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This invention relates to heat. exchangers 
and moreparticularly to improvements in the 
construction thereof. My invention is par 
ticularly applicable to that type of heat ex 
changer whichmaybe used in cooling orheat 
ing buildings, such as moving picture the 
atres, auditoriums ordwellings. This inven 
tion may also be used in cooling an internal 
combustion engine such as that of an auto 
mobile, aeroplane, motorboat or similar en 
gines in which radiator cooling systems are 
used. This invention comprises certain im 
provements in the construction of heat ex 
changers and the manner in which the appa 
ratus is assembled. * 
Numeroustypes of radiatorsorcooling de 

wices have been used in connection with auto 
mobile cooling systems, and since the more 
recent demand has been made forcooling sys 
tems in moving picture houses and theatres, 
certain types of heat exchangers have been 
devised for this purpose. In many types of 
automobile radiators a plurality of hollow 
metal tubes nested together and soldered in 
lace in honey-comborsimilar fashion have 
*; used. The assembled tubes of the ra 
diators now in use are usually soldered to 
gether around the exterior end surfaces and 
also soldered into their respective frames or 
containers. In the ordinary construction of 
radiators or heat exchangers the use of a 
largequantity of solderhas been mecessary to 
attach the assembled tubes to their support 
ing frames, this extensive use of solder re 
sulting in an expensive and dificult appa 
ratus to construct. | 
One of the objects of my invention is to 

eliminate the use of solder for attaching the 
assembled tubes of a heat exchanger to their 
encasing frame or container. A. further ob 
ject of this invention is to provideside walls 
with corrugated edges which may be folded 
into and securely attached to the heat ex 
changer tubes in an inexpensive, quick and advantageousmanner. 
This invention also provides a heat. ex changer whichmaybe used eitherforcooling 

hot air or forheating cool air, as the situa 
tion may demand, and may also be used for cooling liquids and condensing gases. 

Further objects, advantages and distinct 
features of this invention will become ap 
parent upon considering the detailed de 
scription which is to be taken in conjunc 
tion with the accompanying drawings, in 
which: * 

Fig. 1 is a front elevation of my assembled heat exchanger; 
Fig. 2 is a vertical side view of the heat 

exchanger shown in Fig.1, with a fanmount edadjacentthereto; 

55 

Fig.3 is? perspective view of the top Sec- i tion of my heat exchanger; 
| Fig. 4 is a side view of an end section of 
one of the side walls; * 

Fig. 5isa plan view ofone of theside walls 
before folding or shapingit to fit the side of 
the nested tubes: 

Fig, 6 is a side view of one of the folded 
sides of the side wall shown in Fig. 5; 

Fig. 7 is a detail sectional view of one of 
the top and bottom strips; 

Fig. 8 is a detail view of one of the over 
lapping members of the top and bottom 
strips shown in Fig.7; 

Fig. 9 is a perspective view of one of the 
tube supporting members; 
Fig 10 is an enlarged view of one of the 

tubes showing the hexagonal ends of the 
tubes forming the central portion of the nest. 

Fig. 11 is a view similar to Fig. 10 of one 
of the tubes showing the end construction 
of the tubes of the top and bottom rows; 

Fig. 12 is a view ofone of the tubes which 
is placed into the cavities between the cor 
rugatedside strip and the radiator frame; 

Fig. 13 is a sectional elevation of the heat 
exchanger taken along line 13–13 of Fig 1, 
showing the arrangement of the tubes, and 
the construction of the liquidor steam cham 
ber; * 

Fig. 14 is an enlarged front elevation of 
the heat exchanger tubes taken along line 

i 14–14 of Fig. 13; 
Fig. 15isa sectional plan view of the heat 

exchanger tubes taken along line 15–15 of 
Fig. 14; . . 
Fig. 16 is a view similar to Fig. 15 taken 

along line 16–16 of Fig. 14; and 
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Fig. 17 is a view similar to Fig. 14 showing 
the corrugated side strips in detail. 

Referring to the drawings, reference nu 
meral 1 represents the assembled. heat ex 
changer as shown in Fig, 1. The heat ex 
changer 1 containsa plurality of open-ended 
hollow metal tubes 2 arranged in parallel re 
lation to each other with the peripheral sur 
face of their open endssolderedtogether, giv 
ing the frontoftheassembled tubes 2? honey 
comb appearance. The ends of the metal 
tubes:2 are of agreater diameter than there 
maining portion of the tubes, thus forminga 
space 3 between the tubes 2, in which liquid 
or steam may circulate. The circulating 
space 3 is increased by the indentions orde 
ressions, 4 in the surface of the tubes 2. 
ounted on each side of the assembled tubes 

2, perpendicular to the openings therein, is 
a corrugated strip 5 the surface of which is 
so disposed as to fit the configurations of the 
tubes 2 which contact therewith, and whichis 
adapted to be folded along its edge at the 
point indicated by the line 22. An outer side 
member 6is placedover the strips 5 and forms 
the outside walor side frame of the heat ex 
changer unit. Across the top and bottom of 
the assembled tubes 2 over the enlarged sur 

i face at each end thereof is placed a metal 
strip 7 havinga folded edge indicated by the 
line 21. The body portion of these strips 
may be U-shaped in cross section as shown in 
Fig.8. The widthof the body portion of the 
strips 7 corresponds to the length of the en 
larged portion of the tubes:2 ateachend there 
of. The top and bottomstrips7 aresuitably 
connected to the side strips 5 thus forminga 
frame for the tubes 2. The ends of the tubes 
2 adjacent to and contacting with the top and 
bottom strips 7 are pentagonal in shape as 
shown in Fig. 11 and the ends of the tubes 2 
adjacent the corrugatedside strips 5 are hex 
agonal in shape, as are all of the tubes 2 ex 
ceptthose contacting with the top and bottom 
strips 7 as best shown in Figs. 1 14 and 17. 
Theedges of the side strips 5 and of the top 
and bottom strips 7 are folded over and se 
curelycrimped into the adjacent tubes 2; the 
edges of the side strips 5 being folded into 
the hexagonal tubescontacting therewith and 
the edges of the top and bottom strips 7 being 
folded into the pentagonal tubes which are employedonlyalong the top and bottomstrips 
7. "In placing the outside cover strip 6. over 
the corrugated strip 5 a space 10 is formed 
between the cover strip 6 and the corrugated 
strip 5 in each place where the strip 5is in 

i dented to conform with the configuration of 
60 
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the hexagonal tubes 2, as best shown in Figs. 
16 and 17. Into each of the spaces 10 is in 
serted a hollow metal tube 11 whose shape 
corresponds to that of a half hexagonal tube. 
The tube 11 may be formed of the same ma 
terial as that used in the formation of tubes 
2 although their surface remains the same 

1,743,785 

throughout their entire length, there being 
no depressions therein norany space formed 
between the outer surfacethereof and the ad 
jacent side strips 5 and 6 as they are sepa 
rated from the circulating chambers by the 
strips 5. Tubes 11 are inserted merely to 
give the construction greater strength and to 
complete the rectangular assembly. All of 
the tubes:2 and 11 assembled in thisapparatus 
are hollow throughout their entire length in 
order to allow the free passage of air there 
through. 
Liquid or steam chambers 12 and 13, each 

of which comprises a tank 14 formed by an 
outer shell 15, are suitably attached to the 
top and bottom respectively of the assembled 
tubes 2 as shown in Figs. 1 and 13. The 
chambers 12 and 13 are provided with rein 
forcing members 16 disposed at interwals 
along the top and bottom of the assembled 
tubes 2. Chambers. 12 and 13 aresecurely at 
tached, asby Soldering, to the supports 16 and 
to the top and bottom strips7. Suitable 
threaded openings or couplings 17 and 18 are 
provided in chambers 12 and 13 respectively 
fortheinlet and outlet of the material desired 
to be used in the heat exchanger. The tank 
14 ofchambers 12 and 13hasan openingthere 
in (not shown) in direct relation to the pas 
sage space 3 around the tubes 2, so that steam 
orliquidinjected into the tank14 ofchamber 
12 passesimmediately to the circulatingspace 
3 or may be cooledor heated as desired, in 
its passage to the lower chamber 13. A. fan 
19. mounted on shaft 20 and driven by any 
suitable means (not shown) is situated on one 
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side of the heat exchanger 1 for forcing air* 
through the hollow tubes 2 and 11. 
The heat exchanging operation of this ap 

paratus is performed in the following man 
ner: To cool air by the heat exchanger 1, 
brine orany suitable liquid refrigerant is 
inserted into the tank 14through the opening 
17 of chamber 12. As the refrigerating 
liquid reaches the tank 14, it passes immedi 
ately to the circulating space 3 between the 
tubes 2 through whichit may circulate until 
itreaches the bottom chamber 13. If desired 
the liquid may beinjected through the open 
ing 17 until the tank 14 of the bottom cham 
ber 13, the passage space 3 between the tubes 
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2 and the tank 14 of the top chamber 12 have . 
become filed, after which the outlet 18 of the 
chamber 13 may be opened suficiently to al 
lowa portion of the liquid to pass out, and 
at the same time a stream of liquid may be 
continuously injected into inlet 17 corre 
spondingto that which is passing of through 
the outlet 18, thus forming a continuous cir 
culation of the liquidaround the tubes 2. By 
means of the suction or blower fan 19 air is 
forced through the hollow tubes 2. In pass 
ing through tubes 2 the heat of the air is ab 
sorbed by the cold surface of the tubes 2 and 
transmitted to the circulating refrigerant 
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which is passing around the tubes. The de 
gree to which the airis cooled by its passage 
through tubes 2, maybe varied and regulated 
as desired by regulating the temperature of 
the refrigerating. liquid, the degree of chill 
imparted to the air dependingentirely upon 
the temperature of the circulating refrigerant 
and upon the amount of heatthat must be ab 
sorbedor removed from the air. If it is de 
sired to coola hotliquidor to condense steam 
orgas in the heat exchanger 1, the operation 
maybe performed in a mannersimilar to that 
employed for cooling hot air. The hot gas 
or liquid is introduced to the chamber 12 
through theinlet 17, and is allowed, to circu 
late through the passage space 3 to the bottom 
chamber 13. Air, which may have been pre 
wiously cooled, is forced through the hollow 
tubes 2 to absorband remove the heat trans 
mitted to the walls of the tubes by the hot 
liquid orgas circulating in the passage 3. In 
condensinga gas by the heat exchanger 1 the 
gasisintroduced into the opening 17 ofcham 
ber 12 and the condensate will collect in the 
bottom chamber 13 after having been con 
densed in its passage through the circulating 
space 3. The material collected in the bottom 
chamber 13 is then drawn of through the 
outlet 18. 
The heatexchanger 1 may be used asa heat 

ing unit forheating buildings orauditoriums 
in a manner similar to that described in the cooling operation by circulating a hot liquid 
in the passage space 3 around the tubes 2 and 
forcingairthrough the tubes 2 by the fan 19. 
Suitabie hotair pipes may be arranged to re 
ceive the heated air after it has passed 
through the tubes 2 to distribute itas desired 
for the heating purposes. The degree of heat 
imparted to the air will depend upon the tem 
perature of the air when it contacts with the 
tubes 2 and also upon the amount of heat 
transmitted to the walls of tubes 2 by the hot 
liquid circulating in the passage 3. 
One of the principal features in the con 

struction of my heat exchanger is the man 
nerin whichtheside strips 5 and the top and 
bottom strips 7 are attached to the tubes 2 
forming a frametherefor, without the use of 
solder. The corrugated edges of the strips 
5 and 7 are constructed in sucha manner that 
they may be folded overon a line parallel to 
the edge as shown in Figs. 5 and 7 and 
crimped into the open ends of the tubes 2 
forminga water-tight connection between the 
strips 5 and 7 and the tubes 2, thereby en 
tirely eliminating the use of solder for at 
taching the tubes 2 to their frame container. 
This feature results in a great saving in the 
cost of construction of heat exchangers of 
this type and also provides aquick, easy and 
effectivemanner in which the tubes 2 may be 
attached to the container. 
of the strips 7 are provided with slits 19 
spaced from each other a proper distance to 

The folded edges 

3 

aline with the contacting walls of the nested 
tubes. 

In assembling the heat exchanger, the side 
nest with the exception of tubes 11 is first 
formed, and strips 5 are placed in position. 
Th? body portion of these stripsis equal 
to the length of the tubes, and after assembly 
the edgesare folded over on lines 22 into the 
adjacent tubes as shown in Figs. 16 and 17. 
The tubes 11 andside frame members 6 may 
then be placed in position. Top and bottom 

and Strips 7 are first soldered to the top 
bottom chamber, the U-shaped bottom por 
tions being Secured thereto as shown in Fig. 
13. The upper and.lower chambers are then 
placed in position and the foldable edges 
of Strips,7 then folded into the tubes and 
crimped in place. As stated, this eliminates 
the mecessity of solder around the edges of 
the nest, and the adjacent ends of the tubes 
away from the edges are soldered to each 
other in the usual manner. ". 
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When this heat exchangeris used in con 
nection with an automobile cooling system, 
suitable additional connections for the inlet 
and Outlet of the w?ter to and from the en 
gine may be added. In this embodiment 
Watermaybe placed in the opening 17until 
both chambers 12 and 13 and the circulatin 
space 3 has been completely filled, after whic 
the opening 17 is closed. The water may 
be supplied to the engine from a suitable 
connection to the bottom chamber 13 and 
after circulating through the water passage 
of the engine the water will be returned to 
the top chamber 12 through a suitable con 
nection (not shown) thereto, and is cooled by passing through the circulating space 3 
around the air cooled tubes 2. 
The construction of the essential members 

of this apparatus can be waried within wide 
limits to suit the requirements of the par 
ticular circumstances; and in general all of 
the advantages of my invention can be used, 
ewen though the details of construction are 
modified to suit various conditions. My in 
vention is accordingly not limited to the par 
ticularembodiment thereof specificallyde 
scribed, but includes such modifications 
thereof asfall within the scope of the ap pended claims. 
I claim as my invention: 
1. In a heat exchanger a plurality of hol 

low tubes nested together in a frame, each 
of said tubeshavingenlarged ends, and side 
stripshaving foldable edges attached to each 
side of the assembled tubes, said edges being 
folded perpendicular to the body portion of 

, the strips, and said strips being attached by 
further folding and securely crimping the 
edges thereof into the enlarged ends of said 
tubes. J 

2. In a heatexchangera plurality of Open 
ended hollow metal tubes nested in a frame, 
said frame being formed by foldable strips 
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attached to all four sides of the assembled 
tubes, folding theedges of Saidstrips perpen; 
dicular to the body portion of the strips and 
furtherfoldingsaidedgesinto the ends of the 

i adjacent tubes, to attach Said strips to Said 
tubes. |- 

i 3. In a heatexchangera plurality of open 
ended hollow metal tubes nested together in 
a frame, said frame being formed by attach 

o ing Strips having foldable edges to the top 
and bottom sides of the assembled tubes with 
edges folded perpendicular to the body por 
tion of the strips, said foldable edges being 
then folded and securely crimped into the 

15 open ends of Said tubes, the tubescontacting 
with the top and bottom strips having en 
larged ends of pentagonal shape, and the 
tubescontacting with said, side strips having 
enlarged ends of hexagonalshape. 

20 4. A. heat. exchanger comprising a plu 
rality of hollow tubes nestedtogether, and a 
frame surrounding said, nest of tubes, the 
frame members being provided with fold 
able edges, said edges being adapted to be 

i folded and crimped into the ends of the ad 
jacent tubes to attach said frame to said nest 
of tubes. 
i In testimonywhereof Iafixmy signature. 

FRANK R. LESZCZYK. 
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