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UNITED STATES 

1,852,489 

PATENT OFFICE 
EDWARD G. SULLIVAN, OF AMARILLO, TEXAS, ASSIGNOR TO JOSEPH. S. BELT, OF 

AMARILLO, TEXAS 

BEAT EXCEANGER 

Application filed February 17, 1931. Serial No. 516,487. 
This invention relates to heat exchangers, 

or to an apparatus for use in transferring 
heat from one fluid to another fluid, through 
an intervening heat conducting wall. 
The primary object of the present inven 

tion is to provide a new and improved con 
struction of heat exchanger which is con 
siderably more efficient than prior apparatus 
of a similar nature heretofore used and known 

0 to me. 
A more specific object of the present in 

vention is to provide, in a heat exchanger, an 
improved form of heat exchange unit, where 
in the fluids will be caused to flow in heatin 

15 terchanging relation for a comparatively 
great distance as compared to the actual 
length of the unit itself, and wherein the 
fluids are brought to and maintained in a 
highly turbulent state while flowing in heat 

20 interchanging relation, whereby maximum 
efficiency is insured for a heat exchanger of 
comparatively small size. 
Another object of the invention is to pro 

wide a heat exchange unit embodying a spiral 
ly twisted flattened tube or conduit through 
which one fluid is adapted to flow in a body 
of relatively thin wide cross sectional area, 
and a further tube or conduit encasing the 
spirally twisted flattened tube or conduit and 
through which the other fluid is adapted to 
pass in spiral paths at opposite sides of the 
spirally twisted flattened tube, whereby heat 
is conveyed uniformly and rapidly through 
both walls of the spirally twisted flattened 
tube from one fluid to the other for effectively 
and uniformly cooling or heating the fluid 
passing through the spirally twisted flattened 
tube throughout the cross sectional area of 
the body of the latter liquid. 
My invention may be used for either heat 

ing or cooling fluids, either of a gaseous or 
liquid character. 
The nature of the present invention as well 

as the objects and advantages thereof will be 
more clearly apparent from the following de 
scription taken in connection with the accom 
panying drawings, in which: 

Figure 1 is a view partly in elevation and 
50 partly in section of a tube used to form the 

30 

35 

45 

inner conduit of a heat exchange unit em 
bodying the present invention. 

Figure 2 is an edge elevational view of the 
tube shown in Figure 1 after being partly 
flattened as the first step of forming the inner 
conduit. 
Figure 3 is an enlarged transverse section 

on line 3-3 of Figure 2. 
Figure 4 shows the flattened tube of Fig 

ure 2 after it has been spirally twisted. 
Figure 5 is a view of the tube shown in 

Sigure 4 with smaller tubes loosely coiled 
at and about opposite sides thereof. 
Figure 6 is a view of the construction shown 

in Figure 5 after the inner conduit has been 
twisted to a greater degree together with 
the associated coiled tubes. 

Figure illustrates the device of Figure 
6 arranged within an outer conduit to pro 
vide one form of completed heat exchange 
unit. 

Figure 8 is a transverse section on line 8-8 of Figure 7. 
Figure 9 is a vertical section of a heat ex 

changer employing a single unit of the form 
shown in Figure 7. 
Figure 10 is a view similar to Figure 9, showing a heat exchanger employing a plu 

rality of the units shown in Figure 7, the 
units being connected in series. s 

Figure 11 is a view similar to Figure 10 
of a heat exchanger employing a plurality 
of the units shown in Figure 7, the units be 
ing connected in parallel. 

Figure 12 is a view similar to Figure 7 
of a modified form of heat exchange unit em 
bodying the present invention. 
Figure 13 is a fragmentary view partly 

in elevation and partly in section showing a 
portion of one of the tubes coiled about the 
inner conduit of the unit shown in Figure 12, 
and illustrating clearly the manner in which 
a strand of wire is spirally wound about each 
of these tubes. - 

Figure 14 is a transverse section on line 
14-14 of Figure 12; and 

Figure 15 is a view similar to Figure 14, 
showing a modification of the unit of Figure 
12 wherein the rods coiled about the inner 
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conduit are solid instead of being in the form 
of hollow rods or tubes. 
The present invention in its broadest aspect 

contemplates the provision of a heat exchange 
unit including an inner conduit 5 in the form 
of a flattened spirally twisted tube of heat 
conducting material, and an outer tube or 
conduit 6 snugly encasing the spirally twist 
ed flattened tube or inner conduit 5. As 
shown in Figure 3, the tube forming the con 
duit 5 is flattened so as to leave a thin wide 
passage through which one of the fluids may 
flow in a body of relatively thin and wide 
cross sectional area. This provides the con 
duit 5 with wide opposed walls which are 
subjected throughout their width to the heat 
ing or cooling action of the other fluid as it 
flows through the outer conduit 6 between the 
latter and the inner conduit 5. In this way, 
rapid and efficient transfer of heat is caused 
to take place with respect to the two fluids, 

25 
a unit of given lesser length. 

35 

and due to the spiral form of the inner conduit 
and the fact that the outer conduit 6 snugly 
encases the same, the two fluids are caused 
to travel in a relatively long spiral path for 

In flowing 
spirally, the fluids are brought to and main 
tained at a highly turbulent state as distin 
guished from a steady stream, thus maintain 
ing both liquids in a condition where uni 
form exchange of heat takes place in a most 
efficient manner. As is well known in con 
nection with other types of heat exchangers, 
the fluids are preferably caused to flow 
through the conduits in opposite directions, 

: a well known feature in connection with coun 
tercurrent heat exchangers. 
In forming the inner conduit 5, I prefer 

ably take a length of cylindrical tubing as 
indicated at 5a in Figure 1, and flatten the 
same throughout the major portion of its 
length as indicated by dotted lines in Figure 
1 and shown by full lines in Figures 2 and 
3. This leaves a thin wide passage 5’ through 

5, which the fluid may pass, and provides the 
tube with relatively wide opposed walls 5'. 
The flattened tube is then subjected to an 
axial twisting action while being maintained 

50. 
under slight longitudinal tension, thereby 
bringing the same to the form shown in Fig 
ure 4 wherein the major intermediate portion 

55 

of the flattened tube is spirally twisted. 
While in some uses a heat exchange unit 

consisting only of the inner conduit 5 and 
outer conduit 6 would prove as efficient as 
necessary or desired, there are some uses in 
which more efficient heat interchange is nec 
essary. In this event, I preferably arrange 
rods 7 which may be hollow at opposite sides 
of the tube when spirally twisted as shown 
at 5b in Figure 4, and loosely coil these rods 
about the twisted tube as shown in Figure 
5. The tube 5b and rods 7 are then tightly 
twisted together into intimate contact as 
shown in Figure 6. By leaving one end of 
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the tube 5b in cylindrical form and havin 
the other end thereof flattened, the ends o 
the rods may be arranged parallel with and 
at opposite sides of the flattened end of the 
tube 5b as shown in Figure 6 so that the ele 
ment shown in the latter figure may be read 
ily inserted within the outer conduit 6. The 
flattened end of the tube 5b may then be suit 
ably returned to cylindrical form and the 
adjacentends of the rod 7 separated as shown 
in Figure 7 to complete the assembly of the 
unit. It will be found in constructing the 
element of Figure 6 that the rods 7 will pro 
ject a slight distance beyond the tube 5b so 
that a slight space will be left between the 
latter and the outer conduit 6. This insures 
flow of fluid longitudinally of the outer con 
duit across the spiral rib portions of the tube 
5 and across the rods 7, while other portions 
of the fluid will break up and flow inspiral 
paths so as to follow the twisted form of the 
tube 5b and the coiled form of the rods 7. 
The result of this action is that the fluid 
passing through the outer conduit 6 between 
the latter and the inner conduit will be 
brought to a very highly turbulent state, 
thus producing a more efficient heat exchang 
ing action. 
As shown in Figure 5, the rods 7 may be of 

hollow form or in the nature of tubes through 
which some of the fluid may pass in addition 
to passing through the conduit 6 between the 
latter and the inner conduit 5 when still 
greater heat exchanging efficiency is required. 
However, as shown in Figure 15, the rods 7 
may be solid so that the unit may be adapted 
only for passage of one fluid between the 
conduits. 5 and 6 and for the passage of the 
other fluid through the conduit 5. In either 
case, the rods 7 may be further provided with 
a helical external winding of wire as at 8. 
This helical winding of wire will be used so 
that its convolutions are spaced apart, and 
the action of the winding is to still further 
break up the fluid as it flows between the 
conduits, thereby still further increasing the 
degree of turbulence of the fluid. The rods 
in solid form are indicated at 7a in Figure 15. 
There are a great variety of ways in which 

heat exchange units constructed in accord 
ance with the present invention may be used 
in providing a heat exchange apparatus, and 
when using the E. for the cooling of 
one gas passing through the inner conduit 
5 by means of another gas passing between 
the conduits, such gases are usually under 
considerable pressure. When under pressure, 
the flow of R gas is forced and the break 
ing up of the gas is enhanced so that a high 
degree of turbulence is insured, r 

Figures 9, 10 and 11 are included to mere 
ly show in a general way how heat exchange 
units embodying the present invention may 
be employed in a complete heat exchanger, 
with the conduits properly associated with 
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different sources of fluid supply and exhaust or outlet. In Figure 9, a single unit is em 
ployed, the condit 6 being placed within 
a casing 9 having headers 10 and 11 at oppo 
site ends thereof with which the opposite 
ends of the conduit 6 respectively communi 
cate, as do also the opposite ends of the rods 
7 when in tubular form or in the nature of 
tubes. These headers are respectively pro 
vided with fluid discharge and supply pipes 
12 and 13, while the opposite ends of the in 
ner conduit 5 extend through the headers for 
connection with pipes leading to a source of 
supply of another fluid and to a point of dis 
charge for such fluid after being heated or 
cooled. The space between the casing 9 and 
the outer conduit 6 of the heat exchange unit 
may be filled with suitable insulating mate 
rial 14. While the same has not been shown, 
it is obvious that the conduits or pipes out 
side of the heat exchanger may be suitably 
insulated, together with the headers 10 and 
11. 
The construction of Figure 10 is very simi 

lar to that described in connection with Fig 
are 9 except that a plurality of the heat ex 
change units are employed within the casing 
9a, and the conduits 5 of the several units are 
connected in series as at 15. This use of a 
pluarlity of units will be required where 
greater heat exchanging efficiency and the 
cooling or heating of a greater volume of 
fluid is required. 
The construction of Figure 11 is also quite 

similar to that of Figure 10, the difference 
being that the inner conduits 5 of the sev 
eral heat exchange units are connected in par 
allel. In other words, adjacent ends of the 
conduits 5 of the several units are connected 
together and to a common fluid supply pipe 
16, while the opposite adjacent ends of said 
inner conduits 5 are similarly connected to 
gether and to a common outlet pipe 1. The 
tubes 7 and outer conduits 6 of the units 
shown in Figures 10 and 11 all open at their 
opposite ends respectively within the headers 
10a and 11a, and these headers are provided 
respectively with fluid discharge and supply 
pipes 12a and 13.a. w 

It is obvious that the same form of heat 
exchangers may be constructed when the 
units are devoid of the spiral or coiled rods 
7, or if such rods are used in solid form as 
shown in Figure 15. It is also noted that the 
passage through the spirally twisted inner. 
conduit is somewhat exaggerated in the draw 
ings for sake of clearness. In actual prac 
tice, the tube 5a, will be flattened so that a very 
fine or thin passage is provided at 5' between 
the opposed wide walls 5'. In tightly twist 
ing the parts to the final form of Figure 6, 
the opposite edge portions of the flattened 
tube will swell slightly so that the tube 5a. 
will be brought into concave form at op 
posite sides for fitting the contacting curved 
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sides of the rods or tubes 7 to a great extent. 
This is indicated generally in Figures 8 
and 15. 
From the foregoing description it is be 

lieved that the construction and operation, 
as well as the advantages of the present in 
vention will be readily understood and ap 
preciated by those skilled in the art. It will 
be particularly understood that various 
changes and modifications of the invention 
are contemplated, and that it is fully ap 
preciated that the invention may be adapted 
to various uses and types of construction 
Without departing from the spirit and scope 
of the invention as claimed. 
What I claim as new is: 
1. In a heat exchanger, an inner conduit 

in the form of a flattened tube compactly spi 
rally twisted, an outer cylindrical conduit 
co-axial with and snugly encasing the inner 
conduit, said conduits being in non-commu 
nicating relation, means to supply said outer 
conduit with a fluid, and means for separately 
supplying the inner conduit with a fluid 
adapted to flow in heat-interchanging rela 
tion with the first-named fluid. 

2. In a heat exchanger, a heat exchange 
unit comprising an inner conduit in the form 
of a flattened spirally twisted tube, rods ar 
ranged at opposite sides of said tube and 
coiled about the latter to intimately follow 
the twists of the same, and an outer conduit 
Snugly encasing the inner conduit and rods. 

3. In a heat exchanger, a heat exchange 
unit comprising an inner conduit in the form 
of a flattened spirally twisted tube, rods ar 
ranged at opposite sides of said tube and 
coiled about the latter to intimately follow 
the twists of the same, an outer conduit snug 
ly encasing the inner conduit and rods, and 
wire strands helically wound about said rods 
with the convolutions thereof spaced apart. 

4. In a heat exchanger, a heat exchange 
unit comprising an inner conduit in the form 
of a flattened spirally twisted tube, rods ar 
ranged at opposite sides of said tube and coil 
ed about the latter to intimately follow the 
twists of the same, an outer conduit snugly 
encasing the inner conduit and rods, wire 
strands helically wound about said rods with 
the convolutions thereof spaced apart, said 
rods being in the form of tubes or hollow for 
the flow of fluid therethrough. 

5. In a heat exchanger, an inner conduit in 
the form of a flattened spirally twisted tube, 
an outer cylindrical conduit co-axial with 
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and snugly encasing said inner conduit, and 
means for passing fluids in opposite direc 
tions through said conduits. 

6. In a heat exchanger, an inner conduit in 
the form of a flattened spirally twisted tube, 
tubular rods arranged at opposite sides of 
and snugly coiled about said inner conduit 
to follow the twists thereof, an outer cylin 
drical conduit snugly encasing the inner con 
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duit and tubular rods, means to supply said 
tubular rods and outer conduit E. a fluid, 
and means for separately supplying the inner 
conduit with a fluid adapted to flow in heat 

s Shanging relation with the first-named 
0. 

7. In a heat exchanger, aheat exchange unit 
including an inner conduit in the form of a 
flattened spirally twisted tubehaving a spiral 
passage of relatively thin wide cross sectional area through which a fluid is adapted to flow 
for being brought to and maintained in a 
highly turbulent state, and an outer cylin 
drical conduit co-axial with and snugly en 
casing the inner conduit and through another fluid is adapted to flow in heat-interchanging 
relation with the walls of the inner conduit. 

8. In a heat exchanger, a fluid conduit in 
the form of a flattened spirally twisted tube 
of heat-conducting material, said conduit 
having opposed wide walls defining a fluid 
passage of relatively thin and wide cross sec 
tional area and of spiral form, said walls 
being concaved, and rods arranged at oppo 

25 site sides of and coiled about said conduit to 
follow the twists thereof in intimate contact 
with the concave walls of said conduit. 

9. In a heat exchanger, a fluid conduit in 
the form of a flattened spirally twisted tube 

so of heat-conducting material, said conduit 
having opposed wide walls defining a fluid 
passage of relatively thin and wide cross sec 
tional area and of spiral form, said walls be 
ing concaved, rods arranged at opposite sides 

as of and coiled about said conduit to follow 
the twists thereof in intimate contact with 
the concave walls of said conduit, and an out 
er fluid conduit snugly encasing the first 
named conduit and the rods. 

40 10. In a heat exchanger, a fluid conduit in 
the form of a flattened spirally twisted tube 
of heat-conducting material, said conduit 
having opposed wide walls defining a fluid 
passage of relatively thin and wide cross sec 

45 tional area and of spiral form, said walls be 
ing concaved, rods arranged at opposite sides 
of and coiled about said conduit to follow 
the twists thereof in intimate contact with 
the concave walls of said conduit, an outer 

50 fluid conduit snugly encasing the first-named 
conduit and the rods, said rods being of tubu 
lar form to provide further conduits for the 
same fluid as is caused to flow between the 
first-named conduits. . 

55. In testimony whereof I affix my signature. 
EDWARD G. SULLIVAN. 


