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My present invention relates to an air heater,
and has for an object the provision of a heater
which shall have improved heat transfer char-
acteristics so that the maximum amount of heat
generated by the burning of fuel is transferred to
the air to be heated.

Anocther object is to provide an air heater em-
bodying a combustion chamber and an air heat-
ing chamber, together with sets of flues so con-
structed and arranged that air to be heated passes
through a set of the same disposed in the com-
bustion chamber, and the products of combustion
pass through the other set therecf disposed in the
air heating chamber, whereby the maximum
amount of heat is transferred from the products
of combustion to the air to be heated.

My invention further contemplates a heater in
which the combustion chamber is disposed in the
air heating chamber, the major portion of the
air heating chamber lying behind the combus-
tion chamber, the rear wall of the former extend-
ing substantially across the latter, said wall also
forming respectively the rear flue sheet for the
set of fiues through which passes the air to be
heated, and the front flue sheet for the flues
through which pass the products of combustion,
thus not only adding to the thermal efficiency
of the heater but also resulting in a compact,
economical construction.

A further object is to provide a heater embody-
ing the ahove enumerated features and in which
the products of combustion, after passing through
the flues therefor are caused to flow downwardly
behind the rear wall of the air heating chamber

and then upwardly over the top thereof through g

relatively narrow passages disposed at each cor-

ner of the rear wall of the combustion chamber,

and thence to a draft stack, whereby the products
of combustion are caused to move slowly down-
ward in contact with a large area of the rear wall
of the air heating chamber while at the higher
temperature, and are then caused to move up-
wardly at a high velocity and in contact with a
small area of the rear wall after a large part of
the heat is removed therefrom, thus increasing
substantially the thermal efficiency of the heater.

It is another object of my invention to provide
an air heater in which the front lower portion
of the combustion chamber is open, permitting
heat generated by a heat unit placed therein to
radiate directly into the room to be heated, while
at the same time the products of combustion
from the heat unit are all carried from the room
in a closed circuit.

Apparatus embodying the features of my in-
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vention is illustrated in the accompanying draw-
ings forming a part of this application in which:

Fig. 1 is a front elevational view, partly broken
away in section;

Fig. 2 is a vertical sectional view taken gen-
erally along line II--II of Fig. 1;

Fig. 3 is a somewhat diagrammatic perspective
view with certain portions of the outer jackeb
broken away to disclose some of the interior
parts;

Fig. 4 is an enlarged detail sectional view taken
generally along line TV—IV of Fig. 2;

ig. b is an enlarged detail sectional view taken
generally along line V—V of Fig. 2;

Tig. 6 is a sectional view taken along line VI—
VI of Fig. 1;

Tig. 7 is a sectional view taken along line VIiI—
VII of Fig. 1, some of the flues being omitted;

Tig. 8 is a fragmental elevational view, partly
broken away and taken along line VIIT-—VIII of
ig. 7;

Fig. 9 is a perspective view looking at the rear
of the front wall of the outer jacket of the
heater; and

Tigs. 10 and 11 are detail perspective and plan
views, respectively, of the odd shaped fill-in plates
used at the upper and lower corners of the open-
ing in the front wall of the outer jacket.

Referring now to the drawings for a better
understanding of my invention, my improved
heater comprises a jacket having a front wall 19,
a rear wall i, and side walls 12, and a top wall
3. In the manner well understood, the walls are
joined together at the meeting points by welding
or otherwise. The jacket is supported on a base
14 comprising a horizontal plate {6, and vertical
vear and end walls {7 and 8. Likewise, the re-
mainder of the structure of the heater is sup-
ported principally from the plate {6, as will
appear later. ’

The front wall 18 of the jacket is formed of a
plate having an opening 19 at its top and a cen-
trally disposed opening 21 adjacent its bottom.
The upper edge of the lower opening carries an
upwardly and inwardly curved lip 22, substan-
tially coextensive in length with the width of the
opening 2i. The lower edge of the opening 21
carries an inwardly turned horizontal flange 23,
while the sides of the openings carry inwardly
curved lips 24. The vertical rear edges of the lips
28 are welded along the line 28 to the side plates
of a combustion chamber as will later appear.
The resulting upper and lower open corners 27
and 28 between the lips 22—24 and 23—24 are
closed by odd shaped fill-in plates 29 and 30 for
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filling respectively the openings 27 and 28, there-
by to effectively seal around the opening 214 for a
purpose later to appear. A plurality of louvers 2i
are disposed across the upper opening {9 through
which air to be heated passes, and which serve
to ornament the front of the heater. As thus
shown in Fig. 9, the lower part of the plate {0 is
cut out as indicated at 32, and the space there-
between may likewise be filleg with louvers if de-
sired as shown in Fig. 1.

Disposed with its lower edge abutting the up-

turned edge of the lip 22 is a plate 34. Secured

to the plate {6 as by welding along its.lower. edge,

is a vertical plate 36, which as shown in Fig. 2
is spaced rearwardly of the plate 34:behind the:

lower opening 21 in the plate {9: Welded:to the
plate 36, and inclined upwardly and . rearwardly.
therefrom is another plate 37, bent to provide a
horizontal portion §8, and thence bent to provide
& vertical portion 33. Ths plate 34 and the por-
tion 38 of plate 87 are jcined across their tops by
means of a-plate §1.
aleng their rear edges to conform to the configu-

ration of the rear plate &7 are secured-as by weld--

ing:to the-ends: of plates- 34; 25, 37, and 41, and
are welded along their bottom- edges to the in-
turned- lip 23. The structure just described. de-
fines a combustion chamber C having a rela=
tively shallow lower portion as considered. from
front to rear of the heater, and a relatively deeper
portion at its-top.

Resting on the plate 18, just forwardly of the
plate 26-to lie within the bottom of the.combus-
tion chamber C and behing the opening 2, is a
heat unit indicated generally by the numeral 44.
While the heat unit employed may burn- either
solid; liquid or gaseous fuels, I have; for the pur-
pose -of illustration, shown the same as compris-
ing a-gas heater-having the usual refractory back-
ing blocks £8; the burner element 47, the gas sup-
ply line 48, and a control valve 49. Air for com-
bustion may if desired: be supplied through an
elongated-opening 5% in the flange 23.

It is to be noted that the plate 34 is placed rear-
wardly of the plate {2 an amount: depending upon
the radius of the lip 22, thereby to define a space
between these plates indicated by the numeral 5¢.
Within the: deep upper portion of the combus-
tion chamber C are a-plurality of flues or air pipes
52
at either end in openings in the plate 24 and-in
the-vertical: portion 38 of the plate 37; thus to
communicate at their forward. ends with the
space 8! and provide air passages through: the
chamber C.

Adjacent the rear of the plate 18 and secured

as by welding to the upper surface thereof along-

its lower-edge-is a vertically extending plate 53.
The plate §3 is-bent to provide a forwardly in-
clined portion 54, and thence is bent horizontally
and- forwardly to provide s portion 5§ passing
over- the upper plate 41 and-in spaced. relation
thereto. The- plate 85 overhangs the- plate 34
and.is - welded to the front plate {9. The plate
83; and. its portions 54 and §8 are spaced from
thevear-walls- {4 and the top wall i3 of the outer
jacket; thereby to provide communicating spaces
57 and §&respectively. The plate 53, and its por-
lons-BA-and. 58 extend outwardly to join the end
walls 12 of the jacket as indicated more particu-
laxrly in TMigs. 6 and 7. Plate 33 and its portions
84.and. 58, together with the end walls 12 of the
oufer. jacket thus define a space B, closed at its
bottom by the plate 18, and which I term an air
heating chamber. The flues 52 thus communi-

End plates 42 and 43; cut-

The flues extend rearwardly and are fixed 3
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cate with the space {0 and with the chamber B,
the plates 34 and vertical portion 3§ of plate 37
forming the flue sheets at each end of the flues.

Secured at either end in suitable openings in
the rearwardly inclined portion of the plate 37
and the forwardiy inclined portion 54 of the plate
53 are a plurality of curved flues 58. The curva~-
ture of these fiues is such that their rear ends
are higher than the forwardiends: The fiues 58
thus communieate-with the-combustion chamber
C at a point between its top and bottom, and with
the space 57 bhetween the rear jacket wall if and
the. plate 53.

Referring particularly to Figs. 3, 4 and 5, se-

- cured to-the rear of the plate 83 and extending

vertically along the inclined portion 5€ thereof
are spaced bafie plates 8¢ and 2. The baffles
61 and 62" are spaced relatively far apart with
respect to.each other, and close to the end walls
{2 of the jacket to provide = centrally disposed
wide space.and a- pair of relatively narrow verti-
cally extending spaces €3 and 84. The bafies §i.
and.82 are cross.connected by means of. a baffle
86, disposed above the uppermost ones of the flues
58: The baffle plates §i, 82, and. €6 thus inclose
the rear ends of all of the tubes 59 except g minor
number-thereof which emerge through the plate
88 into the spaces 63 and 84. The purpose of.
these tubes in the functioning of the heater will
be described later.

The hase plate {8is provided with an opening
87, and connected to this opening is-a conduit. 88,
The conduit may lead beneath.the floor §9-0f a
reom in.which the heater is located, the.conduit.
may. have therein an.induction fan-7{, driven.hy.
a motor 12: The conduit may lead to hot. air
registers, not shown, whereby air from the cham-
ber-B.is. delivered. from the heater to one or a
number of rooms.

The top jacket wall {8 is provided with an
opening. whereby the space 58.is connected by a-
sultable pips 78 to a.draft stack, not.shown.

¥From the foregoing the method of consiructing.
and using my-improved heater may now be read-
ily explained and understood. With the unit
constructed and arranged- as shown and. ex-
plained, it will be-apparent that heat gensrated.
by.the heat unit 44 -rises upwardly into the upper
part of the combustion chamber C, and in a.
whirling movement.is.drawn through the fiues 59,
from whence it passes into.the space 57 between:
the plates 53.and {{ below the cross bafie §5. In
response. to the draft from the stack as. applied-
to.the fiue 59, the gases of combustion are caused-
to move dewnwardly in-the space 57 between the
baffies 6f and 82, and thence to flow. under the
lower edges- 14 thereof, upwardly into the spaces.
83 and 84, intoc-the space 58 between the plates
§8. and 13, and.thence to the stack. With the
fan. 74 in operation, air to be heated is drawn
through the louvers 81, into the space 51, through.
the. flues .52 and into the air heating chamber B,
and-thence into the conduit §8. Simultaneously,
some air.in the space 5i.is free to pass over the
top-of the plate 44 of the combustion chamber,
and . some -around. the sides thereof and directly
into the chamber. B without going through the
flues 82. It will be apparent that the air is
heated in the cembustion chamker C while pass-
82, and is further heated
after entering chamber B because of the. fach
that the hot gases of comiustion are passing
through the flies §2.  Further, heat is absorbed
By the air to be heated while the produets of com-
bustion. are moving downwardly in the space 57,
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at which time the gases are still at a relatively
high temperature. Once the gases reach the
lower edges 74 of the bafiles 61 and 62, and enter
the relatively narrow spaces 63 and 64 their
velocity is increased, and they move upwardly
and out of the heater at a relatively rapid rate
and after most of the heat has been removed
therefrom. It is to be noted that spacing the top
plate 4t of the combustion chamber C from the
plate 56 in effect insulates the hottest part of the
system from the coldest part; that is, since some
of the air to be heated flows between the plates
4{ and 56, this relatively cold air absorbs some
of the heat from the gases about to go to the
stack. Being relatively cool this air readily takes
up heat from the plate 56, thus recovering heat
which otherwise would be lost. This arrange-
ment materially increases the thermal efficiency
of the unit as a whole. Tn actual practice I have

found my improved heater to be considerably -

more efficient than those types of heaters in
which the air passes only through a set of flues.

The purpose of having a relatively few of the
flues 59 exit into the spaces 63 and 64 is to pro-
vide a limited amount of draft when first starting
the heater, so that any unburned gas has a ready
and direct exit to the stack. Since the rear ends
of the flues 59 are higher than the forward ends
thereof, a natural draft through the flues is pro-
vided. )

It wil] also be noted that the heat unit itself is
disposed immediately behind the opening 21 in
the front plate 8. The same is therefore readily
available for servicing, and also the refractory
members 46 radiate heat directly infto the room
to be heated. It will be obvious however that if
my improved heater is to be used as central sys-
tem, the opening 21 may be completely closed,
thereby to cause all of the heat to rise to the top
of the combustion chamber C, there to be used
in heating the air taken in through the louvers
31. Further, it will be apparent to those skilled
in the art that instead of the louvers 3{ a cold
air return conduit could be connected to the
opening {9 of the front plate 18, thereby making
the unit suitable for use in a closed system in the
manner well understood. Likewise, by omitting
the fan 7{ or reversing the same, cold air may be
drawn in through the opening 87 from whence it
flows reversely through the flues §2 and out of
the opening in plate 0.

Trom the foregoing it will be apparent that 1
have devised an improved heater which is simple
of construction and manufacture, and which is
efficient and compact. Likewise, by completely
sealing around the opening 2{ by means of the
lips 22 and 24 and the fill-in plates 29 and 20,
there is no chance for the products of combus-
tion to become mixed with the air to be heated.

While I have shown my invention in but one
form, it will be obvious to those skilled in the
art that it is not so limited, but is susceptible of
various changes and modifications without de-
parting from the spirit thereof, and I desire,
therefore, that only such limitations shall be
placed thersupon as are specifically set forth in
the appended claims. ’

What I claim is:

1. In an air heater a combustion chamber de-
fined by front, rear, top and end plates, there
being a centrally disposed opening adjacent the
lower end of said front plate, means forming an
air inlet passageway adjacent the top of said
front plate, a heat unit in the combustion cham-
ber adjacent the opening in said front plate, a
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6
plurality of air pipes communicating with said
inlet passageway and passing through the front
and rear plates adjacent the top of the combus-
tion chamber, rear, top and end walls forming
an air heating chamber surrounding the rear, top
and end plates of the combustion chamber, a
plurality of rows of superposed vertically spaced
flues disposed in the air heating chamber con-
nected directly at one end with the combustion
chamber at points below the rear ends of said
air pipes and opening rearwardly of the rear wall
of said air heating chamber, walls disposed rear-
wardly of the rear wall of the air heating cham-
ber and operatively associated therewith to de-
fine a closed space to which said flues communi-
cate, means to vent said space, and means to
pass air to be heated through the air pipes and
into and out the bottom of said heating chamber.

9. In an air hester, an outer jacket comprising
front, rear, top, bottom and end walls, front, rear,
top and end plates, spaced inwardly of the re-
spectively corresponding walls of said jacket and
defining a combustion chamber, there being a
centrally disposed opening adjacent the lower
end of the front wall of said jacket and an
aligsned centrally disposed opening adjacent the
lower end of the front plate, there being an inlet
passageway in the upper portion of the front
wall of said jacket in communication with the
space between the front wall of said jacket and
the front plate of the combustion chamber, a
plurality of air pipes communicating with said
inlet passageway and passing through said front
and rear plates adjacent the top of the combus-
tion chamber, a partition wall having a portion
spaced forwardly of the rear wall of said jackeb
and another portion spaced beneath the top wall
thereof defining 2 continuous space therebetween,
said partition wall and the rear plate of said com-
bustion chamber defining between them an air
heating chamber, a plurality of flues disposed
in the air heating chamber connected directly at
one end with the combustion chamber at points
below the rear ends of said air pipes, the other
ends of said flues opening rearwardly of said
partition wall and communicating with said con-
tinuous space, means to vent said continuous
space, and means to pass air to be heated through
the air pipes and into the heating chamber and
out the bottom thereof.

3. In an air heater, an outer jacket having
front, rear, top, bottom and end walls, a plate
disposed forwardly of the rear wall and having
a top portion extending forwardly in spaced re-
lation beneath the top wall of the jacket, said
plate being joined along its side edges to the end
walls of the jacket thereby defining a closed
space extending upwardly along the rear and
under the top of the jacket, a draft connection
to said space at the top of the jacket, a combus-
tion chamber within said jacket formed of front,
vear and end walls joined by a top wall, the top
and rear walls of said combustion chamber be-
ing spaced from said plate to define therebe-
tween an air heating chamber, the end walls and
the upper portion of the front wall of the com-
bustion chamber being spaced from the end walls
and the upper portion of the front wall respec-
tively of said jacket, a plurality of air pipes pass-
ing through the front and rear walls of said com-
bustion chamber adjacent the top thereof, a heat
unit in the combustion chamber, a plurality of
flues connected directly at one end with the com-
bustion chamber at peints below the rear ends
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of said air pipes and. opening rearwardly. of.
said. plate in direct: communication. with said:

closed space between the plate and. the outer
jacket, there being an inlet passageway in the
upper portion of the front wall of said jacket in
communication with said air pipes and with the
space between the upper portion of the front wall
of said jacket and the upper portion of the front
wall of the combustion chamber, and means to
pass- air to be heated through the air pipes and
into and out the bottom of said air heating
chamber. .

4. Apparatus as defined in. claim 3 in which
said space defined between the plate and the
outer jacket is divided by bafiles into a relatively
wide space flanked on either side by relatively
narrow- spaces, there being a cross baffe: con-
necting the upper ends of said vertical bafiles,
and-in which the majority of the flues.communi-
cate with the space between the- vertical baffles
and bensath the cross-hafile, and a minor num-
ber thereof communicate with said narrow spaces.

5. Apparatus as defined in claim 3 in. which:

8
the ends of said:flues. connected to the:rear wall.
of. the:combustion chamber-are at-a lower level
than the-ends thereof connected to the rear plate.
HARRY G. BECK.
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