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This invention relates to heat exchangers of
the type particularly adapted for utilizing the
heat in hot flue gases to heat air to supply the
forced draft for the furnace or for other purposes.

The principal object of the invention is to
provide a heat exchanger wherein a large area
of heat transfer surface in a relatively small
space is efficiently utilized. ’

A further object of the invention is.to provide

& heat exchanger of the character described
which can be cheaply made of sheet metal with-
out exbensive machine work or extensive hand
labor.
. Afurther object of the invention is to provide a
‘heat exchanger of the class described wherein
the sheet metal heat transfer elements may
readily expand and contract with changes in
temperature.

A further object of the invention is to provide
a heat exchanger of the type disclosed wherein
a high rate of heat transfer is maintained by
imparting high velocities to the two fAuids in heat
exchange relation.

A further object of the invention is to provide
a heat exchanger of the class described which is
adapted to be readily installed in the flues lead-
ing from the furnace to the stack.

Other objects of the invention will appear from
the following specification and accompanying

drawings wherein I have illustrated a typical heat E

exchanger embodying my improvements and also
certain modifications thereof.

Referring to the drawings,

Figure 1 is a vertical sectional view of my im-
proved heat exchanger on line {—{ of Fig. 2;

Fig, 2 is a sectional view on line 2—2 of Fig. 1;

Fig. 3 is a similar view on line 2—3 of Fig. 1;

Fig. 4 is an enlarged horizontal sectional view
of a portion of the heat exchanger showing a
modified form whereby an extended heat transfer
surface is obtained:

Fig. 5 is a vertical sectional view on line 55
of Fig. 4;

Fig. 6 is a vertical sectional view on line §—8§
of Fig. 4;

Fig. T is a vertical sectional view of a portion
of the heat exchanger showing s further modifi-
cation;

Fig. 8 is a horizontal sectional view on line §—8
of Fig. 7. .

Fig. 9 is a horizontal section of a portion of a
heat exchanger showing a further modification:

Pig. 10 is a vertical sectional view on line {0—1{0
of Fig. 9;

Fig. 11 is a horizontal sectional view of a por-
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2
tion of the heat exchanger wherein the struc-
tures of Fig. 4 and Pig. 9 are combined in one
installation; and )

Fig. 12 is a vertical sectional view on line 12—12
of Fig. 11. )

Referring to the drawings, particularly to Figs.
1, 2 and 3, { indicates a portion of the fiue leading
from the furnace, not shown, wherein the flue
gases to be cooled are generated. The heat ex-
changer is attached to the upper end of the flue
{. As shown, the end of the flue is fitted into a
central opening in the bottom sheet {2 of the
heat exchanger. The heat exchanger comprises
a sheet metal sleeve or drum 2 which, as shown
in Fig. 3, is not quite circular, but has a contour
constituting one turn of a spiral. The sleeve 2
extends downwardly below the bottom sheet (2
of the heat exchanger around the upper end of
the flue | to provide an air intake passage 2i
concentric with the flue I. The heat exchanger
within the drum or sleeve 2 is formed of two spi-
rally wound sheets of metal, one of which is a
continuation of the sleeve 2 and constitutes the
ouiside turn. The other sheet is indicated at 3
in Figs. 1, 2 and 3. The sheet 3 throughout its
length and the sheet 2 except for the outside turn
which forms the air intake of the heat exchanger
are of a height to provide the necessary area of
heat transfer surface with a length or linear
horizontal dimension equal to, in the example
shown, five convolutions of the spiral, the inner
convolution of the sheet 3 having its smallest
radius substantially equal to the radius of the
flue section f. The bottom tube sheet 12 is fitted
to the top of the flue | and a spiral slot 4 of a
width equal to the space between the sheets 2
and 3 plus the thickness of the sheets is cut in
the sheet 12. The lower edges of the sheets 2
and 2 are fitted in the slot 4 and brazed or welded
to the edges of the spiral slot, as indicated at 22
in Fig. 1. An upper tube sheet 13 of similar de<
sign but with a closed central portion 14 is fitted
and attached to the upper edges of the sheets 2
and 3, so that the only exit for the hot gases leav-
ing the furnace in the flue 1 is horizontally into
the space between adjacent turns of the spiral, as
indicated by the arrow marked § in Fig. 2, and
thence through the spiral passage to the dis-
charge opening adjacent the outer edges of the
sheets 2 and 3 as indicated by the arrow 6.

The air which enters the heat exchanger
through the downwardly extending portion 2 of
the outer wall of the spiral basses vertically up-
ward through the spiral slot 4 in the tube sheet
12 and thence through the heat exchanger, as
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indicated by the arrows T in Fig. 1 in the alter-
nate spaces between the sheets 2 and 3 making
up the spiral. The adjacent vertical edges of the
sheets 2 and 3 at the ends of the spiral slots in
the tube sheets are connected by vertical strips
{5 brazed or welded to the edges of the sheels 2
and 3. By this structure there is provided an
extended: spiral- passageway for the’ flue gases
leaving the furnace and a vertical passageway for
the air to be heated through the spiral in a direc~
tion parallel with the axis of the spiral.

The hot gases leave the space between: the:

sheets making up the spiral in a horizontal di-

rection, while the air which- passes: verticzlly”
through the heat exchanger‘is'caught by o hood:d
which is fitted over the upper edge of the outer”
turn of the sheet which is extended:spirallysavove:

the upper tube sheet as shown in Figs. 1 and 3.

The hood 9 is connected to a flue 1§ through:

which the heated air is:conveyed to the firebox
of: the furnace: or: to- other:points: of :use.. If:the
heated . air is' used: as. contbustion: air in- the
furnace, a blower, as indicated in-Fig; 1; iS-pref-
-erably’ provided.to: create: a: forced draftifor the
furnace and also to insure that the entering: air
higs: sufficient: velocity forr efficient: heat transfer.

If- desired; the flue: gases:from” which: the:heat
has been: extracted may be dischigrged: directly
into the atmosphereatia point corresponding with
the outer turns:of:the: spiral; as itidicated by the
arrow 6: However, it'is:usually necessary to coi-
vey hot flue gases to:g; stack; and:to that end I
preferably provide an: outside:drum- {1: of: circular
cross:section-whichisurrounds the entire appara-
tus and whose: upper: edge 27ig fitted:into -d:hood
12: gttached to the flue leadiniz to the:stack.. As
shown in Fig. I, the flue® 16 for' the discharge: of
heated gir from.the heat exchanger is turred to
a horizontal: position arid: extends: through the
wall. of the flue:leading tor therstack: To:reduce
the resistance:to:the flow ofitheflue gasexthirough
the spiral passage the gases:niay be: distharged
into a: horizontal flue tangential to the outer:wall

of: the: lreat- exchanger gt the: discharge opening ‘

and: thence: to a stack or other-discharge:.

. 4
The: operation: of! thie: apparatus: will: be: clear

from. the: foregoing description.. The: Hot’ gases
from: the furnace: which: are discharged within
the:inner tur:of the: spiral: portiorn: of the:liedt

exchanger-are: drawn: by thessuction-of the stack 5

at-high.veloeity into thesspiial passageway in-tie
direction. indicated: by thedgrrow & in Fig: 2; and
are discharged: into: thier outer’ hood: 12, whence

they press upwardly through: the hood’ into: the

flue leading: to-the stack:

Tn heat exchangers having eritwined spiral:pas-
sages-as heretofore constructed; the’ passages for
both fluids’ are: spiral: and:the edges!of the: spiral
sheets constituting: the heat! travsfer’ elements

gre fixed:at tHeir top and-bottorm edges:to tramns- 4

verse-lieaders which hold!the sheetsidgainst elon-
gation -and: contraction:in the: direction. of: their
length: With. my improved: construction. there
are-no transverse-headers.except-thensarrow spiral
strips- which- form: the- top. and bettom: walls: of
the gas passage. and. these. strlps expand. and
contract with the sheets 2.and 8: Even.though
the entwined spiral sheets may be anehored. at
each end, they will expand freely to.a-sufficient
extent to take care of the temperature changes
which . will’ be. encountered- under most. circum-
stances.of industrial use. A.small.increase in.the
diameter of the turns-ofithe-spiral will allow suf-
ficierit.elongation of the sheets without-setting.up
any undue stresses-at-thie inner and-outer connee
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tions between the spiral sheets and the support-
ing structure.

Instead of making the exchanger of two sheets
with separate end closures for the gas passage
the two spirally wound sheets may have reversely
extending marginal flanges which are welded to-
gether to form a closed spiral conduit with the
intermediate:space open:atithe ends:for the pas-
sage of theair stieam.

In Figs. 4, 5 and 6 I have shown a slight modi-
fication of the structure above described wherein
the heat: transfer surface is increased without
increasing the overall dimensions of the ex-
changer: To-this: end the strip 3¢ forming the

- inner- strip” of the two strips which form the

spiral is provided at intervals with ribs 25 extend-
ing parallel-with:the axis of the spiral. The por-
tion.of the spiral formed by the sheet 2 is flat
anhd’serves, with the ribs 25 of the other sheet,
to form a series of separate longitudinal vertical
passages:through which:the-air flows:

A furthermodification:of'the structureis shown
i Piss: T-and 8] As-hereshown, a series of coils
of? wire- 26% wound helically: in'a manner similar
to an-extension spring and.of a length. equal to
the:leneth of thHe*spiral.gas-passage are stacked
one on.anothet in the gas'passage-to thus-great-
ly increase the metal- surface:available for the
absorption:ofheat from-the gases.

The'heat absorbied by the-coils of wire is trans-
mitted® as-radiant heat and'also to some extent
by conduetion’ to’ the’ metal® walls- of the spiral
gas passage and thus serves to increase the -tem-
perature of these walls and thereby increase the
hest: transferred: to- the" air passing upwardly
through:theintermediate passages.

Istead: of” providihg the: alternate partition
sheets with vertical ribs to increase the heat
transfer surface’ift the*manner shown in Fig. 4
one’of the two sheets; for example sheet 3, may be
formed: with Horizontal corrugations as shown at
30 in. Figsy 9:and® 10: By- this arrangement an
effective extended heat ftransfer’surface is pro-
vided’ for the fliie’ gases-or other gases travelmcr
splra’lly through' the Heat' exchianger.

Alse; if desited; both' spiral- sheets may be
formed with corrugations; as’shown in Figs. 11
andi12; thereby providing effective extended heat
transfer-surfaces for both gases:

While:IThave: described my improved heat ex-
chHanger as: used’ for the: transfer of heat from
hot flue gases to aif; it” will’ be understood that
this is but a typical use'of‘the’ gpparatus and that
tlie heat: exchHanger may- be used with like ad-
vantage: for the-exchange of heat between gases
and:vapors-of any chardcter; It will also be un-
derstood” that whereas thHe® Heat” exchanger is
primarily’ designed’ for transfer of Heat from one
gaseolis” meditm® to" another; it may- also be used
for: the' tramsfer of’ Heat' Between lquids or be-
tween a gaseous medium and: & liquid' meditim,
and that the* liquid’ miedium may be' circulated
through either the vertical passages albove. de-
seribed’ astair' passages or‘through the spiral.pas-
sage through which, in the. above described-in-~
stallation, flue-gases are circulated. Tt will also
be* utiderstood’ that ih™ addition to the modified
structures herein illustrated. various other modi-
fications of the desizgn may-be made without: de-
parting from the spirit of the invention as défined
intheappendediclaimis:

Ticlaim::

1. A heatieéxehanger foy preheating: combustlon
air by extracting heat from flue gas comprising
in” combingtion. 4. pair off entiwined: spiral plates
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spaced apart to form‘ entwined spiral passages in

heat exchange relation with each other, a central -

generally cylindrical chamber within said spirals,

a central inlet conduit for flue gas coaxial and

communicating with said chamber, a lower seal-
ing sheet surrounding said conduit and closing off
one of the spiral gaps between said plates at
the bottom thereof, a ecylindrical outer shell
sealed to the lower sealing sheet enclosing said
plates, a downwardly depending circumferentially
continuous extension of the outermost wall of
said plates substantially concentrie with and sur-
rounding said plates, an upwardly extending cir-
cumferentially continuous extension of the outer-
most wall of said plates, an upper sealing sheet
within said upward extension sealing the top of
said chamber and the spiral gap at the top of
the plates forming the passageway which is sealed
by said lower sheet, an exhaust stack for flue gas
sealed to the top of said outer shell, and a delivery
pipe for heated air sealed to the top of said up-
ward extension, whereby flue gas entering the
chamber from the conduit moves spirally outward
through the passage formed between the upper
and lower sheefs to the space between the shell
and the plates and thence upward to the stack
and the air entering the downwardly depending
extension moves axially upward between the un-
sealed plates into the upwardly extending exten-
sion.
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2. A heat exchanger as set forth in claim 1 in
which one of said entwined spiral plates forming
the air passage is provided with axially extending
ribs for increasing its heat transfer surface.

3. A heat exchanger as set forth in claim 1 in

- which one of said entwined spiral plates forming

the flue gas passage is provided with circumfer-
entially extending ribs for increasing its heat
transfer surface.

4. A heat exchanger as set forth in claim 1 in
which one of said entwined spiral plates forming
the air passage is provided with axially extending
ribs for increasing its heat transfer surface and
the other of said plates forming the flue gas pas-
sage is provided with circumferentially extending
ribs for increasing its heat transfer surface.

PHILIP S. OTTEN.

References Cited in the file of this patent
UNITED STATES PATENTS

. Number Name Date

9,690 Tillman __ ... ______ Apr. 26, 1853
731,469 Pontois oo June 28, 1903
747,072 Human _.____. _____ Dec. 15, 1903
1,056,932 Olsonetal. ________ Mar. 25, 1913
1,654,294 Ljungstrom ___._.____ Dec. 27, 1927
1,823,481 Zander ......_______ Sept. 15, 1931
2,470,860 Parrish — o _____ May 24, 1949

30



