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UNITED STATES

1,820,199

PATENT OFFICE

ROBERT SANFORD RILEY, OF WORCESTER, MASSACHUSETTS, ASSIGNOR, BY MESNE
ASSIGNMENTS, TO THE AIR PREHEATER CORPORATION, OF NEW YORK, N. Y, A

CORPORATION OF NEW YORK

FURNACE HEAT EXCHANGE APPARATUS

Application filed August 10, 1925. Serial No. 49,255.

This invention relates to furnace air pre-

heaters and particularly to a prebeater of
the type shown in my co-pending applica-
tion Serial No. 49,256. - )

In the preheater of the type shown in my
co-pending application, I make use of a sta-
tionary substantially cylindrical drum which
is positioned with its axis horizontally dis-

~ posed and has radial partitions formning pas-
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sages through the drum which contain heat
exchange material. A valve mechanism ro-
tatable about a horizontal axis connects the
passages through the drum with the various
furnace gas and air flues to permit an ex-
change of heat between the heated gases and
the cold air.

Such a construction is not always well
suited for a furnace room which has. limited
space horizontally but plenty of space verti-
cally, and it is one object of my invention to
so construct and arrange a furnace preheater

that it may be built into the furnace stack.

or arranged above a furnace or otherwise
so0 positioned as to use the minimum of floor
space and make use of the vertical space ad-

. jacent the furnace.
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“of the following disclosure.

It is also a further object to so construct
and arrange the parts of a device of this type
that the heat exchange material may be
readily withdrawn through the vertical side
wall of the casing without interfering with

‘the operation of the device. ) . ‘
Other objects and advantages will be read-

ily apparent to one skilled in the art in view

In accordance with my invention, I pro-
vide a
therethrough so arranged that heated gases

and cold air may flow in a substantially ver--

tical direction through the casing, and I so
arrange the parts that the heat exchange ma-
terial may be readily removed for cleaning
without interfering with.the operation of

the apparatus. "A suitable valve mechanism “casing and these have openings therethrough .

which is preferably rotatable is provided to
connect the heated gas and cold air flues alter-
nately with the passages through this casing,
and this mechanism is arranged to rotate
preferably about a vertical axis,

stationary casing having passages .

Referring to the drawings which illustrate
one embodiment of my invention,—

Fig. 1 is a vertical section partly in eleva-
tion showing somewhat diagrammatically a
construction embodying this invention;

55

Fig. 2 is a section partly broken away and -

“partly in elevation on the line 2—2 of Fig. 1;.

I'ig. 8 is a perspective view of the casing
tipped over onto a horizontal axis and hav-

ing various parts removed for the sake of

clearness of illustration; )

TFig. 4 is a perspective view of one of the
removable box structures arranged to carry
the heat exchange material ;

Fig. 5 is a plan view of one of the rotary
valve plates; and . '

Fig. 6 is a vertical elevation of the same
valve plate. :

Referring to the drawings, I have there
shown a casing or drum which is substan-
tially cylindrical in shape and is arranged
to be mounted with its ends in horizontal
planes. In order to hold heat exchange ma-
terial therein' and permit its removal later-
ally of the casing, I so arrange the parts that
the gases may flow substantially horizontally
through the heat exchange material, but in a
generally vertical direction. To this end I
arrange two series of boxes of heat exchange
material, one above the other, and provide
partitions and connecting passages which
cause the gases to pass from the center radi-
ally of the drum through one series of boxzes,
thence vertically through a passage near the
periphery of the drum and finally inwardly
and radially through the other set of boxes
to the valve mechanism which conducts the
gases to the proper flues. As illustrated, I
provide a central partition, in the casing so
arranged that boxes of heat exchange mate-
rial may be mounted above and below this
partition and removed laterally through the
sides of the casing. Rotary valve plates are
mounted one above and the other below the

arranged to connect on one side with pas-
sages 1n the casing and on the other with rev-
oluble pipes which have their outer ends con-
centric with the drum and are so arranged

‘that the pipes may revolve about the axis of
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~ the drum. The valve pipes are connected
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with the furnace gas and air flues, so that
heated furnace gases and cold air may pass
through the casing alternately and succes-
sively in contact with the heat exchange ma-
terial. '

The stationary drum comprises two annu-
lar portions 11 and 12 between which is lo-
cated a partition 13 extending substantially
through the center of the drum. This forms
a drum which is open at its ends and is closed
centrally. These parts are connected to-
gether by I-beams 15 (Fig. 3). Radial par-
titions 16 are located in the two compart-
ments formed on opposite sides of the central

-partition 13, these radiating from a hollow

hub-portion 17 which is provided for the pas-
sage of a shaft intended to connect the rotary
valve plates. .

The radial partitions do not extend to the
peripheries of the rings 11 and 12 and of the
central partition 13 but stop at the flanged
portions 19. It will be noted that there are
six of the I-beams 15 and twelve of the parti-

tions 16 shown in the drawings, hence the
. =ty

opening between two adjacent I-beams com-
municates with two spaces between adjacent
sets of partitions 16. Kach opening between
the I-beams and the peripheries of the rings
and the central partition is surrounded by a
flange 20 arranged to support a container
carrying the heat exchange material.

The heat exchange elements are disposed

in the space between the flanges 19 and 20-

and for the sake of convenience in assembling
they may be placed in a box 21 as illustrated
in Fig. 4 which is shaped to fit this particu-
lar space. This box is open-ended and has
side walls 22 and other side walls 23. The
side walls 23 are connected by a partition 24
to form two separated passages, the walls 22
and partitions 24 forming continuations of
the radial partitions 16 in each space. This
box 21 has projecting lugs and flanges 25 and
26 adapted to rest on the flanged portion 20
of the drum casing, the opposite edges of the
box resting on the flange 19.

The heat exchange elements may be made
of suitable material such as alternately ar-
ranged flat strips 28 and twisted metal pieces
29 which extend radially of the supporting
box 21 in such a manner as to provide sub-
stantially horizontal passages for the cold
air and heated gases.

Suitably fastened across the tops of the I-
beams 15 are the peripheral cover plates 30
which have inwardly extending side portions
31 arranged to cooperate with the rings 11
and 12 in such a way as to form a passage 32
which communicates with the spaces in the
heat exchange boxes on each side of the cen-
tral partition 18. It will therefore be seen
that any gas or air which enters one end of
the drum between the partitions 16 must turn
when it strikes the central partition 13, and”
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pass radially out through the heat exchange
elements in their boxes 21 and into the verti-

‘cal passage 32, thence around the end of the

central partitition 13 and back through the

heat exchange boxes in the other half of the

casing and thence between the radial parti-
tions and outwardly from the drum, as indi-
cated clearly by the arrows in Fig. 1. _
In order to provide a valve mechanism to
transmit the gases and air to the casing in
fthe proper order, I utilize a construction
which comprises revoluble pipes arranged to
connect the passages between the partitions
16 alternately with cold and hot gas flues.
As illustrated, the flue gases may enter
through pipes 35 into the space within a cas-
ing 36 which is supported below the drum.
Rotary valve plates 37 and 388 are mounted
at the bottom and top respectively of the
drum casing. These plates, which are pro-
vided with openings 89 and 40, shown in Fig.
5, are connected together by a shaft 41 pass-
ing through the hollow hub portion 17 and
suitably mounted in bearings within the hub.

"The upper plate 38 is supported on the bear-

ing surfaces 42 formed on the top side of the
outer wall 12 and the lower plate is suspend-
ed by the shaft 41 in sliding contact with
a bearing surface 43 on the under wall of the
drum. Any suitable bearing supports may,
however, be provided for these rotary plates.
Since the two plates are bolted to the central
shaft 41, they must revolve together.

The exit pipe 45 for the flue gases is suit-
ably supported on the top plate 38 and com-
municates through a bearing 46 with the up-
take flue 47. The upper end of the pipe 45 is
circular in cross section and arranged to re-
volve in the bearing 46, while the lower end
of the pipe is shaped to fit and to be suitably
connected to the peripheral wall of the larg-
er opening 39 in the top plate 38, whereby the
pipe may revolve about the axis of the drum
and of the concentric pipe 47 while the end
connected to the valve plate 38 sweeps suc-
cessively across the open passages between
the partitions 16. The heated air pipe 48 is
similarly shaped and connected with the
larger opening in the lower rotary plate 37
in such a manner as to transmit the heated
air from the drum to the downtake air flue
49 which leads to the furnace stoker. This
pipe 48 passes through an opening in the
lower wall of the casing 36 which has suit-
able bearings 50 therein arranged to prevent
the escape of gases through the joint. The
end of the pipe also projects into a suitable
bearing stuffing box 51 in the upper end .of
the pipe 49. These pipes and valve plates
are arranged to be rotated by any suitable
power driving mechanism such as the chain
and sprocket drive 52 suitably connected to
the upper pipe 45. The smaller opening 40
in the upper plate connects directly with the
external atmosphere whereby cold air may
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be admitted to the heat exchange elements.
The smaller opening in the lower plate 37
communicates with the space within the cas-
ing 36 whereby the heated flue gases coming
from the furnace through pipe 35 may enter

_ the heat exchange boxes and transmit their
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50: which are removed for cleaning.

Having thus described my invention, what

55 stationary casing,

60; t‘ltable valve mechanism arranged to trans-

65

heat thereto. _

It will now be clear that in this type of pre-
heater the flue gases introduced through the
pipe 35 into the casing 36 pass upwardlv
through one of the openings in the plate 37
into about one half of the passages between
the partitions 16 and thence horizontally out-
wardly through the heat exchange material

5.in the box 21 and into the passage 32 between

the beams 15. There the gas turns and
passes over the central partition wall 13 and
back through the second set of heat exchange
elements, through the pipe 45 and the uptake

20 flue 46. The cold air similarly travels down-

wardly, as indicated by the arrows in Fig. 1,
through the two parallel sets of heat ex-
change boxes and into the heated air flue 49.

By rotating the valve mechanism slowly the

hot gases will - pass through the heat exchange
boxes for a sufficiently lon(r time to permit
them to give up the major portion of the
stored heat. When the valve changes the
path of the gas current the cold air rushes in
and absorbs the heat thus temporarily stored
in the metal strips 28 and 29.

The partitions 16 of the drum, the walls 23

of the boxes and the I-beams 15 define the -
radial passages and prevent the hot gases be--

ing short circuited into the cold air flue, and
'vice versa. Also, the plates 37 and 38 have
blank portions 55 of such size and shape that
as the valve plate sweeps across the two ad-
jacent passages between the radial partitions,

* there can ke no short circuiting of gas f10m

cne passage to the next. The oxes may be
(”qﬂy removed for cleaning purposes by re-
moving the plates 30 and dmwmg the box
out radially of the casing. By replacing the

- cover plate 30, the preheater may be con-
‘tinued in operation without interruption

while the heat exchange material is being
cleaned. If desired, extra boxes of cleaned
material may be kept on hand to replace boxes

I claim as new and desire to secure by Let-
ters Patent is: ]

1. Heat exchange apparatus comprising a
compartments in said cas-
ing having openings in a vertical wall, heat
-exchange material removably positioned in
said compartments and withdrawable
through said openings, and continuously ro-

mit heated and cold gases alternatelv and
successively through sald heat exchange
material,

2. Heat exchange apparatus comprlsmo a
stationary cylindrical casing having its axis

3

qrranﬂed Vextlcally and having openings

'through its peripheral wall, par titions in the

cas'ng forming passages therethrough, heat
e\chanoe material removably posmoned in
said passages and withdrawable through said
openings, and means including a continu-
ously rotatable valve mechanism arranged
to transmit heated and cold gases altelnately
and successively to said passages and the
heat exchange material therein.

. Heat exchange apparatus comprising a
st a.lonnry casing having openings in its top

.and bottorm, walls fornnng passages through

the casing which communicate with the open-
ings, heat exchange material located in the
jassages, and rotaly valve mechanism ar-
ranged to connect supplies of heated and
cold gases alternately and successively with
the openings to admit the gases simultane-
ously to different passages for effect] ng a heat
exchange thelebetween, said heat e‘(chanwe
material comprising a series of metal ele-
ments disposed radlally to the axis of ro-
tation of said rotary mechanism. '

4, Heat exchange apparatus comprising a
stationary casing havmg openings 1n its top
.l‘ld bottom, Iadlally disposed partitions and
walls defining passages between said open-
ings, heat exchanoe material therein, means
above and below the caging for supplying
heated -and cold gases, and a rotary valve

‘mechanism arranged to connect said passages

alternately and successively with the heated
and cold gas supplies.

5. Heat exchange apparatus comprising a
stationary casing havmo openings 1in its top
and bottom, paltltmns and walls forming
passages therebetv*een, heat exchange ma-
terial in the passages, a rotary valve mech-
anism above and another below the casing
having openings communicating with the
passages In the casing and flues cooperating
therewith to transmit heated and cold gases
successively and alternately to the passages
for effecting a transfer of heat therebetween.

- 6. Heat exchange apparatus comprising a
casing having a ‘central partition forming
two substantlally cyhnducal spaces, radial

_ partitions cooperating therewith to form

sector like passages on each side of the cen-

-tral partition, said casing having openings

in-its top and bottom communicating with
the sector passages, means forming communi-
cations ketween the sector passages around
said central partition, heat exchange material

in said passages, and valve mechanism ar-

ranged to transmit heated and cold gases dl-
texnately and successively to said passages
for effecting a transfer of heat therebetween.
7. Heat e\ch'lno'e apparatus comprising a
cylindrical ‘casing having its axis arranged
substantially vertlcally and having openings
in its top and bottom and in its periphery,
centrally disposed horizontal partition lo-
cated between the ends of the casing, radial
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partitions forming sector like passages
through the casing on opposite sides of said
central partition, means forming vertical
passages ' communicating with the sector
passages around the outside of the said cen-
tral partition, heat exchange material within -
the casing, and a valve mechanism arranged

- to transmit heated and cold gases alternately
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through the passages in the casing. - 4

8. Heat exchange apparatus comprising a
substantially eylindrical casing having open-
ings in its top and bottom ends, a series of
radial partitions and a central horizontal
partition forming sector like spaces in the

casing, walls forming vertical passages com-

municating with the ends of the sector like
passages, heat exchange material removably
mounted in said sector like passages, and
valve plates and pipes communicating there-
with which are rotatably mounted to trans-
mit heated and cold gases alternately to the
seetor like passages to effect a heat exchange
therebetween.

9. A furnace air preheater comprising a
cylindrical casing having openings in its top
and bottom walls for the passage of gas there-
through and openings in its vertical periph-
eral wall, partitions within said casing form-
ing passages communicating with the open-
ings in the top and bottom of the casing, heat
exchange material withdrawable through the
openings in the peripheral wall and located
in said passages, and valve mechanism com-
prising valve plates and revoluble pipes above
and below the casing, said plates, pipes and
partitions within the casing being so con-
structed and arranged that heated gas and
cold air may be passed alternately through
heat exchange material within 'said casing
to effect a heat exchange therebetween.

10. A regenerative heater comprising a sta-
tionary cylindrical casing divided internally
into a plurality of separated radial passages,
heat absorbing material within said passages,
and a rotatable valvular device having chan-
nels therein positioned to selectively and suc-
cessively conduct a hot gas and a gas to be
heated to and away from said passages.

11. A regenerative heater comprising a
casing divided internally by partitions into
a plurality of substantially U-shaped pas-
sages, regenerative material disposed within
said passages, means for selectively passing a
hot gas and a gas to be heated through said
material comprising a valvular device having
channels therethrough arranged to communi-
cate with the ends of said passages, and mov-
able about an axis to communicate with dif-
ferent passages. .

12. A regenerative heater comprising a
casing, an annulus of regenerative material.
within said casing, means for selectively feed-
ing hot gases and gases to be heated to said -
annulus, said means and said annulus being
relatively rotatable, and partition means in

1,820,199

said casing defining gas flow channels for
successively. passing gases through said an-

nulus a plurality of times.

13. A regenerative heater comprising a
casing, an annulus of regenerative material
within said casing having radial passages
therethrough, means for selectively supply-
ing gaseous heat exchange mediums to suc-
cessive groups of said passages, said means
and said annulus being relatively rotatable,
and partition means positioned to define in co-
operation with the walls of said casing gas
flow channels connecting different groups of
passages in series, whereby gas passing
through one group is redirected to pass
through another group.

14. A regenerative heater comprising a
casing, an annulus of regenerative material
within said casing having radial passages
therethrough, means for selectively feeding
a hot gas and a gas to be heated to said pas-
sages, means for selectively discharging said

. gases, said feeding and discharge means and

sald annulus being relatively movable about
an axis, and partition means cooperating
with said passages and positioned to direct

the gases through said annulus a plurality of

times in opposite radial directions.

15. A regenerative heater comprising a
casing, an annular mass of regenerative ma-
terial within said casing having a plurality
of radial passages therethrough, means for
selectively feeding a hot gas and a gas to be
lheated to successive groups of said passages,
for flow therethrough, partition means to re-
direct said gases after flow through said first
mentioned groups through other groups of
said passages and means for selectively dis-
charging said gases. :

16. A regenerative heater comprising a
casing, regenerative material annularly po-
sitioned in said casing, partitions dividing
said material into separated portions, flow
passageways in said casing for conducting
gases through selected portions in series, an
outlet for a gas to be heated, an outlet for a
gas to be cooled, and flow control means rela-
tively movable with respect to said flow pas-
sageways and successively communicating
said flow passageways alternately with a
to be heated and a gas to be cooled, and with
said outlets.

Signed at Worcester, Massachusetts, this
24th day of July, 1925. -

R. SANFORD RILEY.
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