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RADIAL FLOW HEAT EXCHANGER 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] The present application is a continuation of co 
pending US. patent application Ser. No. 09/131,930 ?led 
Aug. 10, 1998, priority of Which is hereby claimed under 35 
U.S.C. § 120. 

BACKGROUND OF THE INVENTION 

[0002] This invention relates to heat exchangers and more 
particularly to an improved radial ?oW heat exchanger in 
Which the ?uid to be heated or cooled ?oWs betWeen an 
outer peripheral portion of the heat exchanger, through a 
plurality of radially extending tubes, and a center hub, the 
tubes passing through a ?n arrangement. 

[0003] Various types of heat exchangers are knoWn such 
as shell in tube heat exchangers and radial ?oW heat 
exchangers. In the radial ?oW heat exchangers of the prior 
art, ?uid ?oW tubes are arranged in a helical manner With the 
?oW of ?uid being in a spiral fashion through the helically 
formed tubes. Typical of the prior art patents related to radial 
?oW heat exchangers are the folloWing: Kissinger, US. Pat. 
No. 4,182,423 of 1980; Gilli et al, US. Pat. No. 3,712,370 
of 1973; Tipman et al, US. Pat. No. 5,088,550 of 1992; 
Borjesson et al. US. Pat. No. 4,128,125 of 1978; Dobbins et 
al, US. Pat. No. 4,883,117 of 1989, by Way of example. 

[0004] In addition to the above, there are numerous pat 
ents dealing With heat exchangers such as those With radial 
baf?es, US. Pat. No. 4,642,149; spiral heat exchangers, US. 
Pat. No. 4,993,487; circumferential ?oW heat exchangers, 
US. Pat. No. 5,343,936; ?nned tube heat exchangers, US. 
Pat. No. 5,355,944, as an example. 

[0005] While most of the prior art heat exchangers gen 
erally operate satisfactorily for their intended purpose, in 
some cases, the heat exchanger is of a complex shape, 
relatively expensive to manufacture, sometimes have a rela 
tively large pro?le and has an ef?ciency less than that 
desired. 

[0006] Thus, there is a need for an improved radial ?oW 
heat exchanger Which is relatively easy to manufacture, of a 
relatively small pro?le and Which operates ef?ciently. 

SUMMARY OF THE INVENTION 

[0007] An object of this invention is to provide an 
improved radial ?oW heat exchanger in Which ?uid ?oWs 
from a manifold Which includes a plurality of radially 
spaced ?oW tubes, connected at their other end to an exit 
manifold. 

[0008] Another object of this invention is to provide a 
radial ?oW heat exchanger in Which a cooling or heating ?n 
structure is positioned in heat conducting contact With 
radially arranged tubes Which pass through apertures in the 
?n structure. 

[0009] Yet another object of this invention is the provision 
of an improved, relatively simple radial heat exchanger 
Which is compact in pro?le and Which is relatively easy to 
manufacture and assemble. 
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[0010] These and other objects are achieved in accordance 
With this invention by a unique design of a heat exchanger 
that is preferably round in shape (or other shape) and Which 
radially directs the ?uid to be heated or cooled betWeen the 
outer perimeter of the heat exchanger and the center of the 
circle (hub) through several radially disposed tubes (spokes) 
Which interconnect the hub to the perimeter ring. As the ?uid 
travels toWards or aWay from the center, heat is exchanged 
via a Wound spiral ribbon of heat exchange material (?ns), 
such as aluminum sheet metal, through Which the tubes pass. 
When the ?uid gets to the exit of the exchanger it is collected 
and directed back to the component from Which heat is being 
extracted (or to Which it is being added). 

[0011] In a preferred form, the ?uid to be cooled or heated 
enters into the holloW outer ring through a ?uid inlet. The 
?uid then ?oWs around the perimeter of the holloW outer 
ring and through all the holloW ?uid carrying “spokes”. As 
the ?uid passes through the spokes it gives off or picks up 
heat conducted through the ?ns. One could use a fan to force 
air through the ?ns, or one could use the heat exchanger 
Without a fan at all. Even Without forced convection, the 
radial heat exchanger concept has inherent bene?ts over a 
traditional, folded-?n heat exchanger. It is understood hoW 
ever, that the ?uid ?oW may be from the hub to the outer 
ring, again in a radial direction. FolloWing are some of the 
bene?ts over a conventional heat exchanger. 

[0012] (1) Packaging—If forced convection is used (a 
fan), and if the fan is approximately the same diameter as the 
radial heat exchanger, the need for a transition duct to direct 
the air ?oW evenly over all the ?ns is not necessary, as it 
Would be if using a fan to cool a rectangular shaped 
exchanger ef?ciently. This elimination of the transition duct 
reduces the package thickness. Although some rectangular 
heat exchangers are cooled by fans Without using a transition 
duct, the result is an inef?cient use of material. 

[0013] (2) Ability to be OptimiZed—When the ?uid enters 
the outer ring (a preferred form) it has the most heat (or 
ability to absorb heat) at this point. Using the equation for 
convective heat transfer, as set forth beloW, it can be shoWn 
that the heat transfer can be optimiZed With a radial design. 

Q=h*A*(T1-I2) 
[0014] Where: 

[0015] Q is the convective heat transfer, 

[0016] h is the convective heat transfer coef?cient, 

[0017] A is the surface area of the ?ns, 

[0018] T1 is the temperature of the air ?oWing over 
the ?ns, and 

[0019] T2 is the temperature of the surface of the ?ns 

[0020] The various realities of the equation above include: 

[0021] (a) The greater the ?n surface area, A, the 
greater the convective heat transfer, Q. 

[0022] (b) The greater the convective heat transfer 
coef?cient, h, the greater the convective heat trans 
fer, Q. In other Words, heat transfer Will increase as 
the ?n surface area and the heat transfer coef?cient 
increase. Applying these considerations to a round 
radial ?oW heat exchanger, the device of the present 
invention provides greater ?n surface area near the 
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outer perimeter of the exchanger. This is important 
since the ?uid enters on the outer perimeter and this 
is When the ?uid has the most heat (or ability to 
absorb heat), as it has just arrived from the compo 
nent that is being cooled (or heated). In short, there 
is greater surface area Where there is greater heat to 
be exchanged. 

[0023] The convective heat transfer coef?cient h is a 
function of several variables. Some of these variables are (1) 
air temperature, (2) air humidity, (3) velocity of air ?oW over 
the ?ns, (4) volume of air over the ?ns, and (5) Whether the 
air How is laminar or turbulent around the ?ns. From a 
design standpoint, the three easiest variables to affect to 
increase heat exchange are (3), (4) and Point number (5) 
Will be touched on later, but for noW (3) and (4) Will be 
addressed. 

[0024] If one is using forced convection to cool the 
exchanger, the velocity pro?le of the air out of a standard 
tube-axial fan is good for optimiZing heat transfer With a 
round radial ?oW heat exchanger. Note that the highest 
velocity and volume of air is at the outer perimeter of the fan 
and decreases toWards the center of the fan. This is important 
because this correlates also to the ?n surface area pro?le of 
the heat exchanger. Stated another Way, the highest air 
velocity and volume of air from a particular fan (biggest h) 
is being bloWn over the area of the heat exchanger With the 
highest ?n surface area (biggest A), at the time that the ?uid 
in the spokes has the most heat (Q) to exchange. This results 
in very ef?cient heat transfer. 

[0025] As the ?uid moves radially inWard it loses more 
and more heat (ability to absorb heat decreases). At the same 
time, the ?ns on a radial ?oW heat exchanger get shorter and 
the air?oW from the fan becomes less. To efficiently remove 
heat from the ?uid as it moves radially toWards the hub, less 
and less ?n area and air How are needed. Since these are 
inherent physical characteristics of a round radial ?oW heat 
exchanger and fan combination, heat transfer is optimiZed. 
In other Words, it is more ef?cient from a materials usage 
perspective to have ?ns that get shorter and shorter. This 
optimiZed heat transfer implies another advantage. 

[0026] (3) Lower Cost—There are several details of 
this invention that Will result in a loWer cost heat 
exchanger When compared to a traditional rectangu 
lar machine-folded-?n heat exchanger. 

[0027] (a) Ef?cient use of material—As explained 
above, the efficient utiliZation of heat exchange 
material implies the need to use less of it. This leads 
to a loWer raW material cost. 

[0028] (b) No machine-folded-?ns—As Will be 
described in more detail later, this heat exchanger 
concept does not require the use of machine-folded 
?ns. The machines needed to make folded-?ns are 
typically very expensive and produce ?n stock at a 
sloW rate. High capital investment and a sloW pro 
duction rate drive the ?nal product cost up. 

[0029] (c) Assembly process—The rate at Which 
these exchangers can be assembled is fast. Addition 
ally, the machines needed to produce ?nal parts 
should be inexpensive. In large quantity production 
situations, if something can be produced faster, it is 
usually cheaper. 
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[0030] The radial ?oW heat exchanger of this invention 
may be used as coolant radiators in motor vehicles such as 
motorcycles, cars, trucks or other forms of transportation or 
as an oil cooler, either as original equipment or after-market 
installation. Other uses involve use as a heat exchanger in 
electronic devices (microchip cooling and the like), HVAC 
systems, air pre-?lters, gas coolers, heat recovery systems, 
gas/gas re-heaters, and the like. 

[0031] This invention has many other advantages, and 
other objectives, Which may be more clearly apparent from 
consideration of the various forms in Which it may be 
embodied. Certain versions of such forms are shoWn in the 
draWings accompanying and forming a part of the present 
speci?cation. These forms Will noW be described in detail 
for the purpose of illustrating the general principles of the 
invention; but it is understood that such detailed description 
is not to be taken in a limiting sense. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0032] FIG. 1 is a diagrammatic plan vieW of a preferred 
form of the radial ?oW heat exchanger in accordance With 
this invention, 

[0033] FIG. 1a illustrates a form of the invention in Which 
the radial How is radially outWardly, 

[0034] FIG. 2 is a vieW similar to FIG. 1, but illustrating 
a rectangular heat exchanger in accordance With this inven 
tion With a fan, 

[0035] FIG. 3 is a plot showing the general shape of the 
velocity pro?le of the air out of a standard tube-axial fan 
used With the radial ?oW heat exchanger of this invention, 

[0036] 
location, 

FIG. 4 is a plot of the ?n surface area versus radial 

[0037] FIG. 5a is a fragmentary plan vieW of a portion of 
the radial tube and ?n arrangement in accordance With this 
invention, 
[0038] FIG. 5b is a side vieW of the radial tube and ?n 
arrangement shoWn in FIG. 5a, 

[0039] FIG. 6a is a plan vieW shoWing the use of con 
centrically arranged strips, 
[0040] FIG. 6b is a vieW similar to FIG. 6a but illustrating 
strips as a continuous Wound spiral, 

[0041] FIG. 7 is a fragmentary plan vieW shoWing the use 
of thicker and thinner ?ns in accordance With this invention, 

[0042] FIG. 8 is a plan vieW illustrating a form of this 
invention in Which the ?n spacing is varied as a function of 
their radial location, 

[0043] FIG. 9 is a plan vieW illustrating a form of this 
invention in Which the ?ns have varying ?oW length, 

[0044] 
FIG. 9, 

[0045] FIGS. 10 and 10a are respectively, a plan vieW and 
a sectional of a louver type ?n in accordance With this 

invention, 

[0046] FIGS. 11 and 11a are respectively, a plan vieW and 
a sectional of a projecting ?nger type ?n in accordance With 
this invention, 

FIG. 9a is a vieW taken along the line 9a-9a of 
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[0047] FIGS. 12 and 12a are respectively, a plan vieW and 
a sectional of a stamped type ?n in accordance With this 
invention, 

[0048] FIGS. 13 and 13a are respectively, a plan vieW and 
a sectional of a lanced offset type ?n in accordance With this 

invention, 

[0049] FIG. 14a is a side vieW of a pre-draWn ?n material 
in accordance With this invention, 

[0050] FIG. 14b is an isometric vieW of the ?n material of 
FIG. 14a, 

[0051] FIG. 14c is a fragmentary plan vieW illustrating the 
mounting of the ?n Material of FIGS. 14a and b in a radial 
heat exchanger in accordance With this invention, 

[0052] FIG. 15a is a sectional vieW of a round tube in 
accordance With this invention, 

[0053] FIG. 15b is a sectional vieW of an elongated tube 
in accordance With this invention, 

[0054] FIG. 16 is a fragmentary plan vieW of a ?n material 
for receiving elongated tube or spokes, 

[0055] FIG. 17a is a fragmentary plan vieW of a ?n 
material for receiving a tube or spokes of serrated outer 
con?guration, 

[0056] FIG. 17b is a diagrammatic vieW of a turbulator 
Which may be used inside the tubes to increase heat transfer, 

[0057] FIG. 18 is a plan vieW of a rounded tube having a 
smaller diameter at one end, 

[0058] FIG. 19 is a plan vieW of an elongated tapered tube 
in accordance With this invention, 

[0059] FIG. 20 is a sectional vieW of a modi?ed form of 
heat exchanger tube With internal ribs, 

[0060] FIG. 21 is a diagrammatic vieW illustrating ?oW 
direction vanes Which may be used in the outer ring section, 

[0061] FIG. 22 is a vieW similar to FIG. 21 but illustrating 
a multiple inlet heat exchanger in accordance With this 
invention, 

[0062] FIG. 23 is a diagrammatic plan vieW of a heat 
exchanger in accordance With this invention in a rectangular 
con?guration With a single ?n spiral, 

[0063] FIG. 24 is a diagrammatic plan vieW of a heat 
exchanger in accordance With this invention in a rectangular 
con?guration With separate ?n pieces, 

[0064] FIG. 25a is a plan vieW of ?n material shoWing the 
side notches for assembly, 

[0065] FIG. 25b is an isometric and diagrammatic vieW of 
an assembly ?xture for building the heater exchange of this 
invention, 

[0066] FIG. 26 is a draWing illustrating the production of 
?n material and assembly of the same, 

[0067] FIG. 27 is a vieW illustrating yet another form of 
?n material in accordance With this invention, 

[0068] FIG. 28 illustrates the How of air as it relates to the 
arrangement oc the spokes or tubes, 
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[0069] FIG. 28a is a diagrammatic vieW of a ?n With one 
roW of spokes or ?uid passages, 

[0070] FIG. 28b is a diagrammatic vieW of a ?n With tWo 
roWs of spokes or ?uid passages, 

[0071] FIG. 29a is an isometric vieW of a machine folded 
?n Wedge structure assembled in the heat exchanger, and 

[0072] FIG. 29b is an isometric vieW of a machine folded 
?n element itself. 

DETAILED DESCRIPTION 

[0073] Referring to the draWings Which illustrate a pre 
ferred form of the invention, FIG. 1 shoWs a radial ?oW heat 
exchanger 10 and Which includes an outer ?uid tight holloW 
ring 12 and a ?uid tight central hub 15 disposed radially 
inWardly of the ring 12. For explanation purposes, a heat 
exchanger in Which the How is radially inWard Will be 
described, although it is understood that the How could be 
radially outWard as illustrated in FIG. 1a, the arroWs indi 
cating the direction of ?oW. 

[0074] The ring 12, illustrated as generally circular, 
includes a ?uid inlet ?tting 16, sealed thereto, for introduc 
ing ?uid into the holloW ring, the latter effectively forming 
a manifold. The inlet ?tting may be braZed or Welded to the 
ring. The ring itself may be circular in cross-section or 
polygonal, e.g., square, rectangular and the like, and com 
posed of a thermally conductive material, preferably a metal. 
If desired, depending on the nature of the ?uid, the ring and 
the other components of the exchanger may be of corrosion 
resistant thermally conductive material. An alternate mate 
rial is a thermally stable plastic Which lends itself to injec 
tion molding of the part. The ring thus includes an outer 
peripheral Wall portion 12a and an interior Wall portion 12b 
. The one end of the tubes are affixed to the interior Wall 
portion 12b of the ring, as shoWn. When used for coolant 
?uid in an automotive environment, a thermostat may be 
positioned in or upstream of the inlet ?tting, as is Well 
knoWn. The central hub 15, also of a thermally conductive 
material or a corrosion resistant material, or the other 
materials described, again generally circular in cross-section 
to receive the other ends of the tubes, includes an outlet 
?tting 17, again sealed thereto as described, through Which 
?uid exits (or enters) the exchanger 10. 

[0075] Attached in a ?uid tight manner to the inner 
peripheral surface of the outer ring are a plurality of indi 
vidual holloW ?uid conducting tubes 20, arranged radially, 
much like spokes in a Wheel, and symmetrically disposed, 
i.e., uniformly spaced from the adjacent tube along its 
length, although the spacing progressively decreases from 
the manifold to the hub. It is understood that the tubes need 
not be uniformly spaced, although that is the preferred 
arrangement. Each of the tubes 20 is composed of a ther 
mally conductive material, preferably metal, and includes a 
?rst end Which is sealed to the ring 12, as shoWn, and a 
second end remote from the ring Which are sealed to the 
central hub 15. In a preferred form, the array of tubes 20 all 
basically lie in the same plane, although it is possible to 
displace or offset each slightly from the adjacent tube, as 
Will be described. It is also possible to have more than one 
roW of tubes. Further, the tubes 20 are preferably evenly 
spaced circumferentially around and Within the ring, With 
the spacing betWeen the ends of the tube adjacent the ring 
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being greater than the spacing of the ends of the tubes at the 
hub. The tubes are made of a thermally conductive material. 

[0076] Also located betWeen the ring 12 and the hub is a 
?n assembly 25 in the form of concentrically or spirally 
disposed heat transfer ?ns Which are in heat transferring 
contact With each of the tubes. These ?ns are made of 
thermally conductive material, as are the tubes. The ?n(s) 
are provided With apertures, as Will be described, through 
Which the tubes pass, the apertures of the various ?ns or 
portions thereof being in alignment for passage of the tubes 
radially inWardly from the outer ring 12 to the hub 15. 

[0077] In practice, the diameter of the tubes is slightly less 
that the transverse dimension of the ring, such that the tubes 
are oriented and lie betWeen the top and bottom Wall 
portions of the ring. Such an arrangement provided for a 
relatively compact pro?le. 

[0078] In operation, ?uid to be heated or cooled is intro 
duced through inlet 16, enters and ?oWs around the interior 
of the holloW ring 12, ?oWs radially inWardly through each 
of the tubes to the center hub and exits out the outlet 17. As 
noted, one end of each of the tubes is in sealed ?uid 
communication With the ring 12 and the other end of each 
tube is in sealed ?uid communication With the hub 15. As 
?uid ?oWs through the tubes or spokes 20, it gives off or 
picks up heat conducted through the tube Wall to and through 
the ?ns 25. 

[0079] One may use a fan or other air moving device to 
force air through the ?n structure for cooling or heating, as 
may be needed. One of the advantages of the use of a heat 
exchanger Which is generally circular in shape is that it is 
easy to use a tube-axial fan Which effectively covers the 
entire Working surface of the heat exchanger. Where a heat 
exchanger 10a is rectangular in shape, as shoWn in FIG. 2, 
the circular fan 26 is incapable of causing air to How over the 
corners 27 of the heat exchanger Without spacing the fan 
from the heat exchanger. 

[0080] Referring to FIG. 3, if one is using forced convec 
tion to heat or cool a heat exchanger, the velocity pro?le of 
the air out of a standard tube axial fan is good for optimiZing 
heat transfer With a round radial ?oW heat exchanger. Note 
that the highest velocity and volume of air are at the outer 
perimeter of the fan, Rmax and Vrmax and decrease toWards 
the center of the fan, R0. In the radial design With the ?n 
structure of this invention, it is also apparent that the highest 
velocity and volume of air ?oW from a particular fan 
(biggest h) is being bloWn over the area of the heat 
exchanger With the highest ?n surface area (biggest A) at the 
time that the ?uid in the spokes has the most heat (Q), in the 
case of How radially inWardly of heated ?uid in the heat 
exchanger. As seen in FIG. 4, the maximum surface area of 
the ?ns ARmax, is at the maximum radius, Rmax. 

[0081] As ?uid moves radially inWardly, it loses more and 
more heat (ability to absorb heat decreases). At the same 
time, the ?ns in the radial ?oW arrangement of this inven 
tion, get shorter and shorter in circumferential dimension, 
the air ?oW from the fan becomes less. To ef?ciently remove 
heat from the ?uid as it moves radially toWards the hub, less 
and less ?n area and air How are needed. Since these are 
important characteristics of the round radial ?oW heat 
exchanger of this invention When used With forced air, heat 
transfer is optimiZed. This is illustrated in FIGS. 5a and 5b. 
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[0082] In FIG. 5a, for purposes of explanation, the ?uid 
How is radially inWardly from the ring 12, through the tube 
to the hub 15. The circumferential dimension of the ?ns 
gradually decreases from a maximum at the ring to a 
minimum at the hub. FIG. 5b illustrates another feature of 
this invention, i.e., a progressive decrease in ?n height from 
a maximum at the ring to a minimum at the hub. FIGS. 5a 
and 5b also illustrate the spaces betWeen adjacent ?ns. This 
optimiZed heat transfer also provides other advantage. 

[0083] (1) The ?ns could be made of multiple spaced 
circular concentric strips of heat conductive material, as seen 
in FIG. 6a or one continuous spiral, again With spaces 
betWeen adjacent coils, as shoWn in FIG. 6b. In a preferred 
form the strips are generally thinner in cross-sectional 
thickness than they are Wide. 

[0084] (2) In any individual heat exchanger, the ?ns may 
be made from several different thicknesses of heat exchange 
material to further optimiZe use of material for ef?cient heat 
exchange. For example, as shoWn in FIG. 7, the ?ns 25a on 
the outer periphery near the ring 12 may be thicker to help 
carry more heat out further, While closer to the center, eg 
at 25b, Where the ?ns are shorter and do not need to carry 
the heat as far, they could be made of a thinner material. 

[0085] (3) In any individual heat exchanger the spiral or 
coils can be Wrapped so that the spacing betWeen ?ns varies 
depending on the radial location. Once again, this may be 
done to optimiZe the use of material for efficient heat 
exchange. Such an arrangement is shoWn in FIG. 8 in Which 
the radial spacing betWeen adjacent coils progressively 
increases from a minimum (25c) at the ring 12 to a maxi 
mum (25a) at the hub. 

[0086] (4) In any individual heat exchanger, the ?n ?oW 
length, the front to back or transverse ?n dimension, may 
vary to optimiZe the use of materials for efficient heat 
exchange. As seen in FIGS. 9 and 9a, for example, the ?ns 
256 on the outer periphery could have a greater ?oW length 
to help carry the heat out further, While those 25f closer to 
the center of the exchanger may have a How length Which is 
reduced as needed. FloW length is measured from the point 
of attachment to the tubes to either the front or back of the 
heat exchanger. FloW length is a measurement of the trans 
verse ?n dimension. 

[0087] (5) For a given material thickness, the number of 
?ns per inch (FPI) for a radial heat exchanger can be greater 
than the number of FPI for machine-folded-?n stock. This 
results in the ability to increase the heat exchanger surface 
area for a given volume, thus leading to a smaller package. 
The spacing of ?ns in machine-folded-?n stock is limited by 
structural requirements of the “?ngers” that ?t betWeen the 
individual ?ns during the folding process. 

[0088] (6) Holes to accommodate the insertion of the 
spokes through the ?n material could either be pre-punched 
in the raW material stock or punched once the ?n stock is 
positioned in a spiral. 

[0089] The raW ?n material can be pre-stamped With any 
number of different patterns to improve heat transfer by 
promoting turbulent How (and in some cases by also increas 
ing the total ?n surface area). Turbulent ?oW increases the 
heat transfer coef?cient, and thus the total heat transfer. The 
several forms of ?n structure include pre-stamping the ?ns 
to include multiple spaced louvers 35 as shoWn in FIG. 10 
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and 10a , or that shown in FIGS. 11 and 11a in Which a 
plurality of spaced ?ngers 35b that stick up to catch the air. 
FIGS. 12 and 12a illustrate starnped (draWn) pin ?ns 35c 
extending from the ?n body, their cross-section being shoWn 
in FIG. 12a. 

[0090] (7) Alanced and offset ?n structure as illustrated in 
FIGS. 13 and 13a in Which the lanced ?ns 35d are lanced 
With peaks 356 from the body of the ?n strip and arranged 
in an angular orientation along the length of the ?n strip. An 
added bene?t of the various ?n structures described is that 
they increase the heat transfer surface area of the ?n mate 
rial. 

[0091] (8) In addition to the raw material being pre 
punched to make holes for the ?uid carrying spokes, it may 
also be pre-draWn to create shoulders, as seen in FIGS. 14a, 
14b and 14c. These shoulders 40 Whose center has been 
punched out, could be used to (a) space the layers of ?n 
stock a predetermined distance, (b) create a means by Which 
one layer of ?n material could register on the previous layer 
to pre-align the holes in preparation for the insertion of the 
spokes and (c) create a larger contact surface area betWeen 
the spokes and the ?ns, all as illustrated in FIG. 14c. 

[0092] (9) The raW ?n stock could be pre-coated With 
braZe material for the braZing process. This could alloW 
faster production times if braZing is used. 

[0093] In the case of the radial tubes used in accordance 
With this invention, they need not necessarily be round or 
circular in cross-section, for example as shoWn in FIG. 15a. 
For example, in oil cooler ?uid carrying tubes, it is preferred 
to have a radial tubes that are long and thin, i.e., have a 
?attened con?guration as shoWn at 20a in FIG. 15b. The 
bene?t of long, ?at and elongated radial tubes is that such a 
shape provides a larger amount of exterior surface heat 
transfer area for a given amount of ?uid cross sectional ?oW 
area. In other Words, the ratio of the tube perimeter to the 
tube ?oW area P(elongated)/A(elongated) is greater in a 
?attened shape than it is in a round tube, P(round)/A(round). 
This provides better heat transfer betWeen the ?uid and the 
tube. 

[0094] The spokes or radially arranged tubes themselves 
can be utiliZed to help promote turbulent ?oW. This may take 
various forms of Which three different forms, are illustrated 
in FIGS. 16 and 17. First, as shoWn in FIG. 16, the 
orientation of the spokes thernselves, could be used to divert 
the air. Here, the spokes or tubes are received in spoke or 
tube holes 20d Which are angularly oriented so that the How 
is as indicated by the arroWs. In a second form illustrated in 
FIG. 17, the cross sectional shape of the spokes could be 
made to chop up the ?oW, as by apertures 206 Which are 
serrated at the outer surface so as to form an external 
turbulator Which directs the How as indicated by the arroWs. 
The external surface of the tubes may be textured by 
roughening by a process such as sand blasting. FIG. 17b 
shoWs a turbulater 21 Which is in the form of a spiraled strip 
inserted into the interior of the tube or spoke and in heat 
transfer contact With the interior tube Wall. Such a structure 
not only transfers heat but creates turbulent ?oW for more 
ef?cient heat transfer. 

[0095] The spokes or tube cross-section may vary along its 
length, i.e., rnay taper from the outer perimeter of the heat 
exchanger to the central hub. This structure is illustrated in 
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FIG. 18 in Which one end 40 of the tube is of a diameter 
larger than the diameter at the other end 41 so as to provide 
a tapered overall con?guration. Such a con?guration Would 
sloW the speed of the ?uid near the outer perimeter of the 
heat exchanger, where most of the heat transfer takes place, 
and allow more time for the heat transfer process to happen. 
Where there is How radially outWard, the arrangement may 
be reversed. 

[0096] FIG. 19 shoWs an elongated tube 20f having a 
larger open cross-section at end 42 as compared to end 43. 
Again, the effect is to sloW ?oW near the perimeter and speed 
up the How at the hub. 

[0097] Heat transfer may be improved by fabricating the 
spokes or tubes With internal ribs 44, as shoWn in FIG. 20 
to increase the contact area betWeen the ?uid and the spokes. 

[0098] In the various tube con?gurations described the 
raW spoke tube material may be pre-coated With braZe 
material for the braZing process. This may alloW faster 
production times if braZing is used. 

[0099] It is of course understood that the number and 
spacing of spokes can be varied for heat exchanger optirni 
Zation. 

[0100] The amount of ?uid ?oW through each spoke is 
partially dependent on the location of the ?uid inlet around 
the perimeter of the outer ring. The effects of gravity Will 
in?uence the How rate through each spoke also. It is impor 
tant to equaliZe the How through each spoke, and thus 
equalize heat transfer over the entire surface area of the 
exchanger. Thus, as shoWn in FIG. 21 directional vanes 50 
are located Within the outer ring so that as the ?uid enters the 
outer ring it is forced to reach all spokes evenly. 

[0101] In another form, again to help equaliZe ?oW 
through all the spokes, is to have more than one ?uid inlet 
into the outer ring, as illustrated in FIG. 22 at 51 and 52. 
This structure may also be used in conjunction With the 
directional vanes, already described. 

[0102] The radial ?oW arrangement of this invention is not 
limited to a round shape. The overall con?guration may just 
as Well be square, or rectangular, or triangular, or oval, or 
any number of other shapes. FIGS. 23 and 24 show some 
of the shapes Which may be used. Additionally, any shape 
that has distinct corners 53, as shoWn in FIG. 24 that makes 
the spiraling of ?n rnaterial more difficult may be fabricated 
using separate ?n pieces 52. It is also possible and desirable 
to space the spokes on a non-circular radial hear exchanger 
in a non-equal manner to optimize the ?n area in contact 
With each spoke, also shoWn in FIG. 24. 

[0103] The radial ?uid ?oW structure of this invention may 
be used in a situation Where one needs a constant tempera 
ture distribution over a given area. In other Words, by 
varying some of the structural features such as (a) ?n 
rnaterial thickness, (b) ?n spacing, (c) ?n ?oW length and (d) 
starnped ?n patterns, one may make a radial heat exchanger 
so that the temperature of air ?oWing through all areas of the 
exchanger could be kept nearly at a constant value. 

[0104] In order to ensure good alignment between holes in 
subsequent layers of the ?n rnaterial, one may stamp or 
punch some type of alignment feature simultaneously with 
the creation of the holes in the ?n material. This is illustrated 
in FIG. 25a in Which notches 55 are provided along the 






