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This invention relates generally (o heat ex--
changers and to & method for making the same.
More particularly, the invention relates to heat
exchangers of the type constituted by a plurality
of tubes which are secured together to provide a
plurality of passages for one of the fluids and
which have at least their body portions spaced
-apart to provide & space for the passage of
another fluid around the tubes.

In constructing heat exchangers of the type to
which the present invention relates, it is desir-
able that the tubes be connected to form the
core in such a manner that they will be perma-
nently and securely fastened together, the ends
of the core will be completely sealed around the
tubes, and the bond between the tubes will be
resistant to heat, corresion, vibration and other
destructive effects. Ordinary solder is unsuited
for this use because. it does not have sufficient
mechanical strength and, for many uses, does
not have a sufficiently, high melting peint.
Certain fusible metallic bonding materials have
the desired properties but require the applica-
tion of so much heat to fuse them, that the tubes
are so annealed or softened as not to have the
desired rigidity and resistance to deformation.

In accordance with the present invention, a
plurality of thin wall tubes of suitable shape and
materiai are assembled into substantially the
shape of the core to be formed and a fusible
metallic bonding material of relatively high me-
chanical strength and relatively high melting
point is applied to the end portions of the tubes
to secure them together and to provide a seal
around the tube ends. The tubes are spaced at
least at their body portions to provide space for
one of the fluids. This is accomplished by ex-
panding the ends of the tubes, or by providing
additional spacing members between rows of
tubes or by inserting the tubes in spaced open-
ings in one or more header plates. Before the
tubes are bonded, bushings or ferrules are ap-
plied to the ends in heat exchange relation there-
“with to absorb or dissipate sufficient of the heat
of bonding to prevent annealing of the tubes.

In certain cases, as for example, where a large
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of sultable construction are assembled with the
core, and are joined thereto by & bonding opsra-
tion preferably similer to that employed in join-
ing the tubes. .

The invention also provides a novel heab ex-
changer core wherein the tubes are firmly and
rigidly secured together and the spaces between-
the tube ends sre positively sealed. The bush-
ings or ferrules serve to sirengthen and reinforce
the ends of the core. Where the tubes are as-
sembled without end header plates, the bushings,
together with the tube ends and bonding mate-
rigl-—and spacing strips when these are used—
constitute & rigid sealing end wall around the
ends of the tubes. These end walls, together with
the reinforcing side walls, provide a strong, rigid
core construction.

An object of the present invention is the pro-
vision of a method for sssembling heat exchanger
cores from tubes wherein the tubes are secured
in the core by & relatively high melting point
bonding material, without annealing or soften-
ing the tubes.

Another object of the invention is the provi-
sion of a heat exchenger core of the tube type
wherein the tubes are secured togeil.er at their
ends without a header plate, and individual rein-
forcing members are provided which form, to-
gether with the tube ends and bondmg material,
& rigid sealing end wall.

Another object of the invention is to provxde a
heat exchanger having a core of the type con-
stituted by a plurality of tubes, in which heat ex-
changer, the several parts are secured together
by & bond of high mechanical strength. :

‘Another object of the present invention is the
provision of & heat exchanger core of the tube
type having a novel reinforcing side and end wall
construction.

The invention further consists in the new and
novel features of operation and the new and

. original arrangements and combinations of steps -
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number of tubes are assembled, a greater heat -

disslpation during bonding is desirable. -In such
cases, the heat is absorbed by inserting remov-
able metal rods in the tubes during the applica-
tion of the heat, or by causing a fluid cooling
medium such as air to flow past and around the

. tubes.

Imperforate, preferably corrugated, side plates,
which also reinforce the core, and ducts or tanks

in the process hereinafter described and’ more
particularly set forth in the claims.

The invention also consists in forming a prod-
uct having the general characteristics, the new
and useful applications, and the several original

. features of utility hereinafier set forth and

claimed.
Other features, objects and advantages of the

-present invention will in part be pointed out and

in part become apparent in.connection with the
following detailed description of certain illustra-
tive forms of construction, reference being had
to the accompanying drawings, wherein
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Fig. 1 is a side elevational view of a tube suit-
able for forming a heat exchanger core in ac-
cordance with the present invention;

Fig., 2 is & longitudinal cross-sectiona] view
through g bushing or ferrule suitable for employ-
ment in practising the invention;

Fig. 3 is a longitudinal sectional view through
a tube having bushings inserted therein;

Fig. 4 is a side elevational view of one form of
spacing strip suitable for use in practising the
invention; , : .

Fig. 5 is a transverse cross-sectional view taken
along line 5—5% of Fig. 4

Fig. 6 is a top plan view of an assembly frame

suitable for use in assembling the tubes and
spacing strips, which view shows two spacing
strips and two tubes in position in the frame;

Fig. 7 is a fragmentary, enlarged cross-sec--

tional view taken along line 1—17 of Fig. 6;

Fig. 8 is a perspective view showing an assem-
bly comprising a pair ‘of spacing strips and
tubes;

Fig. 9 is a front elevational view of a clamp-

suitable for use in maintaining the tubes in as-
sembled relation for .bonding, the view showing
a number of tubes and assemblies in the frame;

Fig. 10 is an enlarged fragmentary cross-sec-
tional view taken along line 10—10 of Fig. 9 and
illustrating particularly one of the heat dissipat-
ing rods within one of the tubes, the assembled
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tility to permit the netessary working, sufficient
resistance to rust and corrosion, suficient me-
chanical strength, and the like. ) :

In accordance with an illustrative embodi-
ment of the invention, a tube | (Pig. 1) is pro-
vided having an elongated cylindrical body 2 and
enlarged cylindrical ends 3. The tube may be
formed in any suitable manner, but it is im-
portant that the metal be sufficiently hard and
rigid to resist undesired deformation. Prefer-
ably, the tube is formed by extruding a blank of
metal into a cylinder, trimming the cylinder to
the proper length, ‘straightening the cylinder,
whern necessary, and expanding the ends of the
cylinder, ' _

Preferably, any adherent foreign matter is re-
moved from the tube, after forming, by means of
a “bright-dip” which consists in immersing the
tube in a suitable cleansing material, as for ex-
ample, one containing equal parts of commereial
nitric and sulphuric acids, and quickly remov-
ing the tube, whereafter it is rinsed in water.

A bushing or ferrule is inserted in each end of
the tube for a purpose which will hereinafter
appear. Each bushing 4 (Fig. 2) is of tubular

- form and preferably is of relatively greater thick-
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tubes being shown as standing on end on a sup- ‘

porting surface;

Fig. 11 is an enlarged fragmentary cross-sec-
tional view taken along line | {—I11f of Fig. 10 but
showing the condition of a portion of the struc-
ture after the bonding operation, the thickness
of the solder being somewhat exaggerated on the
inside of the tube for clearness;

Fig. 12 is a front elevational view of one form
of cartridge-type heat exchanger constructed in
accordance with the invention; -

Fig. 13 is an enlarged fragmentary view of a
corner portion of the structure of Fig. 12, certain
of the parts being broken away to show the in-
terior construction; .

Fig. 14 is a fragmentary side elevational view
of a modified form of spacing strip and showing
a plurality of tubes associated with the spacing
strip; o

Fig. 15 is a cross-sectional view taken along
line 15—15 of Fig. 14; -

Pig. 16 is a front elevational view of an auto-
mobile radiator and illustrative of a cartridge

type heat exchanger core in which no spacing

strips are employed between the rows of tubes;
Fig. 17 is'a side elevational view of still an-
other embodiment of the invention, wherein the
tubes are secured in header plates; ‘
Fig. 18 is a fragmentary top plan view of a
portion of the structure shown in Fig. 17; gpd
Fig. 19 is an enlarged fisgmentary cross+sec-
tional view taken along liffe (9—Ii9 of Fig. 18.
In the following description and in the claims,
various details will be identified by specific
names for convenience, but they are intended to
be as generic in their application as the art will
permit. Like reference characters denote like
paits in the several figures of the drawings.

vided a suitable number of seamless tubes of the
desired shape and size and formed from a suit-
able material. The tubes preferably are formed
from copper but in certain cases, may be formed
from other metal having the desired properties,
such as good heat conductivity, sufficient duc-
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. or otherwise injure the tube.
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accordance with the invention, there is pro- )

0

7

‘ness than the wall of the tube. The bushing #

corresponds in shape and diameter to the inte-
rior of the enlarged end of the tube and is adapt-
ed to fit snugly within the tube end, so as to be -
in heat exchange contact therewith. Preferably,
the bushing 4 is of such length that when in-

" serted in the tube and flush with the end edge

of the tube, it terminates short of the tapered
shoulder {6 of the tube. Thus, when the bush-
ing 4 is pressed into the tube, it will not be forced
against the shoulder 16 and will not cut, collapse,

The end of the tube may have a cross-sectional
shape other than round, in which case the bush-
ing or ferrule is shaped to fit the tube. For ex-
ample, the tube end may be of hexagonal cross-

‘section and have a hexagonal bushing therein;

the interior of the bushing may be hexagonal or
circular. . -

In certain cases it may be found desirable to
dispose the bushing or ferrule on the outside of
the tube end instead of within the same; in which
case the bushing, or ferrule, is formed to fit
around the tube end. Where the bushing or fer-
rule is disposed on the outside of the tube end it
Is possible, in some cases, to eliminate the opera-
tion of expanding-of the tube end, in which case
the bushing or ferrule is formed to fit snugly onto
the unexpanded end of the tube. Generally,
however, it is preferable to expand the tube and
insert the bushing within the tube as described.

- A plurality of spacing members 6 (Fig. 4) or
“spacing strips” are provided, which may take
the form of strips, rods, bars or the like, Two
opposite sides or edges of each spacing strip &
are provided with & series of recesses 1 and in-
terposed humps 8 formed in any one of various
ways. For example, the strip 6 may be given a
generally corrugated shape by pressing a straight
rod of metal between dies of suitable shape; and
may be slightly flattened as indicated, if desired. - .
Another form of spacing strip is illustrated in
Figs. 13 and 14 wherein the strip 41 is formed
Wwith a series of arcuate notches 42 having cusp-
like points 43 therebetween, which fill the spaces
between adjacent tubes, B R

The bushed tubes § and spacing strips § may
be conveniently assembled by arranging two or
more spacing strips § in spaced, parallel, relation
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ond joining two or more bushed tubes § thereto
1o form o generally frame-like assembly 17, ag il-
lustrated in Fiz. 8. This can be conveniently ac-
complished by providing an assembly frame §,
comprising side raiis 0 and end rails {i. The
end rails {] are provided with ficor portions 12
for receiving the spacing strips §, adjacent shoul-
ders €3 for positioning the spacing strips 8 at the
desired relative position and shoulders {4 for po-
sitioning the bushed tubes 5. It will be under-
stogd that the core may be made in various other
shapes than here disclosed, in- which case the
frame 8 will be shaped as required.

Spacing strips § are laid on the floor portions
12 and bushed tubes 5 are disposed in corre-
sponding recesses 7 of the spacing strips, ag {llus-~
trated in Fig. 6, the tubes preferably being dis-

‘posed in the endmost recesses 7 of the spacing
strips 8. The tubes § are secured or “tacked” to
the spacing strips § Ly applying s small amount
of & suitable bonding material 1§ thereto, by a
bonding operation hereinafter miore fully de-

~scribed in connection with the bonding of the
tubes. i

For the purpose of holding the tubes and spac-
ing sirips during bonding, they are assembled in
the general shape of the core io be preduced and
are held in position by a suitable clamp 26. One
such clamp is illusirated in Fig, 9 and comprises
a frame 2§ having presser bars 22 and 23 adjust-
ably carried on adjaceni sides of the frame by
screws 26 which can be locked in position by
lock nuls 28. )

A corrugated side plate 28, of rigid consiruc-
tion and having its corrugations corresponding to
the desired spacing of the tubes In the rows, is
disposed in the clamp 28. Individual bushed
tubss § are disposed in the grooves of ihie side
plate 2§ to formn the first row of tubes. There-
after, one of the assemblies (7 is disposed in the
freme with the lower recesses T of the spacing
strivs 6 recelving the tubes 5 of the first row and
additional individuval tubes are disposed in $he
upper recesses ! of the spacing strips 8. A& sec-
ond agsembly {7 Is disposed on the second row
of tubes B with the recesses T of the spacing sirips
receiving the tubes § of the second row, and ad-
ditionsal tubes B are placed in the §
second spacing strips., Additional assemblies and
tubes are stacked in a ke mavner until all of
the tubes ~nd strips which are to form the core
are assszmbled, whersafter a second side plate
(noy shown) is disposed on the fop row of fubes.
The ser bars 22 and 28 are then adjusted to

ion,

The bushings or fervules are in many cases of
iznt heati absorbing and Gissipating capacity
1o kesp the tempersivre of the jubes below the
annealing temperature of the tube meral, during
honding.
rles are insufficient, for this purpose, additional
heat sbsorbing and. dissipating means is pro-
vided. For example, heat absorbing and dissi-
pabing members may be inserted in some and
oreferaply 1l of the tubses.

The additional heat dissipating members pref-
erably take the form of rods 27 formed from
mebal of good heat absorbing capacity such as
copper, iron, steel or the like and preferably are
approzimetely the size »f the imterior of the
tubes. In certain cases it is desireble io employ
rods of o metal such as iron or steel to which the
ronding material will not readily adhere; thus
sherz is less possibility that the rods will be bond-

recesses of the
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. around the tubes.
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However, when the bushings or fer- -

85

0

f:)

. preferably somewhat in excess of 1220° F.

3
ed to the tukes and hence can be readily remioved
therefrom when the bonding operation is com-
pleted. The rods preferably are of approxi-
mately the same diameter and slightly shorter
than the inside of the tubes so that they will he
in heat exchange coniact with the tubes but can
be readily removed after the tubes have been
bonded. Preferably, the inside diameter of the
bushings is approximately the same as the tube
so that the bushings alse are in heat exchange
centact with the rod.

If desired, the additional heat dissipation may
be effected without the use of rods inserted in the
tubes. Tor example, a current of a gaseous cool-
ing medium, preferably of a non-oxidizing na-
ture, may be passed through the space around
the tubes. The cooling medium should flow in
sufficient. quantity to provide the desired cooling
but should not be under such high pressure as to
interfere with the bonding operation.

The tubes, strips and bushings are bonded to-
gether by applying bonding material over the
end of the assembly within the frame, as indi-
cated in ¥ig, 11. The honding material is ap-
plied so that when it solidifies it extends over the
ends of the tubes and bushings and fiils the
spaces between the adjacent tubes and the space
between the spacing strips, thus forming with
the tubes, bushings and strips a wall or header
which provides a complete imperforate seal
Thus the tubes, bushings and
spacing strips are firmly secured together to form
a core structure having a completely sealed end
which is entirely imperforate except for the pas-
sages provided by the tubes.

The bonding material. (hereinafier called “sol-
der”) is o fusible metallic material which has
relatively high mechanical strength, which is
suitably adherent to the members forming the
heat exchanger, which is capable of withstanding
relatively high temperatures, which is resistant
to corrosion and deterioration, which will with-
stand vibration, shock and other destruciive ef-
fects, and which is otherwise suitable for the
present use. One bonding material which has
been found suitable Ior practiging the present
invention is a so-called “silver solder” comprising
around 45% by weight of silver, 30% by weight of
copper, and 25% by weight of zine, It is also de-
sirable to employ & suifable flux, which may be
any good commercially available fiux adapted for
use with solder of the composition employed.

The solder is applied by heating the same 1o
g, temperature above its fusing femperaturs and
ox
this purpose it has been found desirable ¢ em-
ploy an oxy-scetylene flame, ’

The tubes, spacing sirips and bushings at the
other end of the core ave soldered in » similar
manner, the rods removed snd the core is then
removed {rom the clamp. Preferably, the side
plates are mot soldered io the tubes during the
above-described scldering gperstion and nence,
can be separated from the tubss when the core i
removed from the clamp. :

After the core is assembled, as above described,
it preferably is cleaned io remove foreign mat-
tex, such as carbon. deposits, dirt and the like.
The core is cleaned by imxnersing it in o 5% sul-
phuric acid sclution, then rinsing it in celd water

to remove fhe acid, this rinsing being effected by

immersing the core in & cold water bath and
agitating it or fowing cold water past and
through the core. The core is then immersed in
poiling water o sufficient-period to completely Te-



4.
move the acid from the niches or interstices and
is dried immediately after removal from the hot
water bath in a suitable manner as by placing it
in a dry air oven, . ‘

The core 30 may be assembled with the side
plates and with top and bottom tanks of any
suitable construction by a soldering operation.
The tanks may take any derired form; and for
example, may be constructed similarly te the
tanks 3¢ and 32 illustrated in Fig. 12, as generally
similar. The tank 3/ comprises a dished metal
member having side walls 33, 33 and end walls
34, 34, all of which have outwardly extending
flanges 385 formed by rebent edges of the tank.
A corner piece 36 having a corrugated body and
a flange 37 seated on the flange 35 is attached at
each side of the tanlk. ‘

The tanks 31, 32, side plates 29 and corner
pieces 36 are assembled by soldering, in a manner
similar to that above described, along the edges
of the side plates and the corner pieces. The
core 30 is then slid into the space between the
tanks 31, 32 and side plates 29, with the tubes
in the endmost rows fitting in the grooves in the
side plates 29. The core is soldered to the tanks
and side plates by applying solder to the adjacent
portions of the core, tanks and side plates and the
openings around the ends of the tubes are sealed
by filling them with solder.

The core as described above is suitable for use
in a heat exchanger of the type known as an
“intercooler,” wherein air is drawn past and
around the tubes. The core is assembled with
duct members (not shown) of suitable construc-
tion which are attached to the core in a manner
generally analogous to the attaching of the tanks
to the core. .

The invention is also well adapted for forming
heat exchanger cores wherein the tubes are ar-
ranged in a close fitting assembly and no spacing
members are employed. There is illustrated in
Pig, 16 a radiator for an automobile wherein the
core is constituted in this manner. The radiator
§0 comprises a core 51, top tank 56, bottom tank
57 and frame 55. The core 51 is constituted by a
plurality of tubes 52 each of which is generally
similar to the tube I, previously described and
has therein bushings 58, generally similar to the
bushings 4.

The core 51 is constructed by inserting the
bushed tubes 52 in a clamp, such as the clamp
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"20 {lustrated in Fig. 9. The tubes are stacked

in rows, the tubes of each row ‘being disposed
immediately upon the tubes of the next lower
row and staggered, as illustrated. The assem-
bled tubes are gripped by the clamp and solder
i1s applied over the ends of the tubes and in the
generally triangular shaped spaces between the
adjacent tubes. The soldering operation prefer-
ably is generally similar to that above described.
Prior to the soldering operation, rods (not
shown) are inserted in the tubes in order to
absorb the heat of soldering and prevent an-
nealing of the tubes, or-a cooling fluid is em-
ployed to maintain the tubes at the desired tem-
perature. Thus the tubes and bushings are se-
curely and rigidly fastened together and an
imperforate seal is formed around the tubes.
Side plates (not shown) which preferably are
corrugated, are secured to the endmost tubes
of the rows by soldering similar to the manner
above described and the top tank 66 and bottom
tank 57 are secured to the core by a similar
soldering operation.

The present invention is also adapted for con-
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structing heat exchanger® wherein the tubes are
assembled in header plates to form the core.
Referring now to Pig. 17 there is shown one

- novel embediment of such a construction.

A frame-like structure 60 is provided which
comprises top and bottom header plates 6¢ to
which are secured side plates 62, by bolts @3
extending through the side plates 62 and through
suitable flanges 68 on the header plaies 6, the
bolts being held by nuts 68. Preferably, s seal-
ing gasket 65 of suitable construction is inter-
posed between the flange €4 and side plate 62
to seal the joint.

A plurality of tubes-67 are assembled in the
header plates, the tubes being provided with
enlarged ends 68 which extend through suitably’
positioned openings 69 in the header plates, In-
serted in the end of each tube is 2 bushing 70
which preferably is provided with a portion which
projects out of the tube 67 and is provided with
a flange Ti adapted to'seat against the end edge
of the tube. A quantity of solder 13 is disposed
over the surface of the header plate 6f and
against the end of the tube and the projecting
portion of the bushing 76.

In order to provide suitable area of contact
between the tube end and the solder, the tube
may extend beyond the surface of the header
plate. If desired, however, the end of the tube
may be flush with the header plate and the -

openings 69 countersunk as indicated at 12 to
provide the desired extent of surface contact.

While the invention is applicable to heat ex~
changers of a large number of various sizes, it
is especially well adapted to such devices as radi-
ators, coolers and like equipment for internal
combustion engines. The invention is especially
valuable in connection with relatively small heat
exchangers where the tubes have a very small
wall thickness. In one specific illustrative, but
not limiting example, the tubes and bushings had
the following dimensions: tube length 9 inches,
body diameter 0.230 inch, end diameter 0.260
inch, and wall thickness 0.006 inch; bushing,
length 0.480 inch, diameter 0.246 inch, wall thick-
ness 0.015 inch. . .

From the foregoing it will be seen that the
present invention provides a method of forming
radiator cores wherein thin walled tubes formed
from metal, such as copper and the like, can be
joined by the use of a fusible bonding material
without unduly softening the tubes. The bush-
ings or ferrules effectively prevent overheating
and softening of the tubes and the .additional
heat removing means, where employed, further
prevents such undue heating.

The provision of the bushing or ferrule not
only insures against overheating of the tube ends
but also strengthens and reinforces the ends of -
the tubes. Thus, not only is the core reinforced
but the individual tube ends are so reinforced
that even if these portions of the tube should
be softened, they will not be readily deformable.

What is claimed is:

1. A heat exchanger comprising a core includ-
ing a plurality of thin-walled tubes arranged
in rows to define substantially parallel passages
for one fluid therethrough and having enlarged
ends spacing their body portions apart to pro-
vide space for the passage of another fluid around
the tubes, spacing strips interposed between at
least certain of said rows adjacent the ends of
the tubes, relatively thick-walled bushings in the
ends of said tubes, and bonding material secur-
ing said tubes, spacing strips, and bushings to-
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gether to define end walls which are closed ex-
cept for the passage defined by said tubes,

corrugated side wall plates extending parallel to -

said spacing strips in two opposite sides of said
core, and duct members disposed at two 'other
- sides of said core and secured thereto with their
interiors in communication with the space be-
tween said tubes. . .

2. In a heat exchanger of the cartridge type,
a core having its main heat transfer portion
made up exclusively of a plurality of similar,

5

10

thin walled copper tubes arranged successively' .

in. substantially parallel rows to.define passages
for one fluid therethrough, said tubes having
- enlarged ends spacing the body portions apart

to provide space for the passage of another fluid
" around the tubes, relatively thick walled heat
absorbing bushings disposed within said enlarged

15
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ends, means including silver solder connecting
said enlarged ends, sald silver solder securing .
said bushings in position and securing the en--
larged ends of said tubes directly together in at
least one direction, said enlarged ends, said bush-
ings and said connecting means constituting
built-up headers, enclosing walls surrounding
said tubes and connected to said built-up head-
ers, and duct members secured to said enclosing
walls with their interiors in communication with
the space between said tubes, said silver solder
being fusible at a temperature above the anneal-
ing temperature of said tubes, said bushings hav-
ing sufficient heat absorbing ecapacity to prevent
annealing said tubes during the high tempera-
ture soldering operation, and strengthening said
headers. . . i
EMILE BLAIR, OTHERWISE EMILIEN BLAIS.



