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72 74 

Model 

75-Maximum Furnace Output (BTU/hour) 175,000 Not Available 
76 
78-Total Width 
80-Body Width 
82-Today Depth 

71 ( 84-Body Depth 
84-Total Height 81" | 96" 
88- Chimney Size 6" | 8" 
90- Door Size 18" x 24" 
92- Fire Box Volume-W x H x L. 23" x 22" x 3.1" 28" x 33' x 40" 

Fig. 5 
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72 74 

FURNACE MODEL ECB2OO ECB400 

Max. Output (BTU/hour) 
Full Load of Wood Burn 

Max. Average Output 
(BTU/hour) 

175,000 350,000 75 

84 Full Load of Wood Burn 28,000 60,000 
Duration 12 hours' 

C in C 

86- Max. Log Lengths 29 74 38 96 
188 Furnace Width 48 122 49 124 
190 
88- Chimney Size 6 15 8 20 
90 

7 in 18 x 18 20 x 24 
92 Fire Box Volume 8.5 cubic feet 19.4 cubic feet 

in 23w x 22h x 31d 28w x 33h x 40d 
58W x 56h X 79d 

Water Capacity 
92 US gall 75 115 

Shipping Weight 
Ibs 2,000 3,100 

907 1406 

94 

Fig. 10 
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CLEAN BURNING FURNACE METHOD AND 
APPARATUS 

BRIEF DESCRIPTION OF THE DRAWINGS 

0001 FIG. 1 is a perspective view of the apparatus; 
0002 FIG. 2 is a schematic diagram of the heat transfer; 
0003 FIG. 3 is a perspective view of the rear door of the 
apparatus; 
0004 FIG. 4 is a perspective cut away view of the appa 

ratus; 
0005 FIG. 5 is a furnace properties table: 
0006 FIG. 6 is a front elevational view of the apparatus; 
0007 FIG. 7 is a rear perspective view of the apparatus 
detailing the blower; 
0008 FIG. 8 is a schematic elevational view of a typical 
installation in a home or shop environment; 
0009 FIG. 9 is a schematic perspective view of a closed 
circuit installation; 
0010 FIG. 10 is a second furnace properties table: 
0011 FIG. 11 is a perspective schematic view of one 
embodiment the firebrick layout; 
0012 FIG. 12 is an exploded perspective view of the appa 
ratus showing the rear panel; 
0013 FIG. 13 is an exploded perspective view of the appa 
ratus showing the front loading door; 
0014 FIG. 14A is a front elevational view of the appara 

tus; 
0015 FIG. 14B is a side elevational view of the apparatus; 
0016 FIG. 14C is a rear elevational view of the apparatus; 
0017 FIG. 14D is a detail view of a clean-out door; 
0018 FIG. 15 is an exploded perspective view of a first 
embodiment of the firebrick insulation; 
0019 FIG. 16 is an assembled perspective view of the first 
embodiment of the firebrick insulation; 
0020 FIG. 17 is a front elevational view of a first embodi 
ment the firebrick; 
0021 FIG. 18 is a front elevational view of the first 
embodiment of the firebrick insulation; 
0022 FIG. 19 is a front elevational view of a second 
embodiment the firebrick; 
0023 FIG. 20 is a perspective view of the firebrick in a 
second embodiment; 
0024 FIG. 21 is an exploded perspective view of the fire 
brick in a second embodiment; 
0025 FIG. 22 is a perspective view of a first embodiment 
of the firebrick; 
0026 FIG. 23 is an exploded perspective view of a first 
embodiment of the firebrick with airgap brick spacers; 
0027 FIG. 24 to 31 are photographic perspective draw 
ings of a series of maintenance steps: 
0028 FIGS. 32 to 35 are photographic perspective draw 
ings of a series of maintenance steps that the rear panel; 
0029 FIGS. 36 to 39 are additional photographic perspec 
tive drawings of a series of maintenance steps at the rear 
panel; 
0030 FIGS. 40 to 42 are additional photographic perspec 

tive drawings of a series of maintenance steps at the rear 
panel; 
0031 FIGS. 43 to 46 are additional photographic perspec 

tive drawings of a series of maintenance steps at the rear 
panel; 
0032 FIGS. 47 to 50 are additional photographic perspec 

tive drawings of a series of maintenance steps at the rare 
panel; 
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0033 FIGS. 51 to 53 are photographic perspective draw 
ings of an apparatus trailer. 

EMBODIMENTS 

0034 Referring to FIG. 1, a discussion of the present 
embodiment will now be provided. The present embodiment 
is a clean burning furnace 10 which burns off gases and other 
emissions that a conventional furnace would release into the 
atmosphere. The present embodiment, utilizes a wood gasifi 
cation process to produce highly efficient combustion in the 
present embodiments dual fuel burn chambers. Generally 
speaking, the fuel or wood in the firebox burns from the 
bottom up, drying the top layer of wood in the firebox and 
forcing gases and exhaust into the lower burn chamber. In the 
brick lined lower chamber, these volatile gases are burned at 
temperatures as high as 2000°F. The firebrick lining in both 
burn chambers absorbs the heat and maintains burn chamber 
temperatures for consistent gas combustion. This high tem 
perature gas combustion significantly lowers emissions, pre 
vents creosote buildup, and minimizes ash buildup in the unit. 
After passing through the burn chamber, the excess air 
escapes through multiple flues running through a water 
jacket, which heats the water quickly and efficiently. The 
excess cools as it passes through the flues and as the exhaust 
leaves the chimney, temperatures of the gas exhaust have 
generally fallen to approximately 300°F. 
0035. The present embodiment includes a roof 12, which 
covers the top portion of the furnace 10, the furnace has a 
front wall 14, two equal but opposite parallel side walls 16, a 
back wall 18, and a light 28 which extends below the eve of 
the roof 12. A pressurized sealed locking door 24 is provided, 
the locking door 24 providing access to the upper burn cham 
ber to be discussed further below. Also on the front wall 14 is 
a clean outdoor 26, for access to the lower ash chamber to be 
discussed below. Supporting the entire structure are anchor 
feet 22 which maintain the structure above grade. For trans 
portation and moving, a plurality of forklifts sleeves 20 are 
arranged on the bottom floor of the furnace 10. Generally 
speaking, the furnace is arranged along and axial system 11, 
the axial system having a vertical axis 5, arranged in the 
substantially vertical direction, and a transverse axis 9 
arranged substantially 90 degrees away from the vertical axis, 
a longitudinal axis 7 arranged in the longitudinal direction at 
a 90° angle to the vertical and transverse axes respectively. 
0036 Return FIG. 2, a brief discussion of the inner cham 
ber regions and burn/gasification process 40 will now be 
provided. In the burn/gasification process 40, the user will 
load the wood/fuel 42 into the firebox 44 through the pres 
surized sealed locking door 24 located at the front wall 14. For 
full efficiency, the entire firebox chamber 44 will be filled 
with wood fuel 42. In one embodiment, the firebox chamber 
44 may be considered a primary combustion chamber. The 
wood, burns from the bottom up, drying the upper layers and 
the outer layers of the wood first. The wood fuel 42 is main 
tained on an upper chamber firebrick seat 202 (FIG. 11) to be 
discussed below. The firebrick seat is made of a firebrick 
lining 46, and as the burn progresses in the firebox 44, gases 
from the hottest part of the fire exhaust into the brick lined 
lower chamber 45. The gases pass through the firebrick lining 
46 and further combustion occurs within the lower burn 
chamber 45, which may be considered a secondary combus 
tion chamber. The combustion temperatures in the lowerburn 
chamber reach approximately 2000°F. As the fire progresses, 
the firebrick lining in both the firebox chamber 44 and the 
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lower burn chamber 45 absorb the heat help to maintain 
constant burn temperature within the respective chambers. 
0037 Superheated exhaust air 48 exits through multiple 
boiler tube openings which run through the center of the water 
tank or water jacket 52. These multiple boiler tubes or mul 
tiple flues 50, are approximately /2" in diameter, but may be 
maintained at a smaller diameter or a larger diameter depend 
ing upon the particular design. Furthermore, the flues may not 
be cylindrical tubes, but may be other cross-sectional geo 
metric configurations such as a rectilinear configuration, 
square configuration, oval configuration and the like. Also, 
the tubes may vary in number from a single tube, to multiple 
Small flues. In another embodiment, this arrangement may be 
“reversed, such that the water is carried intubes, and the flues 
50 for carrying the superheated exhaust air 48 occupy the 
space Surrounding these tubes. In different embodiments, one 
or more liquid conduits (e.g., tubes, jackets, tanks, etc.) may 
be positioned along the heat exchange path(s) of the flues 50 
and may be configured and dimensioned to enable a heat 
exchange between the heated air 48 traveling through the 
flues 50 and liquids carried by the liquid conduits. Although 
described as water, the liquids carried within such liquid 
conduits may be any of a variety of liquids having Substantial 
heat capacity. 
0038. The superheated exhaust air 48 then travels through 
the multiple boiler flues 50 first along a vertical path, second 
along a forward looking longitudinally aligned horizontal 
path, then makes a 180° turn to travel along a third longitu 
dinally aligned rearward looking horizontal path, then makes 
a 90° turn through the flue area 120 (FIG. 7) to travel along a 
vertical path up through the chimney. The water jacket 52 
encompasses the first vertical path and the second and third 
horizontal paths. Heat transfer occurs throughout this elon 
gated exhaust travel path providing for increased heat transfer 
efficiency. 
0039. Now referring to FIGS. 3 and 4, the clean burning 
furnace 10 has a rear door panel 19 located on the back wall 
18. A blower 21 regulates the amount of intake air which 
feeds the firebox 44 providing for the needed oxygen to 
maintain the Superheated combustion process. Furthermore, 
although not shown in this particular embodiment, a water 
heater sensor interoperates with a control panel, to maintain a 
temperature range of approximately 150°Fahrenheit to 180° 
F. or a 30° differential. 

0040. When the heat sensor in the water jacket 52 deter 
mines that the water temperature has fallen below its desired 
temperature range, the control panel sends a signal to the 
blower 21 to provide additional air intake oxygen to the fuel 
chamber or firebox 44. Additionally, when the desired tem 
perature range exceeds the 180° F. or a predetermined upper 
range, the control panel can send a signal to the blower to turn 
off all air intake into the firebox 44 thus lowering the burn rate 
and the corresponding heat transfer to the water jacket 52. 
Referring to FIG.4, a front cutaway view 60 of the furnace 10 
shows a cross-sectional view of the lower burn chamber 45, 
the firebox 44, and the horizontally aligned second and third 
travel paths for the superheated exhaust along the flues 50. 
0041 Presently, two embodiments are provided. Refer 
ring to FIG. 5, the first embodiment 72 as seen in the furnace 
property table 70 has a maximum furnace output per BTU/ 
hour 75 of approximately 175,000 BTUs per hour. A second 
embodiment, 74, has approximately 350,000 BTUs per hour 
of maximum furnace output 75. These outputs correspond to 
various physical design parameters 71 shown in the furnace 
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property table 70 including the maximum feeding area 76, 
total weight 78, body width 80, total depth 82, body depth 84, 
total height 86, chimney size 88, door size 90, and firebox 
volume 92. 

0042. A more detailed discussion of the poetry on the front 
wall 14 of the furnace 10 will now be provided as seen in FIG. 
6. During units, the lights 28 will be on to warrant any poten 
tial users opening the pressure is to seal loading door 24 that’s 
the furnace system in operation. When a user opens the load 
ing door 24, a smoke curtain 58 is provided to keep flames 
from jumping outset of the furnace until the loading door 24 
passes a certain opening degree, for sample 30'. On the inside 
face of the loading door 24 is a removable inner door panel 
106. That the upper right hand corner of the front wall 14 is a 
control panel 104. The control panel enables the user to moni 
tor the water temperature and level in the water jacket 52 by 
providing any aqua Stat readout 102, also a lights damper 
switch 100 is provided. 
0043. Also during cleanup, an automatic smoke exit lid 
110 is provided, enabling the user to access the 180° bend and 
empty the ash collecting in this bend, enabling cleanout pro 
cedures for the flues 50. At the lower portion of the front wall 
14 is an ash cleanout door 108. This gives access to the 
secondary burn chamber 45 and enables the user to remove 
the final ash deposits after the Superheated gasification pro 
cess. Referring to FIG. 7, a more detailed discussion of the 
rear panel or back wall 18 will now be provided. 
0044) The back wall can be opened through a rear access 
door 132. This enables the users to access the blower 138, as 
well as the fluefly ash cleanout cover 122, the various drains 
134 and supply ports 128 as well as the return ports 126 and 
the ash cleanout tray124. The ash cleanout tray124 is located 
behind the cleanout cover 122 and collects the ash which is 
carried by the exhaust process and deposited in the flue area 
120. The user removes the cleanout cover 122, and then 
removes the ash cleanout tray124 with the ash deposits on the 
tray. The flues 50 also known as heat exchangers 136 exit into 
the flue area 120. The remaining heat exhaust exits vertically 
through the chimney 32. Also, the blower 138 is arranged to 
cooperate with a solenoid 142 and a damper lid 140. The 
temperature probe 135 is also accessible at the back cover or 
access door 132. 

0045. Now, a brief discussion of the furnace operation as 
used in either an in-house environment or workshop environ 
ment will be provided. The circulation of the heated water 
within the water jacket 52 is shown as seen in FIGS. 8 and 9. 
A furnace 10 can be utilized to provide hot water to a house 
152 or for example a shop 154. The heated water is circulated 
through recirculation waterlines 156. A recirculation line 160 
is shown with an insulated supply line 162 feeding to a filter 
164. Impurities are filtered out and a pump 168 forces the 
water into the hot water tank 168. An optional sidearm heat 
exchanger 170 is utilized. Water then exits through the hot 
water tank 168 and is transferred to the heat exchanger 172 or 
existing furnace 174 which can utilize the heat in a forced air 
scenario to heat a home. The hot water line can also be 
circulated to a plurality of parallel floor heating pipes 180, 
with the water being recalculated back to the furnace through 
a recirculation line 182 which returns the cool water to the 
furnace 10 for reheating inside of the water jacket 52. 
0046. A brief discussion of the first 72 and second 74 
embodiments as seen in a second furnace table 182 provides 
additional information with regard to the physical design 
parameters 71. Additional physical design parameters 
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include the maximum average outputs in BTUs per hour of a 
full load of wood burning duration 184, maximum log length 
186, furnace width 188, furnace length 190, water capacity 
192, and shipping weight 194. 
0047 Referring to FIGS. 12 and 13, a discussion of the 
assembly of the front and rear panels will now be provided. 
FIG. 12 shows a rear panel assembly 230 where the insulated 
door panel 232 is shown in exploded view. Similarly, FIG. 13 
shows a front panel wall assembly 240 where the insulated 
front door panel 242 is shown in exploded view. Referring 
now to FIG. 14A, a furnace front elevation 215 is shown, and 
FIG. 14B shows a furnace side elevation260. FIG.14C shows 
a furnace or rear elevation 270 with a back panel hidden door 
detail 280 as seen in FIG. 14D. 
0048. As previously discussed, the firebrick configuration 
within the upper chamber or firebox 44 and the lower cham 
ber 45 enables the downdraft to occur while also maintaining 
a specific level of heat for prolonged periods of time. The 
firebrick’s act as heat sinks to maintain a more level tempera 
ture, as well as provide the structural support for the wood 
fuel within the firebox 44 and also provide the structural 
Support and configuration for the lower burn chamber. 
Because of the need for specialized downdraft venting, the 
present embodiments utilize strategically placed downdraft 
brick flues enabling for a more efficient burn and combustion 
to occur. Furthermore, an efficient configuration for collect 
ing the ash removes the ash particulate from the burn Zone and 
creates a free and clear burn cavity for constant and consistent 
combustion. 
0049 Referring to FIG. 11, a discussion of the general 
arrangement of the firebrick 200 will be provided. The wood 
fuel is maintained on an upper chamber firebox seat 202. 
Generally, the firebox seat 202 is conFig.d with outwardly 
slopping firebox sidewall bricks 204 and transversely aligned 
brick grading which runs longitudinally along on-edge along 
the length of the firebox. The outwardly sloping firebox side 
wall bricks 204 lay flat and the slope provides for settling of 
the burned fuel to the bottom seat of the firebox 202. The 
transversely aligned brick grading 210 arranged along the 
longitudinal axis 7 is spaced with a plurality of equidistant 
downdraft brick flues 208. The downdraft brick flues 208 
provide for the transfer of the exhaust into the lower burn 
chamber 45. 
0050. The lower burn chamber 45 is defined by longitudi 
nally aligned sailor standing sidewall bricks 212, a front wall 
213, and a bottom slope ash channel series of longitudinally 
aligned bricks 224. These ash channel bricks 224 define the 
front ash chamber 226. At the rear end of the firebrick 
arrangements 200 is a rear ash chamber 214. This is defined 
by a rear ash chamber back wall 220, rare ash chamber side 
walls 218, and the extension of the bottom slope Channel ash 
bricks 224. Anash chamber front wall 216 is also provided. In 
the present configuration, for shipping, transportation stabi 
lization blocks 222 are provided spanning from sidewall to 
sidewall in the lower chamber to maintain stability of the 
sailor standing brick sidewall during transportation. 
0051. To maintain the heat within the furnace, insulation 
panels are provided on the outside face of the firebrick to 
reflect and insulate the heat within the firebox. 
0052 Referring to FIGS. 15 and 16, a firebrick insulated 
panel arrangement in an exploded view 290 is shown in FIG. 
15, and a firebrick insulated panel assembled position 320 
shown in FIG. 16. The insulated panels follow the same 
outside slope lines of the firebrick arrangement 200 as seen in 
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FIG. 11. In the upper chamber region, two equal but opposite 
longitudinally aligned insulating slope walls 300 Support the 
sloped sidewall brick 204 of the firebox. 
0053 Running vertically are two front ash chamber insu 
lating sidewalls 302 which are seated on two longitudinally 
aligned front ash chamber sloped insulating front walls 310 
which terminateata front ash chamber insulating bottom wall 
212. Along the top vertical edge of the front ash chamber side 
walls 302 are placed grate rails 296 supported by a rail posts 
298. 

0054 The transversely aligned brick grating 210, FIG. 11, 
rests on the grate rails 296. The rear ash chamber is insulated 
by a rear ash chamber back wall 304, two equal but opposite 
rear ash chamber side walls 306, and a rear ash chamber 
sloped bottom wall 308 terminating at the front ash chamber 
bottom wall 312. Also, a rear ash chamber front wall 314 is 
provided. 
0055. A front insulating panel 292 is positioned to close 
the front edge of the lower burn chamber 45, and has an ash 
chamber cleanout port 294 through which the ash can be 
removed. 

0056 Discussing a first embodiment arrangement of the 
firebrick and brick insulation, as seen in FIGS. 17 and 18, a 
firebrick front elevation 330 is provided with two sloped 
sidewalls 204 resting on a transversely aligned brick grating 
210. A lower combustion chamber sailor brick walls 212 
frame the lower combustion chamber. A lower combustion 
chamber front wall 211 is seated below at the end grating unit 
210 and the supported by the bottom sloping ash channel 
bricks 224. 

0057 The first embodiments of the firebrick front eleva 
tion 330 is suitable within the first embodiment of the fire 
brick insulation for elevation 340. 

0058 Referring to FIGS. 19, 20, and 21, a second embodi 
ment of the firebrick arrangement is shown as seen in front 
elevation350 FIG. 19, and assembled perspective view 350 as 
seen in FIG. 20, and in exploded perspective view 360 as seen 
in FIG. 21. 

0059. Here in the second embodiment of the firebox seat 
352 utilizes the same general configuration as the first 
embodiment, and has a rear ash chamber 354. Referring to 
FIG. 21, to maintain equidistant spacing between the brick 
grating 210, flue brick air gap spacers 362 and 364 are placed 
between the transversely aligned bricks 210 to create the air 
transfer space for the downdraft of the exhaust. The lower 
burn chamber 45 is divided into two regions, an upper gas 
combustion region 366, and a lower ash chamber 226. The 
upper gas combustion region366 in this second embodiment, 
is flanked by two inwardly leaning longitudinally aligned 
brick side walls 361. 

0060 Referring to FIGS. 22 and 23, and discussing the 
first embodiment of the firebox as seen in perspective view 
370, FIG. 22, and exploded perspective view 380 as seen in 
FIG. 23, the first embodiment of the firebox seat 372 provides 
for the seating of the fuel wood in the lower region of the 
firebox or first burn chamber. A plurality of flue brick air gap 
spacers 382 and 384 are provided between the brick grating 
210 to provide for the previously mentioned airflow from the 
firebox chamber into the lower burn chamber 45. The previ 
ously mentioned sailor standing side walls 212 flank the burn 
chamber and stand on the front lower ash chamber 388. The 
lower burn chamber 45 is also composed of an upper gas 
combustion region 386 and the front lower ash chamber 388. 



US 2013/01 121 19 A9 

0061 FIGS. 24 to 31 show a user 394 accessing the ash 
cleanout door 108 of the furnace 10 and performing a 
cleanout process 390. The user 394 utilizes an ash cleanout 
bucket 392 and an ash hoe 396. The ash hoe has a hoe shoe 
402 which is conFig.d to the same trapezoidal shape as the 
lower ash chamber 388. The ash 398 is easily removed from 
the lower ash chamber. This process occurs once every two 
weeks. 
0062 FIGS. 32 through 50 shown the user394 accessing 
the flue cleanout panel 408 to perform cleanout maintenance 
on the horizontally aligned to flue tubes 50. In FIG. 48, the 
user utilizes a wire brush and flexible drive drill 500 to 
cleanout the flew tubes 50. Lastly in FIGS. 51 through 53, a 
furnace trailer 510 is provided for transportation of the fur 
nace when used in multiple locations. 

WefI claim: 
1. A furnace comprising: 
a housing having a front wall, a rear wall and two side 

walls; and 
a primary combustion chamber positioned within the hous 

1ng 
a secondary combustion chamber disposed beneath the 

primary combustion chamber within the housing, the 
secondary combustion chamber arranged to enable the 
combustion of gases and other combustion products 
from the primary combustion chamber, 

a heat exchanger positioned within the housing, the heat 
exchanger including: 
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a plurality of vertically-oriented flues configured to form 
a vertical heat exchange path, the vertically-oriented 
flues arranged to carry heated air from the secondary 
combustion chamber towards a top of the housing: 

a first plurality of horizontally-oriented flues configured 
to form a first horizontal heat exchange path, the first 
plurality of horizontally-oriented flues fluidly 
coupled to the vertically-oriented flues and arranged 
to carry the heated air from proximate the rear wall of 
the housing to proximate the front wall; 

a second plurality of horizontally-oriented flues config 
ured to form a second horizontal heat exchange path, 
the second plurality of horizontally-oriented flues flu 
idly coupled to the first plurality of horizontally-ori 
ented flues and arranged to carry the heated air from 
proximate the front wall of the housing to proximate 
the front wall; and 

one or more liquid conduits positioned along the vertical 
heat exchange path, the first horizontal heat exchange 
path, and the second horizontal heat exchange path, 
the liquid conduits configured and dimensioned to 
enable a heat exchange between the heated air and 
liquids carried by the liquid conduits; and 

a chimney fluidly coupled to the second plurality of 
horizontally-oriented flues. 

k k k k k 


