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57) ABSTRACT 
Improved methods of extracting heat from hot exhaust 
gases from a heat source adjacent elements of a forced 
air circulating heating system and apparatus therefor; 
improvements in methods of completely extracting 
heat from the combustion gases of a hot air furnace 
within the furnace plenum and apparatus therefor. 

12 Claims, 4 Drawing Figures 
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FURNACE AND COLD AR RETURN SYSTEMS 

BACKGROUND OF THE INVENTION 

It is well known to the prior art to provide furnace 
heat exchange systems in which the products of com 
bustion (exhaust) are passed through the furnace in a 
zig-zag fashion. This is shown in the following patents. 

1. Bartlett U.S. Pat. No. 101,082 “Hot Air Furnace, 
issued Mar. 22, 1870; 
2 Twitchell et al U.S. Pat. No. 559,918, issued May 

12, 1896 for “Heating and Ventilating Furnace;’ 
3. Kuhner U.S. Pat. No. 2,479,940 “Multiple tube 

Air Heating Furnace' issued Aug. 23, 1949; 
4. Feuerfile U.S. Pat. no. 2,504,315 “Fluid Heater 

and Thermostatic Control Means Therefor,' issued 
Apr. 18, 1950; and 

5. Eichhorn U.S. Pat. No. 2,685,875 issued Aug. 10, 
1954 for “Warm Air Heating Furnace.” 
Further, it is known to provide furnaces or systems in 

which the air to be heated is passed through the furnace 
in a zig-zag manner. This is seen in the following patent; 

1. Bartlett U.S. Pat. No. 12,305 “Hot Air Furnace, 
issued Jan. 30, 1855. 

2. Wallace U.S. Pat. No. 54,795 “Hot Air Furnace, 
issued May 15, 1866; 

3. Engels et al U.S. Pat. No. 63,490 issued Apr. 2, 
1867 for "Hot Air Furnace.' 
Yet further, furnace systems are well known in which 

both the air to be heated and the products of combus 
tion zig-zag through the furnace construction. Such are 
seen in the following patents: 

1. Passenger U.S. Pat. No. 346,770 issued Aug. 3, 
1886 for “Heating Furnace;’ 
2. Smith U.S. Pat. No. 2,290,255 issued July 21, 1942 

for “Furnace;' 
3. Norton U.S. Pat. No. 2,363,742, issued Nov. 28, 

1944 for “Furnace;' and 
4. Powers U.S. Pat. No. 2,225,181, issued Dec. 17, 

1940 for “Heating and Air Conditioning Unit." 
The subject systems and apparatus are designed to 

provide improvements in the extraction of heat which 
are not known to the prior art and which will provide 
and achieve energy conservation effects of significant 
magnitude in the most simple and conventional present 
day systems which are not capable of functioning with 
the efficiency which the future will require. 

OBJECTS OF THE INVENTION 

An object of the instant invention is to provide im 
proved means for increasing efficiency in hot air home 
furnaces and the air circulation systems associated 
therewith. 
Another object of the invention is to provide a hot air 

home furnace system which is designed and effective to 
extract the maximum amount of heat from the gases 
produced from the heating or combustion chamber, be 
fore such gases exhaust up and out of the vent or chim 
ney into the atmosphere. 
Another object of the invention is to provide an im 

proved hot air home furnace system which will extract 
heat from the combustion gases of the furnace to such 
an extent that such gases will exhaust at approximately 
85 (as compared to the exhaust of most present fur 
nace systems which exhaust at approximately 200 or 
hotter) thus providing additignal fire protection by eut 
ting down the fire hazard of an over-heated flue (the 
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2 
latter the cause of many home fires during cold 
weather). 
Another object of the invention is to provide an im 

proved hot air home furnace system wherein the return 
cold air recycled through the furnace is expsoed to a 
plurality of heat exchanging stages as it passes there 
through, whereby to produce an average temperature 
of approximately 245 to 275 air, which heated air 
would then flow into the plenum to be distributed 
through the heat ducts. 
Another object of the invention is to provide an im 

proved hot air home furnace system wherein the cold 
air return to the furnace is exposed to a plurality of heat 
exchange steps or stages consisting of, in each stage, a 
plurality of tubes carrying the combustion gases from 
the heating chamber, the number of stages to which the 
air to be heated is exposed damper controlled, depend 
ing upon the circumstances. 
Another object of the invention is to provide a versa 

tile, improved hot air home furnace system wherein, in 
small systems, a single blower will suffice, in combina 
tion with suitable damper controls, to obtain the de 
sired heat exchanging effect, wherein multi-speed 
blowers or a plurality of blowers may be employed for 
larger or more complex systems. 
Another object of the invention is to provide a novel, 

improved, home furnace hot air system wherein the 
combustion gases from the combustion chamber are 
collected, manifolded and passed a plurality of times 
transversely of the furnace plenum, whereby a plurality 
of stages of heat exchanges are provided through which 
the air circulated through the furnace for heating is 
passed, the flow of air with respect to the successive 
heat exchange zones regulated by dampers and (in 
some cases) blower positions and activations to obtain 
the maximum heat exchanging effect and efficiency in 
the system. 
Another object of the invention is to provide simple, 

relatively cheap, efficient, energy conserving means 
whereby the effectiveness and efficiency of hot air 
home furnaces may be greatly upgraded and improved. 
Another object of the invention is to provide an im 

proved hot air home furnace system wherein the fur 
nace is provided therewithin with so large an area of 
heat exchange surface that substantially all of the heat 
generated from combustion of fuel in the combustion 
chamber thereof is communicated to the air passed 
through the plenum or air spaces of the furnace, except 
that amount which creates the chimney draft. 
Another object of the invention is to provide an im 

proved heat exchaning system for hot air home fur 
naces wherein the furnace itself is of relatively simple 
and inexpensive construction capable of operating effi 
ciently throughout a long life of useful service, wherein 
the heat of the burning fuel is substantially entirely uti 
lized while being arranged to avoid any contamination 
of the air being heated by the gaseous products of com 
bustion, and wherein the various parts of the furnace 
are adequately protected against overheating. 
Another object of the invention is to provide a novel, 

highly efficient warm air furnace which is compara 
tively simple in construction and requires a minimum 
amount of space while obtaining great heating effi 

65 
ciency, same quickly and easily manufactured and cen 
veniently assembled in definestie heating installations. 
Another objeet of the invention is to provide a warm 

air heating furnaee in Which the products of combus 
tion are colleeted frem one side of the eombustien 
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chamber and follow a sinuous pathway to and fro, up 
wardly through the plenum of the furnace, the air cir 
culated through the furnace plenum to be heated being 
passed through the plurality of levels of such pathway 
in a controlled manner whereby to increase heating ef 
ficiency of the furnace. 
Another object of the invention is to provide a stag 

gered series of banks or sets of heat exchange elements 
containing heated gases or combustion gases from a 
source of heat in a communication between a hot air 
plenum and a cold air return duct (such as in a space 
therebetween or a furnace interconnecting same) 
whereby all of the cold air is passed through a plurality 
of such heat exchanging sets or banks in controlled 
fashion, thereby to maximize the heat exchange be 
tween the cold air and the heated gases or combustion 
gases. 
Another object of the invention is to provide simple, 

effective, cheap and readily adopted means which will 
efficiently extract heat from hot exhaust gases which 
are flowing out and up into atmosphere through a vent 
or chimney. 
Another object of the invention is to provide im 

proved means for extracting heat from the exhaust 
gases produced by forced air home furnace systems and 
gas hot water home heaters or from an existing boiler of 
a hot water heating system, whereby the basement of a 
house may be heated by such, or, with some duct work, 
a garage or the like. 
Another object of the invention is to provide means 

which may readily, swiftly and conveniently be coupled 
with the outlet or exhaust from a source of heat which 
will furnish efficient heat exchanging means for ex 
tracting heat from such exhaust and capturing it into a 
home air circulating system. 
Other and further objects of the invention will appear 

in the course of the following description thereof. 
In the drawings, which form a part of the instant 

specification and are to be read in conjunction there 
with, embodiments of the invention are shown and, in 
the various views, like numerals are employed to indi 
cate like parts. 
FIG. 1 is a side, sectional view through a home hot air 

furnace with the improved heat exchanging means in 
stalled therewithin. An optional accessory blower is 
shown in dotted lines. 
FIG. 2 is a view taken along the lines 2-2 of FIG. 1 

in the direction of the arrows. 
FIG. 3 is a side, sectional view of a portion of a con 

ventional forced air heating system, including a cold air 
return duct and a hot air circulation duct with an im 
proved heat exchanging system to capture heat from 
the exhaust of an adjacent heat source coupled with 
said ducts. 
FIG. 4 is a view taken along the lines 4-4 of FIG. 3 

in the direction of the arrows. 

FIGS 1 AND 2 - HOT AIR FURNACE 
IMPROVEMENT 

The improved hot air furnace constuction and air 
heating method and system of FIGS. 1 and 2 is designed 
to extract the maximum amount of heat from that pro 
duced by the combustion or heating chamber, before 
the exhaust gases therefrom are exhausted upwardly 
and out of the vent or chimney into the atmosphere. 

In the majority of current commercially available fur 
nace systems, gases from the combustion chamber of 
the furnace exhaust at approximately 200F (or hotter) 
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4 
at the point of vent connection to the furnace. The in 
stant improved furnace and heat exchange system 
therefor are designed to reduce the temperature of 
such exhaust gases to approximately 85F at the vent 
ing point. It is well known that hot exhaust gases will 
rise and provide proper venting if same are approxi 
mately 15 to 20 warmer than the atmospheric temper 
ature. 
The illustrated and described improved system and 

furnace constuction is designed to have a necessary 
number of discrete heat exchanging stages wherein the 
first stage produces the hottest air (at approximately 
400 to 450°F) flowing to the overhead mixing cham 
ber prior to the hot air plenum, with the last heat ex 
changing stage producing hot air of approximately 85 
to 100F flowing into such mixing chamber. The com 
bined products of all the separate and discrete, ducted 
heat exchanging stages produces an overall output of 
air into the hot air plenum of approximately a tempera 
ture of 245 to 275F. This air, then, at that tempera 
ture, would be distributed from the hot air plenum 
throughout the heat ducts. 
For greatest efficiency, the burner area in the com 

bustion or heat producing chamger can be provided 
with and should have radiant fire bricks, thereby to ra 
diate and provide more heat on less fuel, achieving the 
maximum combustion efficiency and minimizing fuel 
Waste. 

In relatively smaller forced air heating systems, re 
quiring a relatively smaller furnace, it is possible for 
one blower to handle the work involved. One or more 
air flow control dampers may be employed, as will be 
described, to limit or close off the flow of cold air from 
the cold air return duct through certain of the heat ex 
changing stages until the desired temperature is 
reached in the more remote heat exchange stages. Fur 
ther, a multi-speed blower may be used in conjunction 
with such damper control so that the blower speed in 
creases as the damper opens. 
On larger systems, as will be described, it may be nec 

essary to use two or more blowers. These also may be 
dampered as previously described and also be multi 
speed. Such blowers may additionally be heat level 
controlled. 

In any case, the ducting with respect to the sets of 
heat exchange tubes and the spacing of the tubes with 
respect to one another is so controlled that the blower 
capacity is matched to the flow capacity of the stages. 
The discrete or separate heat exchanging stages con 

sist of sets of tubes running parallel with and spaced 
away from one another whereby to permit the flow of 
the cold air, under blower impetus, to pass there 
through but require heat exchange therefrom. The set, 
bank or stage nearest the combustion chamber (first 
receiving the hot exhaust gases therefrom) typically has 
tubes larger in diameter and less in number. The diame 
ter of the tubes in successive stages typically decreases, 
while the number thereof typically increases. The heat 
exchange tubes in one or more stages may have fins 
thereon in order to facilitate heat transfer between the 
cold air passing next to the heat exchange tubes and the 
hot gases therewithin. 

Referring, then, to FIGS. 1 and 2, therein is shown an 
improved, hot air furnace construction of the type used 
in a forced air heating system. Furnace 10, generally 
designated, has front and rear outer walls 11 and 12, 
respectively and outer side walls 13 and 14. There is 
additionally preferably provided inner walls spaced 



3,926,173 
S 

from the outer walls comprising front inner wall 15, 
rear inner wall 16 and side inner walls 17 and 18, re 
spectively. Conventional and suitable fireproof insula 
tion 19 is preferably received between inner and outer 
sets of vertical walls. There is additionally provided a 
top wall 20 through which pass openings for the com 
bustion chamber exhaust gases 21 and the hot air ple 
num. 22. Completing the furnace construction is floor 
23. 
Positioned within the lower rear part of furnace 10 is 

a combustion chamber or heating chamber generally 
designated 24. Combustion chamber 24 has front de 
fining wall 25 and rear wall 26 which may be the lower 
portion of inner wall 16. Chamber 24 also has side walls 
27 and 28 and inclined top wall 29. 
Received within the lower part of combustion cham 

ber 24 are a plurality of burners 30–33, inclusive which 
extend between and are mounted by side walls 27 and 
28 in fixed, spaced relationship with one another. Each 
burner typically has a plurality of individual outlets (for 
example see 30a in FIG. 2) therealong. Frames 34–37, 
inclusive receive and support radiant fire brick assem 
blies 38-41, inclusive centrally above burners 30–33, 
inclusive which have burner nozzles on each side of the 
fire brick assembly thereof. Radiant shields 42 and 43 
are preferably provided in the combustion chamber be 
tween the front and rear burners 30 and 33 and the 
front and rear walls 25 and 26. Feed pipe 44 carries a 
combustible mixture of gas and air or gas to be burned 
in gas burners 30–33, inclusive. Oil fired burners or 
even wood or coal may be the source of heat in the 
combustion chamber. 
Looking to the lower left in FIG. 1, there is provided 

a primary cold air return duct 45 which opens into 
housing 46. Housing 46 typically contains removable 
and replaceable air filter 47 as well as centrifugal fan or 
blower 48. The discharge nozzle 48a of blower 48, 
passes through openings 11a and 15a in front outer and 
inner walls, respectively, to discharge the cold return 
air into the front lower part of the furnace. An arcuate 
wall 49 is preferably provided opposite the discharge 
snout 48a to provide less turbulent forced air input into 
furnace 10. 

It should be understood that the furnace of FIGS. 1 
and 2 may be as wide as desired (view of FIG. 2). In 
such case, a plurality of blowers 48 might be employed. 
Positioned above the return duct 45 and chamber 46 in 
the view of FIG. 1 is seen (in the dotted line showing) 
an optional alternative system showing an additional 
cold air return duct 45', an additional chamber 46', the 
latter receiving filter 47" and blower 48". This optional 
alternative structure, if present, will provide additional 
capacity and versatility to the system as will be de 
scribed. 
At the top of the furnace, vent duct 50 discharges 

heat exchanged exhaust gases from the combustion 
chamber 24 after heat exchange in structure to be de 
scribed. Hot air plenum 51 receives air heated in the 
furnace by the heat exchange means and system to be 
described, collecting same prior to passage of the 
heated air into the hot air distribution ducts of the 
forced air heating system. 
Looking in the lower lefthand portion of FIG. 2, the 

hot combustion gases from the burners 30-33, inclu 
sive rise above the radiant fire brick assembly and radi 
ant shields 42 and 43 and are collected overhead 
(guided by inclined wall 29) in a first manifold 52. 
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6 
Spaced inwardly from side walls 17 and 28 are two 

vertical, parallel innermost walls 53 and 54 which ex 
tend between and sealingly abut against or connect to 
front and rear inner walls 15 and 16 or, in the latter 
case the double wall 16a (FIG. 1, right side), if the lat 
ter is present. Walls 53 and 54 extend the entire height 
of the furnace outside of the combustion chamber 24. 
A plurality of sets of heat exchange tubes 55, 56, 57 
and 58 are provided within the plenum chamber of the 
furnace 10 extending between and through walls 53 
and 54 and supported thereby. The plenum chamber of 
the instant furnace 10 (working plenum) is that space 
which is between innermost side walls 53 and 54 and 
inner front and rear walls 15 and 16a, below top wall 20 
and above arcuate bottom wall 49 and combustion 
chamber top wall 29. The blower or blowers 48 and 48 
discharge into this working plenum between innermost 
side walls 53 and 54. 
Additional manifolds 60-64, inclusive interconnect 

adjacent ends of two banks 55 and 56, 56 and 57, 57 
and 58, 58 and 59 and 59 and vent 50, respectively. 
These manifolds are positioned outboard of innermost 
side walls 53 and 54 and outside of the working furnace 
plenum chamber. - 
There is additionally provided within the working 

plenum of the furnace, extending between innermost 
side walls 53 and 54 walls 65-69, inclusive. These 
walls, together with wall 29 of the combustion chamber 
24 define between themselves a plurality of heat ex 
change ducts or passageways 70-74, inclusive. Each of 
these passageways 70-74, inclusive contains one set, 
bank or gaggle of heat exchanging tubes. Since the 
banks 55-59, inclusive are staggered from the lower 
rear of the plenum (above combustion chamber 24) to 
the upper front of the working plenum of the furnace, 
the arcuate, scoop, front ends 65a-69a of walls 65-69, 
inclusive are also staggered forwardly within the front 
of the working furnace plenum thus to guide air into 
the ducts 70-74, inclusive. 
A damper 75 is pivotally mounted on rod 76 opposite 

the front end 66a of wall 66 whereby the damper 75 
may block off the upper portion of the working furnace 
plenum above wall 66. Thus, all the air input into the 
lower end of the working furnace plenum is forced to 
go through ducts 70 and 71 below walls 65 and 66, then 
through heat exchange in banks 55 and 56. The damper 
75 and the front end of wall 66 are both positioned 
below the input level of the blower 48", if the latter is 
present. Sensor 80 (FIG. 2) may be provided in mani 
fold 62 to control the action of damper 75 and/or 
blower 48". This also may be coupled with blower 48 to 
increase its speed as damper 75 opens. 

In fundamental operation of the furnace of FIGS. 1 
and 2, the sytem starts with the gas burners 30-33, in 
clusive off (no combustion within chamber 24) and, 
also, blower 48 off. When a heat demand comes into 
the furnace from a thermostat in the work space to be 
heated by the furnace, or if the furnace is switched on 
by hand, the burners ignite and combustion gases are 
supplied through pipe 44. Combustion chamber 24 ex 
hausts hot exhaust gases into first manifold 52 which 
then pass into the lowermost bank or set of heat ex 
change tubes 55. For greatest heat exchange efficiency, 
the lowermost heat exchange tubes 55 are preferably 
less in number and larger in diameter than those sets or 
banks of tubes thereabove, whereby the heat exchange 
tubes in bank 59 are of least diameter and greatest 
number. Some or all of the tubes in some or all of the 
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sets 55-59, inclusive may be finned on the external side 
thereof for greater efficiency in heat exchange. 
The hot exhaust gases, heating the tube banks 55-59, 

inclusive pass back and forth at substantially horizontal 
levels in the working furnace plenum, transmitted from 5 
one lower bank to a higher bank of heat exchange tubes 
by the successive manifolds 60-63, inclusive, with the 
last manifold 64 exhausting the cooled exhaust gases 
out of vent pipe 50. Since the exhaust gases lose heat to 
the tubes in banks 55-59, inclusive they are considera- 10 
bly colder when exhausted out vent 50. The lower tube 
banks reach the highest temperature first and maintain 
the higher temperature. 
After a timed delay wherein the combustion chamber 

heats up, blower 48 is switched on and cold air from 15 
cold air return duct is forced into the working furnace 
plenum. If the delay is short (or optionally at any rate) 
damper 75 may be initially closed to force all such air 
into ducts 70 and 72 so that the inititial hot air supplied 
by the furnace 10 into hot air plenum 51 is at as ele- 20 
vated a temperature as possible. As time passes under 
the latter condition (damper 75 initially closed), the 
damper 75 is opened so that air in the working plenum 
passes through all of the ducts 70-74, inclusive. 

It should be noted that the working plenum of the 25 
furnace has clear zones 77 in the lefthand portion of 
FIG. 1 (lower front portion of the furnace) and 77a 
thereabove ahead of the ducts 70-74, inclusive. Like 
wise, walls 65-69, inclusive end short of top wall 20 
whereby to provide a mixing zone 78 for the hot air 30 
prior to passing into plenum 51. Each of the duct walls 
65–68, inclusive may terminate immediately after the 
respective tube bank 56-59, inclusive or at any point 
intermediate the duct wall lengths shown to provide 
greater or lesser air mixing prior to passage into plenum 35 
51. The leading duct wall ends 6y5a-68a act as divert 
ers and are preferred present, but are optional. 
The process seen in FIGS. 1 and 2 thus basically com 

prises flowing the exhaust gases from the furnace heat 
source substantially horizontally back and forth 40 
through the working furnace plenum chamber at a plu 
rality of levels therewithin through a plurality of verti 
cally spaced apart banks of heat exchanging tubes ex 
tending substantially the entire height of the furnace 
working plenum chamber. The cold air from the cold 45 
air return duct is flowed into a lower portion of the fur 
nace plenum chamber and is thereafter divided into 
substantially as many parts as there are banks of heat 
exchange tubes and flowed upwardly in a separate set 
of individual flows through said banks. Thereafter the 50 
then heated air from the furnace working plenum 
chamber is collected (out of ducts 70-74, inclusive) 
and exhausted overhead therefrom into the hot aair 
plenum 51 of the forced air circulating system. The 
cooled exhaust gases from the furnace heat source 55 
(combustion chamber 24) are vented from the system 
through duct 50 after passing out of the topmost bank 
59 of heat exchange tubes. 

FIGS. 3 and 4 - HEAT EXTRACTOR 60 

Referring to the heat conservation or extraction sys 
tem and apparatus seen in FIGS. 3 and 4, same may be 
used with respect to any source of hot exhaust gases 
which is adjacent the cold and hot air ducting of a 
forced draft heating system. Its purpose is to extract or 65 
conserve the maximum amount of heat from the hot ex 
haust gases which would normally be vented to atmo 
sphere. Typical sources of excessively hot (for conser 

8 
Vation purposes) exhaust gases in residential homes, for 
example, include forced air furnace systems and gas 
hot water heaters. These both typically exhaust at ap 
proximately 200F or hotter at the point of vent con 
nection. A very considerable saving of fuel may be ef 
fected by decreasing this exhaust temperature 60%, 
which is the goal of the particular system. Additionally, 
heat pollution of the atmosphere is minimized. 
Thus, specifically, by employment of the instant con 

servation system and apparatus with respect to 200F 
or hotter exhaust gases from either or both a forced air 
furnace system or gas hot water heater, the tempera 
ture of such final exhaust after passing through the in 
stant system would be reduced to approximately 85F. 
It is well known that hot exhaust gases will rise and give 
proper venting if same are approximately 15 to 20 
warmer than the atmospheric temperature. 
The number of stages of heat exchange employed de 

pend both on the amount of heat which is to be ex 
tracted and the amount of cold air furnished to the heat 
exchange stages and forced therethrough by blower ac 
tion. 

As in the case of the system and device of FIGS. 1 
and 2, the several heat exchange stages each consist of 
a bank of heat exchanging tubes so positioned, spaced 
and ducted that each bank receives and has forced 
therethrough a portion of the available quantity of cold 
air to be heat exchanged. The tubes typically vary in 
size or number per stage, or both. That is, the bank of 
tubes receiving the hottest exhaust gases would typi 
cally be tubes lesser in number and larger in diameter, 
with the banks of tubes receiving therewithin the al 
ready partially cooled exhaust gases would typically be 
more in number and less in diameter. The tubes of each 
stage may have fins to aid in heat dissipation for trans 
fer into the cold air being forced therepast. 
As in the system and device of FIGS. 1 and 2, one 

blower may adequately handle smaller systems. One or 
more dampers may be employed to limit the flow of 
cold air through certain banks or stages of the heat ex 
change until the desired temperature is reached in the 
particular stage or stages blocked off from flow. Multi 
speed blowers may be employed alone or in conjunc 
tion with damper control so that the blower speed in 
creases as the effective temperature appears or the 
dampers open. On larger systems, two or more blowers 
may be required. The ducting within the heat extrac 
tion chamber, the total size of the chamber and the 
number and spacing of the tubes, as well as the avail 
able blower output are all gauged to the quantity of 
cold air available for heating and the heat available for 
heat exchange. 
Referring to FIGS. 3 and 4, therein are shown two 

views of apparatus which provide a method of extract 
ing heat from any heat source which exhausts heated 
gases adjacent a forced air circulating heating system. 
Thus, all that is required for the convenient installation 
of the device and system of FIGS. 3 and 4 are the rela 
tively adjacent presence of a cold air return ductorple 
num and a hot air circulation duct or plenum. The sys 
tem and apparatus of FIGS. 3 and 4 could be employed 
in conjunction with the furnace of FIGS. 1 and 2, but 
not using the heat exchange exhaust gases vented 
therefrom as a heat source, as there would be insuffi 
cient heat in such gases exhausted from furnace 10 of 
FIGS. 1 and 2. 

In the views, at 100 there is seen a cold air return 
duct which may be main cold air return duct of a forced 
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air heating system or a lesser artery in a system of same. 
At 101 there is seen a hot air circulation duct or ple 
num which may be the main sets or, again, merely a 
main artery in a system of same. Duct or plenum 101 is 
furnishing forced heated air therethrough to a work 
space to be heated from a source of heated air such as 
any typical hot air furnace or any conventional source 
of heated air for space heating. Duct 100 is returning 
cold air from such heated work space to the forced air 
furnace or the heated air source of the system. 
There is provided a heat extraction chamber which is 

positioned at least in part below a length of the hot air 
circulation duct 101. This chamber is most conve 
niently substantially rectangular in both vertical sec 
tions and horizontal section and comprises upwardly 
angled top wall 102, upwardly angled bottom wall 103 
and vertical side walls 104 and 105, as well as (for de 
scriptive purposes) front wall 106 and rear wall 107. 
Front wall 106 has an opening 106a at its lower end 
centrally positioned thereof to receive the discharge 
from a blower, while top wall 102 has an opening 102a 
therein for exit of heated air out of the chamber gener 
ally designated 108. 
A source of hot exhaust gases is schematically desig 

nated at 109 (FIG. 4) and typically, in a residential 
home, could comprise a hot air furnaace or hot water 
heater. Hot exhaust gases from the combustion cham 
ber or heat source therewithin would normally be 
vented via duct 110 to atmosphere externally of the 
home, but here, via elbow 111, duct 112 and reducing 
manifold fitting 113 same pass to the heat exchange 
means of the device and system of this instant improve 
ment. Another convenient source of hot exhaust gases 
would be the existing boiler of a hot water heating sys 
tem, whereby the basement of a house may be heated 
thereby or, with some duct work, a garage or the like. 
In chamber 108 there are shown three separate 

blanks (at least two) of heat exchange tubes, numbered 
(for each bank) 114, 115 and 116, respectively. Each 
of the tubes in the banks 114, 115 and 116 are received 
in and sealed through the side walls 104 and 105 to pro 
vide three vertically separated and staggered (from 
rear to front) (FIG. 3) sets or banks of heat exchange 
tubes. These banks are manifolded at 113, 117, 118, 
and 119. Manifold 113, as noted, passes the hot ex 
haust gases from heat source 109 vent 110 into the low 
ermost tube bank 114. Manifold 117 connects adjacent 
ends of banks 114 and 115, while manifold 118 con 
nects adjacent ends of banks of 115 and 116. Manifold 
119 collects the heat exchanged exhaust gases from 
heat source 109, passing same into duct 120, elbow 121 
and vent duct 122 to atmosphere. 
Duct defining interior walls 123 and 124 are pro 

vided extending between side walls 104 and 105 
whereby to define (with walls 102, 103 and 107) three 
ducts 125, 126 and 127 within (in the view of FIG. 3) 
the righthand side of chamber 108. The banks of heat 
exchange tubes 114-116, inclusive are preferably stag 
gered as seen in FIG. 3 with the tubes 114 furtherest 
away from opening 106a closely adjacent wall 107 and 
the tubes 116 opposite therefrom closely next wall 106. 
Thus the heat exchange tube banks 114-116, inclusive 
are staggered (in view of FIG. 3) from right to left, up 
wardly. This provides a zone 128 to the left (in FIG. 3) 
of the leading ends 123a and 124a of walls 123 and 124 
in the direction of air flow in chamber 108. 
There is provided, communicating with and extend 

ing downwardly from cold air return duct 100, a cold 
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10 
air feed passageway or duct 129 which is defined by 
suitable sheet metal walls 130, 130a and wall 106 
which feeds the cold return air through filter 131 and to 
one or more conventional centrifugal fans or blowers 
132. The discharge duct 132a of blower 132 discharges 
through opening 106a in wall 106. 
Sensors (FIG. 4) may be provided at 133 and/or 134 

to control the damper action to be described or the 
blower operation or both. A damper 135 pivoted on 
arm or rod 136 pivots between the open position of 
FIG. 3 with cold air access from zone 128 to all of ducts 
125, 126 and 127, to a closed position which shuts off 
passage of air through duct 127 and tubes 116. The 
heat exchange tubes which receive the hot exhaust 
gases from the heat source directly, namely, 114, are 
preferably less in number and larger in diameter than 
the tubes of succeeding banks, whereby the tubes in 
bank 116 are preferably of greater number and of 
lesser diameter than those in the other banks. Walls 
124 and 123 may be of variable lenth in their vertical 
portions, whereby to provide zone 137 in the upper 
righthand portion (FIG. 3) of chamber 108 for mixing 
of the hot air before passage of same into the hot air 
circulation duct 101. Walls 123 and 124 may end im 
mediately after tube banks 115 and 116, respectively, 
to provide the maximum volume mixing chamber. 
The intake side of the system of FIGS. 3 and 4 may be 

opened to the space surrounding the system to draw 
some of the surrounding air into chamber 108 for heat 
ing of same. This may conveniently be accomplished by 
providing an opening 138 in duct 130 above filter 131 
having adjustable louvres 138a therein to control flow 
therethrough. 
The output heated air from the ducts 125-127, inclu 

sive may be flowed in some part out into the surround 
ing air space receiving chamber 108 for space heating. 
Such heated air would preferably be flowed out from 
chamber 108 opposite zone 137 (the output collecting 
zone) or from duct 101 adjacent opening 102. The lat 
ter would be downstream of the door 140. This output 
would be through one or more openings 139 having ad 
justable control louvres 139a therein. If the chamber 
108 is positioned in a basement, valuable space heat 
ing, then, is available from chamber 108 for the base 
ment area. 
In order that the normal forced air heating system 

shown in FIGS. 3 and 4 utilizing hot air duct 101 and 
cold air return duct 100 may function efficiently when 
the system of FIGS. 3 and 4 is off as well as on, there is 
provided a door 140 overlying opening 102. Door 140 
is hinged at 141 so that, when blower 132 is operating, 
door 140 may pivot upwardly, clockwise in the view of 
FIG. 4, around hinge 141, so that the air from chamber 
108 may pass into duct 101. The air flow induct 101 is 
in the direction indicated by arrows 143 so that, first, 
when blower 132 is off, the flow of air through duct 101 
tends to maintain door 140 in closed position. This pre 
vents any backflow of air through chamber 108 into the 
cold air return system. On the other hand, when blower 
132 turns on, the air rising in ducts 125-127, inclusive, 
or part of them, causes the door 140 to pivot upwardly 
against the flow of air in duct 101 so that air from 
chamber 108 may discharge into duct 101, adjoining 
the air flow passage therethrough. Spring 142 is addi 
tionally provided in order to counterbalance the weight 
of door or closure 140 so that blower 132 will not have 
to fight too great a back pressure. When blower 132 
goes off, door 140 returns to the full line position of 
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FIGS. 3 and 4. 
The operation of the unit of FIGS. 3 and 4 is naturally 

keyed to the emission of hot exhaust gases from the 
heat source 109. Thus, when the hot water heater or 
furnace 109 (for example) is turned on and vents 
heated gases through duct 110, the rise of temperature 
adjacent sensors 133 and/or 134, which corresponds to 
the beginning of the heating of the heat exchange tubes 
may either switch on blower 132 or activate a timed 
delay turn on of same. 
The improved system or method of extracting heat 

from a heat source which is exhausting heated gases ad 
jacent a forced air circulating heating system involves 
the following. A heat extraction chamber is established 
which communicates between the cold air and hot air 
parts of the forced air circulating heating system, typi 
cally a cold air return duct and a hot air circulation 
duct. Hot exhaust gases from the source of heat are 
flowed back and forth, substantially horizontally, 
through the heat extraction chamber at a plurality of 
levels therewithin through a plurality of spaced apart 
banks or sets of heat exchange tubes. Cold air from the 
cold air return duct or cold side of the circulating heat 
ing system is flowed into the lower portion of said heat 
extraction chamber. In the chamber, this cold air input 
flow is divided into as many parts as there are banks of 
heat exchange tubes and flowed upwardly in a sepa 
rated set of individual flows through each one of said 
banks. The then heated. air is exhausted from the heat 
extraction chamber overhead into the hot air duct or 
hot side of the forced air circulating heating system, 
while the exhaust gaes, cooled by heat exchange, are 
vented after passing through the topmost bank of the 
heat exchange tubes. When damper 135 is used, only a 
portion of the available ducts and banks of heat ex 
changing tubes are employed in the heat exchange sys 
tem. 
The heat extraction chamber of FIGS. 3 and 4 is 

shown with three vertically spaced and staggered sets 
of heat exchanging tubes. The tubes are shown in sub 
stantially horizontal orientation running parallel to one 
another, it is, of course, feasible to use but two banks of 
heat exchange tubes (with ducting and optional damp 
ering) or three as shown, or more. The tube banks and 
ducts may be vertical, rather than horizontal, but the 
latter is preferred. The cold air is preferably from a 
cold air return duct, but may be from any source or, for 
example, a cold air return duct and exterior of the 
chamber 108 and cold air feed duct, 130, for example. 
Thus, in such a system positioned in a basement, intake 
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could be provided from the basement space as well as 
the cold air return duct 100 in feed to chamber 108. 
Discharge from chamber 108 could be into both the 
basement space and the hot air duct 101. 

In the feed to the furnace 10 (FIGS. 1 and 2) via 
ducts 45 and 45', the flow into the furnace working ple 
num may be gravity under certain circumstances, 
rather than employing blowers 48 and 48". Additionally 
blower power may be provided elsewhere than that 
specifically illustrated in the forced air system. The 
same is true with respect to the system of FIGS. 3 and 
4, namely, chamber 108 may be gravity fed from the 
cold air return duct 100 or the blower 132 may be 
placed elsewhere in the forced air system than that 
shown. 

In FIGS. 1 and 2, the conventional pilot unit assem 
bly, gas valve and limit controls are not shown for the 
sake of simplicity in illustration. 
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A down draft or down-flow furnace system having all 

of the advantages of the system of FIGS. 1 and 2 previ 
ously described may be provided by a simple reversal of 
parts in the figures seen. Thus, in FIGS. 1 and 2, by re 
versing the direction of forced air flow in the furnace 
10 through the ducts 70-74, inclusive, there is no dif 
ference in the heat exchanging effect on the air passed 
through the ducts. This reversal of flow may be ob 
tained by removing the blowers 48 and 48' from the po 
sitions illustrated in FIG. 1 discharging into plenums 77 
and 77a through front walls 11 and 15. Such blower or 
blowers 48 and 48' are then mounted so as to discharge 
into the upper rear plenum 78 as seen at 48' in FIG. 1. 
The discharge opening for output heated air from the 
system would exit from plenum 77, either through floor 
23 (not shown) in front of wall 25 or through the front 
wall as seen at 51". For an efficient downdraft system, 
the duct walls 65-67, inclusive would be largely or en 
tirely removed above the tube banks 56-58, inclusive 
so as to provide a maximum plenum 78 feeding into the 
ducts 70-74, inclusive. 

In such system, the opening 22 would be closed so 
that only vent 50 would emerge from the top of the fur 
nace. Damper 75 would be effective in its illustrated 
position in the down flow system described. In opera 
tion of this system, air from the cold air return would 
pass into the upper plenum 78 through blower or blow 
ers 48", entering into ducts 70-74, inclusive. The air 
passed through these ducts would be heated by indirect 
heat exchange from the hot gases in the banks of heat 
exchange tubes 55-59, inclusive. The heated air then 
would exhaust from plenum 77 through the output duct 
or plenum 51". In the event damper 75 was closed, the 
input air would pass only through ducts 70 and 71 until 
the damper was open. 

It is not necessary that the discharge from plenum 78 
be overhead through opening 22. Alternatively, the 
opening for discharge of the heated air from plenum 78 
may feed laterally through the upper portion of walls 
12 and 16. In such case, the upper portions of duct 
walls 65-67, inclusive would be removed so as to pro 
vide a larger volume plenum 78 opposite the horizontal 
discharge plenum. Such an optional horizontal dis 
charge plenum 51' is shown in dotted lines on the 
upper right hand side of FIG. 1. 

It is understood that the combustion chamber 24 of 
the furnace of FIGS. 1 and 2 is provided with sufficient 
air access openings through wall 27 that sufficient fresh 
air is provided to mix with the combustion gases from 
the burner outlets 30a, thereby to provide the neces 
sary volume of heated gases passing upwardly out of 
the chamber 24 into manifold 52. A conventional ac 
cess panel with filter thereon (not seen) may be pro 
vided to the left of wall 27 in FIG. 2. 
From the foregoing, it will be seen that this invention 

is one well adapted to attain all of the ends and objects 
hereinabove set forth together with other advantages 
which are obvious and which are inherent to the appa 
ratus and process. 

It will be understood that certain features and sub 
combinations are of utility and may be employed with 
out reference to other features and subcombinations. 
This is contemplated by and is within the scope of the 
claims. 
As many possible embodiments may be made of the 

invention without departing from the scope thereof, it 
is to be understood that all matter herein set fort or 
shown in the accompanying drawings is to be inter 
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preted as illustrative and not in a limiting sense. 
I claim: 
1. A method of extracting heat from a heat source ex 

hausting heated gases adjacent a forced air circulating 
heating system, said forced air system having at least 
one cold air return duct and a hot air circulation duct 
positioned adjacent one another, comprising the steps 
of: 

establishing a heat extraction chamber communicat 
ing between the cold air return duct and the hot air 
circulation duct, 

flowing the exhaust gases from the heat source sub 
stantially horizontally through the heat extraction 
chamber (back and forth) sequentially at a plural 
ity of vertically spaced apart levels therein through 
a plurality of vertically spaced apart banks of heat 
exchanging tubes, moving from lower to higher lev 
els in said banks, 

flowing cold air from the cold air return duct into the 
lower portion of said chamber, 

dividing the cold air input flow into the heat extrac 
tion chamber therewithin into as many parts as 
there are banks of heat exchange tubes and flowing 
same upwardly in a separated set of vertically 
spaced apart, individual flows, one flow through 
each one of said banks, 

exhausting the then heated air from the heat extrac 
tion chamber overhead therefrom into the hot air 
duct, and 

venting the exhaust gases after passing same through 
the topmost bank of heat exchange tubes, 

2. A method of extracting heat from a heat source ex 
hausting heated gases adjacent a forced air circulating 
heating system, said forced air system having at least 
one cold air return duct and a hot air circulation duct 
positioned adjacent one another, comprising the steps 
of: 

establishing a heat extraction chamber communicat 
ing between the cold air return duct and the hot air 
circulating duct, 

flowing the exhaust gases from the heat source sub 
stantially horizontally through the heat extraction 
chamber (back and forth) sequentially at at least 
two discrete vertically spaced apart levels there 
within through at least two vertically spaced apart 
banks of heat exchange tubes moving from lower to 
higher levels in said banks, 

flowing cold air from the cold air return duct into the 
lower portion of said chamber, 

dividing the cold air input flow into the heat extrac 
tion chamber therewithin into at least two parts 
and flowing same upwardly in at least two vertically 
spaced apart, separated individual flows one flow 
through each one of said banks of heat exchange 
tubes, 

exhausting the then heated air from said heat extrac 
tion chamber overhead therefrom into the hot air 
duct, and 

venting the exhaust gases from the heat source after 
passing same through the top most bank of said 
heat exchange tubes. 

3. A method of extracting heat from a heat source ex 
hausting heated gases adjacent a forced air circulating 
heating system, said forced air circulating heating sys 
tem having at least one cold air return duct and a hot 
air circulation duct positioned adjacent one another, 
comprising the steps of: 
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14 
establishing a heat extraction chamber communicat 

ing between the cold air return duct and the hot air 
circulating duct, 

flowing the exhaust gases from the heat source sub 
stantially horizontally through the heat extraction 
chamber (back and forth) sequentially at at least 
three disparate vertically spaced apart levels 
therein through at least three vertically spaced 
apart banks of heat exchange tubes, moving from 
lower to higher levels in said banks, 

flowing cold air from the cold air return duct into the 
lower portion of said chamber, 

dividing the cold air input flow into the heat extrac 
tion chamber therewithin into at least two parts 
and flowing same upwardly in at least two vertically 
spaced apart, separate individual flows one flow 
through each of the two lowermost banks of heat 
exchanging tubes, 

exhausting the then heated air from said extraction 
chamber overhead therefrom into the hot air duct, 
and 

venting the exhaust gases after passing same through 
the topmost banks of heat exchange tubes. 

4. A method as in claim 3 wherein the cold air input 
flow into the heat extraction chamber is divided there 
within into as many separate vertically spaced apart 
flows as there are separate vertically spaced apart 
banks of heat exchanging tubes and flowing said sepa 
rate flows upwardly in a separated set of vertically 
spaced apart individual flows, one flow through each 
one of said banks. 

5. A method of effectively extracting substantially all 
of the useful heat from the heat source of a hot air fur 
nace of a forced air heating system in the plenum 
chamber of said furnace, there being a cold air return 
duct to said furnace returning cold air from the work 
space heated and a hot air plenum receiving heated air 
from the furnace for forced air distribution into the hot 
air circulation ducts, comprising the steps of: 
flowing the exhaust gases from the furnace heat 
source substantially horizontally through the fur 
nace plenum chamber (back and forth) sequen 
tially at a plurality of vertically spaced apart levels 
therewithin through a plurality of vertically spaced 
apart banks of heat exchanging tubes extending 
substantially the entire height of the furnace ple 
num chamber, 

said exhaust gases moving from lower to higher levels 
as they pass from bank to bank of said tubes, 

flowing cold air from the cold air return duct into a 
lower portion of said furnace plenum chamber, 

dividing the cold air input flow into said plenum 
chamber therewithin into substantially as many 
parts as there are banks of heat exchange tubes and 
flowing same upwardly in a separated set of verti 
cally spaced apart, individual flows which pass indi 
vidually through individual ones of substantially all 
of said banks, 

exhausting the then heated air from the furnace ple 
num chamber overhead therefrom into the hot air 
plenum of the forced air circulating system, and 

venting the exhaust gases from the furnace heat 
source after passing same through the topmost 
bank of heat exchange tubes. 

6. A method as in claim 5 wherein the cold air is 
flowed into the furnace plenum chamber at an interme 
diate height level therewithin as well as the lower level. 
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7. A method of effectively extracting substantially all 
of the useful heat from the heat source of a hot air fur 
nace in a forced air heating system in the plenum cham 
ber of said furnace, there being a cold air return duct to 
said furnace returning cold air from the work space 
heated and a hot air plenum receiving heated air from 
the furnace for forced air distribution into the hot air 
circulation ducts, comprising the steps of: 
flowing the hot exhaust gases from the furnace heat 
Source combustion chamber substantially horizon 
tally through the furnace plenum chamber (back 
and forth) sequentially at at least two discrete, ver 
tically spaced apart levels therewithin through at 
least two vertically spaced apart banks of heat ex 
change tubes, 

said exhaust gases moving from lower to higher levels 
as they pass from bank to bank of said tubes, 

flowing cold air from the cold air return duct into a 
lower portion of said furnace plenum chamber, 

dividing the cold air input flow into said plenum 
chamber therewithin into at least two parts and 
flowing same upwardly in at least two separted, 
vertically spaced apart individual flows which pass 
individually through at least two of said banks of 
heat exchange tubes, 

exhausting the then heated air from said furnace ple 
num chamber overhead therefrom into the hot air 
plenum of the forced air circulating system, and 

venting the exhaust gases from the furnace heat 
source after passing same through the topmost 
bank of the said heat exchange tubes. 

8. A method of effectively extracting substantially all 
of the useful heat from the heat source of a hot air fur 
nace which is part of a forced air circulating heating 
system, said forced air circulating heating system hav 
ing at least one cold air return duct to said furnace and 
a hot air circulation plenum positioned overhead of 
said furnace to receive air heated therewithin, compris 
ing the steps of: 
flowing the hot exhaust gases from the furnace heat 
source combustion chamber substantially horizon 
tally through the furnace plenum chamber (back 
and forth) sequentially at at least three disparate, 
vertically spaced apart levels therewithin through 
at least three vertically spaced apart banks of heat 
exchanging tubes extending substantially the entire 
height of the furnace plenum chamber, 

said exhaust gases moving from the lower to higher 
levels as they pass from bank to bank of said tubes, 

flowing cold air from the cold air return duct into a 
lower portion of said furnace plenum chamber, 

dividing the cold air input flow into the furnace ple 
num chamber therewithin into at least two parts 
and flowing same upwardly in at leat two separate, 
vertically spaced apart individual flows which pass 
individually through at least the two lowermost 
banks of heat exchanging tubes, 

exhausting the then heated air from the furnace ple 
num chamber overhead therefrom into the hot air 
plenum of the forced air circulating system, and 

venting the exhaust gases from the furnace heat 
source after passing same through the topmost 
banks of said heat exchange tubes. 

9. A method as in claim 8 wherein the cold air is 
flowed into the furnace plenum chamber at a plurality 
vertically spaced apart levels therewithin. 

10. A method as in claim 8 wherein the cold air input 
flow into the furnace plenum chamber is divided there 
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within into as many separate vertically spaced apart 
flows as there are separate vertically spaced apart 
banks of heat exchanging tubes and flowing said sepa 
rate flows upwardly in a separated set of vertically 
spaced apart individual flows, one flow through each 
one of said banks. 

11. A method of effectively extracting substantially 
all of the useful heat from the heat source of a hot air 
furnace of a forced air heating system in the plenum 
chamber of said furnace, there being a cold air return 
duct to said furnace returning cold air from the work 
space heated and a hot air plenum receiving heated air 
from the furnace for forced air distribution into the hot 
air circulation ducts, comprising the steps of: 
flowing the exhaust gases from the furnace heat 
source substantially horizontally through the fur 
nace plenum chamber (back and forth) sequen 
tially at a plurality of vertically spaced apart levels 
therewithin through a plurality of vertically spaced 
apart banks of heat exchanging tubes extending 
substantially the entire height of the furnace ple 
num chamber, 

said exhaust gases moving from the lower to higher 
levels as they pass from bank to bank of said tubes, 

flowing cold air from the cold air return duct into an 
upper portion of said furnace plenum chamber, 

dividing the cold air input flow into said plenum 
chamber therewithin into substantially as many 
parts as there are banks of heat exchange tubes and 
flowing same downwardly in a separated, vertically 
spaced apart set of individual flows which pass indi 
vidually through substantially all of said banks, 

exhausting the then heated air from a lower part of 
furnace plenum chamber into the hot air plenum of 
the forced air circulating system, and 

venting the exhaust gases from the furnace heat 
source after passing same through the topmost 
bank of heat exchange tubes. 

12. A method of effectively extracting substantially 
all of the useful heat from the heat source of a hot air 
furnace of a forced air heating system in the plenum 
chamber of said furnace, there being a cold air return 
duct to said furnace returning cold air from the work 
space heated and a hot air plenum receiving heated air 
from the furnace for forced air distribution into the hot 
air circulation ducts, comprising the steps of: 
flowing the exhaust gases from the furnace heat 
source substantially horizontally through the fur 
nace plenum chamber (back and forth) sequen 
tially at a plurality of vertically spaced apart levels 
there within through a plurality of vertically spaced 
apart banks of heat exchanging tubes extending 
substantially the entire height of the furnace ple 
num chamber, 

said exhaust gases moving from the lower to higher 
levels as they pass from bank to bank of said tubes, 

flowing cold air from the cold air return duct into one 
vertical extremity of said furnace plenum chamber, 

dividing the cold air input flow into said plenum 
chamber therewithin into substantially as many 
parts as there are banks of heat exchange tubes and 
flowing same in a separated, vertically spaced apart 
set of individual flows which pass individually 
through substantially all of said banks in a direction 
toward the other vertical extremity of the furnace 
plenum chamber, 

exhausting the then heated air from the furnace ple 
num chamber from the opposite vertical extremity 
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thereof into the hot air plenum of the forced air source after passing same through the topmost 
circulating system, and bank of heat exchange tubes. 

venting the exhaust gases from the furnace heat sk -k k + sk 
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