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HEAT EXCHANGER 

Charles E. Lucke, New York, N. Y., assignor to 
The Babcock & Wilcox Company, Bayonne, 
N. J., a corporation of New Jersey 
Application May 26, 1931, Serial No. 540,025 

23 Claims. 

This invention is concerned with fluid 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 
dition has prevailed in various parts of the ap 
paratus, undesirable fluid actions have taken 
place. These actions not only interfere with the 
economical operation of the steam generator fed 
by the economizer, but they are apt to be de 
structive to the economizer structure. 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 streams of heated fluid. The 
invention provides for the uniformity of condi 
tions of such separate streams. 

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 
contained 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 associated with a steam 
boiler. 

Fig. 2 is a diagrammatic view in the nature 
Of a vertical section showing an upflow 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. w 

Fig. 5 is an isometric view showing the coils 

REISSUED 
for conducting the particular contained fluid 
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 
paSSage 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 both 
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-uraiformity 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. Under 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 O at the top of a flue 2. Water 
flows from the header 0 through flat coils 4 
arranged to zig-zag across the fue. At the bot 
tom of the flue these coils discharge into an out 
let header f6. 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 tubes for conducting the con 
tained stream of water through and across the 
current of furnace gases moving upwardly 
through the flue 2. Each coil consists of a series 
of straight tube sections connected by return 
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2 
bends. As indicated, the inlet header 8 () is 
formed with a row of portS or tube Seats Some of 
which are indicated at 25, 26 and 28. The upper 
coil 3 leads from the tube seat 26 and extends 
obliquely across the file to a position indicated 
at 32. A similar but shorter coil Will be under 
stood to lead from the tube seat 24 to a position. 
32 at one side of the flue. 3rom that point its 
contained fluid stream flows preferably horizon 
tally across the flue to a position indicated at 34, 
whence it proceeds through another fluid coil 
to the position indicated at 36. 

Starting from he tube seat 282, much shorter 
luid coil leads obliquely to a point at one side 
of the economizer indicated at 38. From that 
point its contained fuid stream passes through 
a horizontal pipe to the right where it enters the 
upper end of another coil and then fioWS in Zig 
Zag nanaer back and forth across the fiue sin 
ilarly to the movement of the contained streams 
in the other coils. 

Successive Sections of the fiuid coils conduct 
the water across the flue at successively different 
levels. Each section is also jocated in a different 
vertical part of the gas strean to the end that 
each stream of contained fluid flows through. 
every cross-sectional part of the gas Stream. 
The location of corresponding tubes of adjacent 
coils in offset relationship iurther promotes 
equalization of the heat transfer to the con 
tained fuid. 

In the structure indicated in Fig. 1, furnace 
gases flow upward through the fiue 2 and out 
the stack 2. Ehe gases proceed into the lower 

5 part of the fluge from the last pass 34 of the 
boiler Section (36. 

he apparatus indicated in Fig. 2 includes a, 
3oiler sectiox. 38 into which the furnace gases 
proceed as indicated by the arrows 569 2nd 52. 
From the last gas pass 53 the furnace gases paSS 
into the inlet 56 of the economizer flue 58. They 
are discharged from the bottom of the economizer 
through the conduit 6). In this modification also, 
the contained streans of fluid to be heated paSS 
in a direction the reverse of the direction of the 
sovement of the furnace gas. The illuid passes 
from the inlet header 32 through groups of Zig 
zag coils to the outlet header 64. 

Sig. 3 indicates the arrangement of return 
bends at the ends of the independent. tubes in 
the econonizer. The zig-zag path of one stream 
of fluid is indicated by arrows extending from 
the inlet header to the outlet header. Each sep 
arate Stream of illuid moves through a similar 
path. 

in considering the Operation of the structures 
shown in Figs. 4 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 68 extending from the gas 
inlet 70 to the gas outlet 72. Separated gas 
passages 74, 75, 76 and 77 are thus provided. 
At the inlet end of the Separated gas passages 

dampers 78 are located. The independent op 
eration of these dampers permits the control of 
heat transfer in one or more of the passages 74, 
75, 76 and 77 as the conditions of operation 
demand. The flow of the heating medium may 
be thereby controlled so as to correspond to the 

3,065,044 
load conditions under which the systemis oja 
erating. The laning of the heating gases in Re 
economizer may be thus counteracted. if, for ex 
annple, With all of the dampers in open position, 
the gases foWing through the passage E are of 
exceedingly high temperature, that passage may 
be closed and the gases divided among the re 
22&ining passages. 

Selective distribution of the fluid to be heated 
renders the illustrative apparatus more adaptable 
to the different operating conditions to be met. 
She provision of separate inlet, headers 3G, 32, 
36 and 36 germits of such distribution. Frefer 
ably these headers have separate connections 33, 
3G, 32 and S4 connecting with the fluid inlet, 36. 
Selective flow of the fuid from the inlet 96 to 
the Separate headers depends upon the condi 
tions of the Waives $33, it being understood that 
there is a separate Walve for each of the connec 
tions 88, 962, 92 and 94. 20 

different temperature and flow conditions in 
the economizer are controlled by suitable setting 
of the various fluid control devices above de 
Sci'ibed. Thus, by appropriate setting of these 
devices Such actions as “water hammer' and 
2ctions causing a "steam bound' condition may 
ice prevented. Extreme flexibility and adapta 
bility of operation of the economizer is thus pro 
vided. 
Arrangement of the tubes in passages 24, 25, 

T5 and in such a zig-zag manner as indicated 
in Figs. i., 2, 4 and 5 further promotes uniformity 
of ireSUltS and increases the effectiveness of the 
illustrative apparagus. 

The device illustrated in Fig. 6 of the draw 
ings is capable of producing a gas velocity which 
is independent of any one of the following: 

. 3oiler load. 
2. Welocity of the gas on entry to the econo 

imizer casing. 
3. Welocity of the gas leaving the economizer 

CaSlg. 
4. Total weight of the gas passing through the 

eCOO2e. 
The Structure illustrated in Fig. 6 includes the 

boiler a 3D associated with a furnace 02. Above 
the furnace is a water tube boiler section 04 
With a Superposed steam and water drum O6. 

While this invention has been described with 
ireference to the particular structures shown in 
the drawings, it is to be 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, a 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, 
a 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 nanner 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 fille 
construction so that they pass therethrough in 
a 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 fue 
into a 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 Commund 
cation between said main and said conduits. 

5. An economizer comprising, in combination, 
a casing forming a flue for the passage of a heat 
ing gas therethrough, tubes conducting water 
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through the flue, means for forming a plurality 
of longitudinal Zones in the fue, 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. Fluid 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 fluid 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 a stream of heating gases, a row 
of water inlets extending transversely of the 
passage, a 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 outlet, said groups conducting 
water from the inlets to the Outlets with a flow 
which is counter-current with respect to the flow 
of heating gases. 

8. In an economizer, a flue constituting a gas 
pass, and water conducting conduit coils proo 

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 fue 
longitudinally of which a heating fluid flows in a 
single pass, means for conducting a fluid to be 
heated through the flue in parallel flow 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 fiue 
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 fluid 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 flow 
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of each circuit is subjected to the heat of the gas . 
in every CrOSS-Sectional flow area of the fue. 

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 fiue 
between two other opposite sides of the fue. 

14. In an economizer, a flue for the passage of 
furnace gases, tubes conveying separate streams 
of fluid through the fue, and tube connections 
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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 a 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 
coils of return bend sections extending obliquely 
Of the longitudinal flow axis of the economizer. 

16. In an economizer for heating boiler feed 
water, a flue for furnace gases, tubes conducting 
Water through the fue in separate streams, means 
connecting the tubes so that they form successive 
flat coils of return bend, sections extending ob 
liquely to the longitudinal flow axis of the fue, 
and a gas flow restrictor for varying the velocity 
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4 
of the gases through the fue independently of 
the velocity of the gases as they pass to the inlet 
of the flue. 

li. In fluid heat exchange apparatus, a flue, 
means providing a plurality of passages in the fue 
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 
means for selectively diminishing at will the flow 
of heating medium through separate longitudinal 
2Ones of the fue. 

18. In an economizer, an inlet chamber for 
lij heating gases; an outlet chamber for said 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 

20 opposite inlets and outlets to provide separate 
fluid flow paths through the flue; and means for 
compensating for the nonuniformity of heating 
throughout the flue; said last named means com 
prising walls dividing said flue longitudinally into 

25 a 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 fluid flow paths for 
the separate passages through which flow in the 

30 same direction contained streams of a fluid to be 
heated. t 

5 

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 flue longi 
tudinally into a plurality of separate and parallel 
heating gas passages, independently operable 

45 means regulating the flow of heating gases 
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 

50 which flow in the same direction contained 
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. 

22. 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 said 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 said casing 
into a plurality of separate parallel flow heat 
ing gas passes, a fluid 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. CHARLES E, LUCKE. 
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