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HEAT EXCHANGE APPARATUS AND METHOD OF OPERATING THE SAME

Applicatioy filed July 21,

The present invention relates to heat ex-
change apparatus and to methods of oper-
ating such apparatus, and more particularly
to that type of apparatus and method of

 operating which are especially adapted for
use where it is desired to effect a transfer of
heat between a gas and a liquid as, for ex-
ample, an economizer for heating boiler feed
water.

The objects of the present invention are to
provide a heat exchange apparatus of the
above type and a method of operating the
same whereby a compact and inexpensive
construction may be secured, capable of being
15 quickly and easily installed and repaired, of

high capacity and efficiency in operation, and

suitable for use under widely varying condi-
tions of gas and fluid flow.

With these objects in view, the present in-

20 vention comprises a heat exchange appa-
ratus in which provision is made for the
proper disiribution of flow of the liquid in its
passage through the apparatus. This in-
cludes a plurality of series-connected sec-

5 tions, each section consisting of a pair of

Leaders and a plurality of tubes through

which the liquid flows in parallel. A fea-

ture of the invention consists:ini-a construc-
tion whereby the liquid is distributed sub-

80 stantially equally among all of the tubes'in
each section. This is carried out in the pre-
ferred form of the invention by arranging:thi
inlet and outlet of a section at diagonally
oppos'te corners thereof, in order that the
length of the path of flow from inlet to out-
let through any tube will be equal to the path
through any other tube. The resistances to
flow by all paths in a section will therefore
be substantially equal, and a substantially
equal division and flow of the liquid is
assured.

Where the apparatus is of such size that
the resistance of series-connected sections
would be large, the invention contemplates
dividing the scctions into a plurality of
branches or paths having a common supply
and discharge whereby the liquid flows
through the separate branches or paths in
parallel. .

In order to secure most efficient operation
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of the économizer, not only must the rate of -

flow through the several branches or paths be
substantially the same, but each branch must
be subjected to the same heating effect. The
former is secured by making the paths or
branches alike or symmetrical with respect to
each other so that the same capacities are ob-
tained and the same resistances developed.
The latter condition is fulfilled by arrang-
ing the paths or branches so that each trav-
erses substantially the same portions of the
heated gases as all the others.

Another feature of the present invention is
the prevention of internal convectional cir-
culation and this advantage is sécured by in-
creasing the velocity at certain points in each
branch or path yet without increasing the
velocity through the main portions of the
branches or unduly raising their resistance.
Such increased velocity at these points effec-
tively prevents any reversal of flow under
the relatively weak convectional forces. This
is a feature of advantage since it adapts the
economizer for use with down flow of water
and up flow of gas as well as up flow of water
and down flow of gas.

Other features of the invention consist in
certain novel features of construction, com-

‘binations and arrangements of parts, here-
‘inafter described and particularly defined in

the claims.

In the accompanying drawings illustrat-
ing what is now considered the preferred form
of the invention as embodied in an economizer
for heating boiler feed water, Fig. 1 is a side
elevation of a unit of the economizer with
a portion of the casing broken away; Fig.
2 is a horizontal sectional view of a single sec-
tion of the economizer taken on the line 2—2
of Fig. 1; Fig. 8 is .a diagrammatic sectional

. end elevation showing the arrangement of the

sections in the casing; Fig. 4 is a detail view
in side elevation showing a modified arrange-
ment of the sections; and Fig. 5 is an end ele-
vation of the apparatus shown in Fig. 4.
The illustrated embodiment of the inven-
tion comprises an economizer having a plu-
rality of horizontal sections through which
water passes to the boiler and over which the
hot gases from the boiler flow to heat the
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The economizer casing is arranged
the gases passmg upwardly

water.
ever the botler,

through the cconomizer, and. the water flow--
ing do“ nwardly through the economizer in

counter-current to the  gases.
Referring to Fig. 3, the casing or ﬂue 6

‘for the gases includes a plurality of econom.- -

1zer qectmns 8, each snctlon consisting of a
front and a rear horizontal header and : a plu-
rality of horizontal tubes, as will later be de-
The sections 8, of which
there are tw enty in the ﬂlustlatnd embodl-

ment of the invention, are arranged m ﬁxe.

groups or units 10, of four sections each,
spaces between the units being provided to
accommodate steam-jets 12 employed as soot
blowers or cleaners. A by-pass flue 14 is con-
nected into'the bottom of the casing to pro-
vide for diversion of a part of the Tiot Qases
as occasion may require, the flow through the

by-pass flue being controlled by dampels 16.

The water is admitted to the top section and
flows downwardly through the twenty sec-
tions to be discharged at the bottom into the
boiler.

Referring to Figs. 1 .and 2, each section
comprises a plurality of horizontal tubes 18,
preferably of steel to withstand the high pres-
stires employed in modern practice. and con-
nected at theirends into the horizontal head-
crs 20 and 22.  As shown in Fig. 2, each sec-
tion comprises nine tubes. Each tube is pro-
vided on its outer surface throughout its
lenoth with spaced disks or fins 24 to.increase
the heat transfer capacity of the apparatus.

- The disks are preferably secured upon the

40

tube by passing an expanding tool through

the tube while the disks are maintained spaced-

at proper intervals along the tube, Each tube

is then coated inside and out with a Irad coat---
ing to re%xst both 1ntelnal zmd external cor-

© rosion,

The %ctlonq are cuppmted in the casing

- by angle irons 26 which.are secured to the

45

_the headers rost.

sides of the casing and on which the-ends.of
An intermediate support

. for the nuddle of -each section comprises a

65
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- of the headers.

chanpel iron 28 secnred to all of the tubes
of the section by-bands 30. The channel iton
engages, as qhown in Fig. 1, with the tube

" proper and notwith the fine: The ends of the
" channel rest upon the angle irons 26.

A sin-
vle section may be conv enient]v inserted or
rom()ved by sliding. 1t q]mm 1ts pair of ‘mwle
iron wppmtq )

As shown in Fig. 2, the tubes are not sym-
metrically arranged with respect to the ends
‘The distance between the
ends of the headers and the tuhe 18* at one
side of the section is greater than the dis-

“tance from the ends of the headers to the

tube 18 at the other side of the section.
These distances are represented at A and B

Jin Fig. 2. The distance B in the preferred

form of the invention is approximately equal

.is to say, assuming the o
_inlet and the opening 32 an outlet, the total

1,825,656

to the center line distance between tubes in

the same horizontal row, and the distance A

is greater than B by one-half the center line
separation between tubes. It will therefore
be seen that if alternate sections are inverted,
that is; turned either end for end or upsxde
down about the longitudinal axis, (but not
both ways,) with the ends of their headers

in alignment, the tubes will be stflggex ed ver-.

tlcally, as shown in Fig. 3.
In order that the . connections between

‘headers may be vertically arranged, the in-

let and outlet openings of the headors must
be located at equal distances from the ends
of the headers. Thus the header 20 has an
inlet opening 31 and the header 22 has an
outlet opening 32, the centers of both of these
openings being arran(red at the same dis-
tance A from “the end of the header. The
opening 31 will therefore be disposed direct-
ly opposite the tube 18 but the opening 32
in the opposite header will have its center
intermédiate to the tube 18° and the tube
adjacent thereto.

The openings 31 and 32 Whl(‘h provide for
connections between sections are disposed at
diagonally opposite corners of the section,
the opening 31 being nt ono end of the head-

20 and E'he opening 52 being at the oppo-
qite end of the header 22. This diagonal ap-
rangement .of the inlet and outlet insures
that all the water passing through the section
will traverse the same length of path. that
opening 31 to be an

length of any path of the water from inlet
to outlet will be equal to the length of one
tube plus the length of one hoadex * The
lengths of all p0s51ble paths of flow through
one sectiori being equal, the resistances of
the parallel flow “Will be substantially ecual,
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and an equal division of water through all .

the tubes of the section is assured.

In order to afford means for scecuring the
ends of the tubes in the headers, cach header
is provided opposite the tube openings with
tool inserting openings which are subse-
quently closed by plugs 34. The tool em-
ployed is preferably a rotary expander hav-

1ing a flexible shaft to permit the tubes near
the inlet and outlet openings 31 and 32 to be -

operated upon.

Water - is admitted to the top -section
through an inlet pipe 86 and connections
between sections are afforded by return hends
38. As shown in Fig. 1, the top section has
a front header 20 to which the irilet connec-
tion 86 is bolted °and a rear header 22 to
which the return bend 38 is connected to
permit flow of water to the next sectien be-
low." This next section comprises a rear

‘header 20 and a front header 22 and is simi-

lar to the first section except for being turned
around, so that the inlet of the second sec-
tion will be directly under the outlet of the
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top sections. The third and fourth sections
are respectively identical to the first and
second sections. In each case, therefore, the
type 20 header comprises an inlet header and
the type 22 forms the outlet header for any
given section.

The top unit which consists of four sec-
tions is connected to the next unit below by
a long bend 40. The other sections and units
in the economizer are similarly connected
and a suitable connection is taken from the
rear of the bottom section to conduct the feed
water to the boiler.

In some instances where an economizer of
considerable hovizontal length or vertical

height is necessary in order to effect the nec--

essary heat transfer, the apparatus above de-
seribed will introduce a water resistance too
high to be economically overcome by the
feed pump. In such event the present inven-

- tion contemplates arranging the sections for
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a plurality of parallel paths of flow. This
arrangement is shown in Figs. 4 and 5,
wherein an economizer of the same number
of sections is arranged so that the water di-
vides and flows in two parillel branches or
paths. : »
Considering the upper group' or unit of
four sections shown in Figs. 4 and 5, the wa-
ter is admitted from the supply connection
50 which divides the water into two paths
flowing to the T’s 52 and 54 and thence into
the down pipes 56 and 58, respectively. The
T connection is employed to afford flanges
59 for mounting of safety valves. The pipe
56 comprises an inlet pipe similar to the in-
let. 36 of the single path construction previ-
ously described. It enters a top section
which has a front header 20 and a rear head-

er 22. The section next below is connected

with the inlet pipe 58 at the opposite side of
the apparatus. This section also comprises
a front header 20 and a rear header 22, both

being turned upside down, however, with re- .

spect to the top section in order that the tubes
may be staggered, as clearly shown in Fig. 5,
~ 'The third section is exactly similar to the
top section and is connected to the top section
at the rear by a pipe 60. The second section
is connected to the fourth at the rear by a pipe
62. Similarly, connections 64 and 66 lead
respectively from the third and fourth sec-
tions at the front thereof to the fifth and

_sixth sections forming a part of the second
. group.

As shown by the arrows in Fig. 4, the water
divides into two branches or paths, the one
path comprising the first, third, ete. sections,
and the other path comprising the second,

- fourth, etc. sections of the economizer. The

two paths join at the front of the economizer
in a common discharge 68 at the bottom.  Fou
the same number of tubes and sections and
therefore the same heating surface, this econ-

; omizer has a total resistance only one-fourth

3

that of the single path or series section econo-
mizer of Figs. 1 and 2. These two paths, it
will be noted, are alike or symmetrical with
respect to each other, and have the same num-
ber of sections, tubes, and connections all sim-
ilarly arranged, so that the: capacities and
resistances of the two paths are substantially

_identical, insuring the same flow through

each. -Furthermore, each path traverses the
same portions of the flne or gas stream so that

79

each is subjected to the same heating effect. -

Thus. the first and third sections of each
group which form part of the path entering
through branch 52 and connection 56 extend
entirely across the gas stream. In a similar
manner, sections 2 and 4 of each group which
are included in the second path of flow enter-

ing through connections 54 and 58 extend en- -

tirely across such stream.. Whatever strati-
fication therefore may exist in the gas stream,
the sections of each path being equally ex-
poséd to it are equally aflected, so that both
paths are subjected to practically identical
heating effects. . ’ :

The fact that the sections of one path aver-
age to be slightly nearer the gas inlet than the
sections of the other path does not necessarily
result in a greater heating effect on the former
path. Not only is this difference in position

very slicht, but as a matter of fact the temper- *
ature of the gas impinging upon the tubes of

adjacent sections is substantially the same
This is obvious when it is considered that

none of the sections is exposed to the radiant _

heat of the furnace but énly to the hot waste
gases, and these gases suffer a reduction in
temperature only by contaet with the econo-
mizer tubes. Since the tubes are staggered,

the tubes of the higher of each pair of sec- _

tions, beginning at the bottom, are swept hy

gas which has passed between the tubes of

the lowest section without loss of tempera-
ture. Thus, each pair of adjacent sections,
although lying in different pathsandatslight-

ly different heights in the economizer, re- -

ceive substantially the same amounts of heat.
As a result, the maximum efficiency in opera-
tion will be secured and liability of internal

conventional currents due to unequal temper-

atures in the two paths will be avoided.

It will also.be noted that the connection
from one header to another is by a single pipe
or bend which. while of greater diameter than
the individual tubes, is very much smaller
in cross-sectional area than the total cross-
sectional tube area of the sections, preferably
less than one-half. Since all of the water of
a section must pass throush a single connec-

tion, it follows that the velocity of flow _
through such connection will be correspond- *-

ingly greater than through the tubes, prefer-
ably at least twice as great. Such increased

-velocity will effectively prevent any tendency

in either path to reverse its direction and flow _

upwardly under convectional action which
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necessarily is relatively weak being based
upon difference in weight of the water in the
two paths, due to difference in temperature.
Since the main portions of the paths are com-
posed of the tubes in parallel with corre-
spondingly low resistance and velocity, but
Iittle additional work Is thrown upon the
pump. _

It will be seen that the invention affords
provision for assuring practically uniform
distribution of water at all points where par-
allel flows occur. Thus, in any section there
is assured a substantially equal distribution
of water among the tubes, and where the par-
allel branch flow construction is employed,
the water is also forced to divide in practically
equal quantities through the separate branch-
es and is subjected to substantially equal heat-
ing in each branch. Operation of the econo-
mizer with either up or down flow of water
and at high efficiency and with maximum heat
transfer at all times is consequently attained.

Although the economizer of Figs. 4 and 5
has been illustrated and described as compris-
ing two parallel flow branches, it may obvi-
ously consist of a larger number of branches,
if it is desired to decrease the total resistance
to an even lower value. In such case; the
separate branches will each comprise the
same number of sections disposed and ar-
ranged to subject the water in each branch
to substantially the same heating effect.

In the illustrated embodiment of the pres-
ent invention the tubes are provided with fins
on their outer surfaces in order to increase
the surface exposed to the gas and thereby
facilitate the transfer of heat from the gas
to the tube. While this is not an essential
feature of the invention, it is of advantage
since it enables the same amount of heat to
be transferred to a given volume of water in
a much shorter period of time, thus not only
reducing the size of the economizer for a
given output and correspondingly reducing
the internal resistance and hence the work
required of the pump, but increasing the ve-
locity of flow through the tubes and connec-
tions. This increased velocity through the
economizer as a whole, supplementing the
localized increase in velocity in the connec-
tions or bends between the sections due to
their relatively smaller cross-sectional area,
makes even more remote the possibility of
reversal of flow through such connections or
bends and still further insures the proper and
efficient operation of the economizer with
down flow of water.

The present invention has been shown and
described as embodied in an economizer com-
prising a plurality of vertically disposed sec-
tions having horizontal tubes located in a ver-
tical gas flue, but it will be apparent to those
skilled in this art that many features of the
present invention are equally applicable to
the familiar and common type of economizer

1,835,656

wherein the series of sections and the flue are
horizontally arranged. _

Having thus described the invention, what
is claimed is:

1. A heat exchange apparatus comprising
a plurality of sections each having a front
header and a rear header and tubes connect-
ing the headers, the headers having diago-
nally opposed openings for inlet and outlet
whereby the paths through all tubes of the
section are of substantially equal length, and

-a connection between the inlet opening of

one section and the outlet opening of another
section. .

2. A heat exchange apparatus comprising
a plurality of sections each having a front
header and a rear header and a single row
of parallel tubes extending between the head-
ers, the front header having an inlet adjacent
one end and the rear header having an outlet
adjacent the opposite end whereby a plural-
ity of paths of flow are provided from inlet
to outlet each of substantially the same
length, and a connection between the inlet
of one section and the outlet of another sec-
tion. :

3. A heat exchange apparatus comprising-

a plurality of sections each having a front
header and a rear header and tubes connect-
ing the headers, each header having an inlet
and outlet opening, and connections between
the inlet and outlet openings of a pair of
sections, the connections being of materially
less cross-sectional area than the total cross-
sectional area of all the tubes of a section.

4, A heat exchange apparatus comprising
a plurality of sections each section consisting
of a front header and a rear header and a
plurality of tubes connecting the headers, the
sections being arranged in a plurality of
branches for parallel flow through the
branches, and means for connecting all of
the sections of the separate branches in series,
and a common supply and discharge connec-
tions for all of the branches. :

5. A heat exchange apparatus comprising
a plurality of sections, each section consisting
of a front header and a rear header and a
plurality of tubes connecting the headers, the
sections being arranged in a plurality of
branches for parallel flow through the
branches, and means for connecting in series
all of the sections of each separate branch,
the connecting means for adjacent sections
comprising a single pipe of materially less
cross-sectional area than the total cross-sec-
tional area of all of the tubes in one of said
sections.

6. A heat exchange apparatus comprising
a purality of parallel flow branches having a
common supply at the top and discharge at
the bottom, each branch including a vertical
series of horizontal sections having headers
and connecting tubes, a single vertical pipe
connection between each of the adjacent sec-
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tions of the separaie branches constructed
and arranged to cause materially higher ve-
locity of flow through said pipes than
through the tubes, and means for passing hot
gas upwardly over the sections.

7.-A heat exchange apparatus comprising
a plurality of parallel flow branches having
a common supply at the top and a common
discharge at the bottom, each branch includ-
Ing a vertical series of horizontal sections
having headers and a plurality of connecting
tubes provided with fins to afford increased
heat absorbing surface, and a connection be-
tween each pair of adjacent sections said
connections being of less cross-sectional area
than the total cross-sectional area of the tubes
of one of the sections.

8. A heat exchange apparatus comprising
of superposed horizontal sections
cach consisting of a pair of headers and a
plurality of parallel connecting tubes, the
sections being arranged in a plurality of
branches, the separate branches including
regularly spaced and non-contiguous sections,
means for connecting the regularly spaced
sections of the separate branches in series, and
a common supply and a common discharge
for the branches.

9. A heat exchange apparatus comprising
a plurality of superposed horizontal sections
each consisting of a pair of headers and a
plurality of parallel connecting tubes, the
sections being arranged in two branches, the
separate branches including alternate sec-
tions, means for connecting the sections of
the separate branches in series, and a commen
supply at the top and a common discharge
at the bottom for the branches.

10. A heat exchange apparatus comprising
a plurality of horizontal sections each having
an inlet header and an outlet header and a
single row of tubes having extended heating
surface and providing a plurality of parallel
paths of flow between the headers, the head-
ers having diagonally opposed inlet and out-
let openings to make the several paths of flow
through the different tubes substantially uni-
form, the sections being arranged in a plural-
ity of branches, pipes connecting the sections
of several branches in series, and supply and
discharge connections at the top and bottom

of the apparatus for connecting the branches

for parallel flow, the connecting pipes be-
tween sections being of reduced area relative
to the total tube arca of a section.

11. A heat exchange apparatus comprising
a flue for the hot gas and a series of sections
each extending across the flue, and compris-
ing a front and a rear header and a single row
of tubes between the headers, the headers
having diagonally opposed inlet and outlet
openings, and a single pipe coniiection be-
tween the inlet and outlet openings of a pair
of sections. )

12. A heat exchange apparatus comprising

a flue for the hot gas and a series of sections
each extending across the flue, and compris-
ing a front and a rear header and a single row
of tubes between the headers, the sections be-
ing arranged in a plurality of branches, pipes
for connecting together the sections of each
branch in series, and a common supply and
common discharge for the branches.

13. A heat exchange apparatus comprising
a vertical flue for the hot gas, a series of su-
perposed horizontal sections extending across
the flue, each section comprising a pair of
horizontal headers and a single row of paral-
lel tubes therebetween having fins to provide
increased heat absorbing surface, the headers
having diagonally opposed inlet and outlet,
the sections being arranged in a plurality of
branches, a single pipe for connecting to-
gether adjacent pairs of sections of the sep-

arate branches in series, the sections of each

branch being separated from one another by
sections of another branch, and the tubes of
contiguous sections being staggered, and a
common supply and discharge for the
branches.

14. A heat exchange apparatus comprising

5
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a plurality of vertically superposed horizon- ;

tal sections arranged in a plurality of
branches, each branch including a plurality
of sections the adjacent 'sections of each
branch being separated by sections of another
branch, means for connecting the sections of
the several branches in series, and means for
connecting the branches in parallel.

15. A section for heat exchange apparatus
comprising two headers each open interiorly
throughout its length, and having 1nner and
outer walls, a single row of tubes extending
between the inner walls of the headers and
provided with fins to increase the heat ab-
sorbing surface, the headers having one an in-
let and the other an outlet opening in the
outer walls at diagonally opposite corners of
the section.

16. A section for heat exchange apparatus
comprising two headers, a plurality of tubes
connecting the headers, the tube at one side
of the section being spaced from the ends of
the headers a distance greater than the spac-
ing of the tube at the other side of the section
by a distance equal to one-half the tube spac-
ing, the headers having inlet and outlet open-
ings at substantially diagonally opposite cor-
ners of the section.

17. A section for heat exchange apparatus
comprising two headers, a plurality of tubes
connecting the headers, the tube at one side of
the section being spaced from the ends of
the headers a distance greater than the spac-
ing of the tube at the other side of the sec-
tion by a distance equal to one-half the tube
spacing, the headers having inlet and outlet

. openings at substantially diagonally oppo-

site corners of the section, the openings being
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at equal distances from the ends of the
headers. :

18. The method of operating a heat ex-
change apparatus which consists in causing
the gas to pass upwardly in a stream and the
liquid to pass downwardly in a plurality of
separate streams and subjecting each liquid
stream to substantially the same portions of
the gas stream at substantially the same tem-
perature whereby each liquid stream receives
substantially the same heating effect.

19. The method of operating a heat ex-
change apparatus which consists in causing
the gas to flow upwardly in a stream and the
liquid to flow downwardly in a plurality of
streams, and passing the liquid of each stream
in a plurality of separate paths through the
gas stream, each stream of liquid traversing
substantially all portions of the gas stream
whereby each stream is subjected to sub- -
stantially the same heating effect.

90. The method of operating a heat ex-
change apparatus which consists in causing
the gas to flow upwardly in a stream and the

s liquid to flow downwardly in a plurality of

streams, passing the liquid of each stream
in a plurality of parallel paths across sub-
stantially the entire gas stream at a plurality

_ of separated points along said gas stream,
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and passing the liquid of each stream from
point to point along the gas stream in a sin-
gle path.

91. The method of operating a heat ex-
change apparatus in which the gas flows up-
wardly in a stream and the liquicgf7 flows down-
wardly in a plurality of separate streams
which consists in passing each liquid stream
horizontally across substantially the entire
gas stream, and downwardly at a linear ve-
Tocity, greater than the lincar velocity of the
said liquid stream passing horizontally.

In testimony WQGI‘GO'E I have signed my
name to this speciiication.

GARDNER C. DERRY.




