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To all whmn Lt 1Y COMCETT: |
Be'it known that I, RALPH S. THO\»IPSO\
a cltizen of the Umted Shtates, residing ab

Springfield, in the county of Clark and State.
of Ohio, have invented certain new and use-
ful Implovements in Farnaces,-of which the

folilowing is a specification, reference’ heing

had thel ein to the accom panying drawings.
This invention relates to furnaces, and
more particularly tothatelass known as ‘ hot-

air” furnaces, by means of which air may be

heated for distr lbubmn tosuch places as may.

be needed.

The pdrtmulm ob,]ec,t of my ple%ent inven-
tion is to produce a mmpdcl}structme having
a comparatively small height in proportion to

1ts efficiency and adapted to givea maximuin
heating efficiency for a given amount of fuel.

To these ends my invention consistsin cer-:
tain novel features which I:will now proceed |
to deseribe and will then partlcnlmly pmng

~out in the claims.:

2>
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In the accompanying drawmwg Figure 1is.
a vertical sectional view of a fumaee embody-:
ing my invention in one form, the same he-
ing in section upon the line x x of Fig. 2 and

looking in the direction of the arrows. Rig.

2is a pla,n section taken on the line y v of
Fig. 1 and looking in the direction of the ar-
Fig. 3isa vertical sectional view talken
1 and looking in the:
Fig. 41is a vertical
|'ments 16, 17, and 18.
the line v v of Kig. 5 and looking in the di-!|

TOWS.
on the line z z of Hig.
direetion of the arrows.
sectional view of a modified form, taken on

rection of the arrows; and Fig. 5 is a plan

sectional view of the same, taken on the line

w w of Fig. 4 and looking in the dlIGOthll of

| the arrows.
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narily constructed of sheet metal.

Referring more parbmulmly first to the con-

struction showanws.l 2,and 3, 1111(11{3&‘[65‘

the fire-box or wmbustmn chamber which is

preferably rectangular in horlzonml Cross-
section, as shown, a.ud having its top inclined

from fmnt to baek_ at an a,nn‘le of about forty-
five degrees. This fire- ‘box may be of any
suitable construction; but where gaseous fuel
is employed, as is 'pre"fé"rre'd, it will be ordi-
In the

present 1nstance I have shown this fire-box
as adapted for use with gas as the heating me-
diam, although it will be understood that any
suitable fuel may be employed.

- In the con-

erml No.87,156. (No mudel )

istruction illuatmted I have s.ahown a burner

consisting "of two pipes 2, extending the
length of the bottom of the fire-box and hav-

-Ing jet-openings formed therein, the gaseous
‘fuel being conducted to the pipes in any suit-

able manner and consisting ordinarily of a

.OII
such a device being oommonly used in con-

mixture of gas and air. [ have also shown
located between the two pipes a pilot-burner
automatic lighter 3, supplied by a pipe 4,

nection with gas- burners for heating pur-
poses.  Air to support combustion is a,dmlt—

fted to the combustion-chamber or fire-box 1

in any suitable manner—as, for instance, by
noles 5 in the bottom thereof.
the fire-box and in the present construction
in the back thereof near one end is formed
an opening 6, which constitutes an outlet for

-the heated gases and produects of combustion.

Back of the fire-box or combustion-cham-

‘ber is located the air-heater proper, consist-
ing of two flue-boxes 7 and 8, situated a suit-
-able distance apart and connected by flues 9

in the manner hereinafter described.

Hach

flue-box is subdivided by diaphragms 10 into

a number of ehambers or compartiments, the

number being as great as may be required

and being'equ.&l in the two boxes or nnequal,

I row of

as may be desired..

55
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- At the topof -

70

75
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In the present instance

I have shown the flue-box 7 as divided into .
-four compartments 12, 13, 14, and 15, while
the flue-box 8 18 divided into three compart-

~The flues are arranged

in tiers or horizontal rows placed one above

the other, and the flues of the uppermost tier
extend from the uppermost compartment 12
of the flue-box 7 to the uppermost compart-
ment 16 of the flue-box 3. The second row
of flues from the top extend from the upper-
most compartment 16 of the fine-box & to the
second compartment 13 from the top of the
ﬂue box 7. In like manner the third row of
lues extend from the second compartment
13 of the flue-box 7 to the second compart-
ment 17 of the flue-box §, while the fourth
ues are return-flues, connecting said

compartment 17 with the third eomp&rtmem
14 of the flue-box 7. The fifth row of flues
extend from the compartment 14 to the low-
ermost compartment 13 of the flue-box 8,
while the sixth row of flues are return-flues,

[-extending from the compartment 18 to the

Q0
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15

lowermost compartment 15 of the flue-box 7. ] clined top to the outlet-opening 6, from

It will be seen from an examination of Kig.
1 that the flues of each tier or horizontal row
are so arranged as to be above the spaces be-
tween the flues of the row or tier next below
or, in other words, are staggered, and this is
my preferred arrangement. I also prefer to
make the flues of such a diameter and to lo-
cate them at such a distance apart that the
distance separating twoadjacent flues of any
row is equal or substantlal.y equal to the di-
ameter of the flues. It will be obvious, how-
ever, that the number and size of the flues
may be varied according to circumstances.

- One of the flue- boxeq-—-—m the present in-
stance the flue-box 7—is provided with an in-
let-opening 19 for the heated gases and prod-
ucts of combustion, and in the present in-

- stance I have shown in Figs. 1, 2, and 3 a

20

30

35
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construction in which this opening is in the
front end of the flue-box and is connected

with the outlet-opening 6 of the fire-box by

means of a pipe or flue 20. That one of the
two flue-boxes which contains the last com-
partment into which the products of combus-
tion enteris provided with a discharge or out-
let-opening 21, opening into said compart-
ment, and in the present instance, in which
& construction having an even number of
rows of flues and an unequal number of com-
partments in the two flue-boxes is shown,
this opening 21 communicates with the com-
partment 15 of the flue-box 7. Thisopening
21 1s formed in the end of the flue-box oppo-
site to that which communicates with the
fire-box and is provided with an outlet or dis-
charge pipe 22, which is preferably connected
with a chimney. It will be observed that the
bottom of the outlet-opening 21 1is higher than
the burners in the fire-box or, in the case of

~aconstructionin which solid fuel is employed,

50

RN

62

higher than the lowest part of the fire.

The entire heater, comprising the fire- box
and alr-heater proper,isinclosed in a suitable
casing 23, open at the bottom and closed at
the sides and top and provided with heating-
pipes or hot-air flues 24, leading from its top
to the place or places where the heated air is
to be utilized. Preferably the lower end of
the fire-box containing the burners is below
the boftom of the casing, so as to give ready
accessto the burners, and the fire-box, heater
proper, and casing may be sapported on legs
25 or in anyother suitable manner. The cas-
ing may be constructed of any suitable mate-
rial, while the heater proper comprising the
flue-boxes and flues is preferably constructed
of sheet metal. I have sometimes found it
advisable to arrange within the casing and
over the fire-box an inclined deflecting-plate
26 for the purpose hereinafter set forth, al-
thou t3"]:1 this deflecting-plate may be dlqpensed
Wlth

The apparatus thus owamzed operates in
the following manner: The heated gases and

products of eombustion in the ﬁre-box ascend
- to the top thereof, being deflected hy the in-

‘the connecting- flues.

2 . 796,374

| which they pass into the uppermost wmpmt-
ment to the first flue-box. They then pass
through the upper row of flues into the up-
per compartment of the second flue-box, and
so on backward and forward through the sue-
cessive rows of {lues tc the successive com-
partments of the two boxes, finally passing
out through the opening 21. It will be ob-

- served tha‘u the distance in the heater proper

from the inlet-opening 19 to the outlet-open-
ing 21 1s the same through any vertical set
of flues. In other words,assuming that a por-
tion of the heated products in passing down
through the Leater travels through those
lues nearest the fire-box it will still have to
travel the entire length of the last compart-
ment 15, so that its total length of travel is no
greater nor less than a portion which travels
down through the flues nearest the outlet end
of the casing. It arises from this construc-
tion that all those portions of the heater
proper lying in a given horizontal plane are
equally heated, and the draft being equal
the flow of the produects of combustion is even
throughout the entire heater. It should be
noted in this connection that since the out-
let- opening is above the lowest part of the
fire a draft through the entire system is in-
sured independent of the chimney connec-
tion. It will be understood, however, that
where a reliable chimney connection is pro-
vided the outlet may be correspondingly low-
ered. With either construction, however, a
draft 18 created as soon as the fire is lighted,

so that the products of combustion are carried -

70

75

30
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out and combustion is continuously main-

tained in the fire-box after the fire is started.
The air to be heated enters from below, a
portion of 1t passing up around the fire-box,
between the same and the casing and heater
proper, and a portion passing up around the
heater proper, between it and the casing;
but by far the greater portion of incoming
air passes upward within the heater proper,
between the flue-boxes thereof and between
The entering cold air
first comes into contact with the lowest flaes
and the lower portions of the flue-boxes, in
which the products of combustion are at the
lowest temperature, having already parted
with a large portion of their heat. The in-
coming cold air is able to reduce the prod-
ucts of combustion in this part of the heate1
to as low a point as is consistent with suffi-
cient warmth in the chimney to maintain
a reasonable draft. The air thus partly
warmed Dby the first tier of flues takes an in-
crement of heat from the flues in the next
tier above, which are necessarily warmer
than the air and than the flues below, and
this i8 repeated until the air reaches the top
of the heater, securing an increment of heat
from each successive tier of flues and from
the correspondingly - heated sections of the
flue-boxes. -As the air is always at a lower

| temperature than the tier of flues which it

105
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next meets, it can take heat successively from
each tier and reaches the top of the furnace

- in a thoroughly-heated condition, from which

o § |

IC

15

20

it is distributed to the points of discharge
through the pipes 24 in the usual manner.

The &taﬂ'gered arrangement of the flues is
such as to cause-the air which passes between
the flues in one tier without actually coming
into contact with those flues toImpinge upon
the flue above the space through which 1t has
paf-‘-tsed thus making it certain that all of the
air which passes through the heater will come
into direct contact with the flues. When the

deflecting-plate 26 is employed, 1t serves to

cause the air which comes into -direct contact
with the fire-box, and which may therefore be
more highly hemed than the air which passes
up through theheater, to be deflected, so as to
mingle with this latter air, and thus equa,hze
the temperature of the whole body of air in

- the upper part of the casing.

- 30
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By reason of the constr uctlou which I have
“desecribed there is a constant lowering of tem-

perature of the products of combustmn in the
heater proper from the inlev at the top there-

of to the outlet at the bottom thereof, and
there is a corresponding and pmpml}mna,te-

increase in the temperature of the incoming

air from the lower portion of the heater 0

the upper portion. The air is thus thor-
oughly heated, while at the same time the
heat of the products of combustion is thor-
oughly extracted, so that the fuel is thor-
oughly utilized in heating the air.

The particular construetwn and arrange-
ment which I have deseribed 1s espeemlly

‘adapted for use in places of limited height,
such ascellars or the like, where furnaces are

frequently loecated, and said construction 1s
cbviously Vcﬂh&blﬁ, because it enables me to
obtain a very large area of heating-surface

of great efﬁeiency without any tindue exten-

sion in a vertical direction or,in other words,

enables me to produce a low furnace of great

heating capacity.

It is obkus that various modifications in
the details of construction and arrangement
of the parts may be made without departing
from the principle of my invention.
stance, as already stated, the number of rows
of flues and their relative size and arrange-
ment may be varied, as well as the number
of compartments into which the flue-boxes
are divided, the position ¢f the outlet vary-
ing accordingly. Moreover, the relative ar-
rangement of the fire-box and heater proper
may be varied, and in FHigs. 4 and 5 1 have

shown a construaction in which the fire-box is

arranged parallel with one of the flue-boxes
instead of at right angles to the same. In

this construetion thecpening 19 is in-the front

or face of the flue-box instead of at the end
thereof, as in the construction shown in Figs.
1, 2, and 3. In other respects the construc-
tion is the same as that already described.
Various other modifications will readily sug-

for in-

!

l

;:}
G

to be limited to the precise details hereinbe-
fore deseribed, and shown in the accompany-
ing drawings.

IIa,va* thus fully described my invention,
what I elalm as new, and desire to secure by
Letters Patent, is— | .

1. In a hot-air furnace, the eombmatmn
with a casing having a cold-air inlet at the
bottom and a hot-air outlet at the top, of an
inclosed heater comprising a fire-box and a

70-

75

heater proper having flue-boxes divided into -

superposed compartments; groups of flues
extending between each pair of boxes in the

‘'same horizontal plane and connecting all of

the compartments in a continuous alternat-
ing series, the first compartment being at the
top of the heater proper and c¢onnected with

‘the fire-box at one end of the heater proper,

adjacent tothe first vertical row of flueg, and
the last compartment being at the bottom of

30

the heater proper and provided at the other

end of the heater proper, adjacent to the last
vertical row of flues, with an outlet connected
with the echimney or draft-flue, whereby the

{ distance between the inlet and outlet through
any set of flues is substantially equ&l sub-'

stantially as described.

2. In a hot-air furnace, the eombmatmn,
with a casing having & cold-air inlet at the
bottom and a hot-air outlet at the top, of an
inclosed heater comprising a fire-box and a

heater proper having flue-boxes divided into
‘superposed compartments,

groups of flues
extending between each pair of boxes in the

same horlzontal plane and connecting all of -

the compmtments in a continuous altel nating
saries, the first compartment being at the top
of the heater proper and eonnected with the
fire-box at one end of the heater proper, adja-
cent to the first vertical row of flues, and the
last compartment being at the bottom of the
heater proper and provided at the other end
of the heater proper, adjacent to the last ver-
tical row of flues, with an outlet connected
with the chimney or draft-flue, whereby the
distance between the inlet and outlet through
any set of flues is substantially equal, the

flues of each horizontal row or group being

located above the spaces between the flues of
the row beneath, substantially as described.

3. In a hot-air furnace, the combination,
with a casing having a cold-air inlet at the
bottom and a hot-air outlet at the top, of an
inclosed heater comprising a fire-box and a
heater proper having flue-boxes divided into
superposed eompartments groups of flues ex-
tending between each pair of boxes in the
same horizontal plane and connecting all of
the compartments in a continuous alternat-
ing series, the first compartment being at the
top of the heater proper and connected with

the fire-box at one end of the heater proper,
adjacent to the first vertical row of fluesg, and 1

the last compartment being at the bottom of
the heater proper and provided at the other
end of the heater proper, adjacent to the last

oest themselves, and I therefore do not wish i vertical row of flues, with an outlet connected

Qo
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with the chimney or draft-flue, whereby the

~distance between the inlet and outlet through

any set of flues is substantially equal, the

flues of each horizontal row or group being | 12,
| ries, the first compartment being connected

located above the spaces between the flues

ct the row beneath, and the fire-box and
“heater proper being closed from all commu-

nication with the air-space within the cas-
ing, substantially as deseribed. |

- 4. In a hot-air furnace, the combination,
with a casing having a cold-air inlet at the
bottom and a hot-air outlet at the top, of an -

- Inclosed heater comprising a fire-box and a

15

20

25

30

heater proper arranged side by side, the . J _ LI O
t inclosed heater comprising a fire-box and a

heater proper having flue-boxes divided into

compartments, and flues extending between

thé boxes and connecting the compartments
thereof in a continuous alternating series,

the first compartment being connected with
the fire-box at one end of the heater proper,
and the last compartment being provided at

the other end of the heater proper with an

outlet .connected with the chimney or draft-
flue, the casing being provided with a de-
flecting-plate extending from the wall of the

casing over the fire-box and toward the heater
proper, substantially as deseribed. |

o. In a hot-air furnace, the combination,

with a casing having a cold-air inlet at the

bottom and a hot-air outlet at the top; of an
Inclosed heater comprising a fire-box having .
and an outlet-opening near

an inclined top an
the higher portion of said ineclined top, and

-"-t

726,374

| a heater proper having flue-boxes divided

into compartments, and flues extending be-
tween the boxes and connecting the compart-
ments thereof in a continuous alternating se-

with the outlet of the fire-box at one end of
the heater proper, and the last compartmeni
being provided at the other end of the heater
proper with an outlet connected with the
chimney or draft-flue, substantially as de-

scribed.

6. In a hot-air furnace, the combination,
with a casing having a cold-air inlet at the
bottom and a hot-air outlet at the top, of an

heater proper having flue-boxes divided into
compartments, and flues extending between

| the boxes and connecting the compartments

thereof in a continunous alternating series,

the first compartment being connected with

the fire-box at one end of the heater proper,

and the last compartment being provided at
the other end of the heater proper with an

outlet connected with the chimney or draft-

flue, and having its lower portion higher than
the lowest part of the fire, substantially as

| deseribed.

In testimony whereof I affix my signature
in presence of two witnesses. =

| | RALPH S. THOMPSON.

Witnesses: )

K. O. HAGAN,
IRVINE MILLER.
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