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The present invention relates to the construc-
tion of fubular heat exchangers, and more par-
ticularly to the construction and arrangement of
an air hester especially desighed and adapted

5 for use as an integral part of a steam generator
unit utilizing preheated air in operation.

The main object of my invention is the provi-,

sion of a tubular heat exchanger having an im-
proved construction and arrangement of the heat
19 transfer surface and flow paths for the heating
and heated fluids providing highly effective heat
transier conditions and low floor space and head-
room requirements. A further and more specific
object is the provision of an air heater construc-
15 tion especially useful in conjunction with a com-
‘pact low head-room steam boiler utilizing pre-
heated air in operation. Another object is the
provision of an air heater design permitting sub-
stantial changes in the amount of heat transfer
20 surface withouf substantially changing the draft
loss ‘conditions therein or the efficiency as indi-
cated by the temperature of the exit gases, and
without changing the arrangement of the air and
heating gas flow paths, or materially varying the
floor space requirements per unit of capacity.
The various features of novelty which charac-
terize my invention are pointed out with particu-
larity in the claims annexed to and forming a
part of this specification. For s better under-

1o
&t

59 standing of the invention, its operating advan- -

tages and specific objects attained by iis use,
reference should be had to the accompanying
drawings and descriptive matter in which I have
illustrated and described a preferred embodiment
of my invention.

Of the drawings:

Fig. 1 is a sectional clevation of a steam boiler
and an associated air heater embodying the in-
vention, taken on the line —1{ of Fig. 2;

1o Fig. 2 is a horizontal section taken on the line
2—2 of Fig. 1;

Fig. 3 is a partly dlagrammatlc perspective
view of the air heater with parts broken away;
and

45 Pig. 4 is & perspective view of a steam generator
unit constructed in accordance with my inven-
tion.

In the drawings I have illustrated a water tube
steam boiler of the compact low head-room type

50 illustrated and claimed in U, S. Patent No. 1,299,~
984, granted April 30, 1935, with which my im-
proved air heater is especially adapted for use.
The steam beiler shown comprises a substantially
rectangular setting formed by vertically disposed

55 walls 10, {{, 12 and (3, and a partly inclined

(CL 122-—-336)

roof 18. At one side of the setting is arranged a
steam generating tube bank 15 connected to up-
per and lower parallel drums 16 and {7 respec~
tively. Along the inner side of the tube bank
extends a vertical partition {8 separating the
tube bank for g portion of its length from a lat-
erally adjacent fluid cooled furnace chamber (9.
Transverse vertical bafiles 20 and 2{ cooperate
with the partition {8 and seiting to form three
connecting gas passes 22, 23, and 24 for a serial
flow of heating gases horizontally and trans-
versely of the tube bank beyond the furnace.
The first gas pass 22 adjacent the rear wall {2
opens af one side to the furnace chamber, while
the third or front pass 23 communicates with the
heating gas outlet from the setting. One or more
fuel burners 25 are mounted in the front wall 10
for introducing and burning a fluid fuel such as
pulverized coal or oil in suspension, or gas in the
furnace chamber and for generating heating
gases which flow horizontally longitudinally of

the furnace chamber and serially through the .

three gas passes to the gas outlet of the boiler
proper, which is the gas inlet of the air heater.
The steam boiler construction described is es-
pecially characterized by its low head-room and
flcor space requirements and its advantageous
use of all of the space within its dimensional
limits as o capacity and efficiency. The over-all
efficiency of the unit can be advantageously in-
creased by the addition of an air heater in posi-
tion to absorb heat from the outgoing heating
gases while maintaining the advantageous use
of all space cccupied. In accordance with my
invention the gas outlet from the front or last
gas pass of the boller proper is provided by a
rectangular opening 80 formed in the lower part
of the portion of the side wall (3. The air heater
comprises & gas-tight casing 3{ of rectangular
vertical and horizontal cross-section which ex-
tends along and unites with the boiler side wall
i3 to enclose the heat transfer surface of the air
heater. The casing 31 extends substantially the
full length of the boiler with its top slightly
below the top of the drum 8. Vertically spaced
horizontally arranged top and bottom tube sheets
32 and 33 respectively extend the full length of
the air heater casing at levels spaced from the
top and bottom of the casing respectively. The
space 34 between the top tube sheet 32 and the
top of the casing is unobstructed from end to
end and serves as a gas turning space, while the
space between the bottom tube sheet 33 and the
bottom of the casing is divided transversely by a
_vertical partition 3% into a gas inlet chamber 36
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into which the gas outlet 30 from the boller
proper opens and a gas outlet chamber 37 com-
municating with a stack.

The tubular heat transfer surface of the air
heater is located in the space between the tube
sheets 32 and 33 and consists of a bank of straight
vertically arranged tubes 38 having their upper
and lower ends fitted to holes in the tube sheets
32 and 33 respectively. As shown in Figs. 2 and
3, the space between the tube sheets and outside
of the tubes iIs connected at its rear end to a
fresh air Inlet conduit 839 and at its front end to
a hot air outlet conduit 40 extending along the
boller front wall 10 to the fuel burner 25 for sup-
plying preheated combustion air to the furnace
chamber along with the fuel introduced. The
conduits 39 and 40 open to the space between the
tube sheets and outside of the tubes throughout
its height, but extend only partly across the width
of the end walls of the air heater casing.

The bank of tubes 38 are advantageously
divided into four sections or groups arranged in
a zig-zag formation extending the full length of
the air heater, each group being of rhomboidal
cross-section with its opposite sides inclined to
the casing walls. Vertlical transversely extend-
ing baffies 41, 42 and 43 are alternately connected
to and extend from the side wall 13 and the oppo-
site side of the casing 31 between the tube banks
and partially separating them. The first and last
tube sections are set to extend into the corners
formed by the end walls and the outer side wall
of the casing 31 and into the diagonally opposite
corners formed by the transverse baffles 41 and
43 respectively and the boiler wall {3. The bafle
42 extends inwardly from the middle of the outer
casing wall and the two intermediate tube bank
sections extend from the two corners formed by
the baffle 42 and the outer side walls into the diag-
onally opposite corners formed by the wall 13
and the bafiles 41 and 43. With this arrangement
of the four sections of air heater tubes, there will
be triangular open spaces 44 and 45 between each
section and the adjacent side walls 13 and 31.

With the described arrangement the air will
enter at the larger end of the open space 44 in
front of each tube bank section and due to the
tapering form of the space ar 1 the opposite ar-
rangement of the corresponding tapering open
space 45, the air will be substantially uniformly
distributed over the full length of each tube bank

-section due to the uniform velocity in the open

space and the uniform pressure drop across all
portions of its length. The heated air leaving the
first of the four tube bank sections of the air
heater flows around the baffle 43, partly in the
free flow space formed by the communicating
tapering open spaces 44 and 45 and partly through
the intertube spaces beyond the end of the baffle
43. The air heater is so constructed that the
total flow area between the end of the baffle 43
and the casing wall is substantially the same as
the air flow area transversely of the tubes in each
section. The apices formed by adjcining tube
groups extend close to but not in contact with the
adjacent wall to facilitate contact of the gases
with the air heater tubes located in that area.
With the air heater construction described, the
cold air will enter the rear end of the casing 31
and flow in a horizontal sinuous path successively
around the bafiles 43, 42 and 41 past the four tube
bank sections in series and through the front end
of the casing 31 to the hot air conduit 40, from
which the preheated air is delivered to the fuel
burner 25, either wholly or in part, as hereinafter
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described. The heating gases leaving the boller
proper through the outlet 30 turn upwardly in the
gas inlet chamber 36 of the air heater and enter
the tubes 88 of the first two tube groups, horl-
zontally in the gas turning space 834 and then
downwardly through the tubes constituting the
other two tube groups in parallel to the gas out-
let chamber 81. The heating fluid therefore flows
past the heat transfer surface in two vertical
passes each including two tube groups in parallel,
while the fluid to be heated flows in a horizontal
sinuous path past the heating surface in the four
serially connected passes, the relative flow of the
two fluids being generally counter-current.
With the steam boiler design described a series
of boiler sizes with similar tube spacings may be

10

15

obtained while malintaining substantially the .

same efficiency and draft loss and without chang-
ing the furnace transverse cross-sectional area
and shape, by merely changing the total number
of transverse rows of tubes and correspondingly
changing the number of transverse rows of tubes
in each gas pass. The transverse flow of heating
gases relative fo the boiler inherently provides
substantially similar constant performance char-
acteristics for various sizes of such boilers indi-
cated by the uniform gas cutlet temperatures ob-
tained therein under similar operating conditions.
The air heater design described is likewise appli-
cable to such a line of sizes of boilers having sub-
stantially the same draft loss and the final gas
outlet temperatures by merely changing the total
number of transverse rows of tubes in the air
heater, and correspondingly changing the number
of transverse rows of tubes in each group.

In Fig. 4 is illustrated a steam generator unit
comprising a steam boiler and air heater of the
character shown in Figs. 1 to 3, in which the cold
air is introduced into the conduit 39 by a forced
draft fan 50, and the gas outlet chamber 37 is
connected to an induced draft fan 51 having a
flue 52 leading to the stack. A by-pass pipe 83
is arranged around the air heater for conducting
cold air from the conduit 39 to an air pipe 55 con-
nected to the conduit 40, and/or to the conduit 40
depending upon the positions of control dampers
56, 57 and 58 located in the pipes 53 and 55. The
pipe 55 is arranged to conduct air at the desired
temperature to a forced draft fan 608, which de-
livers the air to a pulverizer 61 for pulverizing fuel
supplied from a bin 63 and carrying the same
through a pair of supply pipes 64 to correspond-
ing fuel burners 25.

As will be observed from Fig. 4, the resulting
steam generating unit will be unusually compact
and occupy a relatively small amount of floor
space and head room, while ‘incorporating fea-
tures of construction and arrangement which per-
mit highly efficient operation at a wide range of
boiler loads.

While in accordance with the provisions of the
statutes I have illustrated and described herein
the best form of my invention now known to me,
those skilled in the art will understand that
changes may be made in the form of the appara-
tus disclosed without departing from the spirit of
the invention covered by my claims, and that cer-
tain features of my invention may sometimes be
used to advantage without a corresponding use
of other features.

I claim:

1. A steam generating unit comprising a set-
ting including a pair of longitudinally extending
upper and lower drums, & bank of water tubes
connecting said drums, means forming a furnace
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‘ chamber laterally adjoining the spdce containing

said tube bank and communicating therewith at
one end, bafile means arranged to divide said tube
space into a plurality of serially connected gas
passes extending transversely of said tube bank,
means for burning fuel in said furnace chamber
and effecting a flow of heating gases through said
gas passes, and an air heater comprising a cas-
ing extending along one side of said setting, a
bank of vertical tubes in said casing for the pas-
sage of heating gases from said setting, and baifle
means arranged to divide said casing into a plu-
rality of serially connected gas passes extending
transversely of said second named tubs bank.

2. A steam generating unit comprising a set-
ting including a pair of longitudinally extending
upper and lower drums, a bank of water tubes
connecting said drums, means forming a furnace
chamber laterally adjoining the space containing
said tube bank and communicating therewith at
one end, bafie means arranged to divide said
tube space into a plurality of serially connected
gas passes extending transversely of said tube
bank, means for burning fuel in said furnace
chamber and effecting a flow of heating gases
through said gas passes, an air heater comprising
a casing extending along one side of said setting,
a bank of vertical tubes in said casing for the
passage of heating gases from said setting, bafile
means arranged to divide said casing into a plu-
rality of serially connected gas passes extending
transversely of said second named tube bank, a
forced draft fan for effecting a horizontal sinuous
flow of air through said casing gas passes and
transversely of said second named tube bank, and
a hot air conduit connecting said casing to said
fuel burning means. :

3. A steam generating unit comprising a set-
ting including a pair of longitudinally extending
upper and lower drums, a bank of water tubes
connecting said drums, means forming a furnace
chamber laterally adjoining the space containing
said tube bank and communicating therewith at
its rear end, baffle means arranged to divide said
tube space into a plurality of serially connected
gas passes extending transversely of said tube
bank, means at the front end of said furnace
chamber for burning fuel therein and effecting a
flow of heating gases through said gas passes, an
air heater comprising a casing extending along
one side of said setting, a bank of vertical tubes
in said casing for the passage of heating gases
from said setting, baffle means arranged to divide

said casing into a plurality of serially connected -

gas passes extending transversely of said second
named tube bank, a forced draft fan at the rear
end of said casing for effecting a horizontal
sinuous flow of air through said casing gas passes
and transversely of said second named tube bank,
and a hot air conduit connecting the front end
of said casing to said fuel burning means. :
4. A steam generating unit comprising a set-
ting including a pair of longitudinally extending
upper and lower drums, a bank of water tubes
connecting said drums, means forming a2 furnace
chamber laterally adjoining the space containing
said tube bank and communicating therewith at
its rear end, bafle means arranged to divide said
tube space into a plurality of serially connected
gas passes extending transversely of said tube
bank, means at the front end of said furnace
chamber for burning fuel in suspension therein
and efiecting a flow of heating gases through said
gas passes, an air heater comprising a casing ex-
tending along one side of said setting, a bank

3

of vertical tubes in said casing for the passage of
heating gases from said setting, baffle means ar-
ranged to divide said casing into a plurality of
serially connected gas passes extending trans-
versely of said second named tube bank, a forced
draft fan at the rear end of said casing for effect-
ing a horizontal sinucus flow of air through said
casing gas passes and transversely of said second
named ftube bank, a hot air conduit connecting
the front end of said casing to said fuel burning
means, an air swept pulverizer connected to said
fuel burning means, and a hot air pipe connecting
said hot air conduit to said pulverizer.

5. A steam generating unit comprising a set-
ting including a pair of longitudinally extend-
ing upper and lower drums, a bank of water tubes
connecting said drums, means forming a furnace
chamber laterally adjoining the space containing
said tube bank and communicating therewith at
its rear end, baffle means arranged to divide said
tube space into a plurality of serially connected
gas passes extending transversely of said tube
bank, a fuel burner at the front end of said
furnace chamber for burning fuel in suspension
therein and effecting a flow of heating gases
through said gas passes, an air heater compris-
ing a casing extending along one side of said set-
ting, a bank of vertical tubes in said casing for
the passage of heating gases from said setting,
baffle means arranged to divide said casing into
a plurality of serially connected gas passes ex-
tending transversely of said second named tube
bank, a forced draft fan at the rear end of said
casing for effecting a horizontal sinuous flow
of air through said casing gas passes and trans-
versely of said second named tube bank, a hot
air conduit connecting the front end of said cas-

‘ing to said fuel burner, and an induced draft fan

at the rear end of said casing below said forced
draft fan for withdrawing heating gases from said
casing. )

6. A steam generating unit comprising a set-
ting including a pair of longitudinally extending
upper and lower drums, a bank of water tubes
connecting said drums, means forming a furnace
chamber laterally adjoining the space containing
said tube bank and communicating therewith at
its rear end, a fuel burner at the front end of
said furnace chamber for burning fuel in sus-
pension therein and effecting a flow of heating
gases through said tube space, an air heater com-
prising a casing extending along one side of said
setting, a bank of vertical tubes in said casing
for the passage of heating gases from said set-
ting, a forced draft fan at the rear end of said
casing for effecting a horizontal flow of air
through said casing and in contact with said
second named tube bank, a hot air conduit con-
necting the front end of said casing to said fuel
burner, an air swept pulverizer connected to said
fuel burner, a hot air pipe connecting said hot
air conduit to said pulverizer, and a by-pass pipe
arranged to deliver cold air from said forced draft
fan around said air heater to said hot air pipe.

7. A steam generating unit comprising a set-
ting including a pair of longitudinally extending
upper and lower drums, a bank of water tubes
connecting said drums, means forming a fur-
nace chamber laterally adjoining the space con-
taining said tube bank and communicating there-
with at its rear end, a fuel burner at the front
end of said furnace chamber for burning fuel in
suspension therein and effecting a flow of heating
gases through said t'ibe space, an air heater com-
prising a casing extending along one side of said
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setting, a bank of vertical tubes in said casing
for the passage of heating gases from sald set-
ting, a forced draft fan at the rear end of said
casing for effecting a horizontal flow of air
through said casing and in contact with said sec-
ond named tube bank, a hot air conduit connect-
ing the front end of said casing to said fuel burn-
er, an air swept pulverizer connected to sald fuel
burner, a fan delivering air to said pulverizer, a
hot air pipe connecting said hot air conduit to
said last named fan, a by-pass pipe arranged
to deliver cold air from sald forced draft fan
around said air heater to said hot air pipe, and
dampers arranged to control the amount of by-
passed air delivery to said hot air conduit and
hot air pipe respectively.

8. A steam generating unit comprising a set-
ting including a pair of longitudinally extending
upper and lower drums, & bank of water tubes
connecting said drums, means forming a furnace
chamber laterally adjoining the space containing
‘said tube bank and communicating therewith at
its rear end, bafle means arranged to divide said
tube space into a plurality of serially connected
gas passes extending transversely of said tube
bank, a fuel burner at the front end of said fur-
nace chamber for burning fuel in suspension
therein and effecting a flow of heating gases
through said gas passes, an air heater comprising
a casing extending along one side of said setting,
a bank of vertical tubes in said casing for the
passage of heating gases from said setting, baffle
means arranged to divide said casing into a plu-
rality of serially connected gas passes extending
transversely of said second named tube bank, a
forced draft fan at the rear end of said casing
for effecting a horizontal sinuous flow of air
through said casing gas passes and transversely
of said second named tube bank, a hot air con-
duit connecting the front end of said casing to
said fuel burner,-an air swept pulverizer con-
nected to said fuel burner, a fan delivering alr to
said pulverizer, a hot air pipe connecting said hot
air conduit to said last named fan, a by-pass pipe
arranged to deliver cold air from said forced
draft fan around said air heater to said hot air
pipe, and dampers arranged to control the
amount of by-passed air delivered to said hot alr
conduit and hot air pipe respectively.

9. A tubular heat exchanger comprising a cas-
inig including & pair of parallel vertical side walls,
a bank of vertical tubes consisting of a plurality
of tube groups arranged in a zig-zag end-to-end
formation longitudinally of said casing relative
to said side walls to form oppositely arranged
fluid flow spaces of tapering cross-section at op-
posite sides of each tube group, vertical baffle
means extending transversely of said casing be-
tween said tube groups at the narrow ends of ad-
jacent fluid flow spaces and arranged relative to
sald side walls to divide the tube bank space into a
plurality of serially connected fluid flow passes,
and fluid inlet and outlet openings at opposite
ends of said tube bank space.

10. A tubular heat exchanger comprising a cas-
ing including a pair of parallel vertical side walls,
a bank of vertical tubes consisting of a plurality
of tube groups of rhomboidal horizontal cross-
section arranged in a zig-zag end-to-end forma-
tion longitudinally of said casing relative to said
side walls to form oppositely arranged fluid flow
spaces of tapering cross-section at opposite sides
of each tube group, vertical bafle means extend-
ing transversely of said casing between said tube
groups and arranged relative to said side walls to

2,149,007

divided the tube bank space into a plurality of
serially connected fluid flow passes, and fluid in-
let and outlet openings at opposite ends of said
tube bank space. ] )

11. A tubular heat exchanger comprising a
horizontally elongated casing including a pair of
parallel vertical side walls, a bank of vertical
tubes consisting of a plurality of tube groups ar-
ranged In a zig-zag end-to-end formation lon-
gitudinally of sald casing relative to said side
walls to form oppositely arranged fluld flow spaces
of tapering cross-section at opposite sides of each
tube group, vertical baflle means extending trans-
versely of said casing between said tube groups
at the narrow ends of adjacent fluid flow spaces
and arranged relative to said side walls to divide
the tube bank space into a plurality of serially
connected fluid flow passes, and fluid inlet and
outlet openings at opposite ends of said tube bank
space at the wide end of the adjacent fluid flow
spaces. ‘

12. A tubular heat exchanger comprising a
horizontally elongated casing including a pair of
parallel vertical side walls, a pair of vertically
spaced horizontal tube sheets extending longl-
tudinally of and vertically spaced from the top
and bottom of said casing, a partition dividing
the space between the bottom tube sheet and the
bottom of said casing into fluid inlet and outlet
chambers, a bank of vertical tubes extending be~
tween and opening through said tube sheets, said
tube bank consisting of a plurality of tube groups
arranged in a zig-zag end-to-end formation lon-
gitudinally of said casing relative to said casing
side walls to form oppositely arranged fluid flow
spaces of triangular cross-section at opposite
sides of each tube group, vertical baffle means ex-
tending transversely of said casing between said
tube groups at the narrow ends of adjacent fluid
flow spaces and arranged relative to said side
walls to divide the intertube-sheet space into a
plurality of serially connected fluid flow passes,
and fluid inlet and outlet openings at opposite
ends of said intertube-sheet space at the wide
end of the adjacent fluid flow spaces.

13. A tubular air heater comprising a horizon-
tally elongated casing including a pair of ver-
tical side walls, a pair of vertically spaced hori-
zontal tube sheets extending longitudinally of and
vertically spaced from the top and bottom of
said casing, a bank of vertical tubes extending
between and opening through said tube sheets,
said tube bank consisting of a plurality of tube
groups arranged in a zig-zag end-to-end forma-
tion longitudinally of said casing relative to said
casing side walls to form oppositely arranged air
spaces of tapering cross-section at opposite sides
of each tube group, vertical bafle means extend-
ing transversely of said casing between said tube
groups at the narrow ends of adjacent air spaces
and arranged relative to said side walls to divide
the intertube-sheet space into a plurality of se-
rially connected air passes, and air inlet and out-
let openings at opposite ends of said intertube-
sheet space at the wide end of the adjacent air
spaces.

14, A tubular air heater comprising a horizon-
tally elongated casing including a pair of parallel
vertical side walls, a pair of vertically spaced hori-
zontal tube sheets extending longitudinally of and
vertically spaced from the top and bottom of
said casing, a partition dividing the space be-
tween the bottom tube sheet and the bottom of
said casing into heating gas inlet and outlet
chambers, a bank of vertical tubes extending be-
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tween and opening through said tube sheets, said
tube bank consisting of a plurality of tube groups
of rhemboidal horizontal cross-section arranged
in & zig-zag end-to-end formation longitudinally
of sald casing relative to said casing side walls to

form oppositely arranged air spaces of triangular -

-cross-section at opposite sides of each tube group,
vertical bafle means extending transversely of

said casing hetween said tubé groups at the nar-

row ends of adjacent air spaces and arranged rei- - -

ative to said side walls to divide the intertube-
sheet space into a plurality of serially eonnected

- air passes, and air inlet and outlet cpenings at

opposite ends of said intertube-sheet space at the
wide end of the adjacent air spaces.
. PERRY R. CASSIDY,
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" Henry Van Arsdale
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