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Description 

This invention relates to heat exchangers and 
methods of construction thereof. 

Leakage prevention between fluid flowing 5 
through the tubes and fluid flowing on the shell-
side of a heat exchanger is desired to avoid 
violent chemical reactions that may occur if cer-
tain fluids involved in heat exchange were mixed 
with each other, and to avoid contamination of w 
one fluid with the other to thereby simplify 
chemistry control of the fluids involved. For 
example, it is desirable to prevent contamination 
of water by either lithium in a fusion reactor 
steam generator or by seawater in the condenser 1 s 
of a conventional power plant. 

In fusion power applications, there is the added 
requirement of avoiding the diffusion of tritium 
contained in liquid metal flowing on the shell-side 
of a steam generator through the tube walls to 20 
contaminate steam being generated in the tubes. 

Tightly fitting double-walled tubes which are 
fabricated together for installation in a heat 
exchanger as a single piece are difficult to install. 
This is because the weld location for attaching the 25 
outer tube wall to its respective tube sheet is 
virtually inaccessible unless a large tube spacing 
is utilized along with special welding procedures 
that tend to be incompatible with reasonable 
shop costs. As a result, the pitch to diameter 30 
ratios of the outer tube sheet apertures of such 
constructions usually exceed 2.0 as compared to 
a typical ratio of 1.45 for single-walled tube heat 
exchangers. However, this higher ratio requires 
larger sized units and greater liquid metal inven- 35 
tory per thermal megawatt of heat exchange 
capacity, and results in lower shell-side heat 
transfer co-efficients than would be the case if the 
ratio could be reduced substantially. In addition to 
the resulting higher cost per unit area of heating 40 
surface, difficulties in locating and repairing leaks 
are experienced with such constructions. 

One form of known heat exchanger is disclosed 
in FFt—A—2 146 953. The complete heat 
exchanger is constituted by a generally cylindrical 45 
shell, and within that shell a number of coaxial 
cylinders are positioned so as to form flow paths 
in the spaces between the cylinders. In more 
detail, the heat exchanger disclosed in FR—A— 
2 146 953 comprises a shell having first inlet 50 
means and first outlet means for the flow of a first 
fluid therethrough, a tube within the shell to 
provide a path for flow of a second fluid in heat 
exchange relation to the first fluid, second inlet 
means and second outlet means for flow of the 55 
second fluid to and from the tube respectively, a 
tubular member concentric with the tube to 
define a space between the tube and the tubular 
member, and radially outwardly projecting por-
tions on the tubular member. A particular feature 60 
of the disclosed heat exchanger is that one stream 
of primary fluid is sandwiched between two 
secondary fluid streams so as to improve heat 
transfer between the primary and secondary 
streams. Another feature of the heat exchanger is 65 

that a series of projecting portions on one of the 
tubular walls follow transverse or diagonal paths 
relative to the longitudinal axis of the device. This 
is said to increase the rigidity of the walls and 
also, by increasing the hydraulic turbulence and 
also the path length of the stream, improve the 
heat exchange efficiency. 

US—A—2 187 555 discloses a heat exchanger 
in the form of a surface cooler in which inner and 
outer concentric tubes are formed in such a way 
that passages are provided between the tubes, 
which passages serve to conduct any cooling 
water leaking from the inner tube to the exterior. 
The interior surface of the outer tube is provided 
with grooves, and when the inner and outer tubes 
are assembled to fit tightly together, the leakage 
passages are formed by these grooves. 

US—A—3 251 410 discloses a heat exchanger 
in which tubes are provided with longitudinally 
projecting portions which act to improve thermal 
transfer between the tubes and fin plates pro-
vided for cooling. The pressure of heat transfer 
medium flowing through the tubes leads to 
expansion of the tubes and hence they spread 
outwardly providing tight contact between the 
tubes and the fin plates. 

A problem addressed by the present invention 
is that of providing a heat exchanger having a 
favourable pitch to diameter ratio of its outer tube 
sheet apertures. 

According to one aspect of the invention, there 
is provided a heat exchanger comprising 

a shell having first inlet means and first outlet 
means for the flow of a first fluid therethrough, 

a plurality of tubes within the shell to provide a 
path for flow of a second fluid in heat exchange 
relation to the first fluid, 

second inlet means and second outlet means 
for flow of the second fluid to and from the tubes 
respectively, 

a tubular member concentric with at least a 
portion of the length of one of the tubes to define 
a space between the tube and the tubular 
member, 

at least one radially outwardly projecting por-
tion on the tubular member, and 

a plurality of tube support means spaced apart 
and disposed generally perpendicular to the tube 
axes, wherein 

the tubular member is fixedly attached at one 
end to one of the tube support means and at the 
other end to an adjacent one of the tube support 
means, 

the space between the tube and the tubular 
member is closed to flow of both the first fluid 
and the second fluid, and 

the radially outwardly projecting portion on the 
tubular member extends longitudinally to allow 
flexing of the tubular member and expanding 
thereof radially outwardly during construction of 
the heat exchanger so as to allow insertion of the 
tube into the tubular member, the radially out-
wardly projecting portion defining a gap which 
contributes to the space between the tube and the 
tubular member. 
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According to another aspect of the invention, 
there is provided a method of constructing a heat 
exchanger, the method comprising: 

fabricating a tubular member which has at least 
one radially outwardly projecting portion which 
extends longitudinally of the tubular member to 
provide flexibility to the tubular member for 
expanding thereof radially outwardly to insert a 
tube therethrough; 

sealingly attaching the tubular member within a 
shell to prevent entry of a first fluid flowing 
between an inlet and an outlet of the shell to the 
space bounded by the tubular member; 

fixedly attaching the tubular member at one 
end thereof to one of a plurality of tube support 
means and at the other end thereof to an adjacent 
one of the tube support means; 

flexing the.tubular member radially outwardly 
while inserting a tube through the tubular 
member; 

sealingly attaching the tube within the shell to 
prevent entry of a fluid flowing through the tube 
to the resulting space between the tube and the 
tubular member; and 

assembling an inlet and an outlet for flow of a 
second fluid through the tube in heat exchange 
relation with the first fluid. 

A heat exchanger according to a preferred 
embodiment of the invention can avoid or mini-
mize the above problems so that practical heat 
exchangers of this type can be provided to the 
power and other industries. The preferred heat 
exchanger described hereinafter has a construc-
tion wherein the pitch to diameter ratio of the 
outer tube sheet apertures can be about 1,45. 

The invention will now be further described, by 
way of illustrative and non-limiting example, with 
reference to the accompanying drawings, in 
which: 

Figure 1 is a schematic illustrating the general 
arrangement of a heat exchanger embodying this 
invention; 

Figure 2 is a detail view illustrating attachment 
of a tubular member to an inner tube sheet in 
accordance with an embodiment of the invention; 

Figure 3 is a view taken along the lines 3—3 of 
Figure 2; 

Figure 4 is a detail view illustrating support of a 
tube in accordance with an embodiment of the 
invention; 

Figure 5 is a view taken along lines 5—5 of 
Figure 4; and 

Figure 6 is a schematic of a general arrange-
ment of an alternative embodiment of a heat 
exchanger embodying this invention. 

Referring to Figure 1, there is illustrated a heat 
exchanger 10 which is provided with an elongate 
shell 12 which has an inner wall 14 and an outer 
wall 16. An inlet 18 arid an outlet 20 are provided 
for the flow of a first fluid through the shell. A 
tube bundle illustrated schematically at 22 pro-
vides a plurality of tubes which extend longi-
tudinally of the shell 12 from one end thereof to 
the other in order to provide a path for the flow of 
a second fluid in heat exchange relation to the 

first fluid. An inlet 24 to the tubes of the tube 
bundle 22 is provided at one end of the shell 12, 
and an outlet 26 is provided at the other end. An 
outer tube sheet 28 is provided at each end of the 

5 shell 12 into which the tubes of the tube bundle 22 
are expanded and welded or otherwise sealingly 
attached in accordance with engineering prin-
ciples of common knowledge to those of ordinary 
skill in the art to which this invention pertains in 

10 order to prevent entrance of the first fluid into the 
tube-side of the heat exchanger 10 or entrance of 
the second fluid into the shell-side thereof. Man-
ways 30 are provided to the inlet 24 and outlet 26 
for repairs and inspection. 

15 Tube support means such as lattices 32 are 
provided at spaced intervals such as, for example, 
every 50 to 100 cm. along the length of the shell 
12. The outer tube sheets 28 as well as the inner 
tube sheets 34, which will be described herein-

20 after, also act as tube support means. These tube 
support means are disposed generally perpen-
dicular to the tube axes and are rigidly attached to 
the inner wall 14, except the outer tube sheets 28 
are rigidly attached to the outer wall 16. The shell-

25 side inlet and outlet 18 and 20 respectively are 
constructed, as illustrated in Figure 1, to provide 
fluid flow to the space illustrated at 50 within the 
inner wall 14 of the shell 12 (shell-side space) and 
to not provide any flow to the space illustrated at 

30 60 between the inner and outer walls 14 and 16 
respectively. 

Figures 2 and 3 illustrate a portion of an inner 
tube sheet 34 and a portion of a tube 36 extending 
through one of the apertures 38 thereof. Also 

35 illustrated in Figures 2 and 3 is a portion of a 
tubular member 40 which surrounds at least a 
portion of the length of the tube 36 to define a 
space illustrated at 44 between the tube and the 
tubular member. Since heat transfer is improved 

40 as the clearance between a tube and a tubular 
member concentric therewith is decreased, the 
clearance of this space 44 between the tubular 
member and the tube is preferably about 0.0007 
in. (0.02 mm.) or less for improved heat transfer. 

45 The tube bundle 22 schematically illustrated in 
Figure 1 includes a plurality of the tubes 36 and 
their associated concentric tubular members 40. 

An end-fitting 46 is fixedly attached within each 
aperture 38 of the inner tube sheet 34 to support 

50 the respective tube 36. This end-fitting 46 is sized 
to preferably provide a clearance between the 
end-fitting 46 and the respective tube 36 of about 
0.005 to 0.010 in. (0.1 to 0.2 mm.) in order to allow 
fluid flow between the space 44 and the space 

55 illustrated at 48 which is between the inner and 
outer tube sheets 34 and 28 respectively. The 
outer tube sheets 28 act as partitions against fluid 
flow from the tube-side flow of a second fluid into 
either the space 48 or the shell-side space illus-

60 trated at 50 which is provided for flow of a first 
fluid between the inlet and outlet 18 and 20 
respectively. The tubular member 40 is flared out-
wardly at one end 52 so that it has a diameter at 
end 52 equal approximately to the diameter of the 

65 respective aperture 38 of the inner tube sheet and 
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is welded or otherwise fixedly attached to the 
respective inner tube sheet 34. The inner tube 
sheets 34 are in turn fixedly attached to the inner 
wall 14 of the shell and sealingly attached thereto 
to act as partitions against fluid flow between the s 
spaces 44 and 48 and the shell-side space 50. 
Although clearance between the end-fitting 46 
and tube 36 is large enough to allow fluid flow as 
previously stated, it is also small enough to allow 
sealing of the space 44 between a particular tube 10 
36 and tubular member 40 from the space 48 
between the inner and outer tube sheets by 
expanding the respective tube 36 radially out-
wardly and against the respective end-fitting 46 
for sealing engagement therewith if such were to m 
become necessary due to a tube or tubular 
member leak. 

A tubular member 40 may extend the entire 
distance between the inner tube sheets 34. How-
ever, this may result in the tubular members 40 20 
having to bearthe loads of the respective tubes 36 
at the lattices. Whereas each of the tubes 36 is 
normally expected to carry a flow of water and 
steam under high pressure and therefore typically 
requires a wall thickness of perhaps 0.050 to 0.200 25 
in. (1.3 to 5.1 mm.), the thickness of each outer 
tubular member 40 is preferably not more than 
about 0.0015 to 0.0030 in. (0.038 to 0.076 mm.) to 
provide flexibility to the outer tubular member 40 
for reasons which will be hereinafter described. 30 
Such a thickness is believed to be sufficient since 
the tubular member 40 is normally expected to be 
subjected to lower pressures. However, such a 
tubular member thickness is not considered to be 
sufficient for the tubular members 40 to bear the 35 
loads of the respective tubes 36 at the tube 
support lattices 32. In addition, if the tubular 
members 40 are only long enough to extend 
between two adjacent tube support means, their 
lengths will be such as to advantageously allow 40 
easier manufacture thereof as will be described 
hereinafter. Therefore, referring to Figures 4 and 
5, in accordance with a preferred embodiment of 
this invention, a ferrule or coupling 54 is provided 
within each aperture 56 of a tube support lattice 45 
32 in order to support each respective tube 36 
therein. A clearance of perhaps 0.010 in. (0.25 
mm.), sufficient for pushing the tube through the 
ferrule without difficulty, is provided between a 
ferrule 54 and the respective tube 36. As illus- 50 
trated in Figures 4 and 5, an end 58 of a tubular 
member 40 is flared outwardly to a diameter 
equal approximately to the outer diameter of the 
ferrule 54 and is welded or otherwise fixedly 
attached to the ferrule, and it may be welded or 55 
otherwise fixedly attached at its other end to a 
ferrule of an adjacent lattice, or it may be attached 
to an inner tube sheet 34 as previously described 
and as shown for end 52 in Figures 2 and 3. Thus, 
the ferrules 54 act to couple the tubular members so 
40 to provide the equivalent of a single tubular 
member extending between the inner tube sheets 
34 to provide spaces 44 along the entire lengths of 
the tubes extending between the inner tube 
sheets to receive leaking fluid from the tubes 36 65 

so that it doesn't leak into the shell-side spaces 50 
and to prevent leakage from the shell-side spaces 
50 into tubes 36 in applications where the shell-
side flow may be at higher pressures than the 
tube-side flow. In order to provide fluid flow 
between adjacent spaces 44, longitudinally 
extending apertures 61 are provided in the fer-
rules to interconnect adjacent spaces 44. 

Fusion power applications are being con-
sidered wherein it is considered desirable to 
transfer heat from a liquid metal alloy containing 
dissolved tritium to water for generation of 
steam. This liquid metal would be provided for 
shell-side flow from the inlet 18 to outlet 20, and 
water from which steam would be generated 
would flow through the tubes from the inlet 24 to 
outlet 26. In such an application, it is considered 
desirable to avoid diffusion of tritium through 
tube walls and its resulting contamination of the 
steam. Such diffusion through a tube wall may be 
prevented by chemically combining the tritium 
with oxygen to produce tritium dioxide, com-
monly known as heavy water, which does not 
diffuse through tube walls. Therefore, in accord-
ance with a preferred embodiment of this inven-
tion, a means is provided for supplying molecules 
of oxygen to the spaces 44 between the tubular 
members and respective tubes in order to effect 
combination of the oxygen chemically with any 
tritium which diffuses through the wall of a 
tubular member 40 to form heavy water so that 
the tritium will not then diffuse through the wall 
of the respective tube 36. This oxygen is prefer-
ably provided in a ratio of just a few parts per 
million in a carrier fluid. Preferably, the carrier 
fluid is a gas such as helium or a liquid which has 
high thermal conductivity in order to provide 
good heat transfer across the spaces 44. In order 
to provide such a gas to all of the spaces 44 
between the tubular members and their 
respective tubes, the shell 12, as shown in Figure 
1, is preferably provided with the inner wall 14 
and the outer wall 16 as previously described, and 
the space illustrated at 60 between the inner and 
outer walls 14 and 16 respectively is in fluid com-
munication with the spaces 48 between the 
respective inner and outer tube sheets which 
spaces 48 are in turn in fluid communication with 
the spaces 44 between the tubular members and 
their respective tubes as previously described. 
Means such as an inlet 62 and an outlet 64 to this 
space 60 are preferably provided to supply and 
circulate this carrier gas by means of a pump 63 
or other suitable means through the carrier gas 
spaces which of course comprise spaces 44, 48, 
and 60. Although a clearance of about 0.0007 in. 
(0.02 mm.) is preferred between a tube 36 and 
respective tubular member 40, this is believed to 
be sufficient to provide sufficient oxygen in 
spaces 44 especially since the projecting portions 
66, which will be described hereinafter, will pro-
vide more than adequate movement of the carrier 
gas and oxygen molecules in a direction longi-
tudinally along the tubular members 40. 

The outer tube sheets 28 are sealingly attached 
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to the outer wall 16 and the tubes 36 are sealingly 
attached to the outer tube sheets 28 to prevent 
leakage from the tubes 36 and the other second 
fluid spaces into the carrier gas spaces. Likewise, 
the inner tube sheets 34 are sealingly attached to 5 
the inner wall 14 and tubular members 40 are 
sealingly attached to the inner tube sheets 34 as 
well as to respective couplings 54 to prevent 
leakage between the shell-side spaces 50 and the 
carrier gas spaces. The inner and outer walls 14 10 
and 16 respectively of the shell are preferably 
corrugated over at least a portion of their length 
in order to permit expansion and contraction 
thereof to compensate for differentials in tem-
perature between the tubes 36 and the shell 12 so is 
that the tubes 36 may be protected from undue 
stresses caused by such temperature 
differentials. 

As best shown in Figure 3 a tubular member 40 
is provided with at least one but preferably a 20 
plurality such as four radially outwardly project-
ing portions 66. These projecting portions 66 
extend in a longitudinal direction of the tubular 
member 40 (that is, in a direction parallel to the 
axis thereof) to provide means for flexing the 25 
tubular member 40 for expanding thereof radially 
outwardly by bending of the material thereof at 
the projection portions rather than by stretching 
of the material thereof. Each projecting portion 66 
is formed by the wall of the tubular member 40, as 30 
viewed in a cross-section taken in a plane perpen-
dicular to the longitudinal axis, extending in a cir-
cumferential direction to a first point illustrated at 
68 from which first point the course of the tubular 
member wall 40 changes so that it extends 35 
radially outwardly to a second point illustrated at 
70 from which second point the course of the 
tubular member wall 40 again changes so that it 
extends radially inwardly to a third point illus-
trated at 72 from which third point the course of 40 
the tubular member wall 40 again changes so that 
it extends again in the circumferential direction. 
Thus, a small gap illustrated at 74 is provided 
between the first and third points 68 and 72 
respectively. The resulting flexibility is provided 45 
in order to reduce the amount of clearance 
required in the radial direction between the tubu-
lar member 40 and the respective tube 36 for 
improved heat transfer while allowing the inser-
tion of a tube 36 by temporarily increasing the so 
amount of clearance by the use of hydraulic 
pressure or other suitable means. The projecting 
portions 66 also permit the tubular members 40 to 
more easily conform to small bows and ovalities 
which may be present in the tubes 36. 55 

Since it is not necessarily required that a tube 
36 and its respective tubular members 40 be 
installed or assembled as a unit in constructing a 
heat exchanger, the tubular members 40 may be 
assembled first and the tubes 36 thereafter BO 
inserted in the tubular members. 

In order to construct a heat exchanger of the 
type described above, tubular members 40 as 
described above and as illustrated are fabricated. 
A tubular member may be fabricated by collapse 65 

344 12 
of a thin walled tube over a removable mandrel 
through the application of external hydraulic 
pressure. Alternatively, a tubular member may be 
fabricated from flat sheet pre-formed to contain 
the projecting portions and then welded to pro-
vide a longitudinal seam. The ends of the tubular 
members 40 may be mechanically expanded to 
achieve the larger diameter cylindrical ends 
which are preferred. Other suitable means may 
also be used to fabricate a tubular member. 

The tubular members 40 are then preferably 
attached to the couplings 54 and the resulting 
assemblies inserted into the apertures 56 of the 
lattices 32 are welded at each end to the inner 
tube sheets 34 without the tubes 36 inserted 
therein, thus allowing greater access for welding 
of the tubular members 40 to the inner tube 
sheets 34 so that an uneconomicaliy large outer 
tube sheet aperture pitch to diameter ratio is not 
required and one of perhaps 1.45, which is typical 
of single tube designs, may be achieved. The 
resulting assembly is then installed in the shell 12 
and the inner tube sheets 34 attached to the inner 
wall 14. 

After the lattices 32, inner tube sheets 34, and 
tubular members 40 are assembled to the inner 
shell wall 14, the outer tube sheets 28 are posi-
tioned in their proper relation to the assembly and 
the tubes 36 are inserted into the tube sheets, 
tubular members, and couplings are previously 
described. The tubes 36 may then be rolled and 
welded to the outer tube sheets 28 and the outer 
tube sheets welded to the shell outer wall 16 in 
accordance with engineering principles of 
common knowledge to those of ordinary skill in 
the art to which this invention pertains. Finally, 
the shell-side inlet and outlet pipes, tube bundle 
inlet and outlet, heat exchanger foundations (not 
shown), hemispherical heads 78, and any other 
suitable components are assembled to complete 
the unit. 

A fluid leaking into the space 44 between a 
tubular member and its respective tube will 
normally be expected to be carried by the flow of 
the carrier gas toward and to partially fill the 
annulus illustrated at 76 which adjoins the end-
fitting. This should be detectable during inspec-
tion by use of a conventional eddy current probe 
inserted into the tube. Repair may be effected by 
expanding the tube 36 against the respective end-
fitting 46 at each end to eliminate fluid flow 
through the space between the tube 36 and end-
fitting 46, and then if it is the tube that is leaking, 
by plugging the tube 36 at each end. 

Since a tube 36 is easily removable from its 
respective tubular members 40, if a sufficiently 
large manway is provided in one of the hemi-
spherical heads 78, an individual tube may then 
easily be replaced or removed to inspect and 
repair its corresponding assembly of tubular 
members. Thus, the ability to remove a tube from 
the tubular members 40 provides additional 
repair and inspection advantages. 

An alternative embodiment of this invention is 
shown in Figure 6. As shown there, a heat 
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exchanger 80 is provided with an elongate shell 
82 having an inner wall 84 and an outer wall 86, 
an inlet 85 and an outlet 87 for carrier gas, a 
carrier gas pump 89, and a pair of inner tube 
sheets 88 attached to the inner wall 84 for seal- s 
ingly attaching tubular members as similarly 
described for similar components in the embodi-
ment shown in Figure 1. However, in this embodi-
ment, the heat exchanger 80 is provided with a 
plurality of U-bend tubes 90 wherein both inlet 10 
and outlet means 92 and 94 respectively of the 
tubes are provided at the same end of the shell 82 
with a partition wall 96 therebetween. A single 
outer tube sheet 98 is provided for sealingly 
attaching the tubes 90 at the inlet and outlet ends is 
and the outer tube sheet 98 is sealingly attached 
to the outer wall 86 of the shell in a similar 
manner as described for the embodiment of 
Figure 1. An outer tube sheet at the other end of 
the shell 82 is, of course, not required for this 20 
embodiment. In this embodiment of the inven-
tion, the U-bend tubes 90 are inserted into the 
tube sheets 88 and 98 and the corresponding 
tubular members from the end of the shell 82 
which is opposite to the end which contains the 25 
outer tube sheet 98. After insertion, the tubes are 
then rolled and expanded into the apertures of the 
outer tube sheet 98 and welded thereto using 
engineering principles of common knowledge to 
those of ordinary skill in the art to which this 30 
invention pertains. In accordance with this con-
struction, it is believed that a tube leak in the area 
of a U-bend may be repaired by the use of an 
explosive tube expanding method. 

The heat exchangers 10 and 80 shown in the 35 
drawings may be mounted either horizontally or 
vertically. Among the uses of such a heat 
exchanger are as an economizer, evaporator, 
superheater, and reheater for liquid metal fast 
breeder reactor systems, and for fusion reactors 40 
utilizing sodium or lithium/lead alloy for thermal 
transport of heat from the reactor to the steam 
cycle. Other uses include surface condensors and 
special applications involving organic fluids or 
molten salts. For example, such a heat exchanger 45 
is useful as a condenser wherein seawater is used 
as the condensing medium, in which case it is 
desirable that the condensed water not be con-
taminated by salt from the seawater. In such a 
case as well as in other applications wherein it is 50 
not necessary to prevent tritium or similar sub-
stances from diffusing through tube walls, it 
would not normally be necessary that the shell 
have an inner and outer wall or that means be 
supplied for providing oxygen to the spaces 44 55 
between the tubes and their respective tubular 
members. 

Claims 
60 

1. A heat exchanger comprising 
a shell (12) having first inlet means (18) and first 

outlet means (20) for the flow of a first fluid there-
through, 

a plurality (22) of tubes (36) within the shell (12) 65 

to provide a path for flow of a second fluid in heat 
exchange relation to the first fluid, 

second inlet means (24) and second outlet 
means (26) for flow of the second fluid to and 
from the tubes (36) respectively, 

a tubular member (40) concentric with at least a 
portion of the length of one of the tubes (26) to 
define a space (44) between the tube (36) and the 
tubular member (40), 

at least one radially outwardly projecting por-
tion (66) on the tubular member, and 

a plurality of tube support means (28, 32, 34) 
spaced apart and disposed generally perpen-
dicular to the tube axes, wherein 

the tubular member (40) is fixedly attached at 
one end to one of the tube support means (32) 
and at the other end to an adjacent one of the tube 
support means (32), 

the space (44) between the tube (36) and the 
tubular member (40) is closed to flow of both the 
first fluid and the second fluid, and 

the radially outwardly projecting portion (66) on 
the tubular member extends longitudinally to 
allow flexing of the tubular member (40) and 
expanding thereof radially outwardly during con-
struction of the heat exchanger so as to allow 
insertion of the tube (36) into the tubular member 
(40), the radially outwardly projecting portion (66) 
defining a gap (74) which contributes to the space 
(44) between the tube (36) and the tubular 
member (40). 

2. A heat exchanger according to claim 1, 
wherein the projecting portion (66) is formed by 
the wall of the tubular member (40) extending, as 
viewed in a cross-section taken in a plane perpen-
dicular to the longitudinal axis of the tubular 
member (40), in a circumferential direction to a 
first point (68) from which the course of the 
tubular member wall changes direction so that it 
extends radially outwardly to a second point (70) 
from which the course of the tubular member wall 
changes direction so that it extends radially 
inwardly to a third point (72) from which the 
course of the tubular member wall changes direc-
tion so that it extends in the circumferential direc-
tion thereby providing said gap (74) between the 
first and third points (68, 72). 

3. A heat exchanger according to claim 1 or 
claim 2, wherein the second fluid inlet and outlet 
means (24, 26) are disposed at respectively oppo-
site ends of the heat exchanger, two of the tube 
support means comprise a pair of outer tube 
sheets (28) for sealing attachment of the tubes 
(36) at each of the ends respectively thereof to 
provide partitions against fluid flow between said 
space (44) and spaces for the second fluid flow, 
the shell (12) comprising an inner wall (14) and an 
outer wall (16) defining a space (60) therebetween 
which is closed to both the first fluid and the 
second fluid, the space (60) between the inner and 
outer walls (14,16) of the shell (12) is in fluid flow 
communication with the space (44) between the 
tube (36) and the tubular member (40) for flow of 
a third fluid therebetween, and two of the tube 
support means comprise a pair of inner tube 
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sheets (34) which are disposed inwardly of the 
outer tube sheets (28) for sealing attachment of 
the tubular members (40) to provide partitions 
between the third fluid flow space (44) and spaces 
(50) for first fluid flow. 5 

4. A heat exchanger according to claim 3, 
comprising means (62,63) for introducing oxygen 
to the third fluid flow spaces (44) to combine with 
tritium diffusing through a wall of the tubular 
member (40) from a first fluid to prevent diffusion io 
of the tritium through a wall of the tube (36). 

5. A method of constructing a heat exchanger, 
the method comprising: 

fabricating a tubular member (40) which has at 
least one radially outwardly projecting portion 15 
(66) which extends longitudinally of the tubular 
member (40) to provide flexibility to the tubular 
member (40) for expanding thereof radially out-
wardly to insert a tube (36) therethrough; 

sealingly attaching the tubular member (40) 20 
within a shell (12) to prevent entry of a first fluid 
flowing between an inlet (18) and an outlet (20) of 
the shell (12) to the space bounded by the tubular 
member (40); 

fixedly attaching the tubular member (40) at 25 
one end thereof to one of a plurality of tube 
support means (32) and at the other end thereof 
to an adjacent one of the tube support means 
(32); 

flexing the tubular member (40) radially out- 30 
wardly while inserting a tube (36) through the 
tubular member (40); 

sealingly attaching the tube (36) within the shell 
(12) to prevent entry of a fluid flowing through the 
tube (36) to the resulting space (44) between the 35 
tube (36) and the tubular member (40); and 

assembling an inlet (24) and an outlet (26) for 
flow of a second fluid through the tube (36) in 
heat exchange relation with the first fluid. 

40 

Patentansprüche 

1. Wärmetauscher mit 
einer Ummantelung (12) mit ersten Einlaß-

mitteln (18) und ersten Auslaßmitteln (20) für die 45 
Strömung eines ersten Fluids durch diese Mittel, 

einer Vielzahl (22) von Rohren (36) innerhalb 
der Ummantelung (12), um einen Strömungspfad 
eines zweiten Fluids in Wärmeaustauschbezie-
hung mit dem ersten Fluid vorzusehen, so 

zweiten Einlaßmitteln (24) und zweiten Auslaß-
mitteln (26) für die Strömung des zweiten Fluids 
zu den Rohren (36) bzw. von diesen her, 

einem rohrförmigen Teil (40), welches konzen-
trisch mit mindestens einem Teil der Länge eines 55 
der Rohre (36) ist, um einen Raum (44) zwischen 
dem Rohr (36) und dem rohrförmigen Teil (40) zu 
bilden, 

mindestens einem radialen nach außen heraus-
ragenden Teil (66) auf dem rohrförmigen Teil und 60 

einer Mehrzahl von Rohrstützmitteln (28, 32, 
34), die im Abstand angeordnet sind und im allge-
meinen senkrecht zur Rohrachse angeordnet 
sind, wobei 

das rohrförmige Teil (40) mit einem.Ende fest 65 
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an einem der Rohrstützmittel (32) und mit dem 
anderen Ende an einem benachbarten Rohrstütz-
mittel (32) angebracht ist, 

der Raum (44) zwischen dem Rohr (36) und dem 
rohrförmigen Teil (40) für die Strömung sowohl 
des ersten Fluids als auch des zweiten Fluids 
geschlossen ist und 

das radial nach außen herausragende Teil (66) 
auf dem rohrförmigen Teil sich längs erstreckt, 
um ein Biegen des rohrförmigen Teils (40) und 
sein Expandieren radial nach außen während des 
Aufbaus des Wärmetauschers derart zu ermög-
lichen, daß das Einfügen des Rohres (36) in das 
rohrförmige Teil (40) möglich wird, wobei das 
radial nach außen herausragende Teil (66) einen 
Spalt (74) bildet, der zu dem Raum (44) zwischen 
dem Rohr (36) und dem rohrförmigen Teil (40) 
beiträgt. 

2. Wärmetauscher nach Anspruch 1, wobei das 
herausragende Teil (66) durch die Wand des rohr-
förmigen Teils (40) gebildet ist, die sich, in einem 
Querschnitt in einer Ebene senkrecht zur Längs-
achse des rohrförmigen Teils (40) gesehen, in 
einer Umfangsrichtung zu einem ersten Punkt 
(68) erstreckt, von welchem der Verlauf der Wand 
des rohrförmigen Teils die Richtung so ändert, 
daß sie sich radial nach außen zu einem zweiten 
Punkt (70) erstreckt, von welchem der Verlauf der 
Wand des rohrförmigen Teils die Richtung so 
ändert, daß sie sich radial einwärts zu einem 
dritten Punkt (72) erstreckt, von welchem der Ver-
lauf der Wand des rohrförmigen Teils die Rich-
tung so ändert, daß sie sich in Umfangsrichtung 
erstreckt, wodurch der Spalt (74) zwischen dem 
ersten und dritten Punkt (68,72) vorgesehen wird. 

3. Wärmetauscher nach Anspruch 1 oder 
Anspruch 2, wobei das Einlaß- und Auslaßmittel 
(24, 26) für das zweite Fluid an gegenüber-
liegenden Enden des Wärmetauschers ange-
ordnet sind, zwei der Rohrstützmittel ein Paar von 
äußeren Rohrwänden (28) aufweisen für eine 
dichtende Anbringung der Rohre (36) an seinem 
jeweiligen Ende, um Trennwände vorzusehen 
gegen die Fluidströmung zwischen dem Raum 
(44) und Räumen für die zweite Fluidströmung, 
die Ummantelung (12) eine innere Wand (14) und 
eine äußere Wand (16) aufweist, die zwischen 
sich einen Raum (60) bilden, welcher sowohl für 
das erste Fluid als auch das zweite Fluid geschlos-
sen ist, der Raum (60) zwischen der inneren und 
der äußeren Wand (14,16) der Ummantelung (12) 
in Fluidströmungsverbindung mit dem Raum (44) 
zwischen dem Rohr (36) und dem rohrförmigen 
Teil (40) steht für die Strömung .eines dritten 
Fluids dazwischen und zwei der Rohrstützmittel 
ein Paar von Innenrohrwänden (34) aufweisen, 
die einwärts der Außenrohrwände (28) ange-
ordnet sind für die dichtende Anbringung der 
rohrförmigen Teile (40), um Trennwände 
zwischen dem Strömungsraum (44) für das dritte 
Fluid und Räumen (50) für die Strömung des 
ersten Fluids vorzusehen, 

4. Wärmetauscher nach Anspruch 3 mit Mitteln 
(62, 63) für das Einführen von Sauerstoff zu den 
Strömungsräumen (44) für das dritte Fluid, um 
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sich mit Tritium zu vereinigen, weiches durch eine 
Wand des rohrförmigen Teils (40) aus einem 
ersten Fluid ausbreitet, um die Ausbreitung des 
Tritium durch eine Wand des Rohres (36) zu ver-
hindern. 5 

5. Verfahren zum Aufbau eines Wärme-
tauschers mit: 

Herstellung eines rohrförmigen Teils (40), 
welches mindestens ein radial nach aulSén 
herausragendes Teil (66) hat, welches sich längs 10 
des rohrförmigen Teils (40) erstreckt, um eine 
Flexibilität für das rohrförmige Teil (40) vorzu-
sehen für dessen Expandieren radial nach außen 
und Einfügen eines Rohres (36) dort hindurch; 

dem dichtenden Anbringen des rohrförmigen 15 
Teils (40) innerhalb einer Ummantelung (12), um 
den Eintritt eines ersten Fluids zu verhindern, 
welches zwischen einem Einlaß (18) und einem 
Auslaß (20) der Ummantelung (12) zu dem Raum 
strömt, welcher durch das rohrförmige Teil (40) 20 
begrenzt ist; 

dem festen Anbringen des rohrförmigen Teils 
(40) mit seinem einen Ende an einem einer Mehr-
zahl von Rohrstützmitteln (32) und mit seinem 
anderen Ende an einem benachbarten Rohrstütz- 25 
mittel (32); 

Biegen des rohrförmigen Teils (40) radial nach 
außen, während ein Rohr (36) durch das rohr-
förmige Teil (40) eingefügt wird; 

dichtendem Anbringen des Rohres (36) inner- so 
halb der Ummantelung (12), um den Eintritt eines 
Fließmittels zu verhindern, welches durch das 
Rohr (36) zu dem sich ergebenden Raum (44) 
zwischen dem Rohr (36) und dem rohrförmigen 
Teil (40) strömt; und 35 

dem Anordnen eines Einlasses (24) und eines 
Auslasses (26) für die Strömung eines zweiten 
Fluids durch das Rohr (36) im Wärmeaustausch 
mit dem ersten Fluid. 
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Revendications 

1. Echangeur de chaleur comportant: 
une enveloppe (12) possédant des premiers 

moyens d'admission (18) et des premiers moyens 45 
de sortie (20) en vue de l'écoulement d'un 
premier fluide au travers, 

un ensemble (22) de tubes (36) à l'intérieur de 
l'enveloppe (12) pour créer un trajet d'écoulement 
d'un second fluide en relation d'échange de 50 
chaleur avec le premier fluide, 

des seconds moyens d'admission (24) et des 
seconds moyens de sortie (26) en vue d'un 
écoulement du second fluide vers et depuis les 
tubes (36) respectivement, 55 

un élément tubulaire (40) concentrique à au 
moins une partie de la longueur d'un des tubes 
(36) pour délimiter un espace (44) entre le tube 
(36) et l'élément tubulaire (40), 

au moins une partie saillante radialement vers so 
l'extérieur (66) sur l'élément tubulaire, et 

un ensemble de moyens supports de tubes (28, 
32„ 34) espacés les uns des autres et disposés 
généralement perpendiculairement aux axes des 
tubes, caractérisé en ce que: es 

l'élément tubulaire (40) est fixé à demeure à 
une extrémité à l'un des moyens supports de 
tubes (32) et à l'autre extrémité à un moyen 
support de tube (32) adjacent, 

l'espace (44) entre le tube (36) et l'élément tubu-
laire (40) est fermé pour un écoulement à la fois 
du premier et du second fluide, et 

la partie (66) saillant radialement vers l'exté-
rieur sur l'élément tubulaire s'étend longitudi-
nalement pour permettre une flexion de l'élément 
tubulaire (40) et sa dilatation radialement vers 
l'extérieur durant la construction de l'échangeur 
de chaleur de façon à permettre une introduction 
du tube (36) dans l'élément tubulaire (40), la 
partie (66) saillante radialement vers l'extérieur 
délimitant un intervalle (74) qui contribue à 
l'espace (44) entre le tube (36) et l'élément 
tubulaire (40). 

2. Echangeur de chaleur selon la revendication 
1, caractérisé en ce que la partie saillante (66) est 
formée par la paroi de l'élément tubulaire (40) 
s'étendant, tel que vu en coupe dans un plan 
perpendiculaire à l'axe longitudinal de l'élément 
tubulaire (40), dans une direction circonférentielle 
jusqu'en un premier point (68) à partir duquel la 
forme de la paroi de l'élément tubulaire change 
de direction de façon à s'étendre radialement vers 
l'extérieur jusqu'en un second point (70) à partir 
duquel la forme de la paroi de l'élément tubulaire 
change de direction de façon à s'étendre radiale-
ment vers l'intérieur jusqu'en un troisième point 
(72) à partir duquel la forme de la paroi de 
l'élément tubulaire change de direction de façon à 
s'étendre dans le sens circonférentiel créant ainsi 
ledit intervalle (74) entre le premier et le troisième 
points (68, 72). 

3. Echangeur de chaleur selon la revendication 
1 ou la revendication 2, caractérisé en ce que les 
seconds moyens d'admission et de sortie de 
fluide (24, 26) sont disposés en des extrémités 
respectivement opposées de l'échangeur de 
chaleur, deux des moyens supports de tubes 
comportent une paire de plaques tubulaires 
externes (28) en vue d'une fixation étanche des 
tubes (36) à chacune des extrémités respectives 
de celles-ci pour produire des séparations contre 
un écoulement de fluide entre ledit espace (44) et 
lesdits espaces pour le second écoulement de 
fluide, l'enveloppe (12) comportant une paroi 
interne (14) et une paroi externe (16) délimitant un 
espace (60) entre elles et qui est fermé à la fois au 
premier fluide et au second fluide, l'espace (60) 
entre les parois interne et externe (14, 16) de 
l'enveloppe (12) se trouve en communication 
d'écoulement de fluide avec l'espace (44) entre le 
tube (36) et l'élément tubulaire (40) pour un 
écoulement d'un troisième fluide entre eux, et 
deux des moyens supports de tubes comportent 
une paire de plaques tubulaires internes (34) qui 
sont disposées intérieurement aux plaques tubu-
laires externes (28) en vue d'une fixation étanche 
des éléments tubulaires (40) pour créer des 
séparations entre l'espace d'écoulement du troi-
sième fluide (44) et les espaces (50) pour l'écoule-
ment du premier fluide. 
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4. Echangeur de chaleur selon la revendication 
3, caractérisé en ce qu'il comporte des moyens 
(62, 63) en vue d'introduire de l'oxygène dans les 
espaces d'écoulement (44) du troisième fluide 
pour se combiner avec le tritium diffusant à 5 
travers une paroi de l'élément tubulaire (40) 
depuis un premier fluide en vue d'empêcher une 
diffusion du tritium à travers une paroi du tube 
(36). 

5. Procédé de construction d'un échangeur de JO 
chaleur, caractérisé en ce qu'il comporte les 
opérations de: 

fabrication d'un élément tubulaire (40) possé-
dant au moins une partie (66) saillante radiale-
ment vers l'extérieur qui s'étend longitudinale- is 
ment à l'élément tubulaire (40) pour assurer une 
flexibilité à l'élément tubulaire (40) en vue de sa 
dilatation radialement vers l'extérieur pour intro-
duire un tube (36) au travers; 

fixation étanche de l'élément tubulaire (40) à 20 
l'intérieur d'une enveloppe (12) en vue d'empê-

cher une pénétration d'un premier fluide s'écou-
lant entre une admission (18) et une sortie (20) de 
l'enveloppe (12) dans l'espace limité par l'élément 
tubulaire (40); 

fixation à demeure de l'élément tubulaire (40) à 
l'une de ses extrémités à un ensemble de moyens 
supports de tubes (32) et à son autre extrémité à 
un moyen support de tube (32) adjacent; 

flexion de l'élément tubulaire (40) radialement 
vers l'extérieur tout en introduisant un tube (36) à 
travers l'élément tubulaire (40); 

fixation étanche du tube (36) à l'intérieur de 
l'enveloppe (12) en vue d'empêcher une pénétra-
tion d'un fluide s'écoulant à travers le tube (36) 
dans l'espace résultant (44) entre le tube (36) et 
l'élément tubulaire (40); et 

assemblage d'une admission (24) et d'une sor-
tie (26) en vue de l'écoulement d'un second fluide 
à travers le tube (36) en relation d'échange de 
chaleur à l'intérieur du premier fluide. 
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