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23 Claims.

This invention is concerned with fiuid heat ex-
change apparatus. )

In the operation of economizers difficulties have
been experienced in regard to the irregularities
of results. In one part of the apparatus the
contained fluid would be heated to the proper
temperature, while in other parts. there would be
such excessively high temperatures that steam

would be produced and collected. When this con-'

10 dition has prevailed in various parts of the ap-

15 structive to the economizer struecture.
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paratus, undesirable fluid actions have taken
place. These actions not only interfere with the
economical operation of the steam generator fed
by the econcmizer, but they are apt to be: de-
It is an
object of this invention to overcome such dif-
ficulties. .

More specifically, it is an object of the inven-
tion to provide for uniformity of operation of such
fluid heat exchange apparatus as an economizer
by causing all of the separate and contained fluid
streams to be affected by all parts of the current
of fluid acting upon the contained stream,

A general object of the invention is to attain
equalization of heating in economizers which dis-
charge separate stfeams of heated fluid. The
invention provides for the uniformity of condi-
tions of such separate streams. o

It is also an object of the invention to provide
a fluid heat exchange apparatus of the type men-
tioned with structures enabling the apparatus
to be operated in accordance with different con-
ditions of the current of fluid operating upon the
contfained streams. For example, when there is
marked laning of the fluid current, the parts
of the current at extreme temperatures may be
eliminated from the operation. ‘

Further objects of the invention will appear as
the accompanying description proceeds.

The invention will be described with reference
to the accompanying drawings in which:

Fig. 1 is a diagrammatic representation of a
downflow economizer associrted with a steam
boiler.

Fig. 2 is a diagrammatic view in the nature
of a vertical section showing an upfiow economiz-
er operating with a steam boiler. -

Fig. 3 is an end view of the illustrative ap-
paratus showing the casing end removed so as to
expose the return bends of the economizer coils.

Fig. 4 is a diagrammatic view somewhat similar
to Fig. 3 but disclosing particularly the path of
one of the contained streams of fluid in the ap-
paratus. . . ’

Fig. 5 is an isometric view showing the coils

REISSUED

for conducting the particular contained fuid
stream indicated in Fig. 4. .

Fig. 6 is a diagrammatic view in the nature of
a vertical section through an economizer with
fluid flow controls for controlling and limiting the
bassage of the heating medium through an up-
flow economizer.

In the use of economizers the defect of un-
equalized heating may result from one or hoth
of two causes. The first of these causes relates
to unequalized water flow across the entire flow
of water through the economizer when the gas
flow is uniform, the second cause relates to the
non-uniformity of gas flow as it contacts with
the separate streams of water passing through
the economizer. This non-uniformity may relate
to mass flow or to the temperature of the fluid
in movement, and the illustrative structures are
designed to eliminate such defects.

Non-uniformity of gas flow in economizers is
accentuated in large installations and it is likely
to attain its maximum when the gas velocity is
low. TUnder such conditions there may be such
extreme non-uniformity that on one side of the
gas flow chamber there is a falling gas current
and on the other side there is a rising gas cur-
rent. This is an extreme condition but is illus-
trative of conditions which are corrected by the
illustrative equipment.

In the type of economizer shown in the draw-
ings, the uniformity of distribution of heating
gases is best at high velocity.

Fig. 1 discloses an economizer having a water
inlet header 10 at the top of a flue §2. Water
flows from the header 10 through flat coils 14
arranged to zig-zag across the flue. At the bot-
tom of the flue these coils discharge into an out-
let header 16. As shown these flat, obliquely
arranged coils are connected together by horizon-~
tal pipes into a group which connects the inlet
and outlet  headers. Each coil is formed of
straight sections of pipe connected by return
bends to form zigzag flat coils.

Feed water enters the header {0 through an
inlet 18 and is preferably forced through the
economizer under pressure. After proceeding
through the coils it flows through the outlet con-
nection. 20 to the steam and water drum 22 of
the associated boiler construction.

Figs. 4 and 5 indicate a coil construction and
arrangement of fubes for conducting the con-
tained stream of water through and across the
current. of furnace gases moving upwardly
through the flue 12. Each coil consists of a series
of straight tube sections connected by return
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5 part of the flue from the last

&

bends. As indicated, the inlet header 18 is
formed with a row of ports or tube seats some of
which are indicated at 23, 26 and 28. The upper
coil 14 leads from the tube seat 26 and extends
obliguely across the flue to & position indicated
o6 38. A similar but shorter coil will be under-
stood o lead from the tube seat 24 to a position
29 at one side of the flue. From that poing its
contained fluid stream flows preferably horizon-
tally scross the flue to & position indicated 2t 34,
whenee it proceeds through another fluid coil
1o the position indicated st 8.

Starting from the fube seat %6 o much shorter
Auid coil leads obliguely o 2 point at one side
of the econcmizer indicated at 38. From that
point its contained fuid stream passes through
o, horizontal pipe to the right where it enters the
upper end of snother coil and then flows in zig-
zag manner back and forth across the flue sim-
ilarly to the movement of the contained streams
in the other coils. :

Suceessive sections of the fiuid coils conduct
the water across the fue 2t successively different
ievels. Each section is also jocated in a different

5 vertical part of the gss stream tc the end that

each stream of contained fiyid fAows through
every cross-sectional part of the gas stream.
The location of corresponding tubes of adjacent
coils in offset relationship further promotes
equalization of the neat transfer to the con-
tained fuid.

Tn the structure indicated in Fig. 1, furnace
gases fdow upward through the fBue 12 and oub
the stack 42. The gases proceed into the lower
pass 44 of the
boiler section 46, .

The gpparatus indicated in Tig. 2 includes &
noiler section 48 into which the furnace gases
proceed &S indicated by the arrows 50 and B2.
wrom the last gas pass 64 the furnace gases Dass
into the inlet 56 of the economizer flue 58. They
are discharged from the pottom of the economizer
through the conduit 0. In this modification also,
the contained streams of fAluid to be heated pass
in s direction the reverse of the direction of the
movement of the furnace gas. The fluid passes
from the inlet héader 62 through groups of zig-
zag coils to the outlet header 64. .

g, 3 indicates the arrangement of return
pends at the ends of the independent. tubes in
the economizer. The zig-zag path of one stream
of Auid is indicated by arrows extending from
the inlet header to the outlet header. Each sep-
arate stream of fluid moves through a similar
path.,

In considering the operation of the structures

shown in Figs. ¢ and 5 it is to be noted that an-

inequality of heating conditions across the ap-
paratus is corrected. Thus, unequal gas flow
or variant temperature conditions do not inter-
fere with equalized heating.

In Fig. 6 there is shown a counter-flow econ-
omizer in which the flow of the heating medium
is controllable as to volume and cross-section
at the will of the attendant. The flue 66 is di-
vided by partitions €8 extending from the gas
inlet 70 to the gas ouflet T2. Separated gas
passages 14, 15, 16 and 11 are thus provided.

- At the inlet end of the separated gas passages
dampers 18 are located. The independent op-
eration of these dampers permits the control of
heat transfer in one or more of the passages 14,
15, 16 and 11 as the conditions. of operation
demand. The flow of the heating medium may
be thereby controllied so as to correspond to the

8,076,064

1oad conditions under which the system/is opa
erating. The laning of the heating gases in the
economizer may be thus counteracted. If, for ex-
ample, with all of the dampers in open position,
the gases flowing through the passage 11 are of
exceedingly high temperature, that passage may
be closed and the gases divided among the re-
maining passages.

Selective distribution of $he fluid to be heated
renders the illustrative apparatus more adsptable
to the different operating conditions o be met.
The provision of separate inlet headers 80, 82,
34 and 96 permits of such distribution. Prefer-
ably these headers have separate connections 88,
90, 92 and 94 connecting with the fluid inlet 36.
Selective flow of the fuid from the inlet 26 to
the separate headers depends upon the condi-
tions of the valves 98, it being understood that
there is a separate valve for each of the connec-
tions 88, 908, 52 and 94. :

20

Different temperature and flow conditions in .

the economizer are controlled by suitable setting
of the various fluid control devices above de-~
seribed. Thus, by appropriate setting of these
devices such actions as “water hammer” and
sctions causing a “steam bound” condition may
be prevented. Extreme flexibility and adapta-
bility of operation of the economizer is thus pro-
vided.

Arrangement of the tubes in passages 74, 18,
7% gnd 17 in such a zig-Zag manner as indicated
in #igs. i, 2, 4 and b further pnromotes uniformity
of results and increases the effectiveness of the
illustrative apparatus.

The deviee illustrated in Fig. 8 of the draw-
:ngs is capable of producing 2 gas velocity which
is independent of any one of the following:

1. Boiler load.

2. Velocity of the gas on entry to the econo-

" mizer casing.

3. Velocity of the gas leaving the economizer
casing.

4. Total weight of the gas passing through the
economizer. :

The structure. illustrated in ¥Fig. 6 includes the
hoiler 108 associated with a furnace 162. Above
the furnace is a water tube hoiler section i04
with a superposed steam and water drum £06.

wWhile this invention has been described with
veference to the particular structures shown in

‘the drawings, it is to bhe understood that it is

not limited thereto, but is of a scope commensu-
rate with the scope of the sub-joined claims.
What is claimed is:

i. An economizer comprising, in combination,

walls forming a passage for the flow of a stream
of heating gases, an inlet header extending trans-
versely of the passage, & similarly positioned
outlet header, and return bend coils of tubing
formed of aligned sections extending back and
forth across the passage so that every cross-sec-
tional part of the stream of heating medium con-
tacts with a coil section, said coils conducting
water from the inlet header to the outlet header
with a flow which is counter-current with respect
to the flow of heating gases.

2. An economizer comprising, in combination,
o casing defining a passage for the flow of heat-
ing gases, a water inlet header arranged trans-
versely of the casing, groups of successive tubes

displaced vertically and horizontally with re- .

spect to the longitudinal axis of the passage and
forming flat coils extending across the gas stream,
connections between the tubes of each group,
means for conducting the stream of water from
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the discharge end of each of the coils so formed
to the opposite wall of the passage, from which
position a similar second coil receives the stream
of water discharging from a first coil and con-
ducts it in similar manner again scross the
passage, an outlet header extending transversely
of the passage, and means connecting the dis-
charge end of each of the series of coils to the
outlet headers.

3. In a steam supply system having a steam
generating section over which heating gases pass
‘to an economizer; the economizer comprising, a
water inlet chamber, an outlet chamber, a heat-
ing gas flue construction housing groups of re-
turn bend water conducting tubes each transmit-
ting water in a separate and independent stream
from the inlet chamber through the flue con-
struction to the outlet chamber with the tubes
of each group arranged in zig-zag formation and
each group containing a plurality of coils, and
means for conducting heating gases to -the flue
construction so that they pass therethrough in

.& direction - counter-current to the flow of water.

4. An economizer comprising, in combination,
a casing constituting a flue for the passage of
heating gases, a water outlet header extending
transversely -of the flue, tubes for conducting
water in separated streams through the flue to
the outlet header, partitions extending through
the flue and between the tubes to divide the flue
into & plurality of separated gas passages, means
at the end of each of said passages for con-
trolling and preventing the movement of heat-
ing gases through the passage, a separate water

~ inlet header for each passage, a feed water in-

let main, separate conduits leading from said
main to the separate inlet headers, and sepa-
rate valves for selectively establishing communi-
cation between said main and said conduits,

‘5. An economizer comprising, in combination,
& casing forming s flue for the passage of a heat-

" ing gas therethrough, tubes conducting watér
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through the flue, means for forming a plurality
of longitudinal zones in the flue, means for vary-
ing the volume of heating gases passing through
each of said zones, and means for controlling the
inflow of water to said zones, so that the flow to

one zone can be varied independently of the flow

to any of the other zones. ]

6. Fluld heat exchange apparatus comprising,
in combination, a casing having partitions form-
ing a plurality of parallel passages for the flow of
a heating medium, means for conducting a sepa-
rate group of contained fluid streams in a zig-
zag path through each passage, separated means
for supplying fluld to the separate groups, and
means for regulating the flow of heating medium
through any passage independently of the flow
conditions in the other passages. :

7. In an economizer; walls forming a passage

for the flow of g stream of heating gases, a row .

of water inlets extending transversely of the
passage, & similarly positioned row of outlets,
groups of spaced return bend coils of tubing con-
nected in series with each coil formed of aligned
sections and the sections of each coil extending
back and forth across the passage so that every
cross-sectional part of the stream of heating
medium contacts with the tubes of the individual
groups, and means for. connecting each group to
an inlet and an outlef, said groups conducting
water from the inlets to the outlets with a flow
which is counter-current with respect to the fiow
of heating gases.

8. In an economizer, a flue constituting a gas
bass, and water conducting conduit cofls pro-

3

ceeding obliquely of the gas pass flue from posi-
tions spaced transversely of the flue to compen-
sate for non-uniform gas distribution or velocity
in the flue and to provide for uniform heating of
the fluid passing through the various coils.

9. In fiuid heat exchange apparatus, a flue
longitudinally of which a heating fluid flows in a
single pass, means for conducting a fluid to be
heated through the flue in parallel fiow circuits
of equal lengths between inlets and outlets, each
circuit comprising serially connected flat coils of
return bend tubes arranged obliquely to the longi-
tudinal axis of the flue, the first coil of each
circuit being of a length different from the lengths
of the first coils of adjacent circuits.

10. In fluid heat exchange apparatus, walls
forming a passage directing a heating fluid, and
groups of tubes connected in series to conduct
contained streams of a heat absorbing fluid
through the passage in parallel and independent
flow circuits, said groups of connected tubes in-
cluding some which conduct their confined fluid
streams back and forth transversely of the pas-
sage toward and from spaced pairs of opposite
wall portions.

11. In an economizer, a flue for the passage of
furnace gases, tubes conveying separate streams
of fluid through the flue, and tube connections
whereby each stream of contained fluid flows re-
currently and obliquely entirely across the flue

.and simultaneously generally in a direction

counter to the flow of furnace gases. )

12. In fluid heat exchange apparatus, a flue
for the passage of heating gases, tubes providing
for the flow of a plurality of independent streams

of fluld through the flue and transversely of the

heating gases, and connections between the tubes
forming independent fluid flow circuits, individual
and successive tubes in the independent flow cir-
cuits being displaced longitudinally of the gas

flow and transversely of the flue whereby the fiow -
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of each circuit is subjected to the heat of the gas .

in every cross-sectional flow area of the flue.

13. In an economizer, a flue, means providing
for a flow of heating gases through the flue, tubes
providing for the flow of a plurality of independ-
ent streams of fluid through the heating gases in
the flue, and means for connecting the tubes to
cause said streams to flow back and forth trans-
versely of the flue and between two opposite sides
of the flue and to cause said streams to simul-
taneously flow recurrently transversely of the flue
between two other opposite sides of the flue,

14. In an economizer, a flue for the passage of
furnace gases, tubes conveying separate streams
of fluid through the flue, and tube connections

50

66

whereby each stream of contained fluid flows re-

currently obliquely entirely across the flue and in
a direction counter to the flow of furnace gases.
15. In apparatus of the type wherein an econ-

60

omizer and boiler are connected for fluid flow, .

an economizer gas flue or casing affording a heat-
ing gas passage, tubes for conducting -2 fluid
through the passage, and means for connecting
the tubes so that they form separate fluid flow
paths each consisting of a plurality of spaced flat
colls of return bend sections extending oblquely
of the longitudinal flow axis of the economizer.

16. In an economizer for heating boller feed
water, a flue for furnace gases, tubes conducting

.water through the flue in separate streams, means

connecting the tubes so that they form successive
fiat coils of return bend. sections extending ob-
liquely to the longitudinal flow axis of the flue,
and a gas flow restrictor for varying the velocity
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of the gases through the flue independently of
the velocity of the gases as they pass to the inlet
of the flue.

17. In fluid heat exchange apparatus, & flue,
means providing a plurality of passages in the flue
for separate streams of heating medium in longi-
tudinal zones in the flue, means for conducting
separate and independent streams of fluid across
the flue so that each stream crosses every Cross-
10 sectional part of a stream of heating medium, and

mesns for selectively diminishing at will the flow

of heating medium through separate longitudinal

zonhes of the flue. .

18. In an economizer, an inlet chamber for

15 heating gases; an outlet chamber for sald gases;
walls forming a large main gas flue connecting
said chambers; a row of inlets at one end of the
flue for a fluid to be heated; a row of fluid out-
lets at the other end of the flue; tubes connecting
90 opposite inlets and outlets to provide separate

[

fluid flow paths through the flue; and means for -

compensating for the ponuniformity of heating
throughout the flue; said 1ast named means com-
prising walls dividing said flue longitudinally into
25 g plurality of separate and parallel heating gas
" passages, and independently operable means reg-
ulating the flow of heating gases through the pas-
sages, there being separate fiuid flow paths for
the separate passages through which flow in the
30 same direction contained streams of a fluid to be
- heated. )

19. In an economizer, an inlet chamber for .

heating gases; an outlet chamber for said gases;
walls forming a large main gas flue connecting

35 said chambers; a row of inlets at one end of the.

flue for a fluid to be heated; a row of fluid out-
lets at the other end of the flue; tubes connect-
ing opposite inlets and outlets to provide sepa-
rate fluid flow paths through the flue; and means
40 for compensating for the non-uniformity of
heating throughout the flue; said last named
means comprising walls dividing said fiue longi-
tudinally into a plurality of separate and parallel
heating gas Dassages, independently operable
45 means regulating the flow of heating sgases
through the passages, and separate fluid inlet
headers corresponding in number to the num-
ber of said passages, there being separate fluid
‘flow paths for the separate passages through
which flow in the same direction contained

50
streams of a fluid to be heated.
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20. In an auxiliary fluid heater arranged to
receive waste heating gases from an associated
steam boiler, fluid heating surface arranged to
receive the heating gases in heat transfer contact
therewith, and means for varying the amount of
said heating surface contacted by said heating
gases while maintaining all of the heating gases
received by said fluid heater in heat transfer con-
tact with at least a portion of said heating sur-
face, whereby heating conditions in said fluid
heater are controllable and corrosion of said
heating surface may be minimized.

21. In an economizer arranged to receive waste
heating gases from an associated steam boiler,
water heating surface arranged to receive the
heating gases in heat transfer contact there-
with, and means for varying the amounts of heat-
ing gases contacting with different portions of
said heating surface while maintaining all of the
heating gases received by said fluid heater in heat
transfer contact with at least a portion of said
heating surface, whereby heating conditions in
said economizer are controllable and corrosion of
said heating surface may be minimized.

29. In an auxiliary fluid heater arranged to re-
ceive waste heating gases from an associated
steam boiler, fluid heating surface divided into
a plurality of separate flow sections arranged to
receive the heating gases in heat transfer con-
tact therewith, and means for varying the
amounts of heating gases contacting with dif-

 ferent sections of said heating surface while main-

taining all of the heating gases received by said
fluid heater in heat transfer contact with at least
one section of said heating surface, whereby heat-
ing conditions in said fluid heater are controllable
and corrosion of sald heating surface may be
minimized.
~ 23. In an auxiliary fluid heater arranged to
receive waste heating gases from an associated
steam boiler, a casing arranged to receive the
heating gases, wall means dividing sald casing
into a plurality -of separate parallel flow heat-
ing gas passes, & fluild heating surface section
arranged in each of said gas passes, and means
for varying the number of said gas passes having
a heating gas flow therethrough, whereby heating
conditions in said fluid heater are controllable
and corrosion of said heating surface may be
minimized. i
Ce CHARLES E. LUCKE.
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