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Patented Jan. 27, 1942 

NE STATES 

2,27,864 

2,26,366 
EAE ECHANGEE, 

Ernie; Elais, CEAEASE Sy kROWE &g Eile Blair, 
Neviy Sayer, C.S.E. assignacy, by giaeSRae 3.SSE2 is 
Saegas, to WJesiega Castige (Coiragp2iray, 3 (265 
poration of Abelaware 
Application 3.3ge 6,5938, Seria No. 2 ii,979 

Aga (Greas, 3ritaiya Riay 23, 1938 
2 (Caians. (CE. 252-28) 

This invention relates generally to heat ex 
changers and to a method for making the S3Ene. 
RMore particularly, the invention relates to hest 
exchangers of the type constituted by a play'elity 
of tubes which are secured together to grovide a 
plurality of passages for one of the fluids and 
which have at least their body portions spaced 
apart to provide a space for the passage of 
another illuid 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 for the 
core in Such a manner that they will be peria 
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, corrosion, 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 point. 
Certain fusible metallic bonding materials have 
the desired properties bat 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 
material 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 

of Suitable construction are assembled with the 
Core, 32nd are joined thereto by a bonding operae 
iOS preferably siricaller to that erapioyed in join 
ing the ties, 

the invention also provides a novel heat ex 
changer Core wherein the tubes are firmly and 
rigidly Secred together and the spaces between 
the tube ends are positively sealed. The bush 
ings of ferules serve to strengthen and reinforce 
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number of tubes are assembled, a greater heat 
dissipation 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 

the ends of the core. Where the tubes are as 
Seabled Without end header plates, the bushings, 
together with the tube ends and bonding mate 
rial-2nd spacing strips When these are used 
constitute a 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 laethod for assembling heat exchanger 
cores frog tubes wherein the tubes are secured 
in the core by a relatively high melting point 
bonding materia, without annealing or soften 
ing the tubes. 
Another object of this invention is the provi 

sion of a heat exchanger core of the tube type 
wherein the tubes are secured together at their 
ends without a header plate, and individual rein 
forcing members are provided which form, to 
gether with the tube ends and bonding material, 
a rigid sealing end wall. 
Another object of the invention is to provide 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 a bond of high mechanical strength. . 
Another object of the present invention is the 

provision of a 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 . 
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 hereinafter set forth and 

50 
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 



2 
Fig. 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 a longitudinal cross-sectional view 
through a 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 7-7 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 O-O of Fig. 9 and 
illustrating particularly one of the heat dissipat 
ing rods within one of the tubes, the assembled 
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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 f-f f 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; 

Fig. 15 is a cross-sectional view taken along 
line 5-5 of Fig. 14; . 

Fig. 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; ad 

Fig. 19 is an enlarged fragmentary cross-sec 
tional view taken along life f 9-9 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 
parts in the several figures of the drawings. 
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or otherwise injure the tube, 
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in accordance with the invention, there is pro 
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 

t) 

2,2?0,864 
tility to periait the necessary working, sufficient 
resistance to rust and corrosion, sufficient one 
chanical strength, and the like. 

In accordance with an illustrative embodi 
ment of the invention, a tube (Fig. 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 in 
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, 
when 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 commercial 
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 
ness than the wall of the tube. The bushing 4 
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 6 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 6 
are provided with a series of recesses 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 4 is formed 
With a series of arcuate notches 42 having cusp. 
like points 3 therebetween, which fill the spaces 
between adjacent tubes. 
The bushed tubes 5 and spacing strips B may 

be conveniently assembled by arranging two or 
more Spacing strips in spaced, parallel, relation 
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and joining two ornare bushed tubes thereto 
to for a generally fraine-like assembly E, as ill 
iusticated in Sig. 8. This can be conveniently ae 
conglished by providing an assenbly frame 9, 
comprising side rails and end rails . The 
end rails are provided witi floor portions 2 
for receiving the spacing strips S, adjacent shoul 
ders 3 for positioning the spacing strips 6 at the 
desired relative position and shoulders if fox po 
sitioxing the bushed tubes 5. It will be under 
stood that, he core inay be inade in various other 
shapes than here disclosed, in which case the 
frame Will be shaped as required. 
Spacing strips is are laid on the floor portions 

2 and bushed tubes 5 are disposed in corre 
sponding recesses of the spacing strips, as use 
trated in Fig. 6, the tubes preferably being dis 
posed in the endnost recesses of the spacing 
strips 6. The tubes 5 are secured or 'tacked' to 
the spacing strips 3 by applying a small amount 
of a, suitable bonding material 5 thereto, by a 
bording Operation hereiraaiter fore fly de 
scribed in connection with the Onding of the 
tubes. 

For the purpose of holding the tubes and spac 
ing strips during gilding, they are a SSerbied in 
the general shape of the core to be giCduced and 
are held in position by a suitable clasp 2. One 
such clamp is illustrated in Fig. 9 and comprises 
a frame 2: having presser bars 33 and 23 adjust 
ably carried on adjacent sides of the frare by 
screWS 23 which ca: be locked in position sy 
1ock LS 25. 
A corrugated side plate 29, of rigid construc 

to and having its corrugatios cog responding to 
the desired spacing of tha tubes in the rows, is 
disposed in the claing 2, individual olished 

SS 5 are disposed in the groC'yes of the side 
plate 3 c for tie is, ovy of Lies. Ahere 
after, one of the asserlies it is disposed in the 
freign: , in the lower recessas of the spacing 
stris Sieceiving the tubes 5 of the first row and 
adiiiga.l. iiividual ties are disposed in the 
upga: Tecesses of the Spacing strips 8. A sec 
ond assembly 2 is disposed on the second row 
of ities 5 yith the recesses of the spacing strips 
receivig he tubes is of the Second roT, aid ade 
citica: uties 5 are glazed in the recesses of the 
secCE. Siascing strips. Additional 2.SSeynolies and 
gues age stacked if a., iike Raather until all of 
as asses rid gris Waica are to forgia e Ore 

are asses?inied, Wereafter 3, second side plate 
(iii, Soyia) is dissed in the tog City of Lies, 

ia. 
the Listings (; ferties are it. Saaray cases of 

i8 at heat a SOE'hig and dissipatiag capacity 
to i.eep tie terrigai’attire of the illes below the 
annealing terrigerature of the tube ineia, during 
Ordizag. 
lates are insufficient, for this purpose, additional 

Beat, Sisoring 32nd dissipating Saeans is pro 
Yided. 3'or example, tea; absorbing and dissi 
pating Erie 3'S Inay ea inserted in Some and 
peer: y : of the tes. 
The additio2 as inea, dissipating inerties pref 

ereily take line foign of rods 2 formed fron, 
inef3 of good heat aSOrbig capacity such as 
coppes, iron, steel or tie like and preferally are 
approxignately the size of the interior of the 
tubes. In certain cases it is desirable to enjoy 
rods of a metal such as iron or steel to which the 
conding i?laterial Wii 2not readily adhere; thus 

10 

2 

3. 
- around the tubes. 
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8. 
OWeyes, yief the Sinigs or fer. 
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tiere is ess possibility that the rods Yill be or 75 

, referally SOewhat is excess of 22. F. 

3. 
edi to the tubes and hence can be readily relieved 
thereiron when the bonding operation is come 
pleted. The rods preferably are of approxi 
nately the saine diameter and slightly shorter 
than the inside of the tubes so that they will be 
in heat, exchange contact With the tubes cut car. 
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 also are in heat exchange 
contact with the rod. 

if desired, the additional heat dissipation may 
be effected without the use of rods inserted in tie 
tubes. For example, a current of a gaseous coole 
ing medium, preferably of a no-oxidizing has 
ture, nay 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 Onding operatio. 
The tubes, strips and bushings are conded to 

gether by applying bonding material over the 
end of the assembly within the frame, as indie 
cated in Sig. 2. The bonding material is ape 
plied so that when it, solidifies it extends over the 
ends of the tubes and bushings and fills the 
spaces between the adjacent tubes and the Space 
between the spacing strips, thus forming with 
the tubes, kushings, and strips a Wall Cr header 
which provides a complete imperforate seal 

his the tubes, busingS and 
spacing strips are firmly secured together to form 
a core structure having a completely sealed endi 
which is entirely inperforate except for the pas 
Sages provided by the tubes. 

The bonding material. (hereinafter called 'sol 
dier') is a fusiole netallic nateria. Whici has 
relatively high mechanical strength, which is 
Suitably adherent to the nerbers for Kning the 
heat exchanger, winich is capable of withstanding 
relatively high temperatures, which is resistant 
to corrosion and deterioration, which will with 
Stand Vikration, shock and other destructive ef 
fects, and which is otherwise suitable for the 
present use. One bonding naterial which has 
beei ioud suitable for practising the present 
inyention is a so-called "silver solder' comprising 
around 5% by weight of silver, 30% by yeight of 
coppex, and 25% by Weight of zinc. It is also de 
Siraiple to exagloy a suitable iii, which may ice 
any good cognifiercially available fit; adapted fox 
use with solder of the composition exployed. 
The Soldier is applied by eating line Sane () 

8, tenniperature aloove its fusing temperature asid 

this purpose it has been foci desiraile to ex 
picy as oxy-acetylene iaise. m 
The tubes, Spacing strips aac bushings & the 

ather end of the core are soidered in a sigila: 
Alainier, the rods renoved a 2nd the core is the 
re. Oved from the clas?ie, referably, the site 
plates are not soldered to the i3 as taring the 
above-described Soldering operation 3.4 exace, 
cai de Separated froA the tales. Then tie Cote is 
removed froii the claig, 
After the core is assembled, as soove descri:3ed, 

it preferably is cleared 22re foreigi? gaat 
Ser, Such as carbon. degeosis, is and the like. 
The core is clearned by innersizag it in , 5% sui 
phuric acid Solutio2, the Irasing it is cold water 
to remove the acid, his rising being effected by 
innersing the core is a cold water oatia and 
agitating it or owing cold water past and 
through the core. The core is then irramersed in 
oiling water a sufficient period to completely re 

  

  



4. 
nove the acid from the niches or interstices and 

is dried immediately after removal from he hot 
water bath in a suitable manner as by placing it 
in a dry air oven. 
The core 36 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 desired form; and for 
example, may be constructed similarly to 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 35 formed by rebent edges of the tank. 
A corner piece 36 having a corrugated body and 
a flange 3 seated on the flange 35 is attached at 
each side of the tank. 
The tanks 3 ?, 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 3, 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 
Fig. 16 a radiator for an automobile wherein the 
core is constituted in this manner. The radiator 
50 comprises a core 5, top tank 56, bottom tank 
5 and frame 55. The core 5 is constituted by a 
plurality of tubes 52 each of which is generally 
similar to the tube , previously described and 
has therein bushings 53, generally similar to the 
bushings 4. 
The core 5 is constructed by inserting the 

bushed tubes 52 in a clamp, such as the clamp 
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20 illustrated 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 assemi 
bled tubes are gripped by the clamp and solder 
is 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 56 and botton 
tank 57 are secured to the core by a similar 
soldiering Operation. 
The present invention is also adapted for con 

55 

60 

65 

70 

76 

2,270,864. 
structig heat, exchangers wherein the tubes are 
asseinied in header plates to for in the core. 
Referring now to Fig. it there is shown one 
novel embodiment of such a construction. 
A frame-like structure 6G is provided which 

Comprises top and bottom header plates 6 to 
which are secured side plates 62, by bolts 63 
extending through the side plates 62 and through 
suitable flanges 66 on the header plates 66, the 
bolts being held by nuts 66. Preferably, a seal 
ing gasket 65 of suitable construction is inter 
posed between the flange 64 and side plate 62 
to Seal the joint. 
A plurality of tubes 6 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. En 
serted in the end of each tube is a bushing G 
which preferably is provided with a portion which 
projects out of the tube 6 and is provided with 
a flange i? adapted to seat against the end edge 
of the tube. A quantity of solder 73 is disposed 
Over the surface of the header plate 6 and 
against the end of the tube and the projecting 
portion of the bushing 70. 

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 2 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 



2,270,864 
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, 
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 

0. 
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S 
ends, means including silver solder connecting 
said enlarged ends, said 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 capacity to prevent 
annealing said tubes during the high tempera 
ture soldering operation, and strengthening said 
headers. 
EMILE BLAIR, OTHERwise EMILIEN BLAIS. 


