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Homer 1). Huggins and Clyde S. Simpelaar, Racine, Wis, 
assignors to Modine Manufacturing Company, Racine, 
Wis, a corporation of Wisconsin 

Application March 15, 1952, Serial No. 276,322 

9 Claims. (or. 257-446) 

The invention relates generally to heat exchange struc 
tures, and more particularly to a toroidal or annular type 
of heat exchanger especially adapted for gas to gas opera 
tions. ' 

The invention has among its objects the production of ~ 
a toroidal type heat exchanger which affords very e?icient 
heat exchange characteristics with maximum compactness 
of structure, minimum weight, and in which the com 
pleted assembly may be constructed to extremely close 
dimensional tolerances even with limitations imposed by 
commercial tolerances on component parts. The present 
invention is therefore of particular value in heat exchange ' 
structures for use in cooling supercharged air in aircraft 
installations and the like. 
Another object of the invention is the ‘production of 

such a heat exchange structure in which novel means is 
provided for holding the sections of the assembly in oper 
ative position, as Well as providing means for compensat 
ing for the slight dimensional differences resulting from 
the use of component parts having commercial tolerances, 
such means also being constructed to provide heat con 
ductivity between the ends of adjacent sections for secur 
ing a substantially balanced heat flow in all passes of the 
heat exchange structure. 
A further object of the invention is the production of 

a novel ?uid pass construction having relatively high heat 
transfer e?iciency in which a single sheet metal member 
is so formed that a series of the pass structures may be 
assembled together to form alternate passes having a gen 
erally trapezoidal cross section, and ‘intermediate passes 
having a rectangularly transverse cross section, with the 

diiferent passes extending transversely~ to ‘one another. 
Thus, the heat exchanger sections may be constructed 
by means of a series of like members, thereby simplifying 
assembly, as well as resulting in a reduction in manufac- ' 
turing cost. 
A further object ‘of the invention is the production of 

such a pass structure which is so designed that the inter 
mediate and alternate passes are isolated from one an 
other without the use of auxiliary closure devices or sepa- 1 
rate parts, and which are so designed that automatic com 
pensation is obtained for slight di?erences in the thick 
ness of the material employed, and self-reinforcement is 
obtained. 
A further object of the invention is ‘the production of 

a toroidal or circular exchanger structure comprising a 
series of individual sections or units in combination with 
novel means for securing the same in operative relation, 
such means being constructed to provide suitable heat 
transfer between adjoining sections or units. _ 
Many other objects and advantages of the'construction 

herein shown and described will be obvious to those 
skilled in the art from the disclosure herein given. 
To this end, my invention consists in the novel con 

struction, arrangement, and combination of parts herein ' 
shown and described, and more particularly pointed out 
in the claims. 
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In the drawings, wherein like reference characters rep 
resent like or corresponding parts: 

Fig. 1 is a top plan view of a toroidal heat exchanger 
embodying the present invention; 

Fig. 2 is a side elevational view of the exchanger illus 
trated in Fig. 1; 

Fig. 3 is a fragmentary top plan view similar to Fig. 1 
of a portion of the exchanger structure with portions of 
the retaining rings broken away to disclose details of one 
of the wedge members employed; 

Fig. 4 is a transverse sectional view through the heat 
exchange structure taken approximately on the line 4—4 
of Fig. 3; . 

Fig. 5 is a sectional view similar to Fig. 4 taken ap 
proximately on the line 5—-5 of Fig. 3 with portions of 
the wedge member broken away to show the details 
thereof;. 

Fig. 6 is an enlarged, elevational view of a portion of 
the structure illustrated in Fig. 2 illustrating the details 
of connection between the respective ?uid pass housings; 

Fig. 7 is an enlarged, sectional view taken approxi 
mately on the line 7—7 of Fig. 5; . 

Fig. 8 is a perspective View of one of the fluid pass 
housings and portions of the ?n structures of adjoining 
?uid passes; and 

Fig. 9 is a sectional view similar to Fig. 7 of a modi?ed 
form of connection between assembled units. 

In the past, conventional designs of heat exchangers 
of the general type here involved, contemplated the use 
of a ring of rectangular blocks of exchanger surface. 
Due to the polygonal periphery and the Waste space at 
the ends of each block, such exchanger assembly required 
substantially larger volume than the true toroidal or an 
nular shape, consequently such a design does not lend 
itself to a simple and compact method of ducting. While 
toroidal designs utilizing trapezoidal passes in the axial 
direction, and rectangular passes in the radial direction 
have been contemplated, such designs have not proved 
practical as efforts have been primarily directed to the 
construction of a unitary heat exchanger structure of a 
toroidal shape, and as applications of this type of ex 
changer have normally required extremely close dimen 
sional tolerances in the completed assembly, the com 
mercial production of such a unit is impractical as the 
necessity of utilizing a relatively large number of com~ 
ponents having commercial tolerances prevents the main 
tenance of close assembly tolerances, this being in a great 
measure due to the fact that the tolerances are cumula 
tive in the assembly. 
On the other hand, the'use of a segmental or sectional 

heat exchange structure introduces complications in in 
stalling and fastening a plurality of individual sectors, as 
well as in maintaining a balanced heat ?ow in all passes 
of the structure. The present invention is particularly 
directed to a novel structure which overcomes the diffi 
culties above mentioned, and enables the commercial pro~ 
duction of heat exchangers of this type to extremely close 
dimensional tolerances in the completed assembly despite 
the limitations of commercial tolerances on the compo 
nent parts thereof. 

These'results are in part achieved by utilizing a ?uid 
pass housing which forms the trapezoidal-shaped pass, 
from a single sheet of material which is so shaped that 
it may be assembled with a like housing to form a rectan 
gular ?uid pass between each pair of trapezoidal-shaped 
passes, the closure structure at opposite ends of each pass 
beingrformed by the cooperable pass housings without 
the use of additional members or elements, with the 
design being such that ‘adequate reinforcement is pro 
vided, both in radial and axial directions, to form a very 
light-weight, compact, and durable structure. 

Referring to ‘the drawings, and particularly to Figs. 1, 
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2, 4 and 9, the toroidal heat exchange assembly, indicated 
generally by the numeral 1, comprises a core assembly 
designated by the numeral 2, the assembly 2 being annular 
in shape and supported between a pair of- retaining rings 
'3 and 4 which are suitably designed for installation in 
the particular equipment on which the exchanger is to be 
used. As illustrated in Fig. 4, the core 2 is rectangularly 
shaped in radial cross section with the rings 3 and 4 being 
axially spaced from one another and lying in substantially 
parallel planes. The core 2 is made up of a plurality of 
individual sectors or sections 5, with six sectors being 
utilized in the embodiment of the invention illustrated 
in Fig. 1. 
Each of the retaining rings 3 and 4 comprise a pair of 

concentric, circular rim portions 6 and 7 connected by 
radially extending connecting members or bars 3 and 9, 
the bars 9 being radially spaced sixty degrees apart, 
whereby they are each positioned at the juncture of ad 
joining core sectors. The rings 3 and 4 may be of any 
suitable construction, as for example, integral or suitably 
fabricated structures, and as illustrated in Fig. 4, ‘each of 
the rim portions 6 and 7 of the respective rings are pro 
vided on their inner or opposed faces with annular-shaped 
?anges 11 adapted to receive and engage the inner and 
outer peripheral edges of the core structure. 
Each of the core sectors or sections 5 comprise a plu 

rality of ?uid pass housing members, indicated generally 
by the numeral 12, each formed from a single, elongated 
piece of sheet metal bent intermediate its long axis to 
form a pair of side walls 13 and 14 integrally connected 
at their radial inner edges. relative to the assembled struc 
ture, by a connecting wall 15. The opposite correspond 
ing edges of the side walls 13 and 14 terminate in opposed 
?anges 16 and 17, with the ?ange 17 having an inwardly 
offset edge portion 18. the latter being inwardly offset ap 
proximately the thickness of the metal employed, with 
the width of the ?ange 16 being such that it overlaps the 
offset portion 18 of the ?ange 17. Thus, when the ?anges 
16 and 17 are suitably bonded together, an outer connect 
ing wall is formed. the general plane of which extends 
substantially parallel to the plane of the inner wall 15. 
Referring to Figs. 3, 7 and 8, it will be noted that the 
connecting wall 15 is of a lesser width than the wall 
formed bv the ?anges 16 and 17, whereby the side walls 
13 and 14 lie in converging planes. Positioned in the ?uid 
pass de?ned bv the side walls 13 and 14 and the radially 
spaced connecting walls is a suitable ?n structure, indi 
cated generally by the numeral 19, which in the embodi 
ment of the invention illustrated, comprises a sheet of suit 
able material formed with a plurality of corrugations 21 
therein to produce a plurality of transversely extending 
?n surfaces between the side walls and 14. with the 
depth of the corrugations progressively decreasing radi 
ally inward toward the wall 15. so that the ?n structure 
is of generally trapezoidal shape corresponding to the 
trapezoidal shape of the ?uid pass formed by the housing. 
Each of the generallv radially extending edges of the 

side walls 13 and 14 which de?ne the inlet and outlet of 
the trapezoidal pass are provided with outwardly extend 
ing ?anges 22 and 23, the ?anges 23 each being provided 
with an inwardly offset edge portion 24. with the amount 
of offset being approximately equal to the thickness of 
the metal employed. and as illustrated in Figs. 3 and 8. 
the ?anges 22 and 23 are rectangular in shape. Thus. a 
series of housing members 12 may be assembled with the 
?anges 22 on one member positioned upon the offset por 

' tions 24 of the ?anges 23 of the adjacent member to form 
a rectangular-shaped ?uid pass between each adjacent 
pair of trapezoidal passes, with the inlets and outlets of 
the rectangular passes extending transversely to those of 
the trapezoidal passes. The angle between the side walls 
13 and 14 of each housing is such as to compensate for 
the circumferential difference between the difference in 
radius of the rims 6 and 7 of the respective ring members 

__3 and 4. Positioned in each of the rectangular, axially 
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extending passes formed by the ?anges 22 and 23 is a 
suitable ?n structure 25, illustrated in the present embodi 
ment of the invention as also being of corrugated design, 
and comprising a single sheet of material having a plu~ 
rality of corrugations 26 of uniform size. As illustrated 
in Fig. 7, the end passes of each section are formed by 
special housing elements 27 and 28 which merely com 
plete the particular end pass. For example, the housing 
member 27 is constructed without the ?anges 22, so that 
the end of the section is de?ned by the side wall 14. In 
like manner, the housing member 28 comprises a side 
wall 14’ having merely the ?anges 22', corresponding to 
the ?anges 22, to thus complete the rectangular-shaped, 
radially extending pass, with the side wall 14' de?ning 
the end of such core sector. The individual pass hous 
ings or closures 12 may be formed by stamping, or other 
suitable means, and to insure accurate radial dimensions, 
each housing may be struck in a die which sets any of the 
four circumferential edges of each member for distances 
greater than the dimensions of the ?anges 11 on the rings 
3 and 4 to the exact required dimensions so that the ?nal 
core sector or section will readily and accurately seat on 
the ?anges 11. Each sector or segment following assem 
bly may be brazed or otherwise bonded into an integral 
unit, whereby the ?nished segment or sector will be accu 
rate as to radial dimensions with variations resulting from 
commercial tolerances involved, as well as any introduced 
as a result of compacting during the bonding operations 
being re?ected in the arcuate length of the individual unit. 
The respective core sectors or units are assembled be 

tween the rings 3 and 4, and positioned between the ends 
of each pair of adjacent core sectors is a ring spacer and 
take-up assembly, indicated generally by the numeral 29. 
As clearly illustrated in Figs. 3, 5 ‘and 7, each of the 
spacer members 29 in the embodiment of the invention 
illustrated comprise ‘an annular-shaped body member 3] 
having radially extending portions or bars 32 connected 
by portions or bars 33 to form a chamber 34. Each of. 
the members 31 are secured to the cross portions 9 of the 
respective encasing rings 3 and 4 by bolts 34' passing 
through bores 35 in the cross members 9, and engaged in 
threaded bores 36 in the portions 32 of the member 31, 
the axial length of the portions 32 being substantially 
equal to the distance between the ?ange portions 11 of 
the rims 6 and 7 of each respective encasing ring, thereby 
rigidly connecting and accurately spacing the rings 3 and 
4 with respect to each other. Positioned in the chamber 
or space 34 in the member 29 is a movable wedge member 
37, the horizontal length of which, as viewed in Fig. 5, 
is approximately equal to the corresponding internal di 
mension of the recess 34, while the vertical dimension of 
the member 37, as viewed in Fig. 5, is less than the cor 
responding internal dimension of the recess, whereby the 
member 37 is free to move toward and away from the 
respective bars 33, which would be in a radial direction 
relative to the assembled structure, but is substantially 
retained in ?xed axial relation with respect to the mem 
ber 29. i 

The wedge member 37 is provided with a plurality of 
recesses or openings 38 therein, three being employed in 
the construction illustrated, and communicating with each 
of the recesses 38 is a small bore 39, in each of which 
is positioned a bolt 41 which extends through a bore 42 
in the upper bar 33, as viewed in Fig. 5, such bar being 
positioned in the completed assembly adjacent the interior 
face thereof. Referring to Fig. 7, it will be noted that 
the base member 29 tapers inwardly toward the bar 33 
through which the bolts 41 extend, and the side faces 
43 of the wedge member 37 extend at the same angle 
with respect to one another as the corresponding‘ faces 
of the member 29. Thus as the member 37 is moved 
radially inwardly toward the upper bar 33, the side 
faces 43 of the wedge member move transversely out 
wardly beyond the corresponding faces of the base mem 
ber'29. Positioned adjacent each side face of the base 
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member 29 and wedge member 37 is a plate 44, the di 
mensions of which are substantially the same as the cor 
responding dimensions of the side walls 13 and 14 of 
the respective ?uid pass housings, so that the plates 
are co-extensive with the respective ends of the adjacent 
core sectors or units, and are retained against planar 
movement by the shoulders 11 on the rim members 5 
and 6 of the respective rings 3 and 4. Thus as the 
wedge member 37 is moved radially inward with respect 
to the assembly, pressure is exerted upon the plates 44 
and the ends of the respective core sectors, thereby ?rmly 
locking the respective core sectors in position between 
the rings, and preventing any circumferential movement 
of the sectors. Such radial movement of the wedge 
member 37 is obtained by means of the bolts 41, the 
free ends of the latter extending through respective, re 
silient bushings 45 and washers 46. Threaded on the 
ends of the respective bolts are suitable nuts 47, the 
latter, in the construction illustrated, being of the type 
embodying a suitable plastic or ?ber insert 48 therein to 

‘ achieve a lock nut action, such types of nuts being readily 
commercially procurable. Thus by rotating the bolts 
41 in a direction to draw the nuts 47 down thereon, the 
wedge members may be drawn radially inward to exert a 
wedging action on the plates 43. As an additional safety 
factor, the bolts 41 may be provided with drilled heads 
48' through which a suitable lock wire 49 may be passed 
to provide a positive lock on the bolts 4-1. The size 
of the nuts 4'7 and recesses 01' openings 38 in the wedge 
member 37 are so selected that rotation of the nuts 47 
is prevented. It will be appreciated that the resilient 
sleeves 45 provide a cushion between the drawing action 
of the bolts 41 and the plates 43, thereby eliminating 
the danger of ‘exerting suf?cient force through the wedge 
member 37 on the ends of the core sectors to buckle, 
or otherwise damage the latter, which might occur if such 
a cushioning structure were not provided. 

In fabricating the heat exchanger above ‘described, 
the ?uid pass housing 12 and ?n structures 19 and 25 
may be suitably fabricated from sheet metal by stamp 
ing or other suitable operation. As previously men 
tioned, as the dimensions of the rings 3 and 4, and the 
distance therebetween in the ?nal assembly are held 
to very close tolerances, to insure dimensional accuracy 
in the respective core sectors or units, each of the hous 
ing members are preferably passed through a sizing die 
which is constructed to set the corner portions which 
would‘ engage the rims 6 and 7 of the respective rings 3 
and 4 to the desired dimensions. Following this op 
eration, the components may be assembled to form the 
respective core sectors, housing members 27 and 218 
being employed at the ends of each unit. Following 
the assembly of the respective units, the component 
parts thereof may be suitably bonded into an integral 
assembly. For example, if aluminum were employed 
in the construction of the pass housings and ?n struc 
tures, an aluminum brazing operation may be performed 
to achieve the desired bonding. It will be noted that 
due to the construction of the ?uid pass housings and 
fin structures, substantially all compacting forces result 
ing from hte bonding operation will be in a circumfer 
ential direction relative to the entire assembly, or in other 
words, between the ends of the respective units, and 
as a result of the sizing operation previously described, 
the core sectors or units may be readily fabricated to 
accurately ?t the rings 3 and 4 ‘within very close tol 
erances. The core sectors or units are then assembled 
between the rings 3 and 4, with a wedge assembly con 
stituting the members 29, 37, and plates 43 being posi 
tioned between the ends of each pair of adjacent sec 
tors. As illustrated in Figs. 1, 3 and 5, the cross menu 
bers 9 connecting the rim portions 6 and 7 of each 
ring are so spaced that the respective wedge assemblies 
will be positioned adjacent each oppositely disposed pair 
of cross members 9, and as previously described, the 
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‘body members 29 of each wedge assembly may be se 
cured to the respective cross members by the bolts 34, 
thereby rigidly connecting the two ring members, and 
maintaining the same in spaced relation. Prior to the 
incorporation of the wedge structure in the assembly, 
each of the bolts 41 are rotated in a counter-clockwise 
direction to position the nuts 47 adjacent the free ends 
of the bolts, and thereby position the wedge members 
37 at the outer limit of their radial movement so that 
no forces are imparted to the plates 43. Following 
the assembly of the core sectors and rings, the bolts 41 
are rotated in a clockwise direction to draw the wedge 
members radially inward, and thereby exert pressure 
on the plates '43 and the ends of the adjacent core sec 
tors t-o ?rmly lock the latter in position between the 
rings 3 and 4. The adjustment ofv the bolts 41 is pref 
erably so made that the three bolts in each wedge assem 
bly will be uniformly tensioned to equalize the applied 
stresses on the wedge member and the adjacent sectors. 
Likewise, tension on the bolts 41 throughout the respec 
tive assembly is adjusted to equalize the stresses on the 
ends of all core units. 

It will be noted that as the connecting or closure 
walls of all ?uid passes either axially or radially, with 
the exception of the narrow integrally connected inner 
walls, are of overlapped construction, adequate strength 
is provided in the core sectors or units even though rela 

' tively light material is employed in the construction 
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thereof. Likewise, as only two types of v?n structures 
are employed, and only three different ‘housing struc 
tures, the units may be readily fabricated upon a pro 
duction basis at relatively low cost, with the number of 
individual components employed in the entire assembly 
being reduced to a minimum. 

It will be noted that the wedge assembly, including 
the body or base members 29, wedge members 37, and 
plates 43, are so designed that the mass thereof is at a 
maximum, only sufficient spaces or recesses being incor 
porated in ‘the structure to accommodate the adjustment 
means, as well as provide for suf?cient adjusting move 
ment of the wedge member relative to the wedge base or 
housing. Consequently, the wedge assemblies provide 
a ‘maximum amount of heat conductivity between the 
end passes of adjacent units, resulting in a substantially 
balanced heat transfer in all passes. The wedge assem 
blies therefore serve four functions in the completed heat 
exchanger assembly: First, they provide a means of fas 
tening ‘the heat exchanger sectors rigidly in the rings due 
to the wedging action produced; Second, they provide a 
means of compensating for differences on the circum 
ferential lengths of the heat transfer sectors resulting 
from normal commercial tolerances in the components 
thereof, both—those which are inherent in such compo 
nents, and those which may be introduced in the bonding 
operation; Third, they provide means for accurately spac 
ing the rings 3 and 4; and Fourth, they provide good 
heat transfer between the end pases of adjacent sectors to 
achieve the desired balanced heat ?ow in all passes. If 
for any reason ‘additional adjustment is required or de 
sired which cannot be accommodated by the length of 
travel of the wedge members 37, the plates 43 can be 
increased in thickness at the desired point to provide 
a ?xed, combined circumferential length ‘of the sector 
and plates 43. , 

In some applications of the invention, it may be de 
sirable to assemble the individual sections into a unitary 
structure. Such a construction is illustrated in Fig. 9, 
wherein a spacing member 29’ is employed between ad 
joining sections 5. In the embodiment illustrated, the 
member 29' is formed with a series of corrugations 51. 
Desired portions of the corrugations contacting the re 
spective end walls 14- and 14' of adjoining sections may 
be bonded to such walls by any suitable means, all of 
such portions being so secured in the embodiment il 
lustrated. As the member 29' may not provide as great 
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an amount of heat transfer between adjacent ?uid passes 
as that previously described, this type of construction is 
suitable for applications of this invention where this fea 
ture is not a critical factor. Likewise, a desired amount 
of resilience could be achieved in the member 29' by 
suitable designing of either or both the corrugations there 
of with the end walls of the sections Thus, the mem 
ber 29’ may function in a manner similar to the wedge 
member 29, exerting forces on the end walls of the 
sections as well as provide heat transfer means there 
between. 

in mounting an exchanger, of the type illustrated in 
Fig. 9, between a supporting structure such as the rings 
3 and 4; bolts 52, extending between adjacent corruga 
tions may be employed, the bolts being of a length to 
connect two rings 3 and 4. Such bolts could be secured 
in place by suitable nuts or the free ends of the bolts 
could be threaded into the adjacent ring structure. 

It will be apparent from the above disclosure that the 
present invention enables the production of a light-weight 
toroidal or circular type of heat exchanger of particular 
advantage in aircraft in connection with the cooling of 
supercharged air, and the like, in which highly desirable 
characteristics with respect to efficiency, size, weight, 
and the maintenance of extremely close dimensional tol 
erances are achieved despite the incorporation of a rela 
tively large number of individual components which em 
body commercial tolerances. 

Having thus described our invention, it is obvious that 
various immaterial modi?cations may be made in the 
same without departing from the spirit of our invention; 
hence, we do not wish to be understood as limiting our 
selves to the exact form, construction, arrangement, and 
combination of parts herein shown and described, or uses 
mentioned. ' 

What we claim as new and desire to secure by Letters 
Patent is: 

1. A toroidal type heat exchange structure comprising 
a plurality of heat exchange sections, each of said sec 
tions provided with a substantially curved inner and a 
substantially curved outer face, said faces substantially 
concentric, said curved faces connected by a pair of axial 
ly spaced faces lying in respective parallel planes extend 
ing normal to the axis of generation of the curved faces, 
said sections arranged on a common radius with their 
corresponding axial faces lying in respective common 
planes, concentric frame supporting means adjacent the 
respective axial faces for restricting radial and axial 
movement of said sections, and frame spacer means po 
sitioned between the ends of each pair of adjacent sections 
rigidly connecting the concentric frame supporting means 
adjacent the respective corresponding axial faces, and 
adjusting wedge means associated with said frame spacer 
means for applying compression forces to such adjacent 
sections in a circumferential direction. ' 

2. A toroidal-type heat exchange structure for the ex 
change of heat between two ?uids comprising a plurality 
of heat exchange sections, supporting frame means for 
supporting said sections with an end wall of each section 
positioned in adjacent relationship, one of said end 
walls in heat transfer relation with one of such ?uids and 
the other end wall in heat transfer relation with the other 
of such ?uids, and adjusting means positioned between 
the adjacent end walls of said sections including heat 
conducting portions extending between and contacting 
said end walls providing heat transfer therebetween and 
tending to compensate for unbalanced heat transfer be 
tween the two ?uids in the respective end portions of the 
heat exchange sections. 

3. A toroidal-type heat exchange structure compris 
ring a plurality of heat exchange sections, each provided 
with a substantially cuwed inner and a substantially 
curved outer face, said faces substantially concentric and 
connected by a pair of axially spaced faces lying in re 
spective parallel planes extending normal to the axis 
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of generation of the curved faces, said sections arranged 
on a common radius with their corresponding axial faces 
lying in respective common planes, supporting means 
adjacent the respective axial faces for restricting radial 
and axial movement of said sections,v a generally wedge 
shaped body member positioned between adjacent walls 
of a pair of said heat exchange sections and rigidly se 
cured to said supporting means, said body member 
formed with an opening extending therethrough, a wedge 
shaped member of heat conducting material positioned 
in said opening with the wedge faces thereof positioned 
in opposed relation with respect to respective adjacent 
‘walls of said pair of heat exchange sections, a cooper 
able member of heat conducting material positioned at 
and extending along each wedge face, each cooperable 
member having its respective faces formed to seat on the 
adjacent faces of the wedge member and the adjacent 
wall of one of the respective heat exchange sections, and 
means operatively connecting said body and wedge mem 
bers for applying force to the latter in a direction to urge 
said cooperable members outwardly toward the respec-' 
tive walls of such heat exchange sections. 

4. A toroidal type heat exchange structure compris 
ing a plurality of arcuate-shaped heat exchange sections, 
each of said heat exchange sections formed from sheet 
metal, and comprising a pair of substantially co-exten 
sive, rectangularly-shaped side walls, a substantially rec 
tangularly-shaped connecting wall integral with and con 
necting said side walls at a pair of opposed edges, a pair 
of cooperable oppositely disposed ?anges at the opposite 
edges of said side walls, said ?anges secured together to 
form a second substantially rectangular-shaped connect 
ing wall greater in width than said ?rst connecting wall, 
said connecting walls extending substantially in parallel 
planes to form a trapezoidal-shaped ?uid pass open at 
opposite ends thereof with the direction of ?uid ?ow there 
through parallel to the axis of the toroidal heat exchange 
structure, each of the edges of said side walls de?ning 
the open ends of said pass terminating in an outwardly 
extending ?ange, the ?anges associated with the same 
side walls lying in substantially parallel planes, the ?anges 
on one side wall complementally formed to engage and 
cooperate with the complementally formed ?anges on a 
side wall of a similar housing, said housings being ar 
ranged in spaced relation with the open ends thereof 
similarly positioned, with the corresponding ?anges on 
adjacent pairs of housings secured together and with the 
side walls associated therewith forming a rectangularly 
shaped intermediate ?uid pass between each pair of 
trapezoidal-shaped passes and with the direction of ?uid 
?ow through the rectangularly shaped intermediate ?uid 
pass at right angles to the ?uid ?ow through the trape 
zoidal-shaped ?uid pass, said intermediate passes formed 
with radially spaced open ends extending transverse to 
the open ends of said ?rst-mentioned passes, a trapezoidal 
shaped corrugated member in each trapezoidal-shaped pass 
forming a plurality of axially extending ?n elements in 
each trapezoidal pass, and a plurality of radially ex 
tending rectangular-shaped ?n elements in each rectangu 
lar pass, said ?n elements extending from one side wall 
to the other and secured thereto, said sections being ar 
ranged ‘around a common axis with their corresponding 
axial faces lying in respective common planes, supporting 
means adjacent the respective axial faces and engaging 
portions of the radial faces thereof operative to restrict 
.radial ‘and axial movement of said sections, a generally 
trapezoidal~shaped body member positioned between ad 
jacent end walls of each pair of adjoining pairs of heat 
exchange sections with the converging faces of such 
member extending in generally radial directions, opposite 
to the adjacent end walls, said body member having a 
transverse opening extending therethrough, a Wedge 
shaped member of heat conducting material positioned 
in said opening with the wedge faces thereof positioned 
in opposed relation with respect to respective adjacent 
‘walls of such a pair of heat exchange sections, a coop 
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erable plate-like member of heat conducting material 
positioned at and extending along each wedge face, each 
cooperable member having its respective faces constructed 
to seat on the adjacent face of the wedge member and 
the adjacent wall of one of the respective heat exchange 
sections, and means operatively connecting said body and 
wedge members for applying force to the latter in a 
direction to urge said cooperable members outwardly 
toward the respective walls of such heat exchange sec 
tions, said connecting means including a relatively re 
silient element. 

5. A toroidal type heat exchange structure compris 
ing a plurality of heat exchange sections, each having 
a substantially curved inner and a substantially curved 
outer face, said faces substantially concentric and con 
nected by a pair of axially spaced faces lying in respective 
parallel planes extending normal to the axis of generation 
of the curved faces, said sections arranged on a common 
radius with their corresponding axial faces lying in re 
spective common planes, frame supporting means. ad 
jacent the respective axial faces for restricting radial and 
axial movement of said sections, and radially extending 
and trapezoidal-shaped frame spacer means positioned 
between and secured to the ends of each pair of adjacent 
sections, rigidly connecting the frame supporting means 
adjacent the respective corresponding axial faces. 

6. A toroidal type heat exchange structure comprising ' 
a plurality of heat exchange sections, each of said sec 
tions having a substantially curved inner and a substan~ 
tially curved outer face, said faces substantially concen 
trio ‘and connected by a pair of axially spaced faces lying 
in respective parallel planes extending normal to the 
axis of generation of the curved faces, said sections ar 
ranged on a common radius with their corresponding 
axial faces lying in respective common planes, frame sup 
porting means adjacent the respective axial faces for re 
stricting radial and axial movement of said sections, a 
radially extending corrugated trapezoidal-shaped mem 
ber positioned between the ends of each pair of adjacent 
sections, and securing means rigidly connecting the frame 
supporting means adjacent the respective corresponding 
axial faces. 

7. A ?uid pass for a toroidal-type heat exchange struc 
ture comprising a pass housing formed from one piece 
of sheet metal, said pass housing comprising a pair of sub 
stantially co-extensive, rectangular-shaped side walls, a 
substantially rectangular-shaped connecting Wall integral 
with and connecting said side walls at a pair of opposed 
edges, said sheet metal provided with a pair of comple 
mentally formed inwardly extending integral ?anges at 
the opposite edges of said side walls, said flanges secured 
together forming a second substantially rectangular 
shaped connecting wall greater in width than said ?rst 
connecting wall, said connecting walls extending sub 
stantially in parallel planes providing a trapezoidal-shaped 
?uid pass open at opposite ends thereof and with the 
direction of ?uid ?ow therethrough parallel to the axis 
of the toroidal-type heat exchange structure in which the 
?uid pass is assembled, each of the edges of said side 
Walls de?ning the open ends of said pass terminating in an 
outwardly extending integral ?ange, said ?anges con 
nected with said side Wall lying in substantially parallel 
planes, said ?anges on one side wall complementally 
formed for ai?xing to similar ?anges on a side wall of an 
adjacent complementally formed trapezoidal pass pro 
viding a rectangular-shaped pass therebetween having 
open ends and the direction of flow therethrough at right 
angles to the ?uid ?ow through the trapezoidal-shaped 
?uid pass, the planes of which extend at substantially 90° 
to the planes of the open ends of the trapezoidal passes, 
and a plurality of axially extending ?n elements extend 
ing from one side wall to the other of said trapezoidal 
shaped ?uid pass and secured thereto. 

8. A ?uid pass for a toroidal-type heat exchanger 
including a pass housing formed ‘from one piece of 
sheet metal, said pass housing comprising a pair of sub 
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19 
stantially co-extensive, rectangular-shaped sidewalls, a 
substantially rectangular-shaped connecting wall inte 
gral with and connecting said side walls at a pair of 
opposed edges, said sheet metal provided with a pair 
of co-operable inwardly extending integral ?anges at 
the opposite edges of said side walls, said ?anges secured 
together forming a second substantially rectangular 
shaped connecting wall greater in width than said ?rst 
connecting Wall, said connecting walls extending sub 
stantially in parallel planes providing a trapezoidal 
shaped ?uid pass open at opposite ends thereof and 
with the direction of ?uid ?ow therethrough parallel 
to the axis of the toroidal-type heat exchanger in which 
the ?uid pass is assembled, each of the edges of said 
side walls de?ning the open ends of said pass terminat 
ing in an outwardly extending integral ?ange, said 
?anges connected with said side wall lying in substan 
tially parallel planes, said ?anges on one side wall com 
plementally formed and a?ixed to similar ?anges on a 
side wall of an adjacent similar trapezoidal pass pro 
viding a rectangular-shaped pass therebetween having 
open ends and the direction of ?ow therethrough at 
right angles to the ?uid ?ow through the trapezoidal~ 
shaped ?uid pass, the planes of which extend at sub 
stantially 90° to the planes of the open ends of the 
trapezoidal passes, and a corrugated member, corruga 
tions of which diminish in amplitude from one longi 
tudinal edge to the other, said member positioned in the 
trapezoidal-shaped ?uid pass with the end portions of 
the corrugations secured to the side walls forming ?n 
elements extending from one side to the other of said 
trapezoidal-shaped ?uid pass. 

9. A toroidal-type heat exchange structure including 
a pair of apertured retaining rings and a plurality of 
pass housings operatively assembled therebetween, each 
of said pass housings formed from one piece of sheet 
metal, and comprising a pair of substantially co 
extensive, rectangular-shaped side walls, a substantially 
rectangular-shaped connecting wall integral with and 
connecting said side walls at a pair of opposed edges, 
said sheet metal provided with a pair of co-operable 
oppositely disposed integral ?anges at the opposite edges 
of said side walls, said ?anges secured together form 
ing a second substantially rectangular-shaped connect 
ing wall greater in width than said ?rst connecting wall, 
said connecting walls extending substantially in parallel 
planes providing a trapezoidal-shaped ?uid pass open 
at opposite ends thereof and with the direction of ?uid 
?ow therethrough parallel to the axis of a toroidal-type 
heat exchanger in which the ?uid pass is assembled, 
each of the edges of said side Walls de?ning the open 
ends of said pass terminating in an outwardly extending 
integral ?ange, said ?anges connected with said side 
walls lying in substantially parallel planes, the ?anges 
on one side wall complementally formed and af?xed 
to complementally formed ?anges on a side Wall of a 
similar housing, said housings arranged in spaced rela 
tion with the open ends thereof similarly positioned, 
with the corresponding ?anges on adjacent pairs of 
housings secured together and with the side Walls asso~ 
ciated therewith providing a rectangular-shaped inter 
mediate ?uid pass between each pair of trapezoidal 
shaped passes and the direction of ?o-w through the 
rectangular-shaped intermediate ?uid pass at right 
angles to the flow through the pair or" trapezoidal-shaped 
passes, said intermediate passes having radially spaced 
open ends extending transverse to the open end of said 
?rst-mentioned passes, a corrugated member in each 
pass forming a plurality of axially extending ?n ele 
ments in each toroidal-shaped pass, and ‘a plurality of 
radially extending ?n elements in each rectangular 
shaped intermediate ?uid pass, said fin elements extend 
ing from one side wall to the other and secured thereto. 

(References on foliowingwpage) 
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