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10 Claims. (CL 257—241)

This invention relates to an apparatus for exchang-
ing heat between fluids and particularly to steam super-
heaters associated with steam generators. Such a super-
heater may be a primary superheater or a reheat super-
heater and generally comprises a multiplicity of tubular

elements each of which is made up of flat return bend 2

tube coils or loops through which the steam flows from
an inlet header or drum into an outlet header. The
elements are usually arranged in parallel alignment trans-
versely of the direction of flow of the gases- that leave

the furnace with which the steam generator is associated. o

When heating steam at the high temperatures now re-
quired in modern steam generation practise the super-
heater is located closely adjacent the furnace gas offtake
0 as to be swept by the gases being discharged from
the furnace at elevated temperatures.

The problem which the invention solves

The temperature of the gases leaving a large furnace
may be of unequal value and the gases may flow at dif-

ferent rates over different portions of the cross section .

of the offtake. This may be caused by nonuniform burn-
ing of the fuel within different portions of the furnace
and by an uneven absorption of heat from the products
of combustion by the furnace walls which are generally
lined with steam generating tubes. Consequently, var-
ious groups of superheater elements will absorb different
amounts of heat from the furnace gases and deliver steam
of varying superheat into the outlet header of the super-
heater. If the steam is conveyed from the outlet header by
a large single offtake pipe, the hotter and cooler portions
of steam thus delivered to the header by the elements
having absorbed more or less heat, will mix and issue
at a mean mixture temperature. But if several smaller
steam offtake pipes are connected to and are spaced longi-
tudinally of the outlet header, each of such pipes may re-
ceive steam of a different temperature. If, for example,
the outlet header is that of a reheat superheater, each
of said several steam removal pipes' may be connected
to one or more of several inlets to an intermediate stage
of a steam turbine and different inlets would then receive
steam at different temperatures which would impair the
thermal efficiency of the turbine. A marked saving in the
cost of pipework can be realized by the use of a plurality
of smaller sized off-take steam pipes between said super-
heater offtake header and the steam turbine, instead of
& combination of a large pipe with smaller pipes connect-
ing to the superheater.

The primary object of this invention resides in providing
an improved heat exchange apparatus of the type herein
considered wherein the heated fluid may be. withdrawn
from the heat exchanger through a plurality of outlet
pipes .and at substantially the same fluid temperature.

Another object of this invention is to provide in a
more economical manner than heretofore thought possible,
equalization of the fluid temperature at the outlets of a
heat exchanger of the type herein considered.
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General description of the drawings

Other objects and advantages of the invention will be-
come apparent from the following description of an illus-
trative embodiment thereof when taken in conjunction
with the accompanying drawings, wherein:

Fig. 1 is a cross sectio through a steam generator show-
ing the associated primary superheater and the reheat
superheater embodying one form of the jnvention.

Fig. 2 is a plan view of a section taken on line 2—2
of Fig. 1, illustrating one form of the herein disclosed
inventive arrangement of the tube connections between the
two-tube loop elements of the reheat superheater and
its outlet header.

Fig. 3 is a diagrammatic representation of a typical
variation of the temperature of the steam when leaving a
row of superheater elements and as plotted across the
width of the superheater when facing in the direction
indicated by line 3—3 of Fig. 2.

Fig. 4 is a diagrammatic representation of the tem-
perature variation of the steam leaving each row of the
terminals of a two-loop element reheat superheater as
plotted across the width of the superheater when facing
in the direction indicated by line 4—4 of Fig. 2. The
Fig. 4 diagram shows the relative steam temperature ob-
tained if one row of terminals is divided into four groups,
the points of straight line entry of the terminals of two
groups into the outlet header having been interchanged
in accordance with the herein disclosed invention.

Fig. 5 shows in diagrammatic form the elevation of
a single-tube loop superheater element. )

Fig. 6 represents a cross section taken at line 6—6,
adjacent the elements, of Fig. 5, and shows the arrange-
ment of groups of tubes upon leaving the single-tube
loop elements of Fig. 5 while connecting said elements
to the outlet header of the reheat superheater.

Fig. 7 represents a cross section taken on line 7—7,
adjacent the outlet header of Fig. 5, and shows the ar-
rangement of the groups of tubes of Fig. 6 upon entering
said outlet header.

Fig. 8 is a diagrammatic illustration similar to Fig.
3 but distinguished therefrom therefrom by showing a
curve indicating typical assumed temperature variations
in the steam leaving the row of elevents as plotted across
the width of the superheater, said curve being divided

5 into three groups instead of two.

Fig. 9 shows a diagram similar to Fig. 4, but indi-
cating the steam temperature curves that result from
dividing the tubes connecting the elements to the out-
let header of the superheater into three groups instead
of two and interchanging the three groups before enter-
ing the outlet header, according to the invention.

Fig. 10 shows a diagrammatic elevation of a three-
tube loop superheater element, the terminals of which
being organized in a manner corresponding to the ar-
rangement of the groups of tubes in Fig, 11.

Fig. 11 shows a cross section taken at line 11—11
of Fig. 10 illustrating an arrangement of three groups
of connecting tubes adjacent the elements, said tubes
connecting the superheater elements with the superheater
outlet header.

Fig. 12 is a diagrammatic plan view similar to Fig.
2, showing how the tubes as arranged in Figs. 10 and 11
are connected to the outlet header, according to the in-
vention.

Figs. 12¢, 12f, 12¢ are diagrams indicating the manner
in which each main group of the connecting tubes of
Fig. 11 is subdivided into three subgroups while communi-
cating with the outlet header.

Fig. 13 shows a cross section taken at line 13—13
of Fig. 10, and illustrates the positions into which the
grouns of tubes shown in Figs. 11 have been shifted
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before entering the outlet header, according to the teach-
ings of my invention.

Fig. 14 shows a diagrammatic elevation of a single-
tube loop superhéater element, the terminals of which
being organized in a manner corresponding to the arrange-
mient of the groups of tubes in Fig. 15.

Fig. 15 shows a cross section taken at line 15—15,
of Fig, 14, illustrating an arrangément of three groups
of tubes connecting the elements of the superheater with
the outlet header at a location adjacent the elements.

Fig. 16 représents & ¢ross section taken at line 16—16
of Fig. 14, and illustrates the positions into .which the
groups Of tubes shown in Fig. 15 have been shifted before
enterinig the outlet header, in accordance with the inven-
tion.

Fig. 17 is a ‘diagrammatic illustration, similar to Fig. 8,
showing another typical assumed temperature variation
cuive of the temperature in the steam leaving the row
of ‘elements ‘across ‘the width of the superheater.

Fig. 18 shows a diagram similar to that shown in Fig. 9,
but based on the temperature variation curve of Fig. 8,
and indicating the steam témperatures that result from
dividirig ‘the tubes conhecting the elements to the outlet
header of the ‘stiperheater into three groups before enter-
ing the outlet header, according to the invention.

Fig, 19 shows a disgrammatic elevation of a two-tube
Ioop, superhéater element, the terminals of which being
ofganized in a tanner corresponding to the arfangement
of the ‘groups of tubes in Fig. 20.

Fig. 20 shows a cross section taken at line 28—20 of
Fig. 19, illustrating an arrangement adjacent the elements
of three groups of the tubes connecting the two-tube
loop ¢élements of the superheatér with the outlet header.

Fig. 21 shows.a cidss section taken at line 21—21 of
Fig. 19, and illustrates the positions into which the groups
of tubes shown in Fig. 20 have been shifted before enter-
ing the outlét header, according to the invention.

Description of the preferred embodiment

In Fig. 1 is illustrated a steam generator which com-
prises ‘a furnace F bounded by front wall 1, rear wall 2
and the side walls 3. All walls are lined inside with
steam generating tubes 4. Fuel and air for combustion
is delivereéd ‘into the furnace F through burners 5, the
products ‘of ‘combustion’ rising ‘andleaving the furnace
through ’oﬁtake‘ﬁ. VResidual”as’h‘faHS'downWardly nto
the hopper shaped bottom 7, through hopper outlet &
into an ash pit 9 from which it is removed by well known
conventional means, not shown, “Bounding the furnace
Gfftake ‘6, which offtake slopes upwardly and reatwardly
froin the furnace, are the roof 10, the inclined bottom
wall 11 and the side walls 3. .

‘All of the furiiace tubes 4 facihg ‘the walls and roof
of furnace F and of the offtake 6 absorb heat from the
combustion gases for the- generation of stéam and are
connected for steain discharge and ‘water supply to the
steam drim 12 and water drim 124 to form a water
Girculating system 'in any well known manner (only partly
shown). Rearwardly of the offtake 6 and cohnected
thereto for the flow of the products of combustion there-
through .is a conduit 14 bounded by conduit walls 15,
16 and 17. i

"Within ‘offtake 6 are suspended the second stage sec-
tion S2 of a primary superheater and a reheat super-
heater R. 'Within conduit 14 is suspended the first stage
section S1 of the primary superheater. ~Steam discharged
by furnace lining tubes 4 into steam drum 12 and therice
into dry drum 13 flows via tubes 18 into the intake
header 19 at the bottom of superheater section S1, thence

through the superheater S1 into the outlet header 29, .

thence via pipes 21 to the inlet header 22 of superheater
section S2, through superheater S2 to outlet header 23,
whence it leaves through pipe 24 to flow to the high
pressure stage of a steam turbine, not shown. The steam
at lower pressure and temperature is then taken from an
intermediate stage of the steam turbine and flows vis
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pipe 25 and inlet header 26 into the reheat superheater R
wherein the temperature of the steam is again increased
by the absorption of heat from the combustion gases.
The superheated steam leaves reheater R through ter-
minal or connecting tubes a1, a2, b1, b2, see also Fig. 2,
which connect the reheater tubes individually with the
outlet header 27 and thence flows via pipe 28 back to
the turbine (not shown) for further extraction of energy.

The recheat superheater R, being equipped with the
herein disclosed inventive improvement comprises a plu-
rality of vertical return bend tubular elements 3¢ sus-
pended in the furnace offtake 6 and arranged in spaced
parallel relationship transversely to the direction of the
gas flow through said furnace offtake. In the preferred

5 embodiment iltustrated in Fig. 1, each superheater ele-

ment 30 comprises two series of separate nesting loops 31
and 32 made up of tubes which are bent back and forth,
in a plane normal to the direction of flow of the products
of combustion, between the top and bottom walls 10 and
11 of the offtake 6. As will appear later, the reheat
superhéater R may be ‘constructed of single-tube loop
elements as diagrammiatically shown in Figs. 5 and 14,
or may have two-tube loop elements as indicated in
Figs. 1 and 19, or may have three-tube loop elements as
shown 4in Fig. 10, or may also have more than three
tubes per element loop ‘(not illustrated).

Referring again to Fig. 1 and also to Fig. 2, showing
the preferred -embodiment of my invention, the -otitlet
header 27 of superheater R is provided with two offtake
sipes 23¢ and 280 instead of cne pipe 28. There are
three layers of groups of terminal ‘tubes 29 which con-
nect -the outlets of superheater elements 38 to the outlet
header 27. These are a top layer a1, an intermediate
layer b1 and a bottom layer asba. Locking toward the
rear of the steam genmerator 1, that is in the direction
indicated by section line 3—3 of Fig. 2, the top group a1
of the tubes 28 connects the left half of tubes 32 of the
clements 39 with the right half of header 27, thereby
serving outlet 28a; the middle group b1 of the ferminal
fubes 29 connects the right half of tubes 32 to the leit
half of header 27, thereby serving outlet 28b; and the
bottom grotp asbs of terminal tubes 29 being a complete
row extends across the full ‘width of the furnace and
connects all of the tubes 31 of glements 30 directly across
with ‘header 27. The above described manner of con-
necting the four groups of tubes (a1, b, a2 and bz) {0
the guperheater R and header 27 provide novel means
for assuriiig substantizily the same temperature of steam
in each of the offtake pipes 28a and 28b regardiess 0f
vadations in heat absorption in the elements 30. This
may Be fully understood by reference to Fig. 3 in which
the cutve T2 shows an assumed temperature variation
of the steam ‘leaving each of the two rows of tubes 31
and 32 on fop of the superheater elements 39, Each
curve, identical for each row 31 and 32 is shown super-
imposed in Fig. 3 and is divided into two portions. The
curve represemting the temperature of the steam leaving
tubes 3% is divided into curve sections A1 and Bi, and
the curve repréesenting the teinperatures of the steamleav-
ing tubes 31 'is divided into curve sections Az and Ba.
The rean temperature is represented by line & As men-
tioned abéve, ‘the left-half-group a:-of connecting tubes
Fig. 2, connects to ‘the right half of header 27, ‘while
the right hand.group b1 connects fo the left half of
Anzlogously oge portion A1 of tempera-
ture curve To (Fig. '3) moves to the right .as shown
in Fig. 4 and one portion Bi of temperature curve Ta
moves -to -the left hand side as also shewn in Fig. 4.
On the other hand the groups a2 and bg, connecting tubes
Consequently-the tem-
perature curve Az and B2 representing the temperature
of steam leaving tubes 31 remains, in Fig. 4, in the same
position ‘as that shown in Fig. 3. It can be cbserved by

visual inspection of Fig. 4 that the two halves of header

27 now each contain steam at the mean temperature !
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which is the average of the temperatures of the groups
a1 and by serving header outlet 284 and also of the
groups b1 and a2 serving the header outlet 28b. (See
Fig. 2.) If convenient the groups of tubes may occupy
different levels; e. g., the group ai, of the connecting
tubes 29 may be placed at the bottom level and the
groups az, by at the middle level.

Invention applied to ¢ single-tube loop superheater
element

In the preferred illusirative embodiment of Figs. 1
and 2 is shown a superheater element 30 having two
tubes per loop namely 31 and 32.  In another alternate
embodiment of the invention as shown in Figs. 5, 6 and 7
the superheater element now called 30a comprises but
one tube per loop and there are therefore required but
half the number of tube connections 29q, than in the
two-tube loop element arrangement of Figs. 1 and 2,
between the outlets of the elements 30a and the outlet
header now designated 274. The arrangement of the
tube connections for the single-tube loop element is
shown in Fig. 6, wherein the outlet ends of the single
row of tubes 38a are again divided into four groups,
c1, di, ¢z and ds of alternately spaced tube terminals
forming three rows of tube connections c1, di and cads
(see Fig. 5). As the groups of connecting tubes extend
from the element outlets toward the outlet header 274,
the tubes of group c1 are bent to the right to enter the
right hand portion of header 274 serving outlet 284 as
shown in Fig. 7, and the tubes of group di are bent
to the left to enter the left hand portion of header 274,
serving cutlet 285 while the groups cada are not bent
but extend straight forward to connect into header 27q
thereby contributing steam to both outlets 28a and 285h.
Their position therefore remains the same in Fig. 7 as
that shown in Fig. 6. Again it can be seen that the
steam . entering the header 274 is distributed in such a
manner that the temperature differences’ balance out, as
is shown in Fig. 4. Each.of the offtake pipes 284 and
28b (Fig. 5) accordingly receive steam at substantially
the same mean temperature.

Invention applied to a superheater having three offtake
pipes

The hereinabove described novel arrangement of the
connecting tubes between the superheater elements and
the outlet header may also be applied to ‘a header 27b
having three offtake pipes 28c, 284 and 28e. (See Fig,
12.)  Fig. 8 accordingly, shows a steam temperature
curve Tz similar to the curve Te indicated in Fig. 3,
but divided into three séctions E, F and G, Fig. 8
(instead of two), in conformity with the three header
offtake pipes 28¢c, 284 and 28e in header 275 (Fig. 12).
These curve sections. correspond to three main groups
e, frand g, of the connecting tubes, see Fig. 11, each
main group comprising about one-third of. the total num-
ber of element outlet ends. There will be three sub-
groups to main group e, marked e1, ez and es; three sub-
groups to main group f, marked fi, fo and f3; and three
sub-groups to main group g, marked &1, g2 and g3, as
shown in Figs. 10 and 11; each sub-group containing
about the same number of tubes or serving substantially
the same “superheater heating ' surface. . As shown in
Fig. 12¢ the three sub-groups e1, ez, e3 will be arranged
to have one sub-group er delivering steam iato  one-
third portion of outlet header 27b, a second sub-group
e2-to a second third portion, and the ‘third sub-group ez
to the remaining third portion. The three sub-groups
f1, f2, f3 of Fig. 12f and the three sub-groups g1, g2, g3
of Fig. 12g are similarly arranged in connecting to
header 275. Fig. 12 shows a composite -diagrammatic
plan view similar to Fig. 2 and illustrates how the sub-
groups of all three main groups e, f and g are connected
to the header 275 in accordance with the teachings of the
invention,
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As mentioned hereinabove Fig. 8 shows an assumed
temperature variation (curve Ts3) across the superheater
width of the steam leaving tubular elements 305 (Fig.
10), said curve T being divided inio three sections E,
F and G corresponding to the three aforementioned
main groups of tubes e, f and g. Each of the sub-groups
e1, ez and e3 of main group e has a temperature curve
corresponding to section E (Fig. 8). Each of the three
subgroups f1, f2 and f3 of the main group f has a tempera-
ture curve corresponding to section F, and each of the
subgrgoups g1, g2 and g3 has a temperature curve corre-
sponding to section G. By connecting the various groups
in the manner hereinabove set forth, when entering outlet
header 275 and as individually illustrated in Figs. 12e,
12f and 12g and as compositely shown in Fig. 12, the
corresponding steam temperature will also be shifted
accordingly in the manner shown in Fig. 9, and as ex-
plained in greater detail in connection with Figs. 3 and 4.
Visual inspections show that the average temperature in
each of the three header sections will be the same, result-
ing in a temperature of the steam leaving the three header
outlets 28c, 284 and 28e of substantially the same value.

Referring again to Figs. 10, 11, 12 and 13 there are
five levels of connecting tube greups which carry steam
to the outlet header 27h and to the three offtake tubes
28c, 284 and 28e connected thereto. As hereinabove
set forth each third portion of the header 276 receives
substantially the same amount of steam from the super-
heater elements 306 and at substantially the same mean
temperature ¢, as shown in Fig. 9. In general it can be
shown that the number of levels connecting tube groups
will equal twice the number of offtake pipes less one.
Thus for two offtake pipes 28z and 28b, the number of
tube levels is three, Figs. 5, 6 and 7, while for three
offtake pipes 28c, 284 and 28e, the number of tube levels
is five, Figs. 10, 11 and 13.

As described hereinabove Fig. 10 shows three-tube
loop superheater elements 305, the tube ends of which are
marked with the same letters as are those of the tube
subgroups in Figs. 11 and 13 to which they are connected.
The embodiment of the invention illustrated here is but
an example of a variety of arrangements that can be
employed. When the number of tube loops per element
305 equals the number of offtake pipes, such as is the
case in the illustrative example of Figs. 10, 11, 12 and 13
the spacing of the tubes in the rows of Figs. 11 and 12
equals the spacing of the superheater elements 305.

On the other hand, if the tube groups e, f and g are
supplied from a superheater having a single-tube loop
element 30c, as shown in Fig. 14, the number of tubes
shown in Fig. 11 will be reduced to one third in order to
accommodate the reduced number of element connec-
tions. This is shown in Figs. 15 and 16, which are
similar to Figs. 11 and 13. Again there are five levels
over which the connecting tubes are distributed and
three main groups %, k, and m corresponding to the three

‘header offtake pipes 28c, 284 and 28e (Fig, 12). The

subgroups of hi, k2 and h3 of main group 4, the sub-
groups ki, k2 and ks of main group k and the subgroups
mi, mz and m3 of main group m are connscted in the
Same manner as described above with respect to main
groups ¢, f and g and as shown in Figs. 12¢, 127, 12¢ and
12.  Again each third portion of the header 27¢ receives
substantially the same amount of steam from the super-
heater and at substantially the same mean temperature ¢
as shown in Fig. 9.

If a superheater having two-tube loop elements (Fig.
19) instead of three (Fig. 10) is to be connected to an
outlet header 27¢ having three outlets such as 28¢, 284
and 287 (Fig. 12), it will be necessary to reduce the
number of tubes shown in Fig. 11 to two.thirds in order
to' accommodate the reduced number of element tube
connections. In the two-tube loop superheater illustrated
in Fig. 19 the tube ends of elements-39d are also arranged
in five tube row levels to afford equal distribution over
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three header outlets 28¢c, 284 and -28¢ (Fig. 12), in
accotdance with the herein disclosed invention.

Invention applicable to wide temperature variations

In order fo show the versatility of the invention and its
wide field of application, a temperature variation curve
T4 of an entirely different character than that shown in
Figs. 3 and 8 has been assumed and is illustrated in Fig.
17. ‘Curve Ti accordingly represents the temperature
vatiation across the superheater width in each of the two
tube terminal rows of a two-tube loop element 304 (¥Fig.
19), and is divided into three curve sections H, K and M
which correspond to. the three header off-take pipes 28¢,
284 and 28¢ (Fig. 21). Proceeding in the same manner
as hereinabove described for Fig. 8, each curve section
chifts in conformity with its corresponding group of
comnecting tubes. For example, referring to Figs. 20
and 21, the subgroup n1 of main group n (Fig. 20) con-
nects to the right hand one third portion of header 27d
(Pig. 21), the subgroup naz connects 1o the middle third
portion of header 27d and the subgroup n3 connects
straight forward to the left hand ome third portion of
header 27d4. In a similar fashion, the three subgroups
p1, p2 and p3 of main group p and subgroups qi, g2 and
g3 of main group g coanect to the respective one third
portions of header 274 as indicated in Fig. 21 and anala-
gous to the arrangement shown in Fig. 12. The respec~
tive temperature curve sections (Fig. 17), Hy, Hs and H3
corresponding to subgroups n1, n2 and n3 (Fig. 20); K,
K. and K3 corresponding to subgroups p1, p2 and ps; and
M1, Mz and M3 corresponding to subgroups g1, g and g3
shift accordingly in the manner indicated in Fig. 18.
Again each third portion of the header 27d receives sub-
stantially the same amount of steam from the superheater
and at substantizlly the same mean temperatore 7.

Invention applicable to a superheater having more
than three offtake pipes

In 2 similar manner as in the examples shown above,
the invention may be applied to an organization having
four or more superheater header offtake pipes 28. Ac-
cordingly four or more groups of tubes may be arranged
between the superheater clements and the outlet header
27, crossconnected in the inventive manner hereinabove
set forth so as to achieve substantiaily equal steam tem-
perature in each header offtake pipe.

As a general rule, according to my invention, the num-
ber of offtake pipe connections or header discharge open-
ings determine the number of main groups into which the
connecting tubes 29 must be divided and also deter-
mines the .number of subgroups into which each main
group must be divided.

Thus, if X offtake pipes (28) are used then the -con-
necting tubes (29) will be divided into X main groups and
each main-group in turn will be divided into X subgroups;
each subgroup of each main group geing organized to
communicate with a different one of the X discharge
openings or header outlets, as herein above disclosed.

It the various superheater elements are comnected in
this novel manner it will be found that the average
steam temperatire or mixture temperature in each ‘header
discharge opening or offtake pipe 28 will be substantially
the same.

Advantages accruing from the invention

My invention is particularly applicable to conveying
steam from a reheat superheater to an intermediate stage
of a steam turbine where low flow resistance losses are
desired.

In operation the return pipes 28 from the superheater
R to an intermediate stage of the steam turbine may
convey steam at about 1000 deg. F., and are consequently
made of a costly heat resisting steel, such as a chrome
molybdenum alloy. Because the pressure drop from
the turbine through pipe or pipes 26 to the superheater
R, through the superheater and through the return pipes

28 back to the turbine must be kept low to maintain
turbine efficiency, the cross sectional area of the con-
veying pipes must be relatively large. Heretofore a

~ single return pipe was used alone or in combination
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with smaller superheater pipe connections in order to
equalize the temperature of the steam flowing from the
various parts of the superheater, so that the various
nozzles used to direct the steam into the intermediate
stage of the turbine would receive steam at equal tem-
peratures from said pipe. However said single pipe be-
came very large and its cost was high because of the
special manufacturing process required for its fabrica-
tion in the tube mill and also because of the large
wall thickness required for pressure piping.

According to the invention it is now possible to use
a plurality of smaller return pipes 28 of standard size
with a relatively thin wall therefore of much lower
cost, and still obtain substantially equal steam tempera-
ture in each pipe. These pipes may be connected into
different portions of the superheater outlet header 27
and carry the steam directly to said various nozzles in
the intermediate stage of the steam turbine (not shown).
For example, one twenty inch pipe, which is prohibitive
in the cost due to special manufacturing process, may be
replaced by two fourteen inch standard pipes of rela-
tively low cost with the steam temperature in each pipe
substantially the same.

While the preferred embodiment of my invention has
been here shown and described, it will be understood
that changes in construction, combination, and arrange-
ment of parts may be made without departing from the
spirit and scope of the invention as claimed.

I claim:

1. In a fluid heat exchange apparatus, means form-
ing a pass for furnace gas flow. of non-uniform and
non-symmetrical heat exchange values over the cross
section of said pass, a plurality of flat tubular heating
coils arranged in said gas pass with their axes in planes
substantially parallel to the walls of the gas pass for
heat exchange fluid flow through those coils, an outlet
header to receive the heated fluid from.said coils, said
header having means forming two outlets and tubular
connections each establishing direct communication be-
tween said heating coils and header outlets said tubu-
lar connections being located substantially outside of
said furnace gas flow path and being divided into two
groups each having a substantially equal number of
tubes, one half of the number of said tubular connec-
tions in each of said two groups communicating with
one header outlet the other half communicating with
the other header outlet each connection forming with
its heating coil and the header outlet with which it com-
mumnicates a flow path, each group of said tubular con-
nections comprising flow paths having heating coils ar-
ranged in gas flow zones of different heat exchange values
some of said flow paths’ discharging fluid having a tem-
perature different from that of the fuid discharged by
others, whereby the fluid temperature in the one header
outlet nevertheless substantially equals the fluid tempera-
ture in the other header outlet.

‘2. Tn a fluid heat exchange apparatus, means forming
a pass for flow of furnace gas having non-uniform heat
exchange values over the cross section of said pass, a
plurality of flat tube coils arranged in said gas pass

. with their axes in planes substantially parallel to the

walls of the gas. pass for heat exchange fluid flow through
those coils, -an outlet header to receive the heated fluid
from said coils, said header having means forming dis-
charge openings, and tubular connections each establish-
ing communication between said tube coils and said dis-
charge openings, said tubular connections being divided
into three groups each group having a substantially equal
number of tubes, one third of the number of said tubu-
lar connections in each of said three groups communi-
cating with one of the three discharge openings, another
third of the number of said tubular connections in each
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group comunicating with one of the other two discharge
openings and the remaining third of the number of said
tubular connections commus.icating with the remaining
and third discharge -opening, each of said connecting
tubes forming with its coil and the corresponding dis-
charge opening with which it communicates a flow path,
each group comprising flow paths having coils arranged
in gas flow zones of different heat exchange values, and
the high heat exchange value of some of the flow paths
in one group compensating for the low heat exchange
value of some of the flow paths in any other group,
whereby the fluid temperature in the one discharge open-
ing substantially equals the fluid temperature in any
one of the other discharge openings.

3. In a fluid heat exchange apparatus, means forming
a pass for furnace gas flow of non-uniform heat exchange
values over the cross section of said pass, a plurality of
flat tube coils arranged in said gas pass with their axes in
planes substantially parallel to the walls of the gas pass
for heat exchange fluid flow through those coils, an outlet
header to receive the heated fluid from said header hav-
ing means forming discharge openings, and tubular con-
nections each establishing commuication between said
tube coils and said discharge openings, said tubular con-
nections being divided into three groups each group hav-
ing a substantially equal number of tubes, one fourth of
the number of said tubular connections in each of said
three groups communicating with one of the three dis-
charge openings, another fourth of the number of said
tubunlar connections in each group communicating with
one of the other two discharge openings and the remain-
ing half of the number of said tubular connections com-
municating with the remaining and third discharge open-
ing, each of said connecting tubes forming with its coil
and the corresponding discharge opening with which it
communicates 2 flow path, each group comprising flow
paths having coils arranged in gas flow zones of different
heat exchange values, and the high heat exchange value
of some of the flow paths in one group compensating for
the low heat exchange value of some of the flow paths in
any other group, whereby the fluid temperature in the one
discharge opening substantially equals the fluid temper-
ature in any one of the other discharge openings.

4. In a fluid heat exchange apparatus, means forming
a pass for furnace gas flow of nonuniform heat exchange
values over the cross section of said pass, a plurality of
flat tubular heating coils arranged in said gas pass with
their axes in planes substantiaily parallel to the walls of
the gas pass for heat exchange fluid flow through those
coils, at least one outlet header to receive the heated
fluid from said coils, said header or headers having means
forming a total of at least two discharge openings, and
tubular connections each establishing direct communica-
tion between said heating coils and discharge openings,
said tubular connections being located substantially out-
side said gas pass and being divided into as many main
groups as the number of said discharge openings, said
tubular connections in each of said main groups again
being divided into as many sub-groups as the number of
said discharge openings, each of said sub-groups of each
main group communicating with a discharge opening dif-
ferent from that with which other sub-groups of the same
main group are communicating, each tubular connection
forming with its coil and said one discharge opening with
which it communicates a flow path, each group compris-
ing flow paths having heating coils arranged in zones
of different heat exchange values, some of said flow
paths’ discharging fluid having a temperature different
from that of the fluid discharged by others, whereby the
fluid temperature in the one discharge opening substan-
tially equals the fluid temperature in any one of the other
discharge openings.

5. In a fluid heat exchange apparatus, means forming
a pass for furnace gas flow of non-uniform heat exchange
values over the cross section of said pass, a plurality of
flat tubular heating coils arranged in said gas pass with
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their axes in planés substantially paraliel to the walls of
the gas pass for heat exchange fluid flow through those
coils, at least one outlet header to receive the heated fluid
from said coils, said header or headers having means form-
ing a total of at least two discharge openings, and tubu-
lar connections each establishing direct communication
between said heading coils and discharge opening means,
said tubular connections being located substantially out-
side of said gas pass and being divided into as many
groups as the number of said discharge opening means,
said connections in each of said groups communicating
with one discharge opening means each connection form-
ing with its coil and said one discharge opening means
with which it communicates a flow path, each group com-
prising flow paths having heating coils arranged in gas
flow -zones of different heat exchange values, some of
said flow paths’ discharging fuid having a temperature
different from that of the fluid discharged by others
whereby the fluid temperature in the one discharge open-
ing substantially equals the fluid temperature in any one
of the other discharge openings.

6. In a duct through which flows a stream of combus-
tion gases having heating values of non-uniform and non-
symmetrical intensities across said duct, a superheater
disposed within said duct and having a multiplicity of
elements for steam flow therethrough each element form-
ing a heating surface which is exposed to different heating
intensities of said combustion gas some elements absorb-
ing individually a total of more or less heat than other
elements, all of said superheater elements being divided
into main groups of substantially equal numbers of ele-
ments, said main groups being arranged with respect to
each other for parallel flow of the steam and the elements
in each of said groups being divided into sub-groups con-
taining a substantially equal number of heater elements;
a steam collecting header for receiving the heated steam
said collecting header being divided into portions equal
in number to the aforesaid main groups and having a
steam offtake pipe connected to each of said portions; and
connecting tubes communicating directly with the outlet
of one of each of the sub-groups of superheater elements
and with one of each of said portions of said collecting
header means; whereby a compensation is achieved for
the unequal heating intensities of the combustion gases
to which said heater elements are exposed, so that the tem-
perature of the heated steam flowing through each of said
steam offiake pipes will be of substantially equal vaiue.

7. In a duct through which flows a stream of a heating
medium having heating values of non-uniform intensities
across said duct, a fluid heater disposed within said. duct
and having a multiplicity of elements for fluid flow there-
through each element forming a heating surface which is
exposed to different heating intensities of said heating me-
dium some elements therefore absorbing individually a
total of more or less heat than other elements, all of said
heater elements being divided into main groups of sub-
stantially equal number of elements and being arranged
with respect to each other for parallel flow of the heated
fluid, the elements in each of said groups being divided
into sub-groups containing a substantially equal number
of heater elements; fluid collecting means for receiving the
heated fluid said collecting means being divided into por-
tions equal in number to the aforesaid main groups and
having a fluid offtake pipe connected to each of said por-
tions; and connecting conduit means communicating di-
rectly with the outlet of one of each of the sub-groups of
heater conduits and with one of each of said portions of
said collecting means; whereby a compensation is achieved
for the unequal heating intensities of the heating medium
to which each of said heater elements is exposed, so that
the temperature of the heated fluid flowing through each
of said fluid offtake pipes will be of substantially equal
value.

8. In a duct through which flows a stream of a heating

5 medium having heating values of non-uniform intensitics
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across said duct; a fluid heater disposed within said duct
and having a multiplicity of elements for fluid flow there-
through, said elements being spacedly distributed in a uni-
form patiern transversely of the duct, each element form-
"ing a heating surface and being exposed to different
heating intensities of said heating medium whereby the
fluid in some elements absorbs individually a total of more
or less heat than that in other elements; all of said heater
elements being divided transversely of said duct into main
groups having parallel fluid flow therethrough and of sub-
stantially equal numbers of elements, the fluid flowing
through the elements in each of said main groups being
divided into equal portions, fluid collecting means for
receiving said equal portions of the heated fluid, said col-
lecting means being divided into sections equal in number
to the aforesaid main groups and having a fluid offtake
pipe connected to each of said sections; and connecting
conduit means communicating directly with the outlets of
said main groups and said collecting means for conducting
one of each of said fluid portions from each main group
into one of each of said sections of said collecting means;
whereby a fluid flow path is formed between each collect-
ing section and one fluid portion of each main group to
achieve compensation for the unegual heating intensities
of the heating medium to which said heater elements are
exposed, so that the temperature of the heated fluid flow-
ing through each of said fluid offtake pipes will be of
substantially equal value.

9. In a duct defined by a front, rear and two sides and
through which flows a stream of a heating medium having
heating values of non-uniform intensities across said duct;
a fluid heater disposed within said duct and having a multi-
plicity of elements for fluid flow therethrough, said ele-
ments being spacedly distributed in a uniform pattern
transversely of the duct, each element forming a heating
surface and being exposed to different heating intensities
of said heating medium whereby the temperature of the
fluid leaving some of said elements may be higher or lower
than the temperature leaving other elements; all of said
heater elements being divided transversely of said duct
from side to side into main groups having parallel fluid
flow therethrough and of substantially equal numbers of
elements, the elements in each of said main groups being
divided from front to rear into as many portions as there
are main groups, fluid collecting means for receiving the
heated fluid flowing through said equal portions, said col-
lecting means being- divided into sections equal in number
to the aforesaid main groups and having a fluid offtake
pipe. connected to each of said sections, and connecting
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conduit means communicating with said main groups and
said collecting means for conducting the heated fluid from
one of each of said element portions from each main
group into one of each of said sections of said collecting
means; whereby a fluid flow path is formed between each
collecting section and one of said element portions of each
main group to achieve compensation for the unequal heat-
ing intensities of the heating medium to which said heater
elements are exposed, so that the temperatures of the
heated fluid flowing through each of said fluid offtake
pipes will be of substantially equal value.

10. In a duct defined by a front, rear and two sides and
through which flows a stream of hot combustion gases
having heating values of non-uniform intensities across
said duct; a steam heater disposed within said duct and
having a multiplicity of tubular elements for steam flow
therethrough, said elements extending longitudinally of
said duct and being uniformly distributed transversely of
the duct, each element forming a heating surface and
being exposed to different heating intensities of said hot
gases whereby the temperature of the steam leaving some
of said elements may be higher or lower than the tem-
perature leaving other elements; all of said heater elements
being divided. transversely of said duct from side to side
into main groups having parallel steam flow therethrough
and of substantially equal numbers of elements, the ele-
ments in each of said main groups being divided from
front to rear into as many portions as there are main
groups; steam header means for receiving the heated steam
flowing through said equal element portions, said steam
header means being divided into sections equal in number
to the aforesaid main groups and having a steam offtake
pipe connected to each of said sections, and connecting
conduit means communicating with said main groups and
said steam header means for conducting the steam from
one of each of said element portions from each main
group intc one of each of said sections of said steam
header means; whereby a steam flow path is formed be-
tween each header section and one of said element por-
tions of each main group to achieve compensation for the
unequal heating intensities of the hot gases to which said
steam heater elements are exposed, so that the tempera-
tures of the heated steam flowing through each of said
steam offtake pipes will be of substantially equal value.
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