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the relatively small diameter tubes found in high efficiency, high density
heat exchangers. This This invention relates generally to heat transfer
attribute is further worsened by the tendency of and more particularly to
an improved heat ex-       maintenance personnel to tighten the clamping
changer for transferring heat between two fluids.    5    bolts if leakage
is detected. Heat exchangers comprising a tube bundle
FR-A-1089816 discloses a heat exchanger enclosed in a case or housing,
generally identified  (hereinafter referred to as of the kind described) as
shell-and-tube type heat exchangers, are well    including a rigid
peripheral shell and a plurality of known. Traditionally, shell-and-tube
heat exchan-   tubes disposed within the shell and, at at least gers have
been constructed of metallic materials.   10   one end of the shell,
extending through apertures In particular, the tube bundle has
conventionally   in an elastomeric end plate; the periphery of the been
formed of a plurality of elongated metal       end plate being sealed to
the shell and the part of tubes that are brazed in a predetermined pattern
the end plate defining the apertures being axially to a pair of end walls
and one or more internal     unconstrained and sealing resiliently against
the baffle plates. Such brazed assemblies are not only   15   tubes by
virtue of the free-state transverse area of costly, but are also prone to
both thermal and      each of the apertures being smaller than the
vibration-induced mechanical fatigue cracking       transverse area of the
respective tubes. and subsequent leakage between the fluid cham-        In
this construction, the periphery of the end bers at the brazed joints and
at the contact points  plate is gripped between two flanged parts of the
between the tubes and the internal baffle plates.   20   shell to seal the
end plate to the shell but this does Further, the brazing process tends to
anneal the    not contribute to the sealing between the end metal tubes,
thereby reducing the yield strength    plate and tubes. of the tubes. In
high pressure applications,          GB-A-1477839 discloses somewhat
similar annealed tubes may collapse, resulting in failure   constructions
of heat exchanger and, in Figure 6, of the heat exchanger.
25   an arrangement in which the elastomeric end In an attempt to avoid the
above-described        plate is radially compressed by a clamp which
inherent problems associated with brazed or sol-    surrounds the shell.
However the shell must dered heat exchangers, various mechanical seal-
consequently be flexible where as the invention ing arrangements have been
proposed. One such       refers to a rigid shell and it is acknowledged
that example is the tube bundle heat exchanger de-   30   the arrangement
is only suitable for pressures up scribed in US-A-4,328,862. This patent
dis-         to 206 kPa (30 psi). closes an elastic sealing means for a
heat ex-        In addition to the problems outlined above with changer
wherein a pair of pressure plates exert a   respect to brazed and soldered
end plate con- force in the longitudinal direction of the tube
structions, it has been found that tube fractures bundle to expand the
elastic sealing means in a    35    may also occur at the surface contact
points transverse, or radial, direction thus confining the  between the
tubes and one or more internal baffle elastic sealing means in all
directions. However,   plates. For ease in assembly, it is generally this
construction still presents a number of prob-  accepted practice to form
tube-receiving aper- lems. First, the requirement for a pair of apertured
tures in the baffle plate to the same or a slightly pressure plates limits
the number of tubes that   40   larger diameter than the external diameter
of the may be enclosed within the shell. As the number     tubes. During
operation of the heat exchanger, it of tubes in the tube bundle increases,
the number   has been found that the tubes are often subjected of apertures
provided in the pressure plates        to severe vibration both from
external sources through which the tubes pass, must also increase.   and
from internal fluid pressure pulses. Initially, Typically, a 152 mm (6 in.)
diameter heat ex-   45   the lateral displacement or movement of the
changer may contain about 600 tubes having a        tubes during various
vibrational modes is limited 4.78 mm (.188 in. diameter). Forming 600
clear-     by the close-fitting baffle plates. However, after ance holes in
each of the pressure plates would     repeated forced contact either the
tubes or the not only be extremely costly and time consuming     plate, or
both, may wear or deform  and the but would also significantly weaken the
plate. If  so   clearance between the tube and baffle aperture the
thickness of the pressure plates were in-       becomes greater, thereby
permitting increased creased to add strength, the cost and difficulty of
movement of the tube within the baffle. This forming the required number of
clearance holes      action not only leads to early mechanical or would
also increase. Further, the pressure plate    fatigue failure of the tube
but also permits fluid to would be structurally weaker towards the center
55    pass through the enlarged aperture thereby de- of the plate and would
be unable to apply a         creasing the flow-directing function of the
baffle. uniform, equal compression force across the           According to
the invention, a heat exchanger of complete elastic medium Interface
surface.          the kind described is characterised in that the An
additional deficiency in the prior art is that  outer periphery of the end
plate is axially uncon- as the axially applied compressive pressure in-
60   strained and seals resiliently against the inner creases, the sealing
surface contact area between   surface of the shell by virtue of the
surface the elastic medium and the tubes and shell wall     circumscribing
a transverse area which is smaller 



also decreases. Further, if the clamping bolts are  than the transverse
area of the end plate; and in overly tightened, the confined elastic medium
that the compressive forces experienced by the may easily collapse some of
the tubes, especially   65   end plate from the tubes and the shell in the
plane    3                   0 126 086                        4 of the end
plate are such as to cause expansion of  durometer to about 80 durometer as
measured i the end plate in the direction along the tubes      the Shore A
scale. It is necessary that the hard- throughout substantially its whole
area of be-       ness of the end plate 18 be sufficient to support tween 5
and 50% of the thickness of the uncom-      the tubes 16 in a sealed
relationship with respect pressed end plate.                             5
to the internal chamber defined by the shell 12 This construction provides
a rugged, economi-      and yet not be adversely axially deflected by high
cal, and efficient heat exchanger end wall           pressure pulses that
may be transmitted by fluid assembly, avoiding the requirement for costly
in the shell chamber. Also, the hardness should and design-limiting
pressure plates. Further, it     not be so high that the transverse
compressive eliminates the need for adjustable exterior clamp-   10
stress required for sealing the tube and chamber ing members where improper
operation may be         is not greater than the transverse crush strength
an inadvertent cause of damage to the heat           of the tubes 16. In
addition, the end plate material exchanger tubes. Still further, as a
result of       should have good resistance to the effects of both applying
the compressive force only in the direc-    high and low temperatures and
in particular tion transverse to the tubes, the sealing surface    15
should be resistant to temperature induced de- contact area between the
elastomeric end plate      terioration within the thermal operating range
of and each of the tubes and, also the shell wall,     the heat exchanger
10. Further, the end plate increases in response to an increase in the
corm-    material should have good resistance to the pressive force.
deleterious effects of the particular fluids that The heat exchanger may
include at least one    20    may be passed through the heat exchanger 10.
baffle plate disposed inwardly of the shell normal   While by no means
being an all-inclusive list, to the tubes and preferably constructed of a
materials having these properties include some vibration energy absorbing
material having a         compounds of natural rubber, synthetic rubber,
hardness less than the hardness of the tubes.       thermoset elastomers
and thermoplastic elasto- This overcomes the problem of vibration-in-   25
mers. Examples of suitable thermoset elastomers duced internal tube damage
by providing a vibra-     include butyl rubber, chlorosulfonated polyethy-
tion-damping baffle plate constructed, e.g. of a     lene, chloroprene
(neoprene), chlorinated poly- non-metallic material that is considerably
softer    ethylene, nitrile butadiene, epichlorohydrin, poly- than the
material of the tubes. Further, the baffle  acrylate rubber, silicone,
urethane, fluorosilicone plates provide an effective non-absorbing support
30   and fluorocarbon. Polyurethane, copolyester and between each of the
tubes and each of the plates.    polyolefin are examples of suitable
thermoplastic The elastomeric end plates and the non-metallic
elastomers. baffle plates then cooperate to provide a resilient,  The
baffle plates 28 are preferably constructed vibration energy absorbing
support for each of       of a non-metallic, vibration-energy absorbing the
tubes in the tube bundle.                  35    material having a hardness
substantially less than The baffle plate per se is subject of a divisional
the hardness of the tubes 16, such as an asbestos European patent
application published under          filled neoprene rubber having a
durometer hard- number EP-A-1171 090.                                ness
of about 80 on the Shore D scale. Other An example of a heat exchanger
constructed in      suitable materials include but are not limited to
accordance with the invention is illustrated in the    40   the compounds
listed above with respect to the accompanying drawings, in which:-
end plate 18. Combinations of the listed com- Figure 1 is a partially
sectioned, elevation; and,  pounds and various metallic, mineral or organic
Figure 2 is an end view.                           fiber fillers are
particularly useful. As illustrated, a heat exchanger 10 includes a       A
means 22 for compressing the elastomeric conventional shell 12 having an
inner wall 14 and    45   end plate 18 includes a continuous surface 24 on
a plurality of longitudinally extending tubes 16     the inner wall 14 of
the shell 12. The surface 24 disposed within the shell 12. In the example
circumscribes a transverse area that is somewhat shown in Figure 1, the
heat exchanger 10 is of the   smaller than the unconfined or free-state
trans- single pass type and has a pair of elastomeric end   verse area of
the end plate 18. After the end plate plates 18 forming part of an end
plate assembly   so   is installed in the shell 12, the inner wall 14 will
19 at each end of the shell 12 with each of the     urge the outer
periphery of the end plate 18 tubes 16 extending through a respective
aperture    radially inwardly and maintain a compressive 20 formed through
each of the end plates 18. In      stress about the circumference of the
end plate heat exchangers of the double-pass type, one end     18. Further,
the means 22 for compressing the of the heat exchanger may have a solid end
wall   55   elastomeric end plate 18 includes in combination and the
opposite end have an apertured elasto-      with the inner wall 14 of the
shell 12, an external 



meric end plate assembly 19 constructed accord-      surface area 26 on
each of the tubes 16. The free- ing to the present invention. The heat
exchanger    state transverse area of each of the apertures 20 is 10 also
includes a plurality of non-metallic inter-  somewhat smaller than the
transvere or cross- nal baffle plates 28 disposed inwardly of the shell
60   sectional area of each of tubes 16 so that the 12 at predetermined
spaced positions along the      external surface area 26 on each of the
tubes 16 normal to the longitudinal axis X of the tubes 16.  will urge a
portion of the end plate 18 imme- Preferably, the elastomeric end plate 18
is        diately surrounding, or circumscribing, each of constructed of a
natural or synthetic resin         the tubes 16 in a direction radially
outwardly and material having a hardness of from about 45   65    maintain
a stress on the end plate 18 in a 3    5                   0 126 086
6 transverse direction with respect to the longi-     retention of the tube
in the end plate and a fl tudinal orientation of the tubes 16.
seal between the external surface area 26 of the In the preferred
embodiment of the present         tubes 16 and the end plate 18. invention,
the shell 12 of the heat exchanger 10      In the example presented above,
the end wall is constructed of a ferrous metal composition,    5    is
sufficiently stressed in the transverse direction has a length of about 762
mm (30.0 in.) and an      by the inner wall 14 of the shell 12 and the
inner wall 14 diameter of 164.64 mm (6.482 in.).    external surfaces 26 of
the tubes 16 to axially The tubes 16 are copper, have a length of 759
expand i.e., expand in the longitudinal direction mm (29.88 in.), an outer
diameter of 4.78 mm        of the tubes 16, the end plate 18 from the free
(.188 in.) and an inner diameter of 4.17 mm (.164 . 10   state dimension of
23.6 mm (0.93 in.) to 31.8 mm in.). The tubes 16 are carefully arranged in
offset  (1.25 in.). The end plate 16 is therefore axially parallel rows
inside the shell to provide a large   expanded to a dimension about 34%
greater number of tubes and consequently a large heat       than the
unconfined or free-state axial dimension transfer surface area. The example
heat ex-         of the end plate. It is easily seen that since the changer
10 of the present invention contains 579   15   end plate 18 is
unrestrained in the axial direction, of the tubes 16, providing a
tube/cross-section     the amount of elongation, or expansion, in the area
ratio of about 2.7 tubes/[err]. High tube        axial direction is a
function of the combined density heat exchangers in this general size
material properties and the transverse compres- group typically range from
about 1 to about 3       sive stresses provided by the inner wall 14 and
tubes/cm2.                                    20   tube external surface
areas 26. Preferably the In the present example, the end plates 18 are
end plate 18 should be sufficiently transversely constructed of a neoprene
rubber composition        compressed to expand the plate 18 to a predeter-
having a Shore A durometer hardness of 60. The      mined axial dimension
in a range of from about end plate has an unconfined, or free-state, axial
5% to about 50% greater than the axial dimen- thickness, i.e., a dimension
measured in the    25   sion of the end plate 18 when measured in an
longitudinal direction of the apertures 20 of 23.6  unconfirmed, or free
state. Also, it can be easily mm  (0.93 in.), anda transverse diameter of
seen that for a given elastomeric material, the 172.03 mm (6.773 in.). Each
of the apertures 20     axial elongation of the end plate 18, and con- have
a free-state diameter of 4.22 mm (.166 in.).   sequently the contact area
between the end plate Upon assembly of the end plate 18 in the end    30
18 and each of the tubes 16 will increase in of the shell 12 and insertion
of the tubes 16       response to increasing the radial stress on the
through apertures 20 provided in the end plate      end plate. 18, as shown
in Fig. 1, the outer circumference of    The baffle plates 28 provide
support and the end plate 16 is reduced from the free-state     alignment
for the tubes 16 which pass through diameter of 172.03 mm to the diameter
of the    35   apertures formed in each of the baffle plates. inner wall
14; i.e., 164.64 mm. The end plate 18 is  Further, as is well known in the
art, baffle plates therefore radially compressed by the fixed sur-     form
a series of partial dams or flow-directing face of the inner wall 14 of the
shell 12 to a      walls within the shell to provide improved circu-
dimension 4.4% less than the unconfined or free-    lation and heat
transfer between fluid passing state dimension of the end plate 18, thereby
40   through the shell chamber and fluid passing providing and maintaining
a radial compressive      through the tubes. Conventionally, baffle plates
stress on the periphery of the end plate 18. To     are constructed of a
metal and are mechanically achieve the required compressive stress, the end
positioned within the shell 12 to prevent move- plate 18 should be
compressed by the inner wall     ment of the baffle plates during operation
of the 14 of the shell 12 to a predetermined dimension    45   heat
exchanger. In the preferred embodiment of at least sufficient to provide an
adequate fluid    the present invention, the baffle plates 28 are seal
between the end plate 18 and the inner wall    constructed of an
asbestos-filled neoprene-a 14.
non-metallic, vibration-energy absorbing, sheet Further, the end plate 18
is stressed in the      material, having a Shore D durometer hardness 



transverse direction by insertion of the tubes 16,   so   of about 80 and a
thickness of 3 mm (.120 in.). or alternatively, by expansion of the tubes
16      The baffle plates 28 can be adhesively bonded to after insertion of
the tubes 16 through the aper-  the external surface of at least some of
the tures 20 in the end plate. As listed above, the     copper tubes 16
with nitrile phenolic adhesive to outer diameter of the tubes 16 is 4.78 mm
and       establish an initial position for assembly pur- the free-state
diameter of the apertures 20 is 4.22   55   poses. The plurality of
openings formed in each mm. The apertures are therefore expanded about
of the baffle plates 28 for passage of the heat 12% in a direction radially
outwardly from each     exchanger tubes 16, each have a dimension sub-. of
the tubes 16 to establish and maintain a radial  stantially the same as the
outer diameter of the stress in the end plate 18 about each of the tubes
tubes 16. It has been found that with somewhat 16. It is recommended that
the apertures 20 be   60   resilient materials, such as the asbestos-filled
sized so that there is at least an interference fit  neoprene composition
of the preferred embodi- between a tube 16 and a corresponding aperture
ment, the openings in the baffle plate 28 tend to 20, and preferably that
the diameter of the aper-   diminish in cross-sectional area after forming.
ture 20 be expanded by placement of the tube to     This characteristic, in
combination with the provide a compressive stress to assure sufficient   65
greater thickness of the baffle plate serves to 4    7                   0
126 086                       8 support a sufficient length of the tube to
avoid the  transverse area which is smaller than the free- sharp edges and
deleterious wear attributable to     stage transverse area of the end plate
(18); and in the thin metal plates of the prior art constructions.  that
the compressive forces experienced by the Further, it has been found that
the asbestos-filled  end plate from the tubes and the shell in the plane
neoprene composition of the preferred embodi-    5    the end plate are
such as to cause expansion of the ment tends to swell slightly in the
presence of oil,  end plate in the direction along the tubes thereby
increasing the mechanical support and        throughout substantially  its
whole area of decreasing the amount of leakage about each of       between
5 and 50%  of the thickness of the the tubes 16 and accordingly improving
the heat      uncompressed end plate. transfer performance when oil is the
fluid   to        2. A heat exchanger (10) according to claim 1, medium
circulated through the outer chamber of       wherein the end plate is
constructed of a material the heat exchanger 10.
selected from the group including compounds of Heat exchangers 10 having
the end wall and         natural rubber, synthetic  rubber, thermoset
baffle plate assemblies of the present invention     elastomers and
thermoplastic elastomers. have been found to be particularly suitable for
use   15  3. A heat exchanger (10) according to claim 2, in vehicular
applications. The high vibration,       wherein the end plate (18) is
constructed of a cyclic pressure and heat load requirements of
neoprene rubber composition. vehicle  engine, transmission  and  hydraulic
4. A heat exchanger (10) according to any one accessory systems have only
marginally been          of the preceding claims, wherein the elastomeric
satisfied  by  conventional  brazed-assembly   20   end plate (18) has a
hardness of between 45 and metallic heat exchangers.
80 durometer as measured as measured on the In one test, a heat exchanger
10 constructed       Shore A scale. according to the present invention has
been            5. A heat exchanger (10) according to claim 4, installed in
the implement hydraulic circuit of a    wherein the end  plate has a
hardness of large track-type tractor. The heat exchanger has   25
substantially 60 durometer as measured on the successfully accumulated over
600 operating          Shore A scale. hours at the time of the filing of
this application    6. A heat exchanger (10) according to any one for
patent. In this particular example, SAE 10 oil at  of the preceding claims,
wherein the ratio of the a typical temperature of about [err] and at inlet
number of tubes (16) to the area of the end plate pressure of about 350 kPa
passes through the    30   (18) is in a range from 1 to 3 tubes/[err].
shell chamber and about the external surfaces of       7. A heat exchanger
according to any of the the tubes. Coolant having a conventional mixture
preceding  claims, wherein  the  tubes  are of water and anti-freeze passes
through the tubes    constructed of copper. 16 at a normal operating
temperature of about         8. A heat exchanger (10) according to any one
[err] and at an inlet pressure of about 90 kPa. In   35   of the preceding
claims including at least one addition to the above test, heat exchangers
of the   baffle plate (28) disposed inwardly of the shell present invention
have been  bench  tested         (12) normal to the tubes. wherein a
pressure of 2100 kPa (305 psi) has been      9. A heat exchanger according
to claim 8, cyclicly applied for an extended time period to the  wherein
the baffle plate (28) is constructed of a internal shell chamber without
failure or leakage   40   vibration energy absorbing material having a of
the end wall assembly 19.                         hardness less than the
hardness of the tubes (16). The heat exchanger of the present invention is
10. A heat exchanger according to claim 9, 



believed  suitable  for a  large  number of          wherein the baffle
plate (28) is constructed of a applications   whereif  the    performance
reinforced natural or synthetic resin. requirements  are  severe  and
where  heat   45       11. A heat exchanger according to any one of
exchangers of prior art constructions have been      claims 8 to 10,
wherein the baffle plate has a inadequate or prone to high failure rates.
hardness of substantially  80 durometer as measured on the Shore D scale.
Claims                                         50   Patentanspriiche 1. A
heat exchanger (10) including a rigid           1. Ein Wirmeaustauscher
(10) mit einem star- peripheral shell (12) and a plurality of tubes (16)
ren Umfangsmantel (12) und einer Vielzahl von disposed within the shell
and, at at least one end   Rohren (16), angeordnet innerhalb des Mantels,
of the shell, extending through apertures (20) in    und wobei mindestens
ein Ende des Mantels sich an elastomeric end plate (18); the periphery of
the   55   durch Offnungen (20) in einer elastomeren End- end plate being
sealed to the shell, and the part of  platte (18), erstreckt, wobei der
Umfang der End- the end plate (18) defining the apertures (20)       platte
mit dem Mantel abdichtend verbunden ist being axially unconstrained and
sealing resiliently  und der Teil der Endplatte (18) der die 6ffnungen
against the tubes by virtue of the free-state       (20) bildet axial nicht
eingeschrankt ist und ela- transverse area of each of the apertures (20)
being    60   stisch gegenaber den Rohren abdichtet, und zwar smaller than
the transverse area of the respective  basierend darauf, daB im  freien
Zustand die tubes; characterised in that the outer periphery of
QuerschnittsflAche jeder der Offnungen (20) klei- the end plate is axially
unconstrained and seals    ner ist als die Querschnittsflache der
entsprechen- resiliently against the inner surface (24) of the shell  den
Rohre, dadurch gekennzeichnet, daG der by virtue of the surface (24)
circumscribing a    65    AuGenumfang der Endplatte axial nicht einge-    7
0  126 086                      8 support a sufficient length of the tube
to avoid the  transverse area which is smaller than the free- sharp edges
and deleterious wear attributable to    stage transverse area of the end
plate (18); and in the thin metal plates of the prior art constructions.
that the compressive forces experienced by the Further, it has been found
that the asbestos-filled  end plate from the tubes and the shell in the
plane neoprene composition of the preferred embodi-    5    the end plate
are such as to cause expansion of the ment tends to swell slightly in the
presence of oil,  end plate in the direction along the tubes thereby
increasing the mechanical support and       throughout substantially  its
whole area of decreasing the amount of leakage about each of      between 5
and 50%  of the thickness of the the tubes 16 and accordingly improving the
heat     uncompressed end plate. transfer performance when oil is the fluid
10       2. A heat exchanger (10) according to claim 1, medium circulated
through the outer chamber of      wherein the end plate is constructed of a
material the heat exchanger 10.                              selected from
the group including compounds of Heat exchangers 10 having the end wall and
natural rubber, synthetic rubber, thermoset baffle plate assemblies of the
present invention    elastomers and thermoplastic elastomers. have been
found to be particularly suitablefor use   15  3. A heat exchanger (10)
according to claim 2, in vehicular applications. The high vibration,
wherein the end plate (18) is constructed of a cyclic pressure and heat
load requirements of       neoprene rubber composition. vehicle engine,
transmission  and  hydraulic          4. A heat exchanger (10) according to
any one accessory systems have only marginally been         of the
preceding claims, wherein the elastomeric satisfied  by  conventional
brazed-assembly   20   end plate (18) has a hardness of between 45 and
metallic heat exchangers.                           80 durometer as
measured as measured on the In one test, a heat exchanger 10 constructed
Shore A scale. according to the present invention has been           5. A
heat exchanger (10) according to claim 4, installed in the implement
hydraulic circuit of a   wherein the end plate has a hardness of large
track-type tractor. The heat exchanger has   25   substantially 60
durometer as measured on the successfully accumulated over 600 operating
Shore A scale. hours at the time of the filing of this application   6. A
heat exchanger (10) according to any one for patent. In this particular
example, SAE 10 oil at  of the preceding claims, wherein the ratio of the a
typical temperature of about [err] and at inlet    number of tubes (16) to
the area of the end plate pressure of about 350 kPa passes through the
30   (18) is in a range from 1 to 3 tubes/cm2. shell chamber and about the
external surfaces of      7. A heat exchanger according to any of the the
tubes. Coolant having a conventional mixture    preceding  claims, wherein
the  tubes  are of water and anti-freeze passes through the tubes
constructed of copper. 16 at a normal operating temperature of about
8. A heat exchanger (10) according to any one [err] and at an inlet
pressure of about 90 kPa. In   35   of the preceding claims including at
least one addition to the above test, heat exchangers of the  baffle plate
(28) disposed inwardly of the shell present invention  have been bench
tested          (12) normal to the tubes. 



wherein a pressure of 2100 kPa (305 psi) has been     9. A heat exchanger
according to claim 8, cyclicly applied for an extended time period to the
wherein the baffle plate (28) is constructed of a internal shell chamber
without failure or leakage   40   vibration energy absorbing material
having a of the end wall assembly 19.                        hardness less
than the hardness of the tubes (16). The heat exchanger of the present
invention is      10. A heat exchanger according to claim 9, believed
suitable  for a  large  number of         wherein the baffle plate (28) is
constructed of a applications   whereif  the    performance
reinforced natural or synthetic resin. requirements  are  severe  and
where  heat   45      11. A heat exchanger according to any one of
exchangers of prior art constructions have been     claims 8 to 10, wherein
the baffle plate has a inadequate or prone to high failure rates.
hardness of substantially  80 durometer as measured on the Shore D scale.
Claims 50   Patentansprfiche 1. A heat exchanger (10) including a rigid
1. Ein Wirmeaustauscher (10) mit einem star- peripheral shell (12) and a
plurality of tubes (16)  ran Umfangsmantel (12) und einer Vielzahl von
disposed within the shell and, at at least one end  Rohren (16), angeordnet
innerhalb des Mantels, of the shell, extending through apertures (20) in
und wobei mindestens ein Ende des Mantels sich an elastomeric end plate
(18); the periphery of the   55   durch Offnungen (20) in einer elastomeren
End- end plate being sealed to the shell, and the part of  platte (18),
erstreckt, wobei der Umfang der End- the end plate (18) defining the
apertures (20)      platte mit dem Mantel abdichtend verbunden ist being
axially unconstrained and sealing resiliently  und der Teil der Endplatte
(18) der die Offnungen against the tubes by virtue of the free-state
(20) bildet axial nicht eingeschrinkt ist und ela- transverse area of each
of the apertures (20) being    60   stisch gegenuber den Rohren abdichtet,
und zwar smaller than the transverse area of the respective  basierend
darauf, dag im  freien Zustand die tubes; characterised in that the outer
periphery of  Querschnittsflache jeder der Offnungen (20) klei- the end
plate is axially unconstrained and seals   ner ist als die
Querschnittsflache der entsprechen- resiliently against the inner surface
(24) of the shell  den Rohre, dadurch gekennzeichnet, dag der by virtue of
the surface (24) circumscribing a    65   Au~enumfang der Endplatte axial
nicht einge- 5    9                   0  126 086                      t0
schrankt ist und elastisch gegen die Innenoberfla-  gees dans une plaque
d'extr6mite elastique (18), che 124) des Mantels abdichtet, und zwar basie-
le pourtour de la plaque d'extr6mite etant scelle A rend darauf, daB die
Oberflache (24) sine Quer-     la coque, et la partie de la plaque
d'extremite (18) schnittsflache umschreibt, die kleiner ist als die
delimitant les ouvertures  (20) n'dtant pas im freien Zustand eingenommene
Querschnitts-    s    contrainte axialement et s'appliquant elastique-
flache der Endplatte (18), und ferner dadurch        ment d'une maniere
6tanche contre les tubes par gekennzeichnet, daB die von der Endplatte
aufge-  !   le fait quo la section transversale au repos de nommenen
Druckkrafte von den Rohren und dem         chacune des ouvertures (20) est
inf6rieure A la Mantel in der Ebene der Endplatte derart sind,      section
transversale des tubes respectifs, caract6- daB sine Ausdehnung der
Endplatte in Richtung    1o   ris6 en ce que le pourtour ext6riour de la
plaque langs den Rohren hervorgerufen wird, und zwar       d'extr6mite
n'est pas contraint axialement et s'ap- uber im wesentlichen deren gesamte
FlAche hin-      plique elastiquement de facon 6tanche contre la weg, und
zwar zwischen 5 und 50% der Dicke der      surface interieure (24) de la
coque par le fait que nicht zusammengedruckten Endplatte.
Ia surface (24) circonscrit une aire transversale qui 2. Warmeaustauscher
(10) nach Anspruch 1,   t5   est inferieure a l'aire transversale au repos
de la wobei die Endplatte aus einem Material ausge-       plaque
d'extremite (18), et en ce quo les forces de baut ist, welches aus der
folgenden Gruppe aus-     compression, qui sont appliqu6es a la plaque
gewahlt ist: Verbindungen aus natOrlichem Gum-      d'extremite par les
tubes et la coque, dans le plan mi, synthetischem Gummi, unter Warme
aushar-        de la plaque d'extremite, sont telles qu'elles tenden
Elastomeren und thermoplatischen Ela-   20   entrainent une dilatation de
la plaque d'extr6mite, stomeren.
comprise entre 5 et 50% de l'epaisseur de la 3. Wirmeaustauscher (10) nach
Anspruch 2,         plaque d'extremite non comprimee, suivant la wobei die
Endplatte (18) aus einer Neoprengum-      direction longitudinal des tubes,
et ce sensible- mi-Zusammensetzung aufgebaut ist.                   ment
sur toute la surface de la plaque. 4. Wirmeaustauscher (10) nach einem der
vor-   25   2. Echangeur de chaleur (10) selon la revendica- hergehenden
Anspruche, wobei die Elastomer-         tion 1, dans lequel la plaque
d'extr6mite est Endplatte (18) sine Harte zwischen 45 und 80
r6alis6e en un materiau choisi dans le groups Durometer, gemessen auf der
Shore-A-Skala auf-      comprenant des composes de caoutchouc natu- weist.
rel, de caoutchouc synthetique, d'elastomeres 5. Warmeaustauscher (10) nach
Anspruch 4,   30   thermodurcissables et d'lastomeres thermoplas- 



wobei die Endplatte eine HArte von im wesent-       tiques. lichen 60
Durometer, gemessen auf der Shore-A-        3. Echangeur de chaleur (10)
selon la revendica- Skala aufweist.
tion 2, dans lequel la plaque d'extr6mit6 (18) est 6. Warmeaustauscher (10)
nach einem der vor-       realisee en une composition de caoutchouc au
hergehenden Anspruche, wobei das Verhaltnis   35   neoprene. aus der Zahl
der Rohre (16) zur Flache der End-       4. Echangeur de chalour (10) selon
l'une quel- platte (18) im Bereich von 1 bis 3 Rohren/cm2       conque des
revendications pr6c6dentes, dans le- liegt.
quel la plaque d'extr6mit6 elastique (18) possede 7. Wirmeaustauscher (10)
nach einem der vor-      une durete comprise entre 45 et 80, tells quo
hergehenden AnsprOche, wobei die Rohre aus   40    mesur6e sur l'echelle
Shore A. Kupfer aufgebaut sind.                                5. Echangeur
de chaleur (10) solon la revendica- 8. Wirmeaustauscher (10) nach einem der
vor-      tion 4, dans lequel ia plaque d'extremite possede hergehenden
AnsprOche, mit mindestens einer         une durete egale sensiblement A 60,
tells quo Prallplatte (28), angeordnet nach innen gegen-      mesuree sur
l'echelle Shore A. Ober dem Mantel (12), senkrecht zu den Rohren.   45   6.
Echangeur de chaleur (10) selon l'une quel- 9. Warmeaustauscher nach
Anspruch 8, wobei        conque des revendications precedentes, dans le-
die Prallplatte (28) aus einem Schwingungsener-     quel le rapport du
nombre des tubes (16) a la gie absorbierenden Material aufgebaut ist und
surface deola plaque d'extrimit6 (18)se situe dans sine HArte von weniger
als der Harte der Rohre      une plage de 1 a 3 tubes/cm2. 116) aufweist
50      7. Echangeur de chaleur selon l'une quelconque 10. Warmeaustauscher
nach Anspruch 8, wobei       des revendications pricidentes, dens loquel
les die Prallplatte (28) aus sinem verstarkten natOrli-  tubes sont
rbalisbs en cuivre. chen oder'synthetischem Harz aufgebaut ist.
8. Echangeur de chaleur (10), solon lune quel- 11. Wirmeaustauscher nach
einem der AnsprO-       conque des revendications pr6cedentes, renfer- che
8 bis 10, wobei die Prallplatte eine Hirte von    55    mant au moins une
chicane (28) disposee A im wesentlichen 80 Durometer, gemessen auf der
l'intbrieur de Ia coque (12), perpondiculairement Shore-D-Skala, aufweist.
aux tubes. 9. Echangeur de chaleur selon la revendication Revendications
8, dans lequel la chicane (28) est riaiisie en un 60    materiau absorbent
l'energie de vibration et prb- 1. Echangeur de chaleur (10) comportant une
sentant une durete inferieure a la duretb des coque peripherique rigide
(12) et une multiplicite  tubes (16). de tubes (16) disposes a l'inteieur
de la coque, et   10. Echangeur de chaleur selon la revendication
s'Atendant, au moins au niveau d'une extremite      9, dans lequel la
chicane (28) est realisee en une de la coque, b travers des ouvertures (20)
mena-   6S   resine naturelle ou synthetique, renforcbe. 6 C   L!11111
N111111111111111111-1 _    ,_.,_.--    11                   0  126  086
12                        t 11. Echangeur de chaleur selon I'une quelcon-
chicane possede une duret6 4gale sensiblement que des revendications 8 A
10, dans lequel la          80, tells que mesur6e sur I'6chelle Shore D. 5
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