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TITLE

BIOMASS STOVE WITH COMBUSTION CHAMBER, VENT DOOR, AND ASH
DRAWER

CROSS REFERENCE TO RELATED APPLICATIONS

This application claims priority to U.S. provisional application No. 62/252,213
titled “Biomass Stove with Combustion Chamber, Vent Door, and Ash Drawer,” filed on
November 6, 2015, the disclosure of which is hereby incorporated herein by reference in

its entirety.

FIELD

Disclosed herein are stoves and cooking apparatus for use in confined areas,

and having one or more features for enhancing cooking efficiency.

BACKGROUND OF THE INVENTION

About half of the world’s population cooks over a biomass fire. Use of biomass
as an energy source has led to deforestation as well as a decrease in indoor air quality.
In Africa, this biomass fuel source is typically charcoal.

Charcoal stoves may burn relatively smoke free (i.e. low production of particulate
matter), however they tend to produce high levels of carbon monoxide (CO). This may
be caused by inefficient or incomplete combustion of charcoal fuel. While production of
CO may not pose a significant problem when cooking in open spaces, such as out of
doors, when charcoal combustion takes place within a living space or other enclosed
space, CO may build-up causing sickness or death.

CO s a colorless, odorless, tasteless toxic gas produced by incomplete
combustion in fuel-burning. CO poisoning may result in headaches, nausea, dizziness,
or confusion. Left undetected, CO exposure can be fatal, and in the United States alone,
accidental CO poisoning results in about 15,000 ER visits a year.

Because CO is a byproduct of incomplete combustion, procedures that enhance
combustion will reduce the production of CO. Those of skill in the art will understand
that enhancing combustion may generally be accomplished in at least three ways — by
increasing the duration of combustion, raising the temperature at which combustion
takes place, or optimizing the mixing of oxygen and fuel.

In some cases, maximizing one factor may lead to minimization of a second

factor. For example, optimizing the mixing of oxygen often requires maximizing airflow,
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but this may also lead to a decrease in combustion temperature as cooler ambient air
enters the combustion area. Thus, enhancement of combustion often requires a
balancing of these factors.

It is easier to control the factors that enhance combustion when the fuel source
is gaseous rather than solid. Developed countries have largely replaced solid fuel with
gaseous fuels for cooking and heating. But, as is evident from the CO poisoning
statistics presented above, the use of gaseous fuels alone will not prevent CO poisoning
when fuels are burned indoors.

Modern appliances are often controlled by sophisticated electronics, and
combustion products are normally vented directly out of the living space to help reduce
CO production and/or buildup. In contrast, in developing countries where charcoal
combustion may take place on simple cook stoves, within the living space, and with little
or no dedicated ventilation, stoves should be engineered to balance efficiency and CO
production.

Reducing CO emissions may require both a reduction in the production of CO as
well as combustion of any CO that is produced.

Fuel burn rate, airflow rate, and operating temperature are some of the most
important and basic characteristics of a stove. Charcoal stoves generally operate at
higher temperatures than other biomass stoves. The top of a charcoal fuel bed may be
about 1000 K [~730 °C]. CO oxidation is affected by combustion temperature,
residency time, and oxygen concentration.

In many rural and developing communities, especially in Africa and Asia,
charcoal is a major energy source. Charcoal is made by partially cooking biomass, such
as wood, in a low oxygen environment. This process, often referred to as pyrolysis,
reduces the water and volatile content of the biomass rendering it mostly carbon.
Charcoal burns at very high temperatures. In some cases, charcoal may burn at or
about 1100 °C.

Even before charcoal is used as an energy source, production of charcoal
contributes to deforestation and increases greenhouse gases (both from direct
production of charcoal and as an indirect result of loss of trees). Thus an increase in the
efficiency of charcoal stoves may decrease the need for charcoal with an accompanying
decrease in deforestation and greenhouse gases.

Existing charcoal stove designs, for the most part, rely on traditional materials
such as brick, stone, or ceramics, while some stoves may also be constructed of metal.
Mass produced ceramic stoves may have increased efficiency over traditional charcoal
stove designs, but ceramic stoves tend to have high production and distribution costs

due to the time needed to construct them (e.g. casting, drying, and firing) and their
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weight. Metal stoves may be lighter weight and rapidly constructed, but metal stoves
are usually less-efficient than ceramic stoves due to quenching of the combustion
temperature. In addition, some metal combustion chambers may be more susceptible
to corrosion.

Many manufactured stoves, designed for use with solid biomass fuels, are not
specifically designed to lessen production of dangerous combustion products. Those
manufactured stoves that do address indoor pollution are generally not ideal, either
because they rely on drastic changes in traditional behavior (such as limiting use of solid
fuels, moving the stoves out of doors, or depending on expensive or impractical
venting), or they are financially out of reach for the poor. A cooking/heating alternative
that is compatible with traditional behavior, inexpensive, and capable of lessening
production of dangerous gases, may help prevent death and disease especially among
persons of limited income.

What is needed is a charcoal stove that reduces CO production while being
efficient, inexpensive, and/or corrosion-resistant, as well as financially accessible to
persons in developing nations. A metal stove with these qualities may be inexpensively
manufactured and distributed in rural and developing countries.

BRIEF DESCRIPTION OF THE FIGURES

Fig. 1 is an isometric view of a biomass stove.

Fig. 2 is an isometric exploded view of the stove of Fig.1.

Fig. 3A is a cross-sectional view of the stove of Fig. 1 taken along line 3A-3A.

Fig. 3B is an isometric view of the components shown in Fig. 3A.

Fig. 4A is an isometric view of the air intake chamber and combustion chamber
of the stove of Fig. 1.

Fig. 4B is an isometric view of the components shown in Fig. 4A.

Fig. 5 is an isometric view of the drawer of the stove of Fig. 1

Fig. 6 is an isometric view of the drawer and door assembly of the stove of Fig.

Fig. 7 is an isometric view of the cooktop of the stove of Fig. 1.
Fig. 8 is an isometric view of an alternate embodiment of a biomass stove.

Fig. 9 is an isometric view of the cooktop of the stove of Fig. 8.

BRIEF DESCRIPTION

The present disclosure describes a metal biomass stove that may lower
production costs and therefore a potential sale price while increasing durability and
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customer satisfaction by reducing fuel consumption and CO emissions. The stove
combustion chamber may be designed to increase the efficiency of the stove when
burning a solid fuel energy source by minimizing the amount of radiant heat losses. The
minimization of heat losses may be achieved by the optimized design of a combustion
cone located in an upper internal section, as well as the optimized height of the overall
stove. The optimized design of a fuel bed may lead to increasing the radiation directed
towards the cooking apparatus used in conjunction with the stove while maintaining an
ideal air/fuel ratio. Lower production costs may be achieved through the design of
features related to the drip pan, as well as the design of the support feet located on the
bottom of the stove. In addition to the reduced fuel consumption requirement and
emissions, increased customer satisfaction may be achieved with an insulated air intake

chamber that prevents damaging a supporting surface.

DETAILED DESCRIPTION

General Stove

An example of a stove 100 comprises five sections: an upper internal section
102 with an upper combustion chamber 104 and a lower combustion chamber 106, a
lower internal section 102 with an air intake chamber 110, a cooktop 112, an ash drawer
114, and an outer body 116.

The stoves 100 and apparatuses disclosed herein may be generally constructed
of metal to decrease the overall weight as well as the cost of manufacture and transport.
The use of metal may also aid in reducing the thermal mass of the stove. In some
embodiments, the disclosed stoves may include one or more non-metal materials. In
some embodiments, the stove may include stone or ceramics as well as insulating
materials. Stoves with greater thermal mass may absorb more energy generated by
combustion. This absorbed energy raises the temperature of the stove body. The
energy absorbed by high thermal mass stoves may be wasted as it might otherwise be
used for cooking. Additionally, energy lost to a high thermal mass body might also have
been used to enhance combustion. Thus, by reducing the thermal mass of a stove, the
stove may be more efficient in both heating a cooking vessel and preventing incomplete
combustion.

The air intake chamber 110 may be designed to allow access to the lower
internal section 108 such that a consumer may place paper within the lower combustion
chamber 106 to ignite, which may in turn ignite the fuel positioned upon a grate 118.
Access to the lower combustion chamber 106 may also aid in removing ash debris, and
providing an additional source to create air turbulence when starting the stove 100.
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In addition to an optimized lower combustion chamber angle, an overall internal
height, which includes height of the air intake chamber 110, lower combustion chamber
106, and upper combustion chamber 104 may be optimized. When the stove 100 is in
use, the upper combustion chamber 104 may act as a chimney so as to force more air
through the system and increase the temperature of the stove 100, thereby reducing the
time to boil of liquid in a cooking vessel on the cooktop 112. If the upper combustion
chamber 104 is too short and the fuel bed, which sits on the grate 118 located at the
intersection of the lower combustion chamber 106 and upper combustion chamber 104,
is too high, not enough of the upper combustion chamber 104 gets heated and the
positive chimney effects may be lessened. However, it may be desirable from a
consumer standpoint to have the overall height of the stove 100, which is contingent on
the overall internal height, be minimized so that the stove 100 can be easily used by
many consumers. Therefore, some examples of the design embody an internal height
that will incorporate the chimney effect while still meeting consumer needs for a small
overall height.

Fig.1 shows an isometric view of one embodiment of an improved design for
biomass cook stove 100 as disclosed herein. Fig. 2 shows an exploded view of the
stove 100, in which the cooktop 112, outer body 116, and additional internal
components are visible. These internal components may comprise the upper internal
section 102 and the lower internal section 108, also visible in this exploded view. Fig.
3Ais a cross section view of the stove along line 3A-3A in Fig. 1. Fig. 3B is an isometric
view of the components shown in Fig. 3A.

Outer Body
As shown in Figs. 1-3B, the outer body 116 of the stove may be generally

cylindrical and may further comprise a bottom 120 at or near the lower portion of the
cylinder. The bottom 120 may be designed to contact a surface to position the stove
100 upon. In some embodiments, a plurality of legs 122 may be formed at or near the
edge of the bottom 120, proximal the cylindrical portion of the stove’s outer body. The
legs 122 may help to raise the bottom 120 of the stove above the surface, such as a
floor, table, or other suitable surface. The legs 122 may further help protect the surface
from damage due to heat from the stove 100. In some embodiments, each leg 122 may
comprise a foot 124 for contacting the surface. In some embodiments, the foot 124
may be formed by compressing rubber 126 between two metal surfaces: a foot outer
body 128 and an internal foot guide 130. This innovative foot structure allows for
protection of the surface that the stove 100 sits upon, minimizes the amount of rubber

126 needed for the foot 124, provides an anti-slip contact, and provides a non-marring
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material for contacting the surface. In many embodiments, the foot 124 may also allow
for a decreased production cost of the stove 100 because a decreased amount of
rubber 126 can be used while still maintaining a stiff leg 124 to support the stove 100.
The outer body 116 may also include a plurality of handles 132 for transporting the
stove 100. The handles 132 may be connected to the exterior surface 134 of the outer
body 116 as shown in the embodiment of Fig. 1. In some embodiments, such as that
shown in Fig. 1, each handle 132 may further include a grip structure 136 positioned
about or surrounding the handle 132, the grip 136 providing a larger structure for
grasping and one or more indentations that may aid in gripping and dissipating heat. In
other embodiments, the handles 132 may be integral structures formed with the outer
body 116.

A stove inlet 140 may be formed in the outer body 116. In some examples, the
stove inlet 140 may be an aperture formed in the exterior surface 134 extending through
to the inner surface 138. In some examples, the stove inlet 140 may be rectangular
shaped or similar to the shape of the inlet 200 of the air intake chamber 110, shown in
Figs. 3A-4B.

The inner surface 138 and bottom 120 of the outer body 116, when assembled
with the cooktop 112, may form an outer cavity 142.

Fig. 8 is an isometric view of an alternate embodiment of a biomass stove. The
biomass stove 800 of Fig. 8 is similar to the biomass stove of Figs. 1-7, but the stove
800 has a cooktop 812 and handles 832 that may be surrounded by a grip structure 836
and a handle 872 that extends from the ash drawer. The handles 832, handle 872, and
grip structure 836 of Fig. 8 may be different than the those of stove 100 in Fig. 2 in that
the handles 832 and handle 872 may be made from sheet metal and generally flat, as
opposed to the round bar shape of handles 132 in Fig. 2. In addition, the handles grip
structure 836 may be generally flatter without one or more indentations compared to the
handle grip structure 136 of Fig. 2. .

Cooktop
In addition to being shown in Figs. 1-3B, Fig. 7 shows an isometric view of the

cooktop of the stove of Fig.1. The cooktop 112 may define an annular ring with an outer
edge 156 that extends inward. The cooktop 112 may have an upper surface 150 and a
lower surface 152 opposite the upper surface 150. The inner edge of the cooktop 112
may help define the combustion chamber outlet 154, which is generally centered within
the cooktop 112. The combustion chamber outlet 154 may be formed as an aperture
inside the outer edge 156 and extending between the lower surface 152 and the upper

surface 150. In some embodiments, the cooktop 112 may be referred to as a drip pan.
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Positioned about the cooktop 112 and extending upward and away from the
upper surface 150 of the cooktop 112 may be a plurality of inner pot supports 158 and
outer pot supports 160. In some examples, the pot supports 158, 160 may be
positioned about the combustion chamber outlet 154 in a circular pattern. In some
examples, the inner pot supports 158 may be positioned about a diameter formed by an
inner drip pan lip 170 that is smaller than a diameter formed by an outer drip pan lip 172
that the outer pot supports 160 are positioned about.

In some examples, each pot support 158, 160 may have a raised upper surface
162 that is elevated above the upper surface 150 of the cooktop 112. The raised upper
surface 162 may be connected to the upper surface 150 by a plurality of sidewalls 164.
In some examples, four sidewalls 164 support the raised upper surface 162. In some
examples, ribs 166 may be formed in the raised upper surface 162 of pot supports 158,
160. The ribs 166 may feature a concave shape directed towards the lower surface 152
of the cooktop 112. In some examples, the ribs 166 may have a length that is slightly
curved to center about the combustion chamber outlet 154. In some examples, the inner
pot support 158 has at least two ribs 166 and the outer pot support 160 has at least
three ribs 166.

The pot supports 158, 160 may be designed to help position a pot or cooking
vessel above the cooktop 112. The pot supports 158, 160 may further be designed to
aid in providing a space between the cooktop 112 and the pot.

The drip pan 112 may extend from an outer edge 156 inward to the combustion
chamber outlet 154. The upper surface 150 of the drip pan 112 may slope generally
downward from the outer edge 156 of the cooktop 112 to an inner edge at or near the
combustion chamber outlet 154. The upper surface may have a circular outer drip pan
lip 172, and a circular inner drip pan lip 170, and a circular reservoir or valley 168
positioned between the drip pan lips 170, 172. The upper surface 150 of the drip pan
112 may be elevated (rise upward proximate the combustion chamber outlet 154) such
that the reservoir 168 is at a lower elevation than either the circular outer drip pan lip
170 or the circular inner drip pan lip 170. The inner drip pan lip 170 and the outer drip
pan lip 172 may be elevated, such that the depression or valley 168 is formed between
the outer drip pan lip 172 and the inner drip pan lip 172. The valley created by the drip
pan and the drip pan lip may define the drip pan reservoir 168. In various embodiments,
the drip pan reservoir 168 may have a flat bottom or a v-shaped bottom. In various
other embodiments the reservoir 168 may have a rounded bottom.

The drip pan 112 may also define a lower surface 152, which may include a
plurality of drip pan tabs 174 that extend downward and away from the lower surface

152 of the drip pan 112, as shown in Fig. 7. In some examples, the drip pan tabs 174
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are may have slots 176 that may be formed to receive a pin or rivet within the slot 176.
In some embodiments, the cooktop 112 may at least partially rest upon the outer body
116 of the stove 100 by engaging a pin or rivet affixed to the inner surface 138 of the
outer body 116. Slotting 176 of the tabs 174 may eliminate the need for a stove
assembler to drill holes in the drip pan 112 in order to secure it to the stove 100. This
feature may decrease the overall production cost of the stove 100 as it eliminates an
extra step in the manufacture and assembly process.

When in use, combustion gases exiting the combustion chamber outlet 154 may
heat a pot by convective heat transfer as combustion gasses flow underneath and
around the pot or cooking vessel positioned above the combustion chamber outlet 154
atop the pot supports 158, 160 of the cooktop 112. The cooktop / drip pan 112 reservoir
168 may aid in protecting the upper combustion chamber 104, lower combustion
chamber 106 and fuel bed, for example from corrosion or quenching if the pot were to
boil over when placed on the cooktop 112, such that overflow liquid is deposited in the
valley 168. The position of the reservoir 168 proximate the combustion chamber outlet
154 may help to promote evaporation of liquid from the reservoir 168 before the liquid
spills into the combustion chamber 104, 106.

Fig. 9 is an isometric view of the cooktop of the stove of Fig. 8. The cooktop
812 may be similar to the cooktop 112 of Fig. 7. Differences may be in that there are a
plurality of internal pot supports 858, centered about the combustion chamber outlet
154, each with a plurality of ribs 866 formed in a raised upper surface 862. In addition,
the outer pot supports 860 may be positioned on the outer edge 856 and extend upward
and away from the center of the stove 800. Stove 800 may also have connector ports
875 formed within the cooktop. In some examples, the connector ports 875 may be
through holes formed through the upper surface 850 and lower surface 152 of the
cooktop 800. In some examples, the connector ports 875 may be utilized with a
fastened to secure the cooktop to the stove assembly 800.

Upper and Lower Combustion Chambers

The stove 100 may further comprise an internal portion comprising an upper
internal section 102 and a lower internal section 108 positioned within the outer body
116 of the stove 100. Fig.3A shows the upper internal section 102, which may comprise
an upper combustion chamber 104 and a lower combustion chamber 106. The upper
combustion chamber 104 may extend downward from the inner edge of the cooktop
112 toward the lower combustion chamber 106. The upper combustion chamber 104
may be fluidly connected to the combustion chamber outlet 154 that is visible in Fig. 2.

The lower internal section 108 may comprise an air intake chamber 110, the inlet 200 to
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the air intake chamber 110 is visible in Fig. 4A. Other aspects of the combustion
chamber will be described in more detail below.

As shown in Figs. 4A and 4B, in some embodiments the upper combustion
chamber 104 is cylindrically shaped with a substantially constant radius. In various other
embodiments, the upper combustion chamber may define a shape other than a cylinder.
In some embodiments, the lower combustion chamber 106 may define a conical shape.
In various other embodiments, the lower combustion chamber 106 may define a shape
other than a cone. For example and without limitation, the lower combustion chamber
106 may define an oval, a square, a rectangle, or other regular or irregular shape, while
generally maintaining a larger area at an upper junction 202 than a lower junction 204.

The lower combustion chamber 106 is joined to the upper combustion chamber
104 at the upper junction 202 and joined to the air intake chamber 110 at the lower
junction 204. As shown in the embodiments of Fig. 3A-4B, the lower combustion
chamber 106 may define a larger, upper diameter 208 at or near the upper junction 202
with the upper combustion chamber 104, and a smaller, lower diameter 206 at or the
near the lower junction 204 with the air intake chamber 110. In some examples, the
inlet 214 of the lower combustion chamber 106 is defined by the smaller, lower diameter
206.

As shown in Fig. 4B, the angle 212 of the lower combustion chamber 106 is
dependent on a height 210 of the lower combustion chamber 106 and the upper
diameter 208 and lower diameter 206 of the lower combustion chamber. When the
stove 100 is in use, radiant heat may leak through the inlet 200 of the air intake
chamber 110. One method to minimize this leakage is to decrease the amount of the
fuel bed that can be observed through the inlet 200 of the air intake chamber 110, such
that the radiation originating in the upper combustion chamber 104 and being directed
out of the inlet 200 of the air intake chamber 110 is minimized.

When the stove 100 is in use, heat directed towards the inlet 214 of the lower
combustion chamber 106 decreases the overall heat that can be directed at the cooktop
212. One method to minimize the heat directed towards the inlet 214 of the lower
combustion chamber 106 is to decrease the lower diameter 206 forming the inlet 214 of
the lower combustion chamber 106, thereby reflecting heat back towards the fuel source
and the cooktop 212, in part due to the conical shape of the lower combustion chamber
106. The slope angle 212 of the lower combustion chamber 106 of a present
embodiment is optimized to minimize the radiation leakage through the inlet 200 of the
air intake chamber 110, maximize the reflected heat back towards the fuel that is placed
on top of the grate 118, and maximize the size of the fuel bed that can be stored on top
of the grate 118.
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A grate 118 may be positioned at or near the upper junction 202, between the
upper combustion chamber 104 and the lower combustion chamber 106. The grate may
be made of a metallic material, and designed to accept a fuel bed of biofuel such that
the fuel bed may rest upon the grate 118. In many embodiments, the grate may be
attached to or inserted (see Fig. 8) through the wall of the upper or lower combustion

chamber. This may aid in retaining the grate when the stove is turned upside down.

Air Intake Chamber

As seen in Figs. 3A-4B, the lower internal section 108 features the air intake
chamber 110. The air intake chamber 110 is comprised of a top segment 218 and
bottom segment 220, two side segments 222, 224, a rear segment 226, an inlet 200,
and an outlet 216. When assembled, the outlet 216 of the air intake chamber 110
mates with the inlet 214 of the lower combustion chamber 106 and is similarly shaped to
the inlet 214 of the lower combustion chamber 106. In some cases, the outlet 216 is a
circular aperture formed the top segment 218.

In some examples, the top and bottom segments 218, 220 are substantially
parallel to each other and a plane formed by the bottom 120 of the stove’s outer body
116. The rear segment 226 is substantially perpendicular to the top and bottom
segments 218, 220 and is partially cylindrical to accommodate the mating of the outlet
216 of the air intake chamber 110 to the inlet 214 of the lower combustion chamber 106.
The side segments 222, 224 have a substantially constant height to connect the top
segment 218 and the bottom segment 220. The side segments 222, 224, the top
segment 218, and the bottom segment 220 form the inlet 200 of the air intake chamber
110. In some examples, the inlet 200 can be considered an aperture formed by the side
segments 222, 224, the top segment 218 and the bottom segment 220 of the air intake
chamber 110. The inlet 200 may comprise a curved plane with a radius substantially
equal to the radius of the outer chamber 116 when the outer chamber 116 is
cylindrically shaped.

The air intake chamber 110 may be formed by using three separate pieces of
material. The top segment 218 may be made with a substantially flat region 228 and two
flanges 230, 232 that extend downward to mate with a surface of the side segments
222, 224. The side segments 222, 224 and rear segment 226 may be formed from one
piece of material that also includes flanges 234, 236 that extend horizontally from the
side segments 222, 224 to allow mating to the bottom 120 of the outer body 116. In
most embodiments, the rear 226 and side segments 222, 224 may be manufactured
from a unitary piece of metal, or two or more pieces that have been connected or fused.

The bottom segment 220 may comprise a flat region 238 and a plurality of flanges 240,

10



WO 2017/079728 PCT/US2016/060794

10

15

20

25

30

35

242 that extend downward that allow for the flat region 238 of the bottom segment 220
to be elevated from the bottom 120 of the outer body 116. A bottom cavity 244 is formed
by the bottom flanges 240, 242, the lower portions of the side segments 222, 224 of the
air intake chamber 110, the bottom segment 220 of the air intake chamber 110 and the
bottom 120 of the outer body 116 wherein insulation may be placed to help protect the
bottom 120 of the outer body 116 and the supporting surface underneath from excess
heat.

The bottom segment 220 of the air intake chamber 110 may define a subfloor
246. The subfloor 246 may be positioned at a distance above the bottom 120 of the
outer body 116 that is equal to or larger than the thickness of insulation that may be
installed in the cavity 244.

Fig. 3B shows an isometric view of the stove from Fig.3A. In this figure, flanges
240, 242 are visible that help to define the bottom cavity 244. The flanges 240, 242
may be extensions of the side segments 222, 224 of the air intake chamber 110 that

extend below the bottom segment 220 of the air intake chamber 110.

Ash Drawer

Fig. 5 displays an embodiment of an ash drawer 114. The ash drawer 114 may
slide through the stove inlet 140 and the inlet 200 of the air intake chamber 110. A
portion of the ash drawer 114 may be adjustably stored within an interior portion of the
air intake chamber 110. A bottom surface 260 of the ash drawer 114 may contact a top
surface of the bottom segment 220 of the air intake chamber 110. In some examples,
the ash drawer has two side sections 264, 266 which may contact an inside surface of
the side segments 222, 224 of the air intake chamber 110. The ash drawer 114 may
comprise a plurality of tabs 268 that are mounted to an inside surface 276 of a front
section 274 of the ash drawer 114. The tab or tabs 268 may act as a lip and aid in
securing the ash drawer 114 in place when a venting door (shown in Figs. 2 and 6) is in
a closed position. The ash drawer 114 may further comprise a handle 272 on an outside
surface 270 of the front section 274 of the ash drawer 114 to allow consumers to use
the drawer 114 while being protected from the potentially hot temperature of the drawer
114. The drawer 114 may be used by consumers to hold ashes of spent fuel. The
drawer 114 may also be removed and used as a fan to increase the amount of air
supplied to the stove 100.

The stove 800 may also have grip feature 891 adjacent features of the ash
drawer 114. In some examples, a grip 891 may surround or be attached to the handle
872. The grip 891 may protect a user from excess heat transferred to the ash drawer

handle 872 during use of the stove 800.

11
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Venting Door
Fig. 6 displays an embodiment of an ash drawer 114 and venting door 280. In a

closed position, the ash drawer 144 may be adjacent to the venting door 280. The
venting door 280 may be generally rectangular shaped with a length and curve similar to
a length of the outside surface 270 of the ash drawer 114. When assembled, the venting
door 280 may be connected to the outer body 116 by a hinge 282. When the venting
door 280 is closed, it has an inner surface 284 that may mate against the outer body
116 of the stove 100 and the tabs 268 of the ash drawer 114.

The venting door 280 may comprise a locking mechanism 286, which stabilizes
the venting door 144 in a closed position, and thereby secures the ash drawer 114
within the interior portion of the air intake chamber 110 when the locking mechanism is
engaged 286. In some examples, the locking mechanism 286 may have a rotatable
lever arm that may be positioned between a tab and the body 116 of the stove 100, 800.
The engaged locking mechanism 286 and the ash drawer tabs 268 help to prevent the
removal of the ash drawer 114 from the stove 100 when the venting door 280 is shut.
The plurality of tabs 268 mounted on the inside surface 276 of the front section 274 of
the drawer 114 may contact the inner surface 284 of the venting door 280 which
prevents the ash drawer 114 from being removed when the door 280 is shut, since the
locking mechanism 286 prevents the door 280 from being opened, thereby preventing
the drawer 114 from being removed. This feature may help consumers when moving
the stove 100 to different locations so that the door 280 does not accidentally open and
the drawer 114 is not accidentally removed or ejected.

In some examples, the venting door 280 further comprises a set of apertures 287
formed through the venting door 280 that acts as vents to allow air to flow into the stove
100 when the door 280 is in a closed position. In some examples, the apertures 287
may be oval shaped, with a length that is generally normal to the length of the top
surface 262 of the ash drawer 114. In many embodiments, the venting door 280 further
comprises a vent slide 288 with apertures 290 formed therethrough that mimic the
shape of the apertures 286 formed in the door 280. The vent slide 288 may be
positioned proximal the inner surface 284 of the venting door 280 and allowed to slide
horizontally relative the venting door 280 by an integrally formed upper bracket and a
lower bracket. The upper bracket and a lower bracket control the movement of the vent
slide 288 to a single degree of freedom so that the vent slide 288 may slide back and
forth within the upper bracket, lower bracket and against the inner surface 284. This
slidable connection may allow for the position of the vent slide 288 to be adjusted such

that the when vent slide apertures 290 are aligned with the vent door apertures 287, the
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maximum air intake into the stove 100 with the vent door 280 in a closed position is
achieved. The slidable connection may also allow for the vent slide 288 to be adjusted
so that the vent door apertures 287 are partially or substantially blocked to decrease or
block the fresh air allowed into the stove 100. This allows a consumer to control the air
fuel ratio. In many embodiments, the vent slide 288 may comprise a tab 292 that allows
the user to slidably adjust the position of the vent slide 288 compared to the venting
door apertures 287.

In some examples, as shown in Fig. 8, the tab 292 may have protective cover or
guard 877 to protect a user from the potentially increased temperature of the tab 292
while the stove is in use. In some examples, the locking mechanism 286 may also have
a grip 879 to similarly protect a user from heat transferred to the locking mechanism

286, and to also enhance the user’s grip on the locking mechanism 286.

Assembly
The upper combustion chamber 104 may mate with the lower combustion

chamber 106 through welding, riveting or other connection methods to form the upper
internal section 102. It is also contemplated that the upper combustion chamber 104
and the lower combustion chamber 106 are integrally formed. The grate 118 may be
permanently installed within the upper internal section 102. The lower combustion
chamber 106 may mate with the air intake chamber 110 through welding, riveting, or
other connection methods. In some examples, the outer body 116 may be formed using
rolled metal that is welded, riveted or otherwise connected. The assembled upper
combustion chamber 104, lower combustion chamber 106, and air intake chamber 110
may be installed within the outer body 116.

The inlet 200 to the air intake chamber 110 may be installed adjacent the stove
inlet 140. The stove inlet 140 may be defined in the cylindrical portion of the outer body
116 and positioned at or near the bottom 120 of the outer body 116. The cooktop 112
may be positioned at the upper portion of the outer body 116. In many embodiments,
insulation may be positioned between the inner surface 138 of the outer body and the
outer surfaces of the upper internal section 102 and the lower internal section 108.
Insulation is not pictured in Fig. 2, but would be positioned to line the cavity 142 formed
by the inner surface 138 of outer body, the cooktop 112, the upper internal section 102
and lower internal section 108. The insulation may be of various materials, including
aluminum silicate blanket, ceramic type insulation or other high temperature insulation.
Insulation can be placed in the cavity 244 formed by the subfloor 246 and the bottom
120 of the outer body 116. The placement of insulation may help prevent the supporting

surface from heat damage.

13



WO 2017/079728 PCT/US2016/060794

10

15

20

25

Conclusion

All directional references (e.g., upper, lower, upward, downward, left, right,
leftward, rightward, top, bottom, above, below, inner, outer, vertical, horizontal,
clockwise, and counterclockwise) are only used for identification purposes to aid the
reader’s understanding of the example of the invention, and do not create limitations,
particularly as to the position, orientation, or use of the invention unless specifically set
forth in the claims. Joinder references (e.g., attached, coupled, connected, joined, and
the like) are to be construed broadly and may include intermediate members between a
connection of elements and relative movement between elements. As such, joinder
references do not necessarily infer that two elements are directly connected and in fixed
relation to each other.

In some instances, components are described with reference to "ends" having a
particular characteristic and/or being connected with another part. However, those
skilled in the art will recognize that the present invention is not limited to components
which terminate immediately beyond their points of connection with other parts. Thus,
the term "end" should be interpreted broadly, in a manner that includes areas adjacent,
rearward, forward of, or otherwise near the terminus of a particular element, link,
component, part, member or the like. In methodologies directly or indirectly set forth
herein, various steps and operations are described in one possible order of operation,
but those skilled in the art will recognize that steps and operations may be rearranged,
replaced, or eliminated without necessarily departing from the spirit and scope of the
present invention. It is intended that all matter contained in the above description or
shown in the accompanying drawings shall be interpreted as illustrative only and not
limiting. Changes in detail or structure may be made without departing from the spirit of
the invention as defined in the appended claims.
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We claim:

1.

CLAIMS

A biomass stove comprising an outer body, a cooktop, an upper internal
section, and a lower internal section.
The biomass stove of claim 1, wherein the upper internal section comprises
an upper combustion chamber, a lower combustion chamber, and a grate.
The biomass stove of claim 2, wherein the upper combustion chamber is
substantially cylindrically shaped and the lower combustion chamber is
conically shaped with a larger diameter adjacent to the upper combustion
chamber.
The biomass stove of any one of claims 1-3, wherein the lower combustion
chamber has a height and an angle optimized with the larger diameter to
minimize the loss of radiant heat that originates in the lower combustion
chamber and is directed out of an inlet of an air intake chamber.
The biomass stove of any one of claims 1-4, wherein the lower combustion
chamber has an inlet with an optimized smaller diameter to minimize the
heat directed towards the inlet and maximize the heat reflected from an
inside surface of the lower combustion chamber and up towards the upper
combustion chamber.
The biomass stove of any one of claims 1-5, wherein the larger diameter
creates an optimized large fuel bed to increase the overall heating capacity
of the stove.
The biomass stove of any one of claims 1-6, further comprising

an ash drawer, and

wherein the outer body comprises a venting door and a locking
mechanism that engages with the ash drawer to secure the ash drawer
within the stove when the locking mechanism is engaged.
The biomass stove of claim 7, wherein when the ash drawer is secured, a
bottom surface of the drawer is located inside of the lower internal section of
the stove.
The biomass of any one of claims 1-8, wherein the outer body comprises a
venting door with apertures for air to flow into the stove, the venting door
further comprising a vent slide with apertures for air to flow into the stove that
is adjustably connected to the venting door, and the adjustment of the vent
slide apertures relative to the venting door apertures adjusts the air flow into

the stove.
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

The biomass stove of any one of claims 1-9, further comprising an ash
drawer having a handle, wherein the drawer may be removed from the stove
by the handle and used to fan an inlet of an air intake chamber to increase
air flow into the stove at startup.

The biomass stove of any one of claims 1-10, wherein the lower internal
section comprises an air intake chamber with an inlet, an outlet, a top
segment, a bottom segment, a first side segment, a second side segment
and a rear segment.

The biomass stove of claim 11, wherein the bottom segment, first side
segment, second side segment and a bottom of the upper body form a
bottom cavity wherein insulation is placed, and the insulated bottom cavity
prevents heat damage to a supporting surface where the stove is placed.
The biomass stove of any one of claims 1-12, wherein the cooktop
comprises a drip pan.

The biomass stove of claim 13, wherein the drip pan comprises a
combustion chamber outlet, a plurality of pot supports extending from an
upper surface, a drip pan lip, a drip pan reservoir, and a plurality of slotted
tabs that extend from a lower surface, wherein the drip pan lip is elevated
vertically above the drip pan reservoir and configured to direct a liquid away
from the combustion chamber outlet.

The biomass stove of any one of claims 1-14, wherein the outer body further
comprises a plurality of legs, and each leg is formed by the outer body and
an internal foot guide that compress a rubber foot so the stove can be used
on a supporting surface without damage to the supporting surface.

A method for manufacturing a biomass stove comprising:

forming from metal an outer body, an upper section with an upper
combustion chamber and a lower combustion chamber, and a lower section
with an air intake chamber;

casting a cook top with a drip pan; and

assembling the outer body, upper section, lower section and cook top.

The method of claim 16, wherein the upper combustion chamber is
substantially cylindrically shaped and the lower combustion chamber is
substantially conical shaped.

The method of any one of claims 16-17, wherein the air intake chamber is
formed by three pieces of metal.

The method of any one of claims 16-18, wherein the upper combustion

chamber and lower combustion chamber are integrally formed.
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20.

A biomass stove comprising:

an outer body;

a cooktop;

an upper internal section;

a lower internal section;

an ash drawer;

wherein an outer cavity is formed by the upper internal section, the lower
internal section, the outer body and the cooktop, and an insulating material is
placed within the outer cavity;

wherein the outer body comprises a bottom, a venting door, a plurality of
handles and a plurality of legs, wherein each leg is formed by rubber foot
compressed between the outer body and an internal foot guide;

wherein the venting door comprises a hinge, an inner surface, a locking
mechanism, apertures, a vent slide, an upper bracket and a lower bracket,
wherein the vent slide comprises apertures and a tab,

wherein the cooktop comprises a drip pan, a combustion chamber outlet, a
plurality of pot supports, a drip pan lip, a drip pan reservoir, a plurality of drip
pan tabs, and a lower surface;

wherein the upper internal section comprises an upper combustion chamber,
a lower combustion chamber, and a grate;

wherein the upper combustion chamber is substantially cylindrical;

wherein the lower combustion chamber is conically shaped and has an inlet;
wherein the upper combustion chamber and lower combustion chamber are
joined and the grate is located at the joined location;

wherein the grate and the upper combustion chamber create a fuel bed;
wherein the lower internal section comprises an air intake chamber with an
inlet, an outlet, a top segment, a bottom segment, a first side segment, a
second side segment, and a rear segment;

wherein the top segment of the air intake chamber comprises a flat region, a
first flange and a second flange;

wherein the first side segment of the air intake chamber comprises a flange
and an inside surface;

wherein the second side segment of the air intake chamber comprises a
flange and an inside surface;

wherein the bottom segment of the air intake chamber comprises a top
surface, a flat region, a first flange, and a second flange;

wherein a bottom cavity is formed by the flat region of the bottom segment,

17



WO 2017/079728 PCT/US2016/060794

10

15

20

25

30

35

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

the first side segment, the second side segment, and the bottom of the outer
body;

wherein the ash drawer has a first side section, a second side section, a front
section with an inside surface and outside surface, a bottom surface, a
handle, and a plurality of tabs.

The biomass stove of any one of claims 1, 2, or 20, wherein the grate is
permanently mounted within the upper internal section.

The biomass stove of any one of claims 1, 7, 8, or 20, wherein the locking
mechanism has a rotatable lever arm that can be rotated to fit between a tab
and the outer body of the stove.

The biomass stove of any one of claims 1, 9, or 20 wherein the vent slide is
positioned proximal to an inner surface of the venting door and allowed to
slide horizontally relative the venting door by an upper bracket and a lower
bracket, wherein the upper bracket and lower bracket are integrally formed
with the venting door.

The method of any one of claims 16, 17, 18 or 19, wherein forming the outer
body comprises rolling a sheet of metal into a cylindrical shape and riveting a
first end and a second of the sheet together.

The method of any one of claims 16, 17, 18, 19, or 24, further comprising
forming a plurality of handles; and

mounting the plurality of handles on an exterior surface of the outer body.
The method of any one of claims 16, 17, 18, 19, 24, or 25, further
comprising forming an ash drawer, a venting door, and a vent slide from
metal.

The method of any one of claims 16, 17, 18, 19, 24, 25, or 26 wherein
forming the ash drawer, the venting door, and the venting slide further
comprises encasing a portion of the ash drawer and the venting slide in a
grip.

The method of any one of claims 25, 26, or 27, wherein forming the plurality
of handles further comprises encasing a portion of each handle in a grip.
The biomass stove of any one of claims 13 or 14, wherein the plurality of pot
supports are elevated vertically above the drip pan lip.

The biomass stove of any one of claims 13, 14, or 27, further comprising a
second set of pot supports that extend vertically upwards from an outer edge
of the cook top.

A method of using the biomass stove of any of the preceding claims,

comprising
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installing a fuel bed onto the grate;
igniting the fuel bed;
adjusting the position of the vent slide with reference to the venting door
to adjust the air flow into the stove;
5 positioning a cooking vessel adjacent the pot supports of the cooktop to
allow the ignited fuel bed to heat the cooking vessel.
32. The method of claim 31, further comprising
grasping the handle of the ash drawer and removing the ash drawer from
the stove; and
10 moving the ash drawer in a repeated motion to increase air flow into the

stove.
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