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10 Claims. (CL 126—1106)

This invention relates to improvements in heating ap-
paratus, and particularly to an improved forced-air heat-
ing apparatus supplying air at relatively high tempera-
tures and pressures.

In U. S. Patent No. 2,488,548, there is described and
claimed a forced-air heating apparatus for a heating sys-
tem in which relatively small quantities of high-tempera-
ture air are distributed through small ducts, to be mixed
with lower temperature air at the point of use. The
apparatus described in the foregoing patent includes a
pair of substantially cylindrical shells concentrically ar-
ranged to provide therebetween a hollow annular space
within which is placed a spiral heat exchanger element.
Inside the inner shell, a fuel burner is mounted to dis-
charge hot gaseous combustion products, in a direction

at right angles to the shell axes, directly into an opening.

in the inner turn of the spiral heat exchanger. An air
compressor at one end of the shells supplies air both to
the fuel burper and to the space between the shells to
flow in heat exchange relationship over the spiral surfaces
of the heat exchanger, thereby providing for heating of
the air.

While the apparatus just described has many advan-
tages over other previously known heating systems, it has
been found that the orientation of the fuel burner and the
air flow arrangement has certain shortcomings. The
location of the fuel burner at right angles to the shell
axes results in a concentrated discharge of hot gaseous
combustion products directly onto a limited-surface-area
portion of the innermost turn of the heat exchanger.
Even though the metal utilized in the heat exchanger be
fully capable of withstanding the relatively high tempera-
tares encountered, the impingement of hot: gases on a
localized portion of the heat exchanger wall may create
a condition of uneven expansion and contraction which
eventually may cause failure due to bending of the metal,
Furthermore, it is not entirely practical to direct cooling
air onto this localized area of extreme temperature
changes, because the area in question is at the high tem-
perature end of the path of the air being heated.

It is, therefore, a general object of the present inven-
tion to provide an improved air-heating apparatus, where-
in the problems just mentioned are overcome while re-
taining and adding to the advantages of the apparatus
described in the above-mentioned patent. In accordance
with a preferred embodiment of the present invention,
the foregoing and other related objects and advantages
are obtained in an apparatus wherein the heat exchanger
structure is modified and reoriented, with respect to the
burner, to expose a different and much greater area por-
tion of the heat exchanger structure to the initial high
temperature combustion products, thereby - eliminating
the localized expansion and contraction problem. Pro-
vision also is made to insure a-flow of cooling air directly
onto a surface that is or may be the target of flame from
the burner, thereby limiting temperature variations of
this target surface, Whereas in the apparatus. of the
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above patent the heat exchanger is oriented horizontally,
in the present case a vertical configuration is preferred
which, together with the modification in heat exchanger
design, greatly facilitates cleaning of the combustion
gas passages as is explained fully hereinafter.

A more complete understanding of the invention, and
of further objects and features thereof, can be had by
reference to the following description of an illustrative
embodiment thereof, when considered in connection with
the accompanying drawing, wherein

Figure 1 is a sectional elevation of an air heating device
embodying the invention,

Figure 2 is a section view of the apparatus shown in
Figure 1, taken on the line 2—2 in Figure 1, and

Figure 3 is a view similar to Figure 2, taken on the
line 3—3 of Figure 1.

In Figure 1 of the drawing, the principal elements of
a heating apparatus embodying the invention are shown
to comprise a fuel burner 19 for supplying hot gaseous
combustion products to a heat exchanger 12, and a com-
pressor or blower 14 for supplying air both to the burner
10 and to the heat exchanger 12. The elements 10—14
are housed in an elongated, upright, substantially rectan-
gular casing 18.

The casing preferably is made up of insulated side
panels 28, 22, 24, 26, an insulated top panel 28 and a
bottom pan 30, all assembled into a substantially air-
tight structure (except as hereinafter noted) by sheet
metal screws or the like.

The heat exchanger 12 is made up of five vertically
disposed concentric cylinders 32, 34, 36, 38, 40 of un-
equal radius, mounted coaxially one within another in
the central part of the casing to provide radial spacing
therebetween. Selected pairs of the cylinders are joined
at their upper and lower ends to define closed paths for
the flow of ventilating air and ‘gaseous combustion prod-
uctsthrough  the heat exchanger, as explained herein-
after.

The upper end of the innermost cylinder 32 is closed
by an end wall 42, above which is mounted the fluid fuel
burner 16. This burner 1¢ preferably is of the high
velocity type, which is intended to designate a burner
adapted ‘to deliver hot gaseous combustion products at
a velocity substantially in excess of the velocity of flame
propagation of the fuel supplied to the burner. Such a
burner has the advantage that it can be used with a com-
pact, narrow flue gas passage heat exchanger without
requiring abnormally high natural draft. A preferred
burner of this type comprises a pair of concentrically dis-
posed metal sleeves 48, 50. The inner one ( 48) of these
sleeves surrounds and defines a combustion space which
is extended into the space inside the cylinder 32 by a
sleeve 52 of refractory material which forms a continu-
ation. of the inner sleeve 48. The refractory sleeve 52
extends through a central opening in the end wall 42 and
a similar opening in the bottom wall 54 of a housing 56
which encloses the burner 1.

The inner sleeve 48 is provided with a plurality of lat-
erally aligned holes 58 through which combustion air can
enter the combustion space from the space between the
sleeves 48, 50. The sleeves 48, 50 are closed by an end
wall 60 at the end remote from the refractory sleeve 52,
and a fuel supply means, such as an atomizing fuel noz-
zle 62, is mounted to discharge fuel into the combustion
space. Ignition means, such as a spark plug 63 or the
like, projects through the sleeves 48, 59 into the combus-
tion space to ignite the fuel which enters through the
supply means 62. It will be understood that the burner
10 can as well be arranged to burn gaseous fuel, by
substitution of a suitable fuel supply means.

.. The burner head assembly just described constitutes a
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high velocity unit, capable of delivering hot gaseous com-
bustion products at a rate substantiaily in excess of the
rate of flame propagation of the fuel supplied thereto.
Adr from the blower 14 will flow into the bumner housing
56 as hereinafter explained, then down along the cutside
of the outer sleeve 50, then up into the space betwesn the
sleeves. 48, 50 and will eater the combustion chamber in
discrete, radially directed jets through the large holes 58
in the inner sleeve 48. As these jets of air impinge on
each other at the cenfer of the combustion chamber, some
of the air will flow up-toward the end wall 6%, then radially
outward along the end wall 69, and then downward along
the inside surface of the inner sleeve 48. This air flow
pattern will create a vortex or ring in the area between
the inlet ports 58 and the closed end 69 of the combustion
chamber. By virtue of the reversal of direction of aiv
flow, an area of substantially zero velocity air fow is
created within the toroidal flow area, and the nozzle 62
is arranged to discharge fuel into this relatively dead air
space.
region, it becomes possible to have gases (air and com-
bustion products) flow into and out of the combustion
chamber at a velccity much greater than the velocity of
flame propagation of the fuel being burned, without blow-
ing out the flame.

It can be seen that the burner 1% is arranged to dis-
charge combustion gases downwardly into the cylinder 32,
so that the entire inner surface of the cylinder 32 will be
expesed to the radiant heat from the flame. The flame
itself ‘may impinge on an end wall 64 which closes the
lower end of the next-to-outermost cylinder 38 and faces
the refraciory sleeve 82 from which the combustion gases
issue.

Thé air compressor or blower 14, disposed at the lower
end of the casing, is driven by a motor 66. As the blower
14 forms no part of the present invention per se, it is not
shown in detail. The blower is connected by an outlet
duct 68 to deliver air through an opening in a plate 79
which extends across the lower end of the outermost heat
exchanger cylinder 48. The blower output supplies ooth
combustion and ventilating air, and the flow of .air to the
blower is directed over the blower motor 66 for cooling
purposes, as will now be described.

A louvered inlet opening 72 in one of the casing side
panels 26 is covered by an air filter 74 through which air
enters .the casing 18. From the filter, the inlet air path
extends-downwardly between the casing and the cutermost
cylinder 48.  This flow of air over the outside of the heat
exchanger serves to minimize heat losses, to keep the
casing temperature very low and to reduce blower noise
outside the apparatus.

Upon reaching the lower end-of the casing, the air flows
over the motor 66 and into the blower 14, to be discharged
through the duct 68 against the plate 64 which closes the
lower end of the next-to-outermost cylinder 38. As this
plate 64 faces the burner, it comprises the target toward
which high temperature combustion products are directed
by the burner. Thus, the low temperature air coming
from the blower will prevent overheating of the target
plate 64.

In addition to the end plates 42, 64, 70 previously
referred to, additional end walls are provided at the upper
end lower ends of the heat exchanger cylinders fo co-
operate therewith in defining the fluid flow paths through
the heat exchanger. The upper ends of the outermost and
next-to-innermost cylinders 49, 34 are joined by an end
wall 76 which is part of a partifion extending entirely
across the casing. The upper ends of the third and the
next-to-outermost cylinders 36, 38 are joined by an end
wall 78. Also, the lower ends of the third and the inner-
most cylinders 36, 32 are joined by a connecting end wall
79.

At -the beginning of their travel through the heat -ex-
changer, the combustion-supporting air and the ventilating

By burning the atomized fuel in this low velocity ¢
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plate 64 and thence upwardly through the space between
the outermost and the next-to-cutermost cylinders 38, 40.

At the end wall 76, the combustion-supporting air and
the ventilating air separate. The combustion air, which
may amount to, say, one-egighth of the tctal, will flow
through an opening 77 in the wall 76 into a duct 80 which
extends into the burner housing 56, and thence into the
burner head 48, 58.

The ventilating air, on the other hand, will be deflected
by the end wall 76 to flow downwardly through the space
between the third and the nexi-to-innermost cylinders 36,
34. Upcn reaching the lower ends of these cylinders, the
ventilating air will be defigcted by the end wall 79 to flow
upwardly between the innermost and next-to-innermost
cylinders 32, 34. At the upper end of these cylinders 32,
34, ithe ventilating air will flow through an opening 83
into & plenum chamber 84 defined by walls 83 adjacent
the burner housing, to be distributed through .cutlet ducts
86 and conduits (not shown) connected thereto.

The high temperature combustion products leaving the
burner 1§ will flow downwardly through the inner cylin-
der 32 to the target plate 64, thence npwardly through the
space between the third and the next-to-outermost cylin-
ders 35, 38, and out through an exhaust duct 88 which is
joined to the cylinder 38.

1t is, of course, important that there be no leakage.of the
combustion gases into the ventilating air siream. While
it is intended that the combustion gas path and the ven-
tilating air path be carefully ssaled to prevent such leak-
age, there is always a possibility that a leak may exist at
some point where the two paths are contiguous, say, at the
juncture of the end wall 78 and the third cylinder 36.

To insure that any leakage between the two paths will
be in a safe direction, which would be from the ventilating

5 air path to the combustion products path and not vice

versa, it is preferable to maintain a lower cperational fluid
pressure at all points along the combustion products path
than at adjacent points along the ventilating air path. To
this end, there is preferably provided a restrictor, such
as a damper 29, in the duct 89 leading to the burper, to
reduce the pressure of the air going to the burner. Also,
the spacing of the cylinders 32—38 must be properly
selected with reference to the distribution system into
which the ventilating air is distributed to maintain ade-
quate pressure in the veatilating air path through the heat
exchanger.

In accordance with a further feature of the inveation,
means preferably are provided to prevent any-possibility
of impure gases feeding back from the burner 10 into
the heat exchanger 12 when the apparatus is shut down.
At the end of a.period of heat delivery, for example, there
may be some traces of combustion gas in the heat ex-
changer for a short time after the blower 14 is shut
off. To prevent fumes from-finding their way back into
the ventilating air system through the duct 80, a one-
way valve 994 is previded at the burner end of the duct 80
and hinged to open in response to air pressure in the duct
86. When the blower ¥4 is off, the valve 94 will. close
by gravity, or may be closed more reliably by a spring
22.

In accordance with a further feature of the invention,
means are provided for drawing a small. quantity -of air
through the upper end of the-casing to avoid overheating
of controls 93 normally .mounted in this -portion -of the
casing. To isolate this portion of -the casing, the parti-
tion 76 extends across the casing above the heat. exchanger.
The exhaust duct 88 is led upwardly ‘through this parti-
tion 76 .and communicates with the chimney or exhaust
stack (not showan) -through an aspirator -comprising -an
outlet duct 94 which is of larger -diameter than the ex-
haust duct and overlaps the end thereof, as -shown.
When-combustion gases flow through the aspirator from
the duct :88 to the duct 94, there -will be-a flow of air
into the duct 94 from the space around the burner com-
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partment which will draw in cooling air-through louvers
95 in the upper end of the casing. ‘

One of the difficulties frequently encountered with
multi-pass heat exchangers of compact configuration,
such as in the apparatus described herein, is the difficulty
of cleaning the flue gas passages. In the apparatus of the
present invention, the parts of the heat exchanger through
which the flue gases pass are readily accessible for clean-
ing, as will now be described.

A cleanout opening 41 is provided in the next-to-outer-
most cylinder 38, extending from the lower end of the
cylinder 38 nearly to the upper end. Access to this open-
ing 41 is had through a compartment 43 defined by walls
44 which extend from the opening 41 through a similar
aligned opening in the outer cylinder 48. The compart-
ment 43 is closed by a removable panel 45 held in place
by sheet metal screws 46 or the like. In order to clean
the flue gas passage between the third and next-to-outer-
most cylinders 36, 38, a flexible handled brush (not
shown) can be inserted readily upon removal of the ac-
cess panel 45, to scrape off any soot accumulated on the
cylinders 36, 38. The soot will drop down onto the end
wall 64, from which it can be removed readily through
the opening 43.

To clean the inside of the inner cylinder 32, and for
servicing of the burner 16, the top panel 28 and housing
panel 56 can be removed to expose the burner, which
can then be withdrawn to give access to the inside of the
cylinder 32. As before, any soot brushed from the inner
surface of the cylinder 32 will drop onto the end plate
64, to be removed through the opening 43,

In accordance with a further feature of the invention,
a “blow-out” panel 81 is provided on the access panel 45
to relieve excess pressure developed by: delayed ignition
or the like, thereby to preclude damaging the heat ex-
changer. The panel 81 is mounted to move on guide pins
82, and is normally held in place by springs 83, so that
the panel 81 can be forced outwardly to relieve excess
pressure but will immediately return to its normal posi-
tion tightly sealing the blow-out opening.

What is claimed is:

1. In a warm air furnace, a heat exchanger comprising
five cylinders mounted one within -another with radial
spacing therebetween, a blower below. said heat ex-
changer, means cooperating with said cylinders to de-
fine a first closed path from said blower for delivering into
said heat exchanger both combustion air and air to be
heated, said path extending from said blower into the
space between the outermost and the next-to-outermost of
said cylinders and terminating at the top of said last-
mentioned cylinders, an end wall closing the upper end
of the innermost of said cylinders, a fluid fuel burner
mounted above said end wall and having a discharge
tube extending downwardly into said innermost cylinder
through said end wall, a housing enclosing said burner,
means cooperating with said cylinders and said. housing
to define a second closed air path for conducting a com-
bustion supporting air into said burner and- gaseous com-
bustion products away from said burner, said second
path extending from the termination of said first path into
said housing, through said burner, downwardly through
the space inside said innermost cylinder and upwardly
through the space between the third and the next-to-outer-
most of said cylinders, means. cooperating with said
cylinders to define a closed path for air to be heated and
extending from the termination of said first path down-
wardly through the space between the third and the next
to innermost of said cylinders and then upwardly through
the space between the innermost and the next-to-inner-
most of said cylinders, means communicating with the
space between the upper portions of said third and said
next-to-outermost cylinders for " conducting combustion
gases out of said heat exchanger, and means communicat-
ing with the space between the upper portions of said
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6 ‘
innermost and said next-to-innermost cylinders for cos-
ducting heated air out of said heat exchanger.

2. A warm air furnace comprising an elongated, upright
casing, a heat exchanger comprising five vertical cylinders
mounted in said casing one within another with radial
spacing therebetween, a blower in said casing below said
heat exchanger, means cooperating with'said cylinders and
defining a first closed path from said blower for delivering
into said heat exchanger both combustion air and air to
be heated, said path extending from said blower upwardly
into the space between the outermost and the next-to-
outermost of said cylinders and terminating at the top
of said last named cylinders, an end wall closing the
upper -end of the innermost of said cylinders, a high-
velocity fluid fuel burner mounted above said end wall
and having a discharge tube extending downwardly into
said innermost cylinder, a housing enclosing said burner,
means cooperating with said cylinders and said housing
to define a second closed air path for conducting combuis-
tion supporting air into said burner and gaseous combus-
tion products away from said burner, said second path
extending from the termination of said first path into said
housing, through said burner, downwardly through the
space inside said innermost cylinder, upwardly through
the space between the third and the next-to-outermost
of said cylinders and then outwardly through said casing,
means . cooperating with said cylinders to define a third
closed ‘path for air to be heated and extending from the
termination of said first path downwardly through the
space between the third and ‘the next to innermost of
said cylinders. and thence upwardly through the space
between the innermost and the next-to-innermost of said
cylinders and thence outwardly through said casing, said
second air path being restricted upstream of said burner
to' maintain at all points along said second path a lower
operational fluid pressure than the air pressure at adja-
cent points along said third path whereby to preclude
fiuid leakage from said second path to said third path.

3. A warm air furnace comprising an.elongated, up-
right, insulated casing closed at top and bottom, a heat
exchanger comprising five vertical cylinders mounted in
said casing one within another with radial spacing there-
between, a blower in said casing below said heat ex-
changer, means cooperating with said cylinders and defin-
ing a first closed path from said blower for delivering
into said heat exchanger both combustion air and air to
be heated, said path extending from said blower upwardly
into the space- between the outermost and the next-to-
outermost of said cylinders and terminating at the top of
said last named cylinders, an end wall closing the upper
end of the innermost of said cylinders, a high-velocity
fluid fuel burner mounted above said end wall and having
a discharge tube extending downwardly into said inner-
most cylinder through said end wall, a housing enclosing
said burner, means cooperating with said cylinders and
said housing to define a second closed air path for con-
ducting combustion supporting air into said burner and
gaseous combustion products away from said burner, said
second path extending from the termination of said first
path into said housing, through said burner, downwardly
through the space inside said .innermost cylinder, up-
wardly through the space between the third and the next-
to-outermost of said cylinders and then outwardly through
said casing, and means cooperating with said cylinders to
define a closed path for air to be heated and extending
from the termination of said first path downwardly
through the space between the third and the next to
innermost of said cylinders and thence upwardly through
the space between the inmermost and the next-to-inner-
most of said cylinders and thence cutwardly through said
casing, ‘

4. In a warm air furnace, a heat exchanger comprising
five vertical cylinders of unequal radius mounted one
within another with radial spacing therebetween, a blower
below said heat exchanger, end walls closing the lower



2,752,912

7

ends of the outermost and next-to-outéitnost of said cyl-
inders, said otitérmost eylinder énd wall having an open-
ing therein, a duct cominiunicating said blower with said
opeéning, a third énd wall joining the upper ends of the
outermost and the next-to-innermost of said cylinders and
having an opening therein, a fourth end wall closing the
upper end of the innermost of said cylinders, a fluid fuel
burner mournted above said fourth end wall and having a
discharge tube extending downwardly into said innermost
cylinder through said fourth end wall, a housing enclosing
said burner, a duct communicating said third end wall
opening with said housing, an end wall joining the upper
ends of the third and the néxt-to-outérmost of said cyl-
inders, an end wall joining the lower ends of the third and
the innermost of said cylinders, means communicating
with the space between the upper portions of said third
and said next-to-outermost cylinders for conducting com-
bustion gases out of said heat exchanger, and means com-
municating with the space between the upper portions of
said innermost and said next-to-innermost cylinders for
conducting heated air out of said heat exchanger.

5. In a warm air furhace, a heat exchanger comprising
five vertical cylinders of unequal radius mounted one
within another with radial spacing therebetween, a blower
below said heat exchanger, meédns cooperating with said
cylinders and defining a first closed path from said blower
for delivering into said héat exchanger both combustion
air and air to be heated, said path extending from said
blower upwardly. into the space between the outermost
and the next-to-outermost of said cylinders and terminat-
ing at the top of said last-mentioned cylinders, an end
wall closing the upper énd of the innermost of said cyl-
inders, a fluid fuel burner mounted above said end wall
and having a discharge tiibe extending downwardly into
said innermost cylinder through said end wall, a housing
enclosing said burnér, a duct exténding from the termina-
tion of said first path into said housing, means closing
said duct to prevent fluid flow from said housing into said
duct and adapted to open in response to flow of pressur-
ized air into said duct from said first path, means coop-
erating with said cylinders to define a second closed path
for conducting gaseous combustion products from said
burner, said second path extending downwardly through
the space inside said innermost cylinder and upwardly
through the space between the third and the next-to-outer-
most of said cylinders, means cooperating with said
¢ylinders to define a closed path for air to be heated and
extending from the termiination of said first path down-
wardly through the space between the third and the next-
to-innermost of $said cylinders and thence upwardly
through the space bétween the innermost and the next-to-
innermost of said cylindeérs, means communicating with
the space between the upper portions of said third and
said next-to-outermost cylinders for conducting combus-
tion gases out of said héat exchanger, and means com-
municating with the space between the upper portions of
said ifmermost and said néxt-to-innermost cylinders for
conducting heated air out of said heat exchanger.

6. A warm air furnace comprising an elongated, up-
right, insulated casing closed at top and bottom, a heat
exchanger comprising five vertical cylinders mounted in
the central part of said casing one within another with
radial spacing therebetween, a first end wall closing the
lower end of the niext-to-outermost cylinder, a second end
wall joining the lower ends of the innermost and the third
of said cylinders, a third end wall joining the upper ends
of the next-to-cuterinost and the third of said cylinders,
a fourth end wall joining the upper ends of the cutermost
and the next-to-innermost of said cylinders, a fifth end
wall closing the uppér end of the innermost of said
cylinders, a high velocity fluid fuel burner mounted above
said fifth end wall and having a discharge tube extending
downwardly into said innermost cylinder, a housmg
enciosing said biirner, said housing having an opening
thefein, said fourth énd wall having an opening therein,

10

15

25

30

38

40

45

55

60

65

70

5

8

a ‘duct communicating said fourth end wall opening with
said housing cpening, a valving elément normally closing
said duct at the hotising end thereof and adapted to open
into said housing i response to flow of pressurized air
into said duct, a sixth end wall closing the lower end of
the outermost of sdid cylinders, said sixth end wall having
a central opening therein, a blower in the lower part of
said housing, a duct eommunicating between said blower
and said sixth end wall opening for directing pressurized .
air from said blower against the underside of said first
end wall, said casing having air inlet openings in the
upper part thereof for admitting air to said blower through
the space between said casing and the outermost of said
cylinders, means for conducting heated air froin the space
between the upper énds of said innermost and said next-
to-innermost cylinders to the ouiside of said casing, and
means for conductiig combustion gases from the spacé
bétween the upper portions of said third and nextto-
outermost cylinders to the outside of said casing.

7. In a warni air fiirnace, an elongated, upright, insu-
lated casmg closed at top and bottom, a heat exchanger
comprxsmg five cylinders mounted Vertlcally one Wwithin
another in said casing with radial spacing therebetween,
a first end wall closing the lower end of the next-to-
outermost cylinder, a second end wall joining the lower
ends of the innefmost and the third of said cylinders; a
third end wall joining the upper énds of the next-to-outer-
most and the thitd of said-cylinders, a partition separat-
ing said heat exchanger from the iippér portion of said
casing and joining the upper ends of the eutermost and
the next-to-innermost of said cylinders, a fourth end wall
closing the Upper -énd of the innermost of said cylinders,
a fluid fuel burner méunted in said upper portion of said
casing aid -having & combustion discharge tube exténd-
ing downivardly into said innermost cylinder through said
partition and said fourth end wall, a housing enclosing
siid burner, said housing having an opening therein, a
duct communicating through said partition from said
housing openiiig to the space between said outermost and
next-to-innermost -¢yliniders, a fifth end wall closing the
lower end of the outermost of said cylinders, said fifth end
wall ‘having a c¢éntral opening therein, a blower in the
lower end of said casing, a duct communicating between
said blower and said fifth end wall opening for directing
pressiirized air ggainst the inderside of said first end wall,
and exhaunst duct extending through said partition from the
space bétween fhe upper ends of the third and the néext-to-
otutermost of said cylinders into sdid upper portion of
said casing, an outlet duét leading from said upper casing
portion to outside §aid casing, said outlet duct having an
inilet portion suirounding the outlét end of said exhaust
duct to form an aspirator for drawing air from said
upper casing portién in response to gas flow through said
exhaust and-outlet dicts, and means for conducting heated
air from theé space between the upper ends of said inner-
most and said Aext-to-innérmost cylinders to the outside
of said casing.

8. In a warr &ir fiirnace, a heat exchanger comprising
five cylindérs mounted one within another in radially
spaced relation, & first end wall closing the lower end of
the mext-to-Guteriiost cylinder, a second end wall closing
the upper end of the innefmost of said cylinders, a fitid
fuel burnér mounted dbove said second end wall and
having 4 discharge tube extending downwardly into said
innermost cyhnder mieans cooperating with said cylinders
to define & closed path f6r gaseous combustion products
to pass through said heat ekchanger, said path extending
from inside the innermost of said cylinders into the space
between the third and the fiext-to-outermost of said cyl-
inders and thence laterally outwardly through the outer-
nmiost of 'said cylinders, means cooperating with said
cylinders to define a second closed path for air being
heated to pass through said heat exchanger, said second
path extending through said first end wall upwardly into
the space between the outermost and the next-to-outermost
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of said cylinders and then downwardly through the space
between the third and the next-to-innermost of said cyl-
inders and thence upwardly through the space between
the innermost and the next-to-innermost of said cylinders,
a housing enclosing said burner, a duct communicating
from the space between the upper ends of the outermost
and the next-to-innermost of said cylinders and -extend-
ing into said housing, a third end wall closing the lower
end of the outermost of said cylinders, said third end wall
having a central opening therein, a blower below said
third end wall, a duct communicating between said blower
and said third end wall opening for directing pressurized
air against the underside of said first end wall, said next-
to-cutermost and outermost cylinders having aligned
openings therein extending from adjacent said first end
wall throughout a substantial portion of the lengths of
said last-mentioned cylinders, walls defining a cleanout
aceess compartment extending through said last-mentioned
openings, a removable access panel secured io said last-
mentioned walls and closing said compartment outside
said outermost cylinder, and means for conducting heated
air from the space between the upper ends of said inner-
most and said next-to-innermost cylinders to the outside
of said casing.

9. A warm air furnace as defined in claim 8 wherein
said access panel has an opening therein, and means for
relieving excessive pressures comprising a second panel
covering said access panel opening, said second panel be-
ing held in position over said access panel opening by
springs adapted to allow said second: panel to uncover
said access panel opening in response to excessive pres-
sure in the space between said third and said next-to-
outermost cylinders.

10. In a warm air furnace, a heat exchanger compris-
ing five cylinders mounted one within another with radial
spacing therebetween, a blower below said heat exchang-
er, means cooperating with said cylinders to define a path
from said blower for air to be heated, said path extend-

10

15

20

25

30

35

10

ing from said blower into the space between the outer-
most and the next-to-outermost of said cylinders and up-
wardly through said space, and then dewnwardly through
the space between the third and the next-to-innermost of
said cylinders, and then upwardly through the space be-
tween the innermost and the next-to-innermost of said
cylinders and then out of said heat exchanger, an end
wall closing the upper end of the innermost of said cylin-
ders, a fluid fuel burner mounted above said end wall
and having a discharge tube extending downwardly into
said innermost cylinder through said end wall, air sup-
ply means communicating with said burner for supply-
ing combustion supporting air to said burner, means co-
operating with said cylinders to define a second path for
conducting gaseous combustion products away from said
burner, said second path extending from said burner
downwardly through the space inside said innermost cylin-
der, and then upwardly through the space between the
third and the next-to-outermost: of said cylinders, and
then out of said heat exchanger.
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