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HIGH PRESSURE PRIMARY AIR HEATER

James D.. Andrew, Jr., Essex Fells, N. J., assignor to The
Babcock & Wileox Company, Rockleigh, N. J., a cor-
poration of New Jersey

Application September 1, 1950, Serial No. 182,871
8 Claims. (CL. 122—1)

'The present invention relates to fluid heat exchangers,
and more particularly toa tubular type of heat exchanger
installed'in the convection pass of a vapor generator. The
tubular heat exchanger is supported by the wall tubes of
the vapor generator and provided with means for per-

mitting the differential expansion between the supporting ~

parts of the vapor generator and’ the supperted tubular
Beat exchanger as such differential’ expansion is caused
by temperature differerices in the related parts.

In"-the present invention a tubular type of heat ex-
changer is positioned in the flow path of heating gases
with “the inlet' and outlet headers of the heat exchanger
positioned- out of the path of the heating gases. - The
headers are supported upon tubes in a wall defining one
side of the heating.gas flow path, with the tubes of the
heat exchanger connecting the inlet and outlet headers
and extending through the intertubs spaces between ad-
jacent wall tubes and in a Teverse. bend across the heating
gas flow path. The headers and the connecting tubes
of the heat exchanger are subjected to temperature
changes differing from the temperature changes. of the
supporting gas-pass wall tubes, and are constructed and
arranged to permit relative movements in the connected
parts.

The various features of novelty which characterize
my invention are pointed out with particularity in the
claims annexed to and forming a part of this specification.
For-a better understanding of the invention, its operafing
advantages and specific objects attained by its use, refer-
ence should be had to the accompanying drawings and
descriptive matter in which I have illustrated and described
an embodiment of my invention.

In the drawings:

Fig. 1 is.an elevation view, partly in section, of a vapor
generator incorporating the tubular heat exchanger of
the present invention;

Fig. 2 is an enlarged elevation view, in section, of the
Leat exchanger shown in Fig. 1;

Fig. 3 is a plan section of the heat exchanger taken
on the line 3—3 of Fig. 2;

Fig. 4 is a further enlarged elevation view of the anchor
and support means for the headers. of the heat exchanger;

Fig, 5 is a plan view, in section, of the anchor and sup-
port means taken on the line 5—5 of Fig. 4;

Figs. 6 and 6A are diagrammatic plan views of the inlet
and outlet headers shown in Figs. 1, 2 and 3;

Fig. 7 is an enlarged ¢levation view of the support
means for the headers of the heat exchanger; and

Fig. 8 is a plan view, in section, of the support means
taken on the line 8—8§ of Fig. 7.

While the tubular heat exchanger of the present inven-
tion is useful in many heat exchange applications where
the fluid to be heated differs in temperature with respect
to the temperature of wall tubes supporting, the heat ex-
changer, the invention is particularly useful in a primary
air heater associated with a vapor generator.

When pulverized coal from a unit type of pulverizer
is burned in a furnace to provide heat for vapor genera-
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tion, the pulverized coal is transported to the furnace in a
carrier air stream which also provides a portion of the
air required for combustion. This carrier or primary
combustion air is preheated to dry the coal during pulver-
ization, with the temperature of the preheated. air varied
in accordance with the moisture content in the raw coal
delivered to the pulverizer. 1in operation, the moisture
coentent of the raw coal délivered to the pulverizer will vary
sufficiently to. necessitate a change in temperature of sev-
eral hundred degrees in the preheated air delivered to the
pulverizer,

In the embediment of the invention shown in the draw-
ings, primary pulverizer air is heated in a recuperative type
of heater by heat exchange with furnace gases passing
through the convection pass of a steam generator. The
air heater is supported upon tubes in the walls of the steam
generator, with the tubular heating surfaces of the air
heater extending through the intertube spaces of a wall
defining the convection gas-pass.

In the embodiment shown the air heater is associated
with a steam generator having a steam flow rated capacity
of 860,000 pounds per hour at 1350 p. s. i. and a super-
heated steam temperature of 950° F. The heater- is
capable of preheating 135,000 pounds of air per hour
from an entering temperature of 80° E. to an output tem-
perature of 600° F. when the steam generator is operating
at full rated capacity. - Such a preheater capacity is ad-
equate to .meet pulverizer requirements under maximum
moisture contents of the contemplated fuel.

As shown in Fig. 1, the furnace 1§ of the steam gen-
erator is fired by pulverized fuel burners i1, -supplied
with air borne pulverized fuel from pulverizers 12 through
the conduits 13. Furnace gases pass downwardiy through
the furnace 16 and then turn beneath a division wall 14
and: pass upwardly through a convection gas-pass 15,
transversely over the surfaces of 2 plurality of tube banks.

The division wall 14 is formed by a row of abutting
Steam generating tubes with the lower end portion of the
tube row spread to form a slag screen 16 with the tubes
opening into a lower header 17. The upper end of the
division wall tubes open into the steam and water drum
26. The rear wall 21 of the convection gas pass is formed
of tube and refractory construction, where the tubes 22
are equi-spaced and form downcomers supplying the lower
headers, including the header 17, of the tubes lining the
walls of the furnace i0. A transverse section view of a
portion of the convection pass 15 is shown in Fig. 3. The
downcomer tubes 22 are provided with refractory. mate-
rials filling the intertube spaces, and providing a covering
on the gas-pass side thereof for at least a portion of their
length. The refractory tube facing is omitted from the
wall areas adjacent the inlet and outlet tube connections
with the separate’ tube banks, for example, as shown in
Fig. 2. A second row of downcomer tubes 23 is positioned
on the exterior side of the wall tubes 22 and connected
with the lower headers of the wall tubes of the furnace 19.

The fluid heating tubes in the convection gas-pass 15
include primary and secondary superheater tube banks,
24 and 25 respectively, and banks of ecenomizer tubes 26
and 32. A majority of the economizer tubes are sup-
ported in the gas-pass in the conventional manner by the
supports 27 and 30 mounted upon the division wall 14
and the rear wall tubes 22, respectively, and the link
members 28, to discharge into the outlet header 31. This
construction is illustrated in Fig. 2. The economizer tube
row is extended downwardly, as at 39, parallel to the di-
vision wall 14, and is bent transversely across the con-
vection pass to form a lower group 32 of reverse bend
tubes opening into an economizer inlet header 33. The
lower group of economizer tubes is also supported from
the division wall 14 and rear wall tubes 22, as shown
at 34 and 33, respectively, and by the link members 29.
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Jn addition, a support 36, mounted on the division wall 14
maintains the position of the economizer tube row, rela-
tive to the wall 14, at the lower end portion of the down-
ward extension 39 of the economizer.

In the illustrated embodiment of the invention, the
boiler unit is supported at its upper end portion, so that
thermal expansion of the walls will be downward. As
illustrated in Fig. 1, the drum 29 is suspended by the sup-
porting straps 37, and the walls by hangers 40, from over-
head structural steel work (not shown). As will herein-
after ‘become apparent, the steam generator can be sup-
ported from the bottom, or at some position intermediate
the top or bottom of the unit, without affecting the sup-
porting means or the function of the primary air heater.

Fxpansion of the drum 20 and the headers of the cir-
culatory system of the unit will also occur in a horizontal
direction. Such expansion movement will increase the
spacing between adjacent wall tubes. The tubes are
maintained in alignment by tie bars associated with the
tubes. The tie bars 41 of the tubes 22 in the rear wall
21 are illustrated in Fig. 2, where the bars are welded
to the outer surface of the tubes 22 at vertically spaced
positions, With the tie bars 41 in thermal contact with
the tubes 22, the metal in each will be maintained at sub-
stantially equal temperatures, and the heat expansion of
the bars will. be comparable with the horizontal heat ex-
pansion of the drum 20 and the lower headers.

Primary air for the pulverizer 12 is delivered under
pressure by the fan 42 to the inlets 44 of a manifold or
inlet header 45.  Thereafter the air is heated in passing
through rows of tubes 46 extending across the convection
gas pass 15 and discharges into the manifold or outlet
header 47, and flows through a duct 59 to the pulverizer.

The headers 45 and 47 have substantially equal hori-
zontal dimensions, but with cool zir entering the header
45 and hot air leaving the header 47, the latter header
has an increased vertical dimension to permit handling the
greater volume of air passed therethrough. Although only
one pulverizer 12 is shown in Fig. 1, it will be understood
two or more pulverizers may be installed to serve the fur-
nace 10, and a second duct 50 (not shown) will be in-
stalled on the opposite side of the steam generator.

Since the temperature of the air delivered to the pul-
verizer must be varied in accordance with the moisture
content of the raw coal, a by-pass duct 52 is instalied
around the air heater. The division of air flow between
the header 45 and the by-pass duct 52 is regulated by
the dampers 53 and 54. When substantially dry coal
is delivered to the pulverizer 12, practically all of the air
will pass through the by-pass duct 52, while with wet
coal substantially all of the air will pass through the tubes
46 of the primary air heater. 1t will be appreciated that
with a wide variation in the amount of air heated in the
primary air heater the temperature therein will also vary
with air flow therethrough while the heating gas flow over
the tubes 46 will not necessarily change in either tempera-
ture or volume of flow.

With the wide variation in temperature conditions to
which the primary air heater is exposed, the heater must
be constructed and arranged to permit differential move-
ment of the air heater relative to the associated parts of
the boiler unit: The air inlet and outlet headers are sup-
ported on the tubes 22 of the convection pass rear wall
21. The headers will move with the tubes 22 in a sub-
stantially vertical direction from their supported position
which, in the embodiment shown, is downwardly from
the drum 26. Due to the vertical spacing between the
headers 45 and 47, the extent of their movement with
the tubes 22 will differ. For example, the header 45 will
move downwardly approximately %6’ while the header
47 will also move downwardly approximately 1", between
cold and operating conditions within the boiler.

As shown in Figs. 2 and 3, the U-shaped or reverse
bend air heater tubes 46 are connected into the tube sheets
49 and 39, respectively, of the headers 45 and 47. The
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tube sheets 49 and 59 are parallel and in vertically spaced
relationship, with the end portions of each tube 46 verti-
cally disposed in their connections therewith. The end
portions of the tubes 46 are arranged in rows lying in
parallel vertical planes which are normal to the plane of
the row of tubes 22, with the row to row centerline spac-
ing substantially equal to the tube center spacing of the
tubes 22. In the embodiment shown in the drawings, the
end portions of -ten tubes 46 are arranged in each row,

. with each tube bent in the same vertical plane through

an angle of 90° from the vertical to' the horizontal to
extend through an-intertube space 56 between adjacent
tubes 22.

Within the convection pass 15, alternate tubes 46 in

5 each row are horizontally displaced to one side while

the remaining tubes are horizontally displaced in the
cpposite direction forming two rows of five tubes each
on a horizontal centerline to centerline spacing one half
the tube 22 center to center spacing. In the embodi-

: ment shown the horizontal center to center spacing of

the tubes 22 is 7 inches, as is the centerline to center-
line spacing of the tube 46 connections with the tube
sheets 49 and 59, and the horizontal spacing between
the centerlines of each tube row within the convection
pass 15 is 3% inches. As shown in Fig. 2, the tube 46
portions on the convection gas-pass 15 side of the wall
21, with the exception of tube 46E, are also vertically dis-
placed to closely spaced vertical positions within the
convection pass. As shown in Fig. 3, only ome set of
alternate tubes 46 is horizontally displaced out of align-
ment with the intertube space 56 adjacent the side walls
of the convection pass 15.

The division wall end of the tubes 46 in each row
is directly supported by the uppermost tube 32A of the
economizer tube group 32 by a saddle 57, and through
the support 36 on the division wall 14. The saddle 57
is welded to the economizer tube 32A, with the air
heater tube 46A slidably resting thereon. The tubes
468, 46C, 46D and 46E are likewise each slidably sup-
ported by a saddle 60 welded on the subjacent tube.
Guides 61 between adjacent tubes maintains the align-
ment of the upper horizontal extensions of the tubes 46.
The supporting and guiding arrangement described re-
tains the relative spacing of tube rows and of the tubes
in each row while permitting relative longitudinal move-
ment of the tubes in a tube row, as such movements may
be created by temperature changes in the tubes.

The return bend arrangement of the tubes 46 is such
as to provide adequate flexibility for the vertical move-

.. ment of the headers 45 and 47 during expansion and

contraction of the tubes 22. The walls 14 and 21 move
vertically corresponding to the generally equal tempera-
tures therein. However, with the economizer receiv-
ing feed water through the header 33 and discharging
through the header 31 into the drum 29, the tubes 32A
will be at a lower témperature than that prevailing in
the convection pass wall tubes. Thus, there will be
somelongitudinal relative movement between the tubes
32A and 46A, as gaided by the supporting saddle 57.

The close spacing in the cantilever relationship between

support 36 and saddle 57 will minimize any substantial
vertical movement of the saddle 57 relative to the sup-
port 36 as caused by the lower temperature in the ver-
tical extensions 58 of the econcmizer tube row, as com-

. pared with tubes 22.

In supporting the headers 45 and 47 on the tubes 22
provision must also be made for horizontal differential

expansion between the headers and the rear wall 21,

The rear wall 21 will expand laterally when the unit is
brought up to-an operating pressure from a cold con-
dition. With a rear wall 21 width of the the order of

40’ and a temperature rise to saturation temperature -

within the boiler, the wall will expand approximately 2
inches in width. The actual expansion of the wall will
depend upon the temperature of the tie bars 41, al-
though with the bars welded to the surfaces of the tubes
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22, the bars will attain.a temperature-substantially. equal
to that of the tubes. However, with the varying - re-
quirements for .preheated : air for the pulverizer, the
headers 45 and 47 need: not.attain . the temperature of
the tubes 22 and their: expansion need not be equal to
that. of the wall tubes 22. To.provide for differential
expansion between the air heater and. the tubes 22, each
of the headers 45 and 47 .is. constructed . in longitudinal
sections, with the sections. connected by expansion joints
38. 'To maintain alignment between the tubes .46 and
the tube spaces 56, each of the header sections is an-
chored at its longitudinal .midpoint to one of the tubes
22, so that the midpoint of. each section will move with
the tubes in both vertical and. horizontal. directions.

The arrangement of both the upper header 45 and the
lower header 47 is shown .diagrammatically in :Figs. 6
and 6A, respectively. Each. header is divided into four
substantially equal .sections, and the sections are con-
nected by bellows.type. expansion joints 38. The inlet
header 45 is provided with. a pair. of inlet connections
44 for incoming primary air, with each inlet positioned
adjacent the section.connecting.end of each.end section.
The outlet header 47 is.provided with connections 48
at each end-with the ducts.50.

The header sections are each anchored - and supported
at their midpoints on.a tube 22 as shown in Figs. 4 and
5. The construction and arrangement of the -anchor
support 62 is the same for both the inlet and outlet
header sections, and includes a plate 63 which is welded
to the midpoint of a header section side wall. The
plate 63 extends vertically and perpendicularly from.the
header section side wall to a.tube 22, and has a height
substantially equal to the header section depth, A cen-
tral portion of the plate 63 is omitted adjacent the tube
22 with the upper and lower portions 63A.and 63B of
the plate ending in a vertical plate 64 welded perpen-
dicularly thereto and positioned in abutting . relation-
ship with the tube 22, with a vertically projecting end
portion extending beyond the plate portions 63A and
63B. A lug 65 is welded to the tube 22 with two
spaced depending fingers 66 engaging the plate 64 and
lying on opposite side of plate. 63.. With the anchor
support described, each section of a header is not only
supported on a tube 22 for vertical movement with the
tube, but is also positioned with its midpoint moved
in a horizontal direction .corresponding with the hori-
zontal movement of the supporting tube 22 of the rear
wall 21,

In ‘addition to the anchor support 62, each section
of each of the headers 45 and 47 is provided with a
support 70 adjacent the ends of .each header section
near the expansion joints. ‘Each support 70 is shown
in-Figs. 7 ‘and 8, and is similar to the anchor support
62 except the finger 66’ of the lug .65 is not recessed,
and the lug 65 does not extend in engaging relationship
with ‘the outer edges of the plate 63. The lower.end
of the support is similar to the upper end, except it is
reversed in its position. ~With this construction the end
portions of the header sections are supported for ver-
tical movement with the tubes 22 of the wall 21. How-
ever, the header sections can move in a horizontal di-
rection parallel to the wall 21 with the fingers 66’ main-
taining the parallel spaced relationship between the wall
21 and the Header section. Thus, differential tempera-
tures between the wall 21 and either of the headers 45
or 47 will create relative movements of the ends of the
header sections in.a horizontal direction paralle]l to the
wall 21, with such differential movements absorbed in
the header section bellows joints 38.

In operation, the relative movements of the. air heater
and the rear wall 21 of .the convection pass may be the
result of several different combinations of temperatures
in the related  parts.  When the vapor .generator ig
brought up to an operating pressure, the temperature of
the tubes 22 will rise to a.value corresponding generally
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with the saturation temperature of steam at the: operating
pressure of the unit. At 1400 p. s. i. gauge, for example,

-the saturated steam temperature is approximately 590°

F.,-and the rise in temperature will cause a downward
expansion of the tubes 22 relative to the fixed horizontal
position of the drum 20. Tube expansion will cause an
increase in the vertical spacing between the headers 45
and 47, with this increased vertical dimension between
the opposite ends of the tubes 46 easily accommodated in
the flexible arrangement of the tubes. The increase. in
temperatures within the vapor generator will also cause
a downward expansion of the division wall 14, with a
lowering of the economizer tube supports 34, 35 and 36.
Thus the division wall end portions of the tubes 46, sup-
ported on the economizer tubes 32A, will also be lowered.

The increase of temperature of the tubes 22 will cause
a horizontal expansion of the tie bars 41 with a small
increase in the horizontal spacing of the tubes 22 in the
wall 21, With each of the sections of the headers 45
and 47 anchored at the section midpoint with a tube 22,
the longitudinal center of each section will also be moved
horizontally to a position corresponding with the move-
ment of its anchor supporting tube 22. Under the steam
pressure conditions given, and with a rear wall width of
over 40 feet, the total horizontal movement of. the .wall
21 will approach two inches.

However, the flow or lack of flow of air through the
heater will effect the relative movement of the headers 45
and 47 with respect to the wall tubes 22. Two extremes
of pulverizer 12 operation can occur. With wet fuel,
600° F. primary air temperature may be required;- while
with dry fuel, all of the primary air may by-pass the
primary air heater so that no air flow will occur in the
heater. In the usual situation, some air will pass through
the primary. air heater with the air heated to 600° F. or
thereabouts and the necessary primary air tempering will
be accomplished by the use of by-pass air passed through
the duct 52 and blended with the hot air for delivery at
the desired temperature to the pulverizer.

Under conditions of no air flow through the-air heater
the tubes 46 will attain substantially the same tempera-
ture as that of the heating ‘gases flowing thereover. 'This
temperature may vary 150° F. with a variation in wanit
steam output between one quarter and full capacity.
Under these conditions the headers 45 and 47 will . be
heated by conduction and convection from both the heat-
ing gases and-the adjacent tubes 22 and 23. With. the
headers surrounded. by. an enclosure 76 as hereinafter-de-
scribed, the temperature of the header walls will approxi-
mate the temperature of .the tubes 22.

With flow through the air heater, the temperature of
the inlet header 45 will correspond to that of the incoming
air, so that the temperature of the header 45 may be
as-much as 300 to 400° F. under that of tube 22. Under
these conditions, bellows .38 will be expanded. The
header supports 78 permit relative horizontal movement
between the header and the tubes 22 of the wall 21. With
the. contraction of the header 45 sections toward the. mid-
point anchor. positions, the tubes 46 at the ends of the
sections will not be centered with respect. to the corre-
sponding intertube spaces.56. However, with the tubes
22-being 4 inch O. D. on 7 inch center spacing, and. the
tubes 46 being 215 inch O. D. sufficient clearance is al-
lowed in the space 56 to permit full movement of the
tube 46, without distertion by reason of contact.with:the
wall tube 22, ‘

While the header 45 will be cooled by the incoming
air, the header 47 will be maintained at.a temperature
substantially equal to. the temperature of the tubes. 22 and
practically no relative horizontal movement will occur
therebetween.

It is. customary in the vapor ‘generating-art. to. provide
refractory .enclosures on the exterior surfaces of the unit
to enclose the inlet and outlet headers of the superheater
and the economizer. - This is done to avoid leakage of air
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or gases into or from the boiler setting through the wall
openings - accommodating the tubes connecting the ex-
terior headers with the heating surfaces within the setting.
This is illustrated in Fig. 1 by the enclosures 71 and 72
enclosing the primary superheater outlet header 73 and
the secondary superheater inlet and outlet headers 74 and
75, respectively. An enclosure 76 encloses the econ-
omizer inlet header 33 and the outlet header 31, the air
heater headers 45 and 47, as well as a portion of the sat-

urated steam conduits' 77 and the primary superheater 1

inlet header 80.

With the relative movements of the tubes 46 in the
intertube spaces 56, hereinbefore described, the open area
in the rear wall 21 between the levels of the opposing
surfaces of the headers 45 and 47 is appreciable, and it
is advantageous to seal the vestibule 83 so formed in the
enclosure 76. This is accomplished by the use of upper
and lower seal plates 82 and 83, respectively, and a rear
seal plate 84 engaging the outer surfaces of the headers

45 and 47. The plates 82 and 83 are fastened to the =

tubes 22, with the refractory material of the wall 21 ter-
minating in surface contact therewith. Since the relative
movement between the wall 21, and the headers 45 and
47 is in a horizontal direction the plates 82 and 83 have
a sliding contact with the opposing edge surfaces of the
headers 45 and 47. The rear seal plate 84 is secured to
the outer surface of the header 45 and is slidingly in con-
tact with the outer surface of the header 47. The sliding
movement of the header 47 relative to the plate 84 will
be in both a vertical and a horizontal direction.

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

1 claim:

1. In air heating apparatus, tubes of a fluid circulating
system disposed in the walls defining a heating gas-pass,
at least one of said walls formed of spaced tubes and
refractory construction, inlet and outlet headers sup-
ported in spaced relationship  upon the spaced tubes of
said tube and refractory wall and out of the path of
heating gas flow, rows of return bend tubes connecting
said inlet and outlet headers, each tube row extending
through an intertube space between adjacent tubes of said
tube and refractory wall and in a return bend across said
heating gas-pass, and means for supporting the return
bend end portions of said row of tubes on separate tubes
of a wall of said heating gas pass opposite from said
tube and refractory wall, said separate tubes being main-
tained at a low temperature relative to said heating gas,
said supporting means including means for supporting the
lowermost tube of each row from a corresponding sepa-
rate wall tube and saddies welded to each tube of said
rows and having a sliding guide engagement with each
upwardly adjacent tube of each row.

2. In air heating apparatus, a plurality of spaced tubes
disposed in a wall formation and exposed on one side to
the heat of furnace gases, inlet and outlet headers of an
air heater supported at positions axially spaced along
said tubes and out of the path of said furnace gases, rows
of air heating tubes connecting said inlet and outlet
headers, each row of air heating tubes connecting with
said headers arranged in a plane normal to the plane of
and to extend between adjacent tubes of said wall forma-
tion in a reverse bend in contact with said furnace gases,
and sealing means to enclose the vestibule between said
inlet and outlet headers including seal plates secured to
said wall tubes and slidingly engaging the facing surfaces
of said headers, and a seal plate lying in a plane parallel
to said wall formation attached to an exterior surface
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of one of said headers and slidingly engaging an exterior
surface of the other header.

3. In ‘a vapor generator having a heating gas-pass,
spaced upright tubes in the circulatory system of said
vapor generator in a wall of said heating gas-pass, air
heater inlet and outlet headers vertically spaced and posi-
tioned out of the path of heating gas flow, each of said
headers constructed of header sections, expansion joints
connecting adjacent header sections, rows of air heater
tubes connecting said headers, said tubes extended gener-
ally horizontally through the intertube spaces between
adjacent wall tubes and in a reverse bend in said heating
gas-pass, and means for supporting said headers on said
upright tubes of the heating gas-pass wall comprising an
anchor support on an upright wall tube attached to the
longitudinal midpoint of each section, and pairs of guide
lugs attached to said upright wall tubes and positioned
above and below each of said headers and adjacent the
ends of each header section, each guide lug engaging a
vertical plate attached to said header whereby the header
sections move vertically with movement of the wall
tubes as caused by temperature changes therein and
move horizontally relative to the wall tubes from said
anchor support as caused by a difference in the tem-

-3 peratures of said wall tubes and header sections.

4. In a vapor generator having a convection gas-pass,
a plurality of banks of economizer tubes transversely po-
sitioned in said convection gas-pass, some of said econo-
mizer tubes being vertically spaced from the remaining
banks thereof and connected by a row of vertically ex-
tending tubes located adjacent a wall of said gas-pass,
means for supporting said economizer tube banks on
opposite walls including said first mentioned wall of said
gas-pass, spaced downcomer tubes in the second of said
walls of said convection gas-pass, horizontally disposed
air heater inlet and outlet headers supported at vertically
spaced positions upon said downcomer tubes out of "the
path of heating gas flow, rows of tubes connecting said
headers and extending through the intertube spaces be-
tween downcomer tubes in said last mentioned wall and
in a reverse bend in said heating gas-pass between the
spaced portions of said economizer tube banks, and
means for supporting the reverse bend end portions of
said tubes from the economizer tubes.

5. In a vapor generator having a heating gas-pass,
spaced upright tubes in a wall of said heating gas-pass,
air heater inlet and outlet headers of rectangular cross-
section positioned in vertically spaced positions out of the
path of heating gas flow and adjacent said wall tubes,
rows of air heater tubes connecting said headers, said
tubes being extended through the intertube spaces be-
tween adjacent wall tubes and in a reverse bend in said
heating gas-pass, and means for supporting said headers
on said wall tubes for vertical movement of the headers
with the wall tubes as caused by temperature changes
within said wall tubes comprising vertically spaced lugs
welded to said wall tubes with each lug engaging a corre-
sponding vertically extending plate attached to one side
of a corresponding header.

6. In a vapor generator having a heating gas-pass,
spaced upright tubes in a wall of said heating gas-pass,
inlet and ountlet headers supported upon said tubes at
vertically spaced positions out of the path of heating gas
flow, rows of tubes connecting said headers, each tube
row connecting with said headers lying in a plane sub-
stantially perpendicular to the plane of said wail tubes
and said tube rows being substantially equispaced be-
tween adjacent wall tubes, each row of header connecting
tubes extending through the intertube space between the
upright tubes in said wall having a reverse bénd across
said heating gas-pass, each header being divided into
sections with adjacent sections connected by an expan-
sion joint, support means for said headers on the wall
tubes including an anchor support arranged to move the
midpoint of each header section with the mcvement of
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one of said wall tubes in both vertical and horizontal di-
rections, and a support adjacent each end of said header
sections associated with a wal] tube and arranged to move
said section vertically with said wall tubes and to guide
the horizontal movement of said header section relative
to said wall as movement is caused by temperature differ-
ence between each header section and wall tubes.

7. In a vapor generator having a heating gas-pass,
spaced upright tubes in a wall of said heating gas-pass, air
heater inlet and outlet headers supported in vertically
spaced positions upon said tubes and out of the path of
heating gas flow, rows of air heater tubes connecting said
headers, each tube row extending through an intertube
space between adjacent tubes in said wall and in a re-
verse bend across ‘said heating gas-pass, supporting
means for each of the air heater headers on said wall
tubes comprising a vertical plate secured to a header
wall and extended to a wall tube, coplanar perpendicular
plates welded perpendicular to upper and lower end por-
tions of said vertical plate adjacent said wall tube and
projecting vertically beyond the limits of said vertical
plate, and lugs secured to said wall tube to engage the
header side of each of said coplanar plates beyond the
limits of said vertical plate.

8. In a vapor generator having a convection gas-pass,
a plurality of banks -of economizer tubes transversely po-
sitioned in said convection gas-pass, some of said econo-
mizer tubes being vertically spaced from the remaining

20

10

banks thereof and connected by a row of vertically ex-
tending tubes located adjacent a wall of said gas-pass,
means for supporting said economizer tube banks, hori-
zontally disposed air heater inlet and outlet headers sup-
ported at vertically spaced positions, rows of tubes con-
necting said headers and extending in a reverse bend in
said heating gas-pass between the spaced portions of said
economizer tube banks, and means for supporting the
reverse bend end portions of said tubes from the econo-
mizer tubes.
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