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Additional objects and advantages will become apparent 
to those skilled in the art from a consideration of the de 
tails of several specific embodiments illustrated in the 
drawings, in which: 
FIGURE 1 is a perspective view of a first embodiment 

of a heat exchanger employing the concept of this inven 
tion, 
FIGURE 2 is an axial cross-section of the heat ex 

changer of FIGURE 1, taken along the lines II-II 
thereof, 
FIGURE 2A is an enlarged section of a portion of 

FIGURE 2, 
FIGURE 3 is a longitudinal cross-section of the heat 

exchanger of FIGURE 1, taken along the lines III-III 
of FIGURE 2, certain portions being deleted for the sake 
of clarity, 
FIGURE 4 is a frontal view of one of the header 

plates employed in the heat exchanger of FIGURE 1, 
FIGURE 5 is a perspective view of a second embodi 

ment of a heat exchanger employing the concept of this 
invention, 
FIGURE 6 is an axial cross-section of the heat ex 

changer of FIGURE 5, taken along the lines VI-VI 
thereof, 
FIGURE 6A is an enlarged portion of FIGURE 6, 
FIGURE 7 is a longtiudinal cross-section of the heat 

exchanger of FIGURE 5, taken along the lines VII-VII 
of FIGURE 6, certain portions being deleted for the sake 
of clarity, and 
FIGURE 8 is a frontal view of one of the header 

plates employed in the heat exchanger of FIGURE 5. 
A first embodiment of heat exchanger according to this 

invention is shown in FIGURE 1 and is designated gen 
erally by 10. A first heat exchange medium, for example 
the medium to be employed in heating or cooling, is 
introduced into the heat exchanger 10 at one end thereof, 
as shown by the arrow 11, and exits from the opposite 
end thereof in the direction of the arrow 12. A Second 
heat exchange medium, for example the medium to be 
cooled or heated, enters the heat exchanger 10 through 
any suitable fitting in the direction of the arrow 13, is 
circulated through the heat exchanger, and exits through 
a suitable fitting in the direction of the arrow 14. It 
will be obvious that any desired media might be em 
ployed in the instant heat exchanger; for example, the 
medium introduced at 11 may be water and that intro 
duced at 13 may be oil. 
The construction of the heat exchanger 10 is shown 

in detail in FIGURES 2, 2A, 3 and 4. Referring first to 
FIGURES 2, 2A and 3, it may be seen that the heat eX 
changer 10 comprises a tube 15 in which, according to 
one method of producing the heat exchanger, there may 
be situated two restraining means pervious to the flow of 
a heat exhcange medium, such as cylindrical screens 16 
and 17. As will be discussed in detail, tube 15 is adapted 
for conveying a first heat exchange medium. Between 
the screens 16, 17 are situated a plurality of tubes 18 
radially oriented as shown in FIGURE 2, each of the 
tubes being of any desired configuration. Also as will 
be discussed in detail, tubes 18 are adapted to convey a 
second heat exchange medium isolated from the first heat 
exchange medium. FIGURE 2A, which is an enlarge 
ment of a portion of FIGURE 2 to show the tubes more 
clearly, discloses the tubes as being of an oval cross 
section, but this configuration is not the only possible 
one. For example, each of the oval shaped tubes 18 
might be replaced by a number of stacked tubes of circul 
lar cross-section, either radially aligned or staggered. 
The tubes 18-and when the screens 16, 17 are employed, 
the screens also-are secured to header plates 19, 20, 
at each end thereof. The header plate 20, which is shown 
in FIGURE 4, is apertured centrally thereof as at 20, 
for reasons to become evident. There is also provided in 
the header plate 20 a plurality of apertures 20', each of 
a configuration to receive a tube 18. Similar apertures 
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are provided in the header plate 19 so that when the tubes 
13 are inserted in the apertures and appropriately se 
cured to the header plates 9 and 20, an available passage 
is provided through the apertures of the header plates 19, 
20 and the aligned tubes 18. In FIGURE 3, portions of 
various of the tubes 18 other than the ones depicted are 
deleted for the sake of clarity. 

Referring now more particularly to FIGURE 3, at 
one end of the heat exchanger 10 a suitable inlet fitting 
21 is attached to the header plate 19 in any suitable man 
ner. The end of the heat exchanger 10 adjacent the fit 
ting 21 is closed off in any suitable manner, as by an end 
plate 22 having an aperture closely receiving the fitting 
21. An opening 23 is provided in the end of the heat 
exchanger adjacent the fitting 21, and any suitable fitting 
24 is provided, to which required connections may be 
made for fluid flow. At the opposite end of the heat 
exchanger 10 an end cap 25 is suitably connected to the 
header plate 20. The cap 25 is apertured as at 26 and a 
suitable fitting 27 allows for a required connection like 
that at 24. Passing centrally into the cap 25 is a tube 
28 in communication with the space centrally of the 
tubes 18, or within the sceren 16 when such screen is 
employed. 

Between and surrounding the tubes 18 there is provided 
a body of pervious material 29 extending the full length 
of the tubes 18. The pervious body 29 may be produced 
in a number of methods to be indicated shortly. In any 
event, it will be seen that there is provided within the heat 
exchanger 10 a central passage 30 and an outer annular 
passage 31. A first medium, for example that to be em 
ployed in heating or cooling, enters through the fitting 21 
and, following the path of the dashed arrows 32 flows 
through the apertures of the header plate 19 into the tubes 
18, axially along the length thereof and through the cor 
responding apertures 20' of the header plate 20, collect 
ing within the end cap 25, and thence out through the 
fitting 27. The second medium, for example that to be 
heated or cooled, enters the heat exchanger through the 
fitting 24, and following the path of the solid arrows 33 
flows into the annular passage 31, thence radially through 
pervious body 29 (as shown in FIGURE 2 by the arrows 
33), collecting in the passage 30, from which it may pass 
through the aperture 20 of header plate 20 and out of 
the heat exchanger through tube 28. It will be evident 
that the first medium is prevented from entering the 
passage 30, since the header plate 19 is not apertured cen 
trally thereof in the manner of header plate 20. 
While the flow directions indicated above have been 

found to be the most desirable, the direction of flow of 
either or both of the heat exchange media may be re 
versed if so desired. 

It will be evident from the above discussion that the 
screens 16 and 17 are not essential to the functioning of 
the device and may be omitted if so desired. However, 
use of the screens aids in the manufacture of the device 
according to one method and, moreover, the screens serve 
in the finished article to contain the particles of the per 
vious material, should any of such particles work loose 
from the body 29. 
A second embodiment of heat exchanger according to 

this invention is shown in FIGURE 5 and is designated 
generally by 110. A first heat exchange medium, for ex 
ample the medium to be employed in heating or cooling, 
is introduced into the heat exchanger 110 at one end there 
of, as shown by the arrow 11, and exits from the opposite 
end thereof in the direction of the arrow 112. A second 
heat eXchange medium, for example the medium to be 
cooled or heated, enters the heat exchanger 110 through 
a suitable fitting in one side thereof and flows in the 
direction of the arrow 13, is circulated through the heat 
exchanger, and exits through the same fitting or a separate 
fitting in the direction of the arrow 114. As was the case 
with the first embodiment, any desired media might be 
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employed; for example, the medium introduced at 111 
may be water and that introduced at 113 may be oil. 
The details of the heat exchanger 110 are shown in 

FIGURES 6, 6A, 7 and 8. Referring first to FIGURES 
6, 6A and 7, it may be seen that the heat exchanger 110 
comprises a tube 115 (analogous to tube 5 of the first 
embodiment) in which, according to one method of pro 
ducing the heat exchanger, there may be situated two per 
vious restraining means such as cylindrical screens 116 
and 17. Between the screens 16, 117 are situated a plu 
rality of tubes 18 similar to the tubes 18 of the first 
embodiment, the tubes 118 being shown more clearly in 
FIGURE 6A. The screens 116, 117, and tubes 118 are 
secured to header plates 119, 120, in the same fashion as 
was the case with the first embodiment. Thus, it will be 
evident that the tube 115, the screens 116 and 117, the 
tubes i8, and the header plates 119, 120 take substan 
tially the same form and serve the same function as their 
analogous structure of the first embodiment referenced 
respectively by 15, 16, 17, 18, 19 and 20. As was the case 
with FIGURE 3, portions of the tubes 118 other than the 
one depicted have been deleted for the sake of clarity. 
However, in this embodiment, the header plates 119 and 
120 are identical, each having apertures in alignment with 
the tubes 18, for example as shown at 120' in FIGURE 
8. There is no central opening in either of the plates of 
this embodiment, for reasons to become evident shortly. 
The header plates 119 and 120 are each appropriately 
secured to the tube 115, and suitable fittings 121 and 122 
are attached to the end plates 119, 120, respectively. 

In a suitable aperture in the tube 115 there is shown a 
combined inlet and outlet fitting 123 having an inlet open 
ing 124 and outlet opening 25 (see FIGURE 7). While 
a single fitting has been found to be expeditious, it is evi 
dent that separate inlet and outlet fittings may be pro 
vided at whatever position they are desired, and that suit 
able fittings may then be attached for fluid flow outside 
the exchanger. In any event, the inlet opening 124 com 
municates with an annular passage 126 formed between 
the screen 117 and the inner periphery of the tube 115. 
In this passage 126 there are located a plurality of parti 
tions for dividing the passage 126. Any number of Such 
partitions may be employed; for example, in FIGURE 6 
there is shown two partitions 127, 128 extending the full 
length of the exchanger and separating the passage 126 
into a first passage 129 on one side of a line joining the 
partitions 127, 28 and a second passage 130 on the other 
side of such a line. Also it will be seen that the Screen 
116 extending the full length of the heat exchanger leaves 
a central passage 13. 

Between and surrounding the tubes 118 there is pro 
vided a body of pervious material 132 extending the full 
length of the tubes 118. The pervious body 132 may be 
produced in a number of methods to be indicated. What 
ever method is employed, it will be seen that the passage 
way 126 and the passageway 131 combine to yield a radial 
flow through the pervious body 132 and hence around the 
tubes 418. More specifically, a first medium, for example 
that to be employed in heating or cooling, enters through 
the fitting 121 and, following the path of the dashed ar 
rows 133 flows through the tubes 118 axially along the 
length thereof, through the apertures of the header plates 
119 and 120, thence out through the fitting 122. The sec 
ond medium, for example that to be heated or cooled, en 
ters the heat exchanger through the inlet opening 124 
of the fitting 123, and following the path of the solid ar 
rows 134, flows into the passageway 129. As can be seen 
in FIGURE 6, the partitions 127, 128 prevent the flow of 
the medium from extending directly into the passage 130. 
Accordingly, the flow from the passage 129 is necessarily 
through the screen 117 adjacent the passage 129, and 
through the pervious body 132 and screen 116 to the cen 
tral passage 131. From the passage 131, the medium must 
then necessarily flow through the screen 116 and pervious 
body 132 to the passageway 130, from which it may exit 

O 

15 

20 

25 

30 

40 

50 

55 

60 

65 

70 

75 

6 
through the exit opening 125 of fitting 23. During such 
flow, the medium flowing through the pervious body 32 
has of course performed its heat exchange function with 
the medium flowing through the tubes 118. 
The heat exchanger of FIGURE 5 thus provides sev 

eral advantages over heat of FIGURE 1. First, the heat 
exchanger of FIGURE 5 may be employed for “in-line” 
applications, that is, where it is desired that the flow of 
one of the media be straight through, as shown by the 
arrows 11 and 12 of FIGURE 5. Secondly, this em 
bodiment allows for a plurality of passes of one of the 
media through the pervious body. For example, as shown 
in FIGURE 6, one of the media passes through the per 
vious body 32 first on the way to the central passage 
13i, and a second time on the way out. Obviously, the 
number of partitions and hence the number of passes 
through the pervious body may be increased as desired, 
thus providing further opportunities for heat exchange. 
AS was the case with the first embodiment, the screens 

of this embodiment are not essential to the functioning of 
the device and may be omitted if so desired. However, 
the Screens 16, 117 function in this embodiment in the 
Same fashion as in the first embodiment, that is, to con 
tain any particles which may become separated from the 
pervious body 32, and to simplify fabrication. 

Considering now the methods by which each of the em 
bodiments of the heat exchanger may be produced, it will 
be evident that the pervious body 29 or 132 may be fabri 
cated about the tubes 18 or 13 in any of the methods 
indicated hereinbefore. The pervious body 29 or 32 
with the tubes 18 or A18 encased therein may then be 
joined to the header plates 19, 20 or 19, 120 and in 
Serted into the tube 15 or 15. By a preferred method of 
production it has been found to be expeditious to employ 
the cylindrical screens 26, 17 or 16, 117. The tubes 
are first positioned in the desired pattern between the 
header plates in alignment with the apertures therein, and 
then the Smaller screen 16 or 16 is placed on the inside 
diameter of the space formed by the innermost edges of 
each of the tubes 18 or 118, which space forms the pas 
Sages 30 or 131. The larger cylindrical screen 17 or 
117 is then placed about the tubes 18 or 118 circumscrib 
ing the outermost edges thereof. These cylindrical 
Screens extend the full distance between the header plates 
and may be of any desired material, for example 50 x 
50 mesh copper screening. Following these initial steps, 
the Space between and around the tubes 18 or 118 may be 
filled by gravity with the desired particulate material which 
Will be contained in the space between screens 16, 17, 
or 16, 117. Following known metallurgical processes, 
the entire assembly may then be brazed, resulting in a se 
cure metallic bond between (A) the various particles of 
the pervious body, (B) the pervious body and each of 
the screens 16, 17 or 116, 117, (C) the pervious body 
and each of the header plates 19, 20 or 1A9, 20, and (D) 
the pervious body and the tubes 18 or 18. By such a 
method not only do the screens serve in the finished arti 
cle to contain loose particles of the pervious body, but 
the construction is materially simplified. 
As will be obvious to those skilled in the art, the radia 

flow of the heat exchanger medium achieved by the in 
stant device attains a high degree of heat exchange with a 
minimum of pressure drop. The use of radial flow distrib 
utes the medium over the entire pervious structure in a 
uniform manner over a greatly increased heat exchange 
Surface. The construction of the pervious body, as well 
as of the tubes and the Screens, will be dictated by the 
contemplated use of the exchanger dependent upon such 
factors as the thermal conductivity, specific heat, viscosity, 
and corrosive nature of the fluid, the presence of clogging 
Solids in the fluid, and tolerable pressure drops. 
While Several specific embodiments of this invention 

have been shown and described, they are to be understood 
as for the purpose of illustration only and that various 
changes and modifications as well as the substitution of 
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equivalent elements for those herein shown and described 
may be made without departing from the spirit and scope 
of the invention as set forth in the appended claims. 
What is claimed is: 
1. A heat exchanger for circulation of a plurality of 

heat exchange media, comprising 
(A) a first conduit means for conveying a first heat 
eXchange medium, 

(B) a pervious body within said first conduit means 
defining a first void substantially centrally of said 
first conduit means, and 

(C) a plurality of second conduit means within said 
first conduit means for conveying a second heat eX 
change medium isolated from said first heat exchange 
medium, said second conduit means being situ 
ated within said pervious body in heat eXchange rela 
tionship therewith and arranged radially about said 
first void, 

(D) a means to direct substantially all of said first heat 
exchange medium through said pervious body, 

whereby said first heat exchange medium, in passing 
through said pervious body to said first void, passes around 
said plurality of second conduit means in a multitude of 
radial flow paths. 

2. A heat exchanger in accordance with claim where 
in said pervious body is joined by a metallic bond to said 
second conduit means. 

3. A heat exchanger according to claim having a Sec 
ond void between said second conduit means and the pe 
riphery of said first conduit means for distributing said 
first heat exchange medium substantially uniformly along 
said pervious body. 

4. A tubular heat exchanger for circulation of a plu 
rality of heat eXchange media, comprising 
(A) a first tubular member for conveying a first heat 
eXchange medium, 

(B) a plurality of second tubular members within said 
first tubular member for conveying a second heat ex 
change medium isolated from said first heat exchange 
Imedium, said second tubular members being arranged 
radially about the axis of said first tubular member, 

(C) a pervious body filling the space between said sec 
ond tubular members in heat exchange relationship 
therewith and having a tubular void substantially 
centrally thereof, 

(D) a means to direct substantially all of said first heat 
exchange medium through said pervious body, 

whereby said first heat eXchange medium, in passing 
through said pervious body to said tubular void, passes 
around said second tubular members in a multitude of 
radial flow paths. 

5. A heat exchanger according to claim 4 wherein said 
pervious body is joined by a metallic bond to said Sec 
ond tubular means. 

6. A heat exchanger according to claim 4 wherein the 
periphery of said pervious body is spaced from the inner 
periphery of said first tubular member defining a passage 
for distributing said first heat eXchange medium substan 
tially uniformly along said pervious body. 
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8 
7. A tubular heat exchanger for circulation of a plu 

rality of heat exchange media, comprising 
(A) a first tubular member for conveying a first heat 
exchange medium, 

(B) a first tubular restraining means situated within 
said first tubular member Substantially centrally 
thereof and being pervious to the flow of said first 
heat exchange medium, 

(C) a second tubular restraining means situated within 
said first tubular member and surounding said first 
tubular restraining means, and second tubular re 
straining means being pervious to the flow of said 
first heat exchange medium and being spaced from 
the inner periphery of said first tubular member to 
form an annular space, 

(D) a plurality of second tubular members situated be 
tween said first and second tubular restraining means 
for conveying a second heat exchange medium iso 
lated from said first heat exchange medium, 

(E) a body of pervious material in the space between 
said first and second tubular restraining means and 
Surrounding said plurality of second tubular means 
and being joined thereto by a metallic bond, 

(F) a means to direct substantially all of said first heat 
exchange medium through said pervious body, 

whereby said first heat exchange medium, in passing 
through said first tubular member, flows radially from 
the annular space between said second tubular restrain 
ing means and the inner periphery of said first tubular 
member to the space within said first tubular restraining 
means, through said pervious body and around said sec 
ond tubular members in a multitude of radial flow paths. 

8. A heat eXchanger according to claim 7 wherein said 
first and second tubular restraining means each comprise a 
cylindrical screen. 

9. A heat exchanger according to claim 7 further 
including a plurality of partitions in the annular space 
between said second tubular restraining means and the 
inner periphery of said first tubular member, said parti 
tions being impervious to the flow of said first heat 
eXchange medium and dividing said annular space into 
isolated portions, whereby said first heat exchange me 
dium flows from a first portion of said annular space 
through a first portion of said pervious body to the 
space within said first tubular retraining means, thence 
through a second portion of said pervious body to a 
Second portion of said annular space. 
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