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This invention relates to improvements in heat 
eXchangers, and more particularly to a unit for 
transferring heat from one fluid, through a 
metal Wall to another fluid. 
A number of devices are known, for the pur 

pOSe of effecting transfer of heat between fluids; 
such heat exchangers have heretofore present 
ed the disadvantages of being difficult to clean, 
particularly internally; further of being expen 
Sive in construction and possessing but a small 
range of adaptability for handling different 
quantities of the respective fluids. A further 
notable disadvantage exists in the short path of 
travel, in a device of the heretofore prevailing, 
tubular constructions, of the fluid flowing out 
side the tubes, 
A general object of the invention may be stat 

ed as the elimination of the foregoing difficul 
ties by the provision of a heat exchanger so ar 
ranged as to facilitate access to the interior of 
the tubes, at the same time permitting access 
to the exterior of each of the tubes by the dis 
position thereof in a layer or layers in each group 
Or paSS, the tubes of each pass being supported 
at the ends and intermediately, but in such a 
manner that the tubes may be distorted or 
flexed, within limits, for the purpose of remov 
ing foreign matter, such as scale, from both the 
inside and the outside surfaces of the tubes. 
A further object of the invention is the pro 

vision of flow directing elements outside of the 
tubes, resulting in a more desirable flow of fluid 
adjacent the exterior tube surfaces, whereby to 
prevent stratification of the fluid about the 
tubes. 
Yet another object of the invention is at 

tained in a provision for adjusting, at will, the 
flow of the fluids, by gravity, through the unit. 
This facility for control, in connection with ad 
justments and changes in the course of the fluid 
made possible by the use of valves and con 
nections, results in a wide range of possible vari 
ations in the unit quantities of either fluid han 
dled by the device, as well as in the rate and 
extent of heat transfer between fluids. 
An additional object is attained in a novel 

construction of manifold or header elements, 
Such as to permit the use of a standard stock 
tubing in straight lengths, with plain ends, and 
without any special fabrication whatever, and 
such as to permit any desired arrangement of 
chambers in the headers, With appropriate inlet 
and outlet connections to and from each of such 
chambers. 

Still a further object is attained by the con 

(C. 257-234) 
struction and arrangement of tubing such that 
not Only the fluid within the tubing, but also 
that On the outside of the tubing is caused to 
travel in a tortuous path back and forth across 
the full width of the unit, the arrangement fur 
ther being such that either or both fluids tra 
Verse each pass of tubes in the exchanger in a 
direction and in a path other than parallel to 
the axes of the tubes. 
An objective attained in present improvements 

consistS in improved facilities for adjusting the 
elements Supporting the several passes of the 
eXchanger, whereby to enable an easy and quick 
variation in height of the different parts of the 
System, and thus to facilitate changes in inclina 
tion of the conduits, and modification of rate of 
flow. The realization of full facilities for ad 
justment also is in part attained in a portable or 
Semi-portable aSSenbly requiring no fioor an 
chorage, and in which the upright supporting 
elements are or may be adjustably secured to a 
base structure, 
Another object is attained in an improved ar 

rangement of header or manifold elements, pro 
vided with removable partitions, so as to be se 
lectively chambered, and provided with connec 
tions such that certain or all of the header 
chambers may be selectively connected among 
themselves, or the fluid from one circuit of the 
system directed into the other after passing any 
selected number of passes of the assembly. 
The foregoing and other objects and advan 

tages of the invention Will be apparent as the de 
Scription proceeds and reference is had to the 
accompanying drawings, in Which: 

Fig. 1 is a side elevation of a preferred form 
Of exchanger a SSembly, constructed in accord 
ance With my invention; Fig. 2 is a sectional ele 
Vation illustrating the supporting structure, as 
viewed along line 2-2 of Fig. 1; Fig. 3 is a frag 
mentary vertical section of a header, trough and 
tube assembly as viewed along line 3-3 of Fig. 4 
the header being of a form shown in Fig. 13; 
Fig. 4 is a transverse sectional elevation through 
one end portion of one of the passes of the device, 
as viewed along line 4-4 of Figs. 3 and 13: Fig. 5 
is a Sectional elevation taken in a vertical plane 
transversely of one of the header elements and 
as viewed along line 5-5 of Fig. 3; Fig. 6 is a 
fragmentary Sectional detail, showing the man 
ner of assembly of the adjustable supporting ele 
ments, the Section being taken along line 6-6 of 
Fig. 5; Fig. 7 is a sectional elevation, in a hori 
Zontal plane, as viewed along line 7-7 of Fig. 6; 
Fig. 8 is a fragmentary top or plan view of one of 
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2 
the passes of the exchanger, showing particularly 
the preferred location of baffle or deflector mem 
bers for imparting a tortuous path to the fluid 
about the tubes; Fig. 9 is a horizontal section 
taken transversely of one of the header elements, 
and illustrating a preferred arrangement for re 
inforcing and strengthening the side Walls of the 
header; Fig. 10 is a fragmentary side elevation 
of an exchanger unit which is or may be similar 
to that shown by Fig. 1, except as embodying a 
unitary base structure common to the several up 
rights of the supporting frame; Fig. 11 is a Sec 
tional elevation taken in a horizontal plane, and 
as viewed along line f-f of Fig. 10, showing 
a base structure modified somewhat in respect to 
that shown by Fig. 1; Fig. 12 is a tranSVerse 
Section of the structure shown by FigS. 10 and 11, 
and as viewed along line 2-2 of the latter fig 
ure, and Fig. 13 is a side elevation illustrating 
diagrammatically the provision of certain Valved 
connections whereby any of the several headers 
may be selectively interconnected, or connectionS 
established between the headers and the trough 
or conduit elements about the tubes. 
As illustrated, a preferred embodiment of my 

device includes a plurality of Superposed headers 
or manifold elements ?e disposed in vertically 
aligned relation at the opposite ends of a Sup 
porting structure including upright elements 
hereinafter described. The headers or manifolds 
0 are each of box-like shape, being preferably 

rectangular in horizontal as well as Vertical sec 
tion, and preferably of cast construction. Each 
of the header elements is provided with a detach 
able closure 2, constituting the outside Wall por 
tion, and which is detachably secured in place as 
by cap screws f3 or equivalent fastenings. The 
Opposite or rear wall of each of the headers is 
provided with one or more rows of horizontally 
aligned openings such as 4, into which are in 
Serted the end portions of tubes 5, my preference 
being to project the ends, at the time of construc 
tion, somewhat inwardly of the headers, the pro 
jecting ends then being rolled or expanded into 
fluid-tight engagement with the inner surface 
of the manifold, (Fig. 3) whereby to obviate 
threaded connections at this point. This ar 
rangement is of particular advantage because of 
my present preference to employ a thin-walled 
flexible tubing conducing to rapidity and effi 
ciency of heat transfer through the tube wall, the 
thin Wall tubing further resulting in a high de 
gree of flexibility, desirable for purposes herein 
after appearing. 
As appears from the drawings, at least certain 

of the headers 0 are provided with a double row 
of tube openings, one row being disposed above 
the other, (Fig. 5). 
The preferred arrangement is to dispose the 

headers or manifold elements fo, at opposite ends 
of the tubes and of the assembly, in vertically 
Staggered relation, so that a desirable fall is pro 
vided, say between the uppermost header 0 on 
One end, and the uppermost header on the oppo 
Site end of the device. The same relation pre 
Vails, in turn, between the upper header, say at 
the left of Fig. 1, and the second highest header 
disposed, say at the right hand end of the device. 
The tubes are desirably disposed at an appreci 
able angle to the horizontal, and thus the open 
ings therefor are inclined, as shown, (Figs. 3 and 
9), at a corresponding angle. My preference is 
to construct each pass, between opposite headers, 
of a Series of laterally adjacent tubes spaced from 
each other Only to a slight extent, but with those 

2,056,492 
of each row of each pass located in a common 
plane. 

Extending between, and carried by each pair of 
opposed headers ), is a trough member 6. 
These troughs are constructed by preference of 
a sheet material of Substantial gauge, preferably 
a metal SO Selected as to resist any corrosive effect 
of fluids to be handled thereby. The trough ends 
are flared outwardly to result in projections or 
flanges T, and lie in the planes of the rear Walls 
of the adjacent headers, to which they may be 
Secured as by cap screws 8. The troughs 6 are 
of Such a width as to enclose and embrace the 
Series of tubes f constituting the associated pass, 
and are preferably of Such a depth as to extend 
appreciably above the group of tubes located 
therein. The metal of the troughs, and the con 
nections to the manifolds or headers are such as 
to permit a certain flexibility of connection inci 
dent to alteration in height and slope of the 
passes and headers, by means hereinafter de 
scribed. 

It is my preference to employ each of the 
troughs 6 as an intermediate support for the 
tubes of the associated pass. To this end there 
are located, at intervals along the trough, a plu 
rality of elements 9 extending transversely of 
the Several tubes, and serving as supports or rests 
for the tubes of each pass, between their ends. 
The elements 9 are arranged, preferably, as 

shown by Fig. 8, in Zig-Zag fashion, and alter 
nately at greater and lesser angles to the tubes, 
thus in parting a back and forth movement to 
the fiuid in the trough and around the tubes. 
Besides Serving the purposes noted, the mem- 3.5 
bers S function as deflectors of fluid vertically 
of the trough, being provided with suitably 
shaped Surfaces 20 which tend to prevent strati 
fication of the fluid flowing through the troughs. 
Each member 9 thus serves as a baffle, causing 
that stratum of fluid flowing nearest the bot 
tom of the trough to be deflected upwardly 
in adjacence to the uppermost or outermost tubes. 
Obviously, any number of the elements 9 may 
be employed as desired, and their angles varied 
according to conditions of flow. The elements 
9 may be Secured in place as by welding them 

to the bottom of the trough or outer conduit. 
AS appears in Fig. 1, each of the troughs f6 

is provided With a bottom discharge opening 2 , 
at one end; the discharge openings are, how 
ever, Staggered in location, so that, proceeding 
according to the normal line of flow from top 
to bottom of the device, the uppermost trough 
will be provided with a discharge opening adja 
cent the Second trough, while the latter trough 
is provided with an opening at the opposite end, 
and 8.djacent the third trough, and so through 
the Series of troughs in the unit. So as to enable 
Selective circulation in the troughs, in a manner 
and for a purpose later appearing, each open 
ing 2 f is provided with a closure 2 A, (Fig. 3), 
which may be considered either as a valve or 
as a removable door or plate. 
As is seen from the drawings, that portion of 

the device including the tubes, is adapted nor 
mally for closed circulation of a fluid usually 
and preferably introduced to the lowermost 
header to as through an opening 22. Since the 
header is of a heavy Wall construction, one 
of the end Walls thereof may be tapped, as with 
a Standard pipe thread, to which an inlet con 
nection is thus made as by a standard pipe fit 
ting. The same arrangement may conveniently 
be employed in connection with the uppermost 
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2,056,492 3 
header f, into which there is provided a tapped 
aperture 23 employed as a discharge opening 
or outlet from the closed circulating system. An 
inlet for the open circulating portions of the 
device, including the trough 6, may be dis 
pOSed as showin, and may include a pipe end 
24 directed into the uppermost trough, Drain 
age for the open circulating fluid is provided 
for by a suitable drainage fitting 25 which may 
be directed into a reservoir (not shown), a drain, 
or piped for return purposes depending upon 
the nature of the particular installation and 
intended use of the device. 
As a convenient means of Supporting the cir 

culating elements upon the frame , I have 
shown a series of adjustable hook elements 26, 
each engaging One of a Series of notches or re 
cessed Seats 2 on the upright frame members, 
the hooks each being provided on one side with 
a saddle portion in which rest transverse bridge 
neanbei's 28 extending across a pair of the hooks 
and disposed beneath the headers and between 
the ends of the troughs. The vertical adjust 
ment provided by the elements 26 enables the 
header'S to be located at Selected heights and 
Spacing along the vertical members , thus per 
mitting a variation in fall through the troughs, 
as well as the tubes, and providing a substantial 
range of adjustment of flow of each of the fluids 
through the unit. For additional adjustment 
and regulation of fluid flow, Suitable valves, (not 
shown), may be provided in the inlet 24, the 
outlet 25, and in the lines connected at the points 
22, and 23. w 
Further facilities for adjustably locating the 

supporting uprights , are found in the struc 
ture shown by Fig. 1, and include a base or 
foot member 38 for each of the vertical uprights. 
Each element 30 is shown as of modified rec 
tangular shape (Fig. 2) and includes a pair of 
downturned flange members 3. Supported by 
the foot 30 is a bolting plate 32, shaped, ac 
cording to the drawings, as a four leaf clover, 
and centrally of which is secured, as by Weld 
ing, the upright with which the piece is as 
sociated. The element 32 is detachably secured 
as by bolts 33 to the associated element 30. It 
will thus appear that each of the foot elements 
30 provides a suitable base of Support for the 
corresponding upright , obviating any neces 
sity for the usual fixed anchorage of such up 
rights to a fioor or other Subjacent Support. 
A modified base arrangement appears in Figs, 

10, 11, and 12, according to which there are pro 
vided a pair of longitudinal sill or base elements 
34 preferably consisting of stock channel mem 
bers, and to the upper flange of each of which 
is secured, as by bolting, foot members 35 gen 
erally resembling or similar to the elements 32 
of Figs. 1 and 2. In the case of the modified 
structure, the elements 35 may be provided with 
slotted openings 36 to receive Securement bolts 
3, thus providing for adjustment of the dis 
tances between centers of the uprights. The 
parallel sill members 34 are maintained in spaced 
assembled relation through the use of tubular 
spacers 38 (Fig. 12) within each of which ex 
tends a tie rod or bolt 39 projecting through 
and laterally beyond the opposite sill members 
34, and exteriorly engaged by assembly nuts 40. 

Depending upon the nature and temperature 
differences between the two or more fluids to be 
handled through the exchanger, it may, under 
certain conditions, be desirable to utilize only one 
or more of the tube passes, or only one or more 

troughs of the exchanger, excluding the remainder 
from service, or to employ certain passes of tubes 
for One fluid and other passes of tubes for an 
other fluid. Optionally, by the provisions em 
bodied in the present structure for realizing such 
Selective circulation, the headers, and hence the 
tubes, may be selectively interconnected so as to 
shunt out certain of the passes of tubes while em 
ploying a greater number of the troughs or Outer 
conduits. By the present improvements provi 
Sion is also made for recirculation of fluid, so that 
a given fluid proceeds, for example, first through 
One Or. In Ore paSSes of tubes and thence into one 
Or more paSSes of the troughs. To the end of 
thus selectively circulating or recirculating the 
fluids, the headers O are so cast or otherwise 
formed as removably to receive, either a single 
horizontal partition 45 (Fig. 3) or a double hori 
Zontal partition structure formed of plate ele 
ments 46 (Fig. 5), between which may be disposed 
a vertical partition 47. The partitions are posi 
tioned within the header through the provision of 
grOOveS Or recesses 48 in the inner Walls of the 
header, and also in the partition 47. Suitable 
pipe openings 49 are provided, preferably a pair 
in the top wall and a pair in the bottom wall of 
each header, and which serve to receive inlet and 
outlet pipes 50, provided with suitable valves 
hereinafter described. 
An example selected to illustrate the possibili- 3 

ties of regulating or varying the course of fluid 
through the device as a result of the provisions 
of the removable partitions and closures, as well 
as valved connections 50 and 50', is illustrated 
diagrammatically by Fig. 13. In this example 
fluid No. 1 is introduced to the lowermost right 
hand header 0, flowing upwardly through the 
tubes of the lowermost pass, into the lowermost 
chamber of the lower left hand header, out 
through the connection 50, thence through valve 
5. This valve, being open, reintroduces this fluid 
to the uppermost chamber of the same header 
through connection 53, upwardly through the 
tubes of the pass above, and into the lower cham 
ber of the Second right hand header, and out 
Wardly through connection 50. Upon proceed 
ing upwardly through pipe 52, fluid No. 1 is in 
troduced to the uppermost trough or outer con 
duit as through connection 24 heretofore referred 
to in describing Fig. 1. 

It may here be noted as my preference, whether 
the troughs 6 are open or closed at the top, to 
employ a splash-box 53 about the inlet 24, the 
box 53 being provided with an internal baffle 54 
tending to direct the inflowing stream down 
Wardly and along the axes of the tubes of the 
uppermost pass. Upon entering the trough 6 of 
the upper pass, the first fluid proceeds down 
Wardly, to discharge through opening 2 into the 
trough of the second highest pass. In order to 
permit either introduction or discharge of fiulid 
to or from the troughs or outer conduits, I pro 
wide, preferably, a pair of pipe connections 55 in 
the side walls of at least one, preferably the lower 
end of the trough. According to the example 
outlined in Fig. 13, one or both of the connections 
55 extend from the trough of the second highest 
paSS and connect to a common outlet 56, whence 
the fluid is withdrawn either for drainage or sub 
sequent utilization. Obviously the utilization of 
connections 55 is dependent upon a closure for 
opening 2 in the bottom of the corresponding 
end of trough f6. In the example under discus 
sion, or in any other case, those of the troughs 
from which the fluid is withdrawn through, or 
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4. 
enters by the connections 55, have their bottom 
openings closed by the valves or doors 2A. 
In the example according to Fig. 13, fluid No. 2 

is introduced through a connection 50; a valve 
58 connecting the connections 50 and 50' may be 
considered as closed, because of which the Second 
fluid proceeds upwardly through the tubes of the 
first pass into the lowermost chamber of the upper 
left hand header 0, thence outwardly through a 
connection 50, through an open valve 60 and con 
nection 50' into the upper chamber of the header 
last mentioned. From this point the Second fluid 
moves through the tubes of the uppermost paSS, 
and into the uppermost right hand header 0. 
From the single chamber of this last header the 
pipe 6 now directs the fluid into the trough of 
the second pass from the bottom of the assembly, 
thence into the lowermost trough and out of the 
system through a pipe 62. For convenience in 
following the diagram, the course of fluid No. 1 
is indicated by the arrows shown in Solid lines, 
while the course of fluid No. 2 is indicated by the 
arrows shown in broken lines. Fluid No. 2 may, 
for example, be considered as steam, with or With 
out accompanying condensate, and the counter 
current fluid may be considered as fresh boiler 
feed Water, for example, 
From the foregoing it will appear by the selec 

tive chambering of the headers through the pro 
visions of removable partitions 46 and/or 47, and 
through the selective cloSure of valves such as 5, 
58, 60, etc., any desired circuit of either or both 
of the fluids may be effected through the different 
passes of the system. It will of course be under 
stood that the valves and branched connections 
may be employed ancillary to any Selected num 
ber of headers in the System. 
The pipe connections such as 56 may, When not 

in use, be conveniently closed by standard pipe 
caps 65 (Figs. 4 and 8), and such of the threaded 
openings 49 into the headers, as are not in use, 
are conveniently closed as by standard threaded 
plugs (not shown). Other forms of fittings and 
connections may of course be utilized in lieu of 
the standard pipe fittings, which are herein sug 
gested as a matter of convenience because of 
ready availability. 
There has heretofore been discussed the possi 

bility of constructing the troughs or Outer con 
duits 6 of either open or closed top construction. 
According to the latter practice it is of course 
possible to utilize these elements to conduct fluid 
under some pressure. In ordinary practice, how 
ever, if only one of the fluids be under Substantial 
pressure, such fluid is, at least initially, confined 
to the tube and header portions of the System. In 
case such pressures are substantial, I have found 
it expedient to provide, at least within certain 
of the headers, an internal tension element to pre 
vent undue deflection of the header walls under 
the influence of the pressure. A Suggested pro 
vision of this kind is illustrated by Fig. 9, accord 
ing to which the upper and lower walls of the 
header are bridged by a tie rod 79, threaded at 
its opposite ends as at 7 f, one end engaging a 
tapped recess 2 in one of the Walls, while the 
opposite end projects through the wall to receive 
a nut 73. A polygonal or Squared Shank portion 
74 facilitates threading up the connection if and 
72 internally of the header. Figs. 3 and 9 illus 
trate a further provision consisting of a recess or 
notch 5 utilized as best appears in Fig. 3, to re 
ceive the associated bridge piece 28, this inter 
engaging relation of parts Serving to prevent any 
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endwise movement of the header and trough as 
Sembly. 

It will have appeared from the nature and lo 
cation of the baffle elements 9, that the fluid in 
proceeding from end to end of each of the troughs 
6, is caused to pursue a tortuous course, crossing 
and recrossing the tubes. I have determined that 
the rate and efficiency of heat eXchange are fur 
ther increased by imparting a certain tortuous 
movement or turbulence to the fluid within the 
tubes. This is accomplished in the illustrated ex 
ample through the agency of Spiral members 6, 
each of which is required to extend only over a 
portion of the length of the tube, say from its 
entrance end. Provision for Securement of the 
spiral element within each tube, consists of a 
downturned lug or ear il, which may engage a, 
notch and thus prevent either longitudinal or ro 
tative movement of the thimble. 
The possibilities for externally circulating, in 

selective courses, the several fluids, has been 
heretofore referred to in connection with Fig. 13. 
The action of the fluids, when the device is in 
normal use for effecting exchange of heat be 
tWeen fluids, each circulating entirely through its 
own system, may be briefly reviewed for sake of 
completeness as follows: 
The first fluid entering, say at a substantial 

velocity, through the pipe connection 22 (Fig. 1), 
in the lowest header, or manifold, passes back 
and forth in an upward direction within the sev 
eral passes or groups of tubes 5, until it leaves 
the unit through the discharge opening 23 in 
the uppermost manifold. The Second fluid, en 
tering through inlet 24, travels in the troughs and 
OutSide of the tubes, back and forth in a down 
Ward direction. Due to the preferred use of a 
thin-Wall material in the tubes, the second fluid 
is thus brought into intinate thermal con 
tact with the first fluid, and a highly efficient 
transfer of heat is effected between the fluids. 
A variation in the quantities of either fluid han 
dled in a unit of time by the device, may be made 
through Wide limits, without Seriously affecting 
the efficiency of eXchange, and Such variation of 
flow of each fluid handled may, Within wide lim 
its, be made independently of the quantity of the 
Other fluid handled. 

It will appear from the preceding description 
that, as compared. With older devices intended 
for heat interchange purposes, the present mani 
fold and tube construction serves materially to 
increase the length of travel of the fluid flowing 
outside of the tubes, and minimizes the tendency 
of Such fluid to 'short circuit' within the ex 
changer. There is thus attained a higher degree 
of heat transfer, due to higher velocities of flow, 
While at the same time sufficient time is allowed 
for full transfer to take place, since the outside 
fluid is compelled to cross and recross the unit 
over its full length, as such fluid moves from top 
to bottom of the device. It Will appear that the 
presently described manifold or header construc 
tion permits placing the tubes much closer to 
gether than is possible according to prevailing 
practice. This permits the tubes of each pass to 
be disposed in a common plane, or several such 
planes, resulting in complete fluid coverage of 
the outside tube surface, and still permits the 
high velocity of flow necessary for efficient op 
eration. 
The described Construction permits a Wide 

choice in selection of materials for the tubes and 
troughs due to the expedients for fastening the 
tubes and baffles to the manifolds. Thus any 
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2,056,492 
material which is capable of fabrication, may be 
employed, and certain metals may thus be utilized, 
which because of certain natural characteristics, 
are difficult to bend or Weld. 
While the invention has been described by mak 

ing detailed reference to a presently preferred 
embodiment thereof, it is manifest that such de 
Scription is to be considered only in an illustra 
tive, and not in a limiting sense, since the various 
parts may be modified, certain thereof omitted, 
or others added, without departing from the Spirit 
and full intendment of the invention as defined 
by the claims hereunto appended. 
I claim as my invention: 
i. In a heat exchanger, a plurality of flexible 

tubes of thin wall type, disposed in a series of 
passes, With adjacent passes of opposite inclina 
tion. With respect to a horizontal plane therebe 
tween, a conduit about the tubes of each of said 
passes, headers interconnecting the tubes of ad 
jacent passes, disposed beyond the ends of said 
conduits, and forming closures therefor, the con 
duits and tubes being so formed and connected 
to the headers as to permit of variation in inclina 
tion, means for supporting the conduits, tubes 
and headers, including vertical rack members, 
and Supports adjustably suspended in Spaced 
seats therefor on the rack members. 

2. A heat exchanger including a plurality of 
Superposed, inclined conduits, a plurality of tubes 
disposed in laterally adjacent relation in a Com 
mon plane transverse of each conduit, a header 
or manifold, forming a chamber at each end of 
certain of the conduits, and interconnecting the 
tubes within adjacent conduits, and means with 
in the conduits, tending to effect a movement of 
fluid from Side to side across the tubes therein. 

3. A heat exchanger including a plurality of 
inclined superposed groups of fluid conducting 
elements, the conducting elements. Of each group 
being disposed parallel to a common axis and 
adapted for separately handling two fluids, one of 
said groups including a conduit for one of Said 
fluids, a plurality of tubes in laterally adjacent 
relation, in said conduit, and adapted to conduct 
the other of said fluids, headers common to said 
tubes, disposed at each end of each conduit, and 
forming the ends of said conduits, the tubes and 
conduits being formed of a flexible material and 
so connected to the headers as to permit of vari 
ation in inclination, a movable Supporting struc 
ture for said groups of elements, including up 
right rack elements having defined Supporting 
seats, and supporting elements selectively engag 
ing Said SeatS. 

4. In a heat eXchanger, a plurality of groups of 
inclined fuid conducting elements, those of each 
group adapted for separately carrying different 
fluids and including a plurality of laterally adja 
cent parallel tubes of flexible construction and a 
trough of rectangular Section Surrounding Said 
tubes and disposed with its axis parallel thereto, 
means in the troughs and tubes for imparting a 
tortuous movement to the Several circulating 
fluids, and manifolds connecting corresponding 
ends of adjacent tube groups, the troughs and 
tubes being flexibly constructed and joined to 
the manifolds, to permit variation in inclination. 

5. In a heat exchanging device, a plurality of 
superposed groups of tubes of flexible, thin Wall 
type, extended lengthwise of the device, the tubes 
of each group being disposed in a common plane, 
a conduit of flexible construction, about each 
group of tubes, a manifold carried by the ends of 
the conduit at each end of each group of tubes, 

5 
and having an apertured closed side, the aper 
tures adapted to receive the ends of said tubes, 
Said manifold having an opposite open side, pro 
vided with a removable closure, a partition ele 
ment removably disposed in the manifold, and 
means other than the tubes for selectively inter 
connecting the chambers within certain of the 
manifold. 

6. In a heat exchanger consisting of a plurality 
of tubes of a thin-wall type arranged in Super 
posed inclined passes, a manifold connecting the 
tubes of the adjacent pass, said manifold having a 
plane Wall portion apertured to receive the tube 
ends of a given paSS, the tube ends being deformed 
into fluid-tight connection with said wall por 
tion, a conduit of flexible material about the tubes 
of each pass, tube-Supporting elements within 
Said conduits, folined to provide a tortuous path 
of fluid flow laterally across the tubes therein, 
and Vertically adjustable means Supporting the 
conduits near their opposite ends and adapted to 
permit a variation in inclination of the tubes and 
conduits of each pass. 

7. In a heat exchanging device, a plurality of 
tubes arranged in groups extending lengthwise 
of the device, adjacent groups being of opposite 
inclination, a header element constituting a 
chamber at each end of each group of tubes, a 
conduit closed at its ends by, and forming a 
Support for opposite headers, and extending there 
between, and a baffle member disposed within said 
conduit at an angle to the line of flow therein, the 
baffle Supportingly engaging the tubes between 
their ends and adapted to direct the fluid in the 
conduit from one side to the other, and across the 
tubes therein. 

8. In a heat eXchanging device, a plurality of 
tubes disposed in superposed groups or passes, 
those of each pass being arranged in laterally 
adjacent, parallel relation, a conduit surrounding 
the tubes of each pass, and a plurality of baffles 
in the lower portion of said conduit, arranged at 
an angle to each other and to the axes of the 
tubes, whereby to direct a flow of liquid in a di 
rection at an angle to the axes of Said tubes, and 
to oppose stratification of liquid within the con 
duit. 

9. In a heat exchanger, a group of tubes of rela 
tively thin flexible material arranged in a plane 
transverse of the structure and having relatively 
rigid end connections, a liquid-receiving conduit 
disposed around Said tubes and an element dis 
posed between Said tubes and the adjacent wall 
of said conduit, Said element constituting a com 
bined deflector or baffle for liquid flow within 
said conduit, and an intermediate support for 
said tubes, being arranged to oppose stratification 
of liquid within the conduit, in either horizontal 
or Vertical planes. 

10. In a heat exchanging device, a plurality of 
tubes arranged with their axes parallel, a con 
duit about said tubes, a manifold at each end of 
the tubes and a tube Support Within Said conduit, 
intermediate the ends of Said tubes, said Sup 
port having a surface adapted and disposed to 
deflect a fluid stream both horizontally and Ver 
tically from an axial course through said con 
duit. 

11. In a heat exchanging device, a plurality of 
tubes arranged with their axes parallel to each 
other, manifolds at the opposite ends of said 
tubes, each of said manifolds having a wall por 
tion apertured to receive the tube ends, a con 
duit extending along the said tubes, and a pair 
of baffle members disposed along the lower por 
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6 
tion of said conduit, and arranged to direct a 
flow of fluid therein, toward opposite sides of the 
conduit. 

12. In a heat exchanging device including a 
plurality of tubes arranged in Superposed groups, 
a trough extended along each group of tubes, 
and a pair of flow control elements in each 
trough, presented at different angles to the flow 
therein, and adapted to prevent stratification of 
liquid flow in vertical planes, adjacent said tubes. 

13. In a heat exchanging device arranged for 
concurrent movement of two fluids in opposite 
directions, a support including vertical members 
provided with notches, a plurality of troughs ex 
tending croSSwise of the device and between said 
vertical members, the troughs being supported 
near their opposite ends by said Vertical men 
bers, means selectively engaging the notches for 
separately adjusting the height of the ends of 
each trough with respect to said vertical men 
bers, a header at each end of each trough, and 
forming the end walls of the troughs, each of 
said headers being of relatively rigid, box-like 
construction and detachably secured to the 
troughs, the inner wall of each header being pro 
vided with at least one horizontal OW of aper 
tures, a plurality of circulating tubes in each 
trough, and disposed in laterally adjacent Spaced 
relation along the lower part thereof with the 
tube ends inserted in the apertures in Opposite 
headers and rolled into fluid-tight engagement 
therewith, each of the headers having a remov 
able outer wall portion adapted, upon removal, 
to provide access to the end connections of the 
tubes connected into the header. 

14. A heat exchanger including an inclined 
conduit, a plurality of tubes Within the conduit, 
means for separately circulating fluids through 
the conduit and tubes, means Within the tubes 
for causing a turbulence of fluid in proceeding 
therethrough, and means Within the conduit 
tending to cause a flow therethrough in a direc 
tion other than parallel to the tubes. 

15. In a heat eXchanger, an inclined conduit, 
a plurality of tubes within the conduit, means 
for supplying separate circulating fluids to the 
conduit and tubes, a spiral element Within each 
of certain of the tubes, and baffle elements with 
in the conduit, adapted to , direct a fluid flow in 
crossing and re-crossing relation to the tubes. 
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16. A heat exchanger including a plurality of 

inclined conduits, tubes within the conduits, 
chambered headers connecting certain of the 
tubes at their corresponding ends, but normally 
out of communication with the conduits, and 
means for connecting at least one of the header 
chambers Selectively to the conduits or to an 
other header chamber. 

17. A heat exchanger including a plurality of 
inclined conduit elements, a tube element in each 
conduit element, a header element connected to 
each end of each tube element, and Valved con 
nections for Selectively interconnecting Said ele 
ments. 

18. In a heat exchanger assembly, a plurality 
of oppositely inclined outer conduits, headers at 
the ends thereof, tubes within the Outer conduits 
interconnecting the headers, a plurality of up 
right members provided with vertical rows of 
recessed seats, a Suspension element. On each 
upright member, selectively engaging the seats 
thereon, bridge pieces carried by the suspension 
elements, supporting the conduits headers and 
tubes, and supports at the bottom of the upright 
members, with respect to Which said members 
are adjustable, 

19. In a heat exchanger assembly, a plurality 
of oppositely inclined passes, each including an 
outer conduit, tubes interiorly thereof and head 
ers connected to the opposite ends of the tubes, 
a plurality of upright supports related in pair on 
opposite sides of the passes, and provided with 
vertically Spaced notches, a hook member on 
each upright selectively engageable with the 
notches thereon, a bridge piece between opposite 
hook members, by which the passes are supported, 
longitudinal sill pieces forming a base, and ad 
justable connections between the uprights and 
Sill pieces. 

20. In a heat exchanger of a type including a 
plurality of inclined passes, each comprising 
tubes and a conduit, headers at the ends of each 
pass, the headers being connected to the tubes, 
a renovable partition in One of the headers for 
selectively dividing it into a plurality of cham 
bered portions, and connections other than 
the said tubes, to each of the chambers of the 
header. 
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