to Figure 3C, the main curing chamber 20 is completely sealed
from the outer environment except for the door 14, air vents 24, rear wall

opening 32, and the outlet 40 of the outer chimney 38.

Heating
The present disclosure features either a wood (or other biomass

powered) furnace or a coal powered furnace for heating. The internal
dimensions of the furnace feed chamber are 37 cm x 37 cm with a length
varying from 1- 3 m 47. The opening of the conventional furnace is 60 cm x 60
cm 8. The smaller rocket barn furnace 26 is made possible due to its ability to
operate at lower wattage/fuel consumption than the conventional furnace. As
seen in Figure 3G, the furnace also features a high-strength water bonded v-
slot 46, which lies at the bottom of the furnace feed chamber 47.

Referring to Figure 3H, the furnace features a metal door 27 that
is always closed except during loading of firewood. All combustion air enters
the feed chamber and combustion zone from under the v-slot 46. As the wood
burns, ash falls through the v-slot and into the ash pit 29. As it is possible for
some charcoal and ash to be trapped in the v-slot, a 5 cm x 37 cm T-slot
opening 48 shown in Figure 3G is constructed ahead of the v-slot 46 to provide
sufficient combustion air during periods of blockage in the v-slot. After leaving
the furnace, the hot flue gases travel out through the “Y’ outlet 49 in Figure 3K,
and into the flue pipes. The rocket barn features 30 — 50% more flue pipe
surface area as compared to the conventional flue pipe system seen in Figure

2B. Surface temperatures of the flue pipes range from 0-250°C. The hot flue
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gases cool from a maximum of 800°C at the furnace outlet to a maximum of
150°C when, referring to Figure 3F, they pass out of the flue pipe outlet 28 on
the back wall 16 and into the internal chimney 38, and then the outer chimney
36.

As previously mentioned, the rocket barn furnace 26 runs at lower
power levels than do the conventional systems. This translates into lower
surface temperatures, immediately adjacent the furnace, for the flue pipes,
which reduces the possibility of barn fires and ‘fixing green’ and increases the

quality of the tobacco.

Control system

As seen in Figures 3B-3D, air vents 24 allow fresh, relatively dry,
atmospheric air to be drawn into the curing chamber 20 where tobacco is hung
on sticks 21 that are placed on horizontal tier poles 22. In Figure 3D, the
furnace 26 is loaded with firewood, and hot flue gases pass through the flue
pipes 30. The gases produced in the furnace 26 travel through the flue pipes
30 and heat the curing chamber 20.

Referring to Figure 3F, hot flue gases are vented into the inner
smaller diameter (30 cm) chimney 38. Upon exiting through the outlet 42, they
enter into an outer larger diameter (56 cm) chimney 36. The outer chimney 36
heats up, which causes a pressure drop. Because the outer chimney 36 is
connected to the main curing chamber 20 through the rear wall opening 32, the
pressure drop draws ambient air into the curing chamber 20 through the front
wall air vents 24.

As seen in Figure 3D, the atmospheric air follows the path 19
above flue pipes 30 and is heated. Moisture from the tobacco leaves is
transferred into the heated air. This design eliminates the need for an electrical
fan to move moisture out of the barn and is more efficient and easier to manage
than venting air through an outlet in the roof as seen in Figure 2A of the
conventional system. As seen in Figures 3H and 3l, airflow into the main curing

chamber is controlled by two vent doors 25 that cover the eight through sixteen
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air intake vents 24. The temperature of the barn is regulated by the quantity of

wood that is placed in the feed chamber 47.

Operation
As seen in Figure 3D, tobacco is strung on wood or bamboo

sticks 21 and laid out on horizontal tier poles 22. The curing operation begins
when the fire is lit, and is carried out according to industry standard practices,
including yellowing, fixing, leaf drying, stem drying, and conditioning of the
tobacco. Unlike conventional barns, depicted in Figure 2A, which require
precise and constant manipulation of the vent covers at both the four corner air
inlets 7 and roof outlet 6, the rocket barn has only two air flow intake controls.
Referring to Figure 3H, during yellowing, fixing, and leaf drying, the two air
intake vent doors 25 are left in the open position. Once the leaf or lamina is
dry, the two air vent doors are closed for the drying of the mid rib, as seen in
Figure 3l. The vent doors remain closed until the end of the drying process.
The vent doors 25 are closed over the vents 24, stopping airflow in one simple
action, unlike the inlet and outlet vent controls of the conventional barns. The
vent covers are held open or closed by wire latches that are connected to
anchor bolts which are sunk into the barn wall. A number of closure
configurations can be constructed to manipulate the vent covers. The furnace
door 27 is closed throughout the process except when wood is added. During
the daytime conditioning phase, the vent doors 25 remain closed. During the
nighttime conditioning phase, the vent doors are open. It is possible to connect
the vent cover 25 to a computerized thermostat and relative humidity sensor to

allow for automated control of air entering the main curing chamber 20.

Other iterations of the present design

Coal powered/fan assist

A variation of the present disclosure, which is also suitable for
curing 0 - 18,000 KG of tobacco, has been designed to burn coal instead of

firewood, and is illustrated in Figure 4A. The coal is placed inside of a 37 cm x
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37 cm furnace 26 with a length varying from 1- 3 m. As seen in Figure 4B,
inside the furnace, at the bottom of the feed chamber are two cast-iron plates
50, which have a width and length of 35 cm x 35 cm. Each plate features
twenty-five 2 cm openings 52. The coal is fed by hand on top of the plates.
Under the cast-iron plates is an ash collection area and air intake area 29, to
which a 250 W fan 31 is connected. The fan supplies a continuous turbulent
stream of air through the 2 cm openings in the cast-iron plates and then into the
combustion zone 56. As the fan is run continuously throughout the curing
process, no use of a thermostat is required to switch the fan off and on during
the curing cycle . If the barn is run in parallel with other coal powered barns
,the single fan can be removed and the forced air can be provided to all of the
barns simultaneously by a single higher power (>500W) fan. The furnace door
27 is made from cast iron due to the high temperatures associated with burning
coal. Seen in Figure 4B is an airtight cast-iron door 54 that is placed in front of
the ash collection area 29. Although a fan is used to increase combustion
efficiency and transport the hot flue gases through the flue pipe system, no fan
is used to move moisture in or out of the drying environment. With the
exception of the different furnace, all other aspects of the barn are the same as

the wood powered version described above.

Lower-Cost lteration for Small Holder Farmers

A third iteration, seen in Figures 5A and 5B, has been created for
small holder farmers that utilizes a single outlet furnace 60 and lower-cost brick
and metal fire boxes 62. The internal dimensions of the furnace are 37 by 37
cm at the inlet and 37 by 30 cm at the outlet. The internal dimensions of the fire
boxes are 30 cm x 30 cm. In total, the firebox length ranges from 12 to and
including 18 m.

The various embodiments described above can be combined to
provide further embodiments. All of the U.S. patents, U.S. patent application
publications, U.S. patent applications, foreign patents, foreign patent
applications and non-patent publications referred to in this specification and/or

listed in the Application Data Sheet are incorporated herein by reference, in
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their entirety. Aspects of the embodiments can be modified, if necessary to
employ concepts of the various patents, applications and publications to
provide yet further embodiments.
These and other changes can be made to the embodiments in
5 light of the above-detailed description. In general, in the following claims, the
terms used should not be construed to limit the claims to the specific
embodiments disclosed in the specification and the claims, but should be
construed to include all possible embodiments along with the full scope of
equivalents to which such claims are entitled. Accordingly, the claims are not

10 limited by the disclosure.
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CLAIMS

1. A heating system for the interior of a structure, comprising:

a source of heat;

a system of convective pipes in the interior of the structure;

an exhaust system having a first exhaust pipe connected to the
source of heat and to the system of convective pipes, and a second exhaust
pipe surrounding the first exhaust pipe and extending upward past a top of the
first exhaust pipe, the second exhaust pipe in fluid communication with the
interior of the structure; and

a vent system in the structure in fluid communication with the

interior of the structure and with ambient air exterior to the structure.

2. The heating system of claim 1 comprising a control system

coupled to the vent system.

3. The heating system of claim 1, wherein the system of
convective pipes is coupled to the first exhaust pipe and the vent system is

positioned to direct ambient air over the convective pipes.

4. The heating system of claim 3, wherein the convective
pipes are positioned adjacent a floor of the structure, and the vent system
comprises at least one vent formed in a wall of the structure adjacent the floor

and opposite a wall on which the exhaust system is formed.

5. The heating system of claim 4, wherein the system of
convective pipes is connected to the source of heat and is structured to conduct
combustion gases from the source of heat to the first exhaust pipe and to

radiate heat to the interior of the structure.

16



WO 2012/026950 PCT/US2010/053395

6. The heating system of claim 1 wherein the source of heat

is a wood or other form of biomass fueled furnace or coal burning furnace.

7. The heating system of claim 6, wherein the source of heat

is a fan-assisted coal burning furnace.

8. A natural draft curing system for curing objects, comprising:

a building having a roof and a plurality of walls supporting the
roof;

a source of heat associated with the interior of the building, the
source of heat having a chimney system that conveys hot gases and exhaust
from the heat source to an exterior of the building, the chimney system having a
first chimney pipe of a first diameter and a second chimney pipe of a second
diameter that is greater than the first diameter to create a negative pressure in
the interior of the building when hot flue gasses exit the first chimney pipe;

a system of convective pipes in the interior of the building coupled
to the chimney system that circulate hot flue gases and provide heat to the
interior of the building;

a plurality of vents in at least one wall of the plurality of walls that
admit ambient air drawn in to the interior of the building by the negative
pressure created in the interior by the chimney system, the vents structured to
direct the ambient air over the system of convective pipes to heat the ambient
air; and

a structure to hold the objects to be cured in the interior of the

building over the system of convective pipes.

9. The system of claim 8 comprising a control system coupled

to the vent system.

17
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10. The system of claim 9, wherein the system of convective
pipes is coupled to the first exhaust pipe and the vent system is positioned to

direct ambient air over the convective pipes.

11.  The system of claim 10, wherein the convective pipes are
positioned adjacent a floor of the structure, and the vent system comprises at
least one vent formed in a wall of the structure adjacent the floor and opposite a

wall on which the exhaust system is formed.

12.  The system of claim 11, wherein the system of convective
pipes is connected to the source of heat and is structured to conduct
combustion gases from the source of heat to the first exhaust pipe and to

radiate heat to the interior of the structure.

13. The system of claim 12 wherein the source of heat is a

wood burning or coal burning furnace.

14.  The system of claim 12, wherein the source of heat is a

fan-assisted coal burning furnace.

15. A method for curing objects using a natural draft system,
the natural draft system having a building having a roof and a plurality of walls
supporting the roof; a furnace associated with the interior of the building, the
furnace having a chimney system that conveys hot gases and exhaust from the
furnace to an exterior of the building, the chimney system having a first chimney
pipe of a first diameter and a second chimney pipe of a second diameter that is
greater than the first diameter to create a negative pressure in the interior of the
building when hot flue gasses exit the first chimney pipe; a system of
convective pipes in the interior of the building coupled to the chimney system
that circulate hot flue gases and provide heat to the interior of the building; at

least one vent in at least one wall of the plurality of walls that admits ambient air

18
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drawn in to the interior of the building by the negative pressure created in the
interior by the chimney system, the at least one vent structured to direct the
ambient air over the system of convective pipes to heat the ambient air; and a
structure to hold the objects to be cured in the interior of the building over the
system of convective pipes, the method comprising:

providing fuel to the furnace to generate hot flue gases from a
combustion of the fuel;

having the hot flue gases pass through the system of convective
pipes to generate heat to the interior of the building, then having the hot flue
gases pass through the first chimney pipe and then the second chimney pipe to
create a negative air pressure in the interior of the building relative to ambient
air pressure;

allowing ambient air to enter the interior of the building through

the at least one vent in response to the negative interior air pressure.

16.  The method of claim 15 comprising controlling the at least
one vent to selectively open and close the at least one vent in response to

conditions in the interior of the building.

17.  The method of claim 15, wherein the system of convective
pipes is coupled to the first exhaust pipe and the at least one vent is positioned
in the at least one wall, the method comprising directing ambient air over the

system of convective pipes.

18. The method of claim 17, wherein the convective pipes are
positioned adjacent a floor of the structure, and the at least one vent is formed
in one wall of the structure adjacent the floor and opposite a wall on which the
exhaust system is formed, the method comprising directing the ambient air over
the convective pipes in a direction away from the at least one vent and towards

the wall on which the exhaust system is formed.

19
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19.  The method of claim 15, comprising providing one of wood

and coal as the fuel for the furnace.

20. The method of claim 15, comprising initially placing the

objects to be dried on the support structure in the interior of the building.

20
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