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UNITED STATES

Coooo 1,720,536
PATENT OFFICE.

JOHN WILLIAM YOUNG, OF MANCHESTER, ENGLAND, ASSIGNOR TO WESTINGHOUSE
ELECTRIC & MANUFACTURING COMPANY, A CORPORATION .OF PENNSYLVANIA.

HEAT EXCHANGER.

Application filed May 27, 1927, Serial No.

This invention relates to heat exchangers,
pavticularly air preheaters for furnaces, and
consists in apparatus of this nature compris-
ing a series of annular or similarly shaped
chambers juxtaposed one against  another
with provision for causing the fluids, between

which the transference of heat is desired, to-

circulate, preferably in opposite directions,
through afternate chambers,

According to one construction the heat ex-
changer comprises a casing of substantially
eylindrical form, disposed about a furnace
offtake and divided by transverse partitions
info a series of chambers each of which is di-
vided by a baffle or partition extending be-
tween the casing and the flue, one chamber
of each pair of adjacent chambers communi-
cating with the exterior of the casing ad-
jacent one side of the baffle and with the
flue adjacent the other side of the baffle, while
the other of said chambers communicates
with the exterior of the casing upon opposite
sides of the bafile. The casing is advanta-
geousty formed with a tangential projecting
portion through which the chambers com-
municate with the exterior of the casing, and
the fluids enter adjacent chambers through
inlets in said tangential portion arranged so
that the fluids pass in opposite directions
through adjacent chambers. Such an appa-
ratus may be readily constructed from a num-

ber of similar sections assembled together and -

moreover may, if desired, be made almost en-
tirely of shect metal, so that the manufacture
is comparatively simple. :

Where the heat exchanger is intended for
use with fluids which may contain suspend-
ed solid matter, as in the case of an air pre-
heater for the air necessary for the combus-
tion of solid or pulverulent fuel in a furnace,
utilizing the heat of the flue gases leaving
said furnace, means is preferably provided
for separating and collecting any solid prod-
ucts of combustion which might be in the flue
gases. Such separating device may comprise
lateral openings in certain of the chambers

throngh which the solid matter may be eject-

ed, a collecting chamber being also provided
to collect the solids and permit the escape of
any gases which pass out therewith. :
In a modified construction the heat ex-
changer comprises a casing of substantially
cylindrieal form disposed about the flue and
civided into a series of concentric chambers
by partitions which extend around the
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greater part of the cylindrical portion of the
casing, one chamber of each pair of adjacent
chambers communicating with the flue at
one end and with the exterior of the casing at
the other end, and the other chamber com-
municating with inlet and outlet openings
in the external walls of the casing.

These and further features of the invention
will be more readily understood from the
following description with reference to the
accompanying drawings in which two con-
structional forms of the invention are illus-
trated more or less diagrammatically and
wherein :

Fig. 1 is a sectional elevation correspond-
ing to line I—I of Fig. 2, showing an air
preheating and smut catching apparatus ac-

~cording to the invention applied to a flue or
chimney;

Iig. 2 is a plan corresponding to Fig. 1;

Tigs. 3 and 4 represent horizontal cross.
sections through any two adjacent chambers
of the pre-heater shown in Figs. 1 and 25

Figs. 5.and 6 ave a plan and side elevation
respectively, showing an arrangement of
boiler-house plant embodying the mvention;
and, ,

Figs. 7 and 8 are, respectively, a plan and
front elevation illustrating a modified con-
struction of heat-exchanger according to the
invention arranged for preheating the air
supply for the furnace of a steam generator.

Referring more particularly to F 1gs. 1 to 6,
the air preheater shown comprises a casing 1
of substantially cylindrical form disposed
about an offtake 2 and divided by a large num-
ber of transverse partitions 8, whereby a plu-
rality of juxtaposed chambers of more or less
annular form are provided. As seen from
Figs. 3 and 4 which represent two adjacent
chambers, 4, 5 intended for the passage of the
flue gases and air blast respectively, the cham-
bers are themselves divided by baflles or par-
tition walls 6, 7 extending between the cas-
ing 1 and the wall of the flue 2, the chamber
4 communicating with the exterior of the cas-
ing through an 1nlet 8 adjacent the bafie 6 on
one side and with the flue 2 through an out-
let 9 adjacent the other side of the baffle, while
the chamber 5 communicates with the exterior
of the casing through inlet and outlet aper-
tures 10, 11 respectively, upon opposite sides
of the bafile 7. : o

In order to preserve, as far as possible, the
stream line flow of the gases, the baffles, 6, 7

60

65

70

75

80

85

90

95

100

110



F

are ar mno ed to mer ge tangentially with the
civeular walls of the casing and flue, and for
the convenient autachmem of the gas or dir
supply. trunks the casing 1 is formed with a
5 tangential projecting portion through which
the chambers comununicate with the exter 101'
of the casing as is readily seen from Figs.
to 4. By thls arrangement also the inlet dhd
~outlet openings in ea wh chiariber are as remote
as possible circumferentially, and the direc-
tion of flow, Whl(,h is mdlcated by arrows in
Figs: 8 and 4 is reversed in alterndte cliam-
bets g0 that the advanmées of contra-flow of

_tlie fliie gas and air ave availed of.

15 For the. purpose of removing any solid
matter carried by the flue gases, tlie outer
wall of each chamber 4 is provided with an
‘Lpertme 12 sorewhat in advance of the out-

let'9 and adjacent said aperture is a de-

20 fle mg plate 13 extending inwardly of the

casing 1, and a collectmo compartment 14

e\iternall} f the casing 1. “The compartment

14 termifiates at its lower end in a discharge

hopper 15, and af the npper end commumcath

throtgh ip' 16 with the chimney or flue 2.
W'lﬁl this arrangement the flue gas enters

chambers and due to the furnace

which may be - natural, induced

, ot forced and induced, 1s cansed to

; pidly therearound to the outlets com-

mimicating with the flie. Owing to the speed

with whic h the flue gas traverses the gas
chamb 18 any solid suspended matter there:

_in is thrown against thé outer wall of the

10

25

dr aucht
,forced

through the apertures 12 therein to the col-
lecting compartment from which it is either
fed dnectly back to the furnace or removed
_ pemodlcaﬂ) for this purpose. Any flue gas
'pasun@ out with the solid products of com-
stion expands into the collectmo compart-
t 14 where its velocity is 1edmed and

from Whlch it passes back thr ouoh pipe 16 to
thg :Qﬂ? alce ¢

40
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berb 4 .or not, a8 may be pre\“erred In I ig.
K is; shown 1ndependent of the chambers P!
_ely constitutes an offtake gas jacket

municating with the flue 2 at the top and
‘through a pqss‘we 18 near the bottom,

In the above descrlptlon it is assumed that
the apparatus is Iocated around a vertical
part of the offtake so that the apparatus as
aw hole is.verti¢al and the compartments hor-
izontal. This however is not essential as the
apparatus as a_whole may be hovizontal or
inclined ‘according to practical reqmrements
In the above constructlon the inner wall of
the ‘apparatis is constituted by an existing
part of a furnace offtake and the outer wall
1510 one part with the various inlet and out-

“let braniches formed therein as may be most

60

and is deflected by the plates 13
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convenient for practical pur poses, by «Juttmg
the wall and bending back portions thereof,
by the addition of suitable walls or passatres,
of by a combination of these expedients. The

apparatus may however be sectionalized, that -

1s to say, each air and gas compar tment 1nay
constitute a complete 1nte%1 in which case
such compartment or sections may be stand-
ardized and an apparatus of any desired c

pacity built up by merely associating a smL—

“able humber of compartments or_sections.

The appautus may thus be readily taken
apart for repair or for cleaning purposes if
desired; where the cotistruction s not sec-
tionalized however, steam jets may he ad-

vantageously employed for this latter pur-
ose.

Figs. 5 and 6 illustrate the above deseril )od
apparatus erected in the upper part of :
boiler-house around the bottom of an offt 11\(\
2. - An induced draught fan 19 driven by a
motor 20 it adapted To draw the flue gases
from the boiler furnace through the uptake
21 of an economizer 22 and to force them
through a flue gas supply trunk 23 attached
to the.inlet 8 of the preheating appuaratus,
around the chambers 4 of which they pass
to the offtake 2 as previously described. At
the same time, alr is drawn through the inlet
10, which is open to the atmosphm ¢, around
the chambers 5 where it is heated and is
drawn out through the air trunk 24 by means
of a forced dLuwht fan 30 of the boiler fur-
nace. Natur ‘IHV in some cascs, the fans may
be dispensed with, the circulation being ei-
fected by the natural dr aught. A by-pass 2
provided with a damper 96 is also prov }(lw!
between the economizer 22 and the fhue 2, and
a similar damper 26° or other 10011].111110 de-
vice may if desired be provided in the u])ml\e
91, whereby the flow of the flue gases through
the preheating apparatus or dno(t]v to the
chimney 2 may be controlled.

In the modified form of the apparatus
shown in I'igs. 7 and 8, a casing 1 of substan-
tially cvhndllcal form is ar 1110od around a
flue or chlmney 9’ and divided into servies of
concentric chambers by partitions indicated
by dotted lines 3" which extend around the
greater part of the cylindrical portion of the
casing from an annular branch or extension,
bu terminate somewhat short of the junction
of the annular and tangential Jor tions of the
casing. Alternate chambers 5 are closed at
each end, and the remaining chambers 47 com-
mmnnicate at one end with an inlet 8" asso-
ciated with a boiler or economizer uptake 21’
with or without an induced draueht fan
driven by a motor 20/, and at the other end
with the undivided portion of the casing
which communicates directly with the flue
2’ through an outlet 9’. By this arrangement
it will be apparent that the hot gases leaving
the furnace will be caused to travel along al
ternate compartments to the undivided por-
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tion of the casing and from thence to the
chimney or flue. ‘

The chambers 5" which are closed at each
end communicate through an inlet 10”7 near
the undivided portion of the casing with the

“free atmosphere, and, near the end of the tan-

gential portion communicate through an out-
let 117 with the air supply trunk 24’ of the
furnace or, if a forced draught fan is em-
ployed, with the suction of such fan, as shown
m Fig. 6, by which arrangement it will be
apparent that air for -combustion will be
caused to travel around the caging in alter-
nate chambers and in an opposite direction
to that taken by the flue gases, extracting heat
from the latter during its passage.

While T have shown my invention in two
forms, it will be obvious to those skilled in
the art that it is not so limited, but is suscep-
tible of various other changes and modifica-
tions, without departing from  the spirit
thereof, and I desive, therefore, that only
such limitations shall be placed thereupon
as are imposed by the prior art or as are spe-

_cifically set forth in the appended claims.

What T claim is:

1. In a heat exchanger, the combination
of a circular shaped casing; a plurality of
annular plates disposed within the casing
and forming therewith a series of trans-
versely-extending, juxtaposed annular cham-
bers; means providing for the flow of a heat-
ing fluid through alternate ones of said chamn-
bers; and means providing for the flow of
flunid to be heated through the remaining ones
of said chambers, and m a diréction contra
to that of the heating fluid.

2. In an air préheater, the combination
of a circular shaped casing; a plurality of
annular plates disposed within the casing and
forming therewith. a series of transversely-
extending, juxtaposed annular -chambers;
means providing for the flow of flue gases
through alternate ones of said chambers; and
means providing for the flow of air to be
heated through the remaining ones of said
chambers, and in a direction contra to that
of the flue gases.

3. In an air preheater, the combination of
a civenlar shaped casing; a plurality of an-
nular plates disposed within the casing and
forming therewith a series of transversely-

xtending, juxtaposed. annular chambers;
means providing for the flow of flue gases
through alternate ones of said chambers; and
means providing for the flow of air to be
heated through the remaining ones of said

chambers, and in a direction contra to that.

of the flue gases ; and means providing for the
separation of the solid products of combus-
tion from the flue gas as it flows through the
chambers.

4. In a heat exchanger, the combination of
a fluid conduit; a cirenlar caging surrounding
said conduit; a plurality of annular plates

3

disposed within the casing and forming in
conjunction with the casing and conduit a
series of transversely-extending, juxtaposed
annwlar chambers; alternate ones of said
chabers being provided with transversely-
extending baflle members; means providing
communication between said alternate cham-
bers and said conduit at one side of said baf-
fle members; and means providing commu-
nication between said alternate chambers and
the exterior of said casing at the other side
of said baflie members ; bafile means arranged
within the remaining ones of said annular
chambers and providing a separate inlet and
outlet for each one of the said remaining
chambers; means providing for the transmis-
sion of a fluid through said alternate cham-
bers; and means providing for the trans-
mission of a second fluid through said re-
maining chambers; the temperature of said
second fluid prior to its admission to the
chambers, being different from that of the
first named fluid.

5. In a heat exchanger, the combination of
a fluid conduit; a circular casing surrounding
said conduit; a plurality of annular plates
disposed within the casing and forming its
conjunction with the casing and conduit a
series of transversely-extending, juxtaposed
annular chambers; alternate ones of said
chanibers being provided with transversely-
extending bafite members; means providing
communication between said alternate cham-
bers - and said conduit at one side of said
baffle members; and means providing com-
munication between said alternate chambers
and the exterior of said casing at the other
side of said bafile members; baflle means ar-
ranged within the remaining ones of said
annular chambers and providing a separate
inlet and outlet for each one of the said
remaining chambers; and means providing
for the transmission of a second fluid through
sald remaining chambers, and in a direction
contra to the flow of the first mentioned fuid ;
the temperature of said second fluid prior
to its admission into the chambers, being dif-
ferent from that of the first Auid.

6. In an air preheater, the combination
of a4 fluid conduit; a circular shaped casing
surrounding said conduit; a plurality of an-
nular plates disposed within the casing and
forming with the casing and conduit a series
of transversely-extending, juxtaposed annu-
lar chambers; alternate ones of said chambers
forming a set, and being provided with trans-
versely-extending baflle members; means pro-
viding communication between said alternate
chambers and said fluid conduit at one side
of said baffle members; and means providing
communication. between said alternate cham-
bers and the exterior of said casing at the
other side of said haflle members; the remain-
ing ones of said chambers forming a second
set, and being provided with transversely ex-

70

80

90

100

105

110

120



16

29

4

tending baffle iheans; means providing inlet
and outlet openings at opposite sides of the

“baflle firears in each one of the second set

of annular chambers; means providing for
the flow of flue gas through one set of said

chambers; and means providing for the flow .

of air to be heated through the other set of
said chanibers and in a direction contra to the
flow of flue gas.

7. In an air preheater, the combination of
a fliid conduit; a circular shaped casing sur-
rounding said conduit; a plurality of annu-
lit+ plates disposed within the casing and
forming with the casing and conduit a series

i of transversely-extending, juxtaposed annu-

lar chambers; alternate ones of said chambers
forming a set, and being provided with trans-
versely-extending bafle members ; means pro-
viding ‘communication between said set of
alternate chambers and said fluid conduit at
one side of said baffle members; and means
providing communication between said al-

- ternate chambers and the exterior of said

e
b

on
al

35

40"

casing at the other side of said baffle mem-
bers; the remaining ones of said chambers
forining a seconds set, and being provided
with transversely-extending baflle means;
means providing inlet and outlet openings at
opposite sides of the baffle means in each one

“of the second set of annular chambers; means

providing for the flow of flue gas through
one set of said chambers; means providing
for the flow of air to be heated through the
other set of said chambers and in a direction
contra to the flow of flue gas; and means pro-
viding for the separation of the solid prod-
ucts of combustion from the flue gas as it
flows throngh the annular chambenrs.

8. In an air preheater, the combination of
a fluid conduit; a cireular shaped casing sur-

- rounding said conduit; a plurality of annu-
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lar plates disposed within the casing and
forming with the casing and eonduit a series
of transversely-extending, juxtaposed annu-

“lar chambers; alternate ones of said cham-

bers forming a set, and being provided with
transversely-extending baffle members; means
providing communication between said alter-
nate ¢hambers and said fluid conduit at one
side of said baflle members; and means pro-
viding communication between said alternate
chambers and the exterior of said casing at
the other side of said baffle members; the re-

“maining ones of said ¢hambers forming a sec-

ond set, and being provided with transverse-
ly-extending baflle means; means provid-
ing inlet and outlet openings at opposite sides
of the baffle means in each one of the second
set of annular chambers; means providing
for the flow of flue gas through one set of said
chambers ; means providing for the flow of air
to be heatéd through the other set of said
chambers and in a direction contra to the flow
of flue gas ; and means disposed at the periph-
ery of each one of the set of annular cham-

1,720,536

bers through which the flue gas flows, and
providing for the separation of the solid prod-
ucts of combustion from the flue gas.

9. In an air preheater, the combination of
a fluid conduit; a circular shaped casing sur-
rounding said conduit; a plurality of annular
plates disposed within the casing and form-
ing with the casing and conduit a series of
transversely-extending juxtaposed annular
chambers; alternate ones of said chambers
forming a set, and being provided with trans-
versely-extending baffle members ; means pro-
viding communication between gaid alternate
chambers and said fluid conduit at one side of
said Daflle imembers; and means providing
communication betiveen said alternate cham-
bers and the exterior of said casing at the
other side of said baffle members; the remain-
ing ones of said chambers forming a second
set, and being provided with trangversely-ex-
tending baffle means; means providing inlet
and outlet openings at opposite sides of the
baffle means in each one 6f the second set of
annular chambers; means providing for the
flow of flue gas through one set of said cham-
bers; means providing for the flow of air to
be heated through the otlier set of said cham-
bers and in a direction contra to the flow of
flue gas; and means for varying the amount
of flue gas flowing through said chambers.

10. In an air preheater, the combination
with an offtake for the flue gases from a fur-
nace; of a circular casing surronnding said
offtake; a plurality of annular plates dis-
posed within said casing and forming with
the easing and offtake a series of transversely-
extending, juxtaposed annulai chambers; al-
ternate ones of said chambers being provided
with transversely-extending baffle members:
means providing communication between sai
alternate chambers and the offtake at one side
of said baffle members; and means providing
for the introduction of flue gas into said alter-
nate chambers at the opposite side of said
baflle members; bafile means extending trans-
versely of the remaining annular chambers:
and means providing air inlet and outlet
means In the remaining chambers at opposite
sides of said baffle means.

11. In an air preheater, the combination
with an offtake for the flue gases from a fur-
nace; of a circular casing surrounding said
offtake; a plurality of annular plates dis-
posed within said casing and forming with
the casing and offtake a series of trans-
veisely-extending, juxtaposed annular cham-
bers; alternate ones of said chambers being
provided with transversely-extending haflie
members; means providing communication
between said alternate chambers and the off-
tale at one side of said baflles; and means pro-
viding for the introduction of flue gas into
said alternate chambers at the opposite side
of said baffle members; baffle méans extend-
ing transversely of the remaining annular
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chambers; means providing air inlet and out-
let means in the remaining chambers at oppo-
site sides of said baffle means; and means dis-
posed at the periphery of said alternate cham-
bers and providing for the separation of the
golid products of combustion from the flue
gas.

12. In an air preheater, the combination
with an offtake for the flue gases from a fur-
nace; of a circular casing surrounding said
offtake; a plurality of annular plates dis-
posed within said casing and forming with
the casing and offtake a series of transversely-
extending, juxtaposed annular chambers; al-
ternate ones of said chambers being provided
with transversely-extending baffle members;

5

means providing communication between said
alternate chambers and the offtake at one side
of said baflles; and means providing for the
introduction of flue gas into said alternate
chambers at the opposite side of said baflle
members; baflle means extending transversely
of the remaining annular chambers; means
providing air inlet and outlet means in the
remaining chamberg at oppostte-sides of said
baffle means; and means for varying the
amount of flue gas flowing through said
chambers.

Tn testimony whereof, T have herennto sub-
scribed my name this tenth day of May, 1927,

JOHN WILLIAM YOUNG.
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