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bolts are overly tightened, the confined elastic medium may easily collapse
some of the tu This invention relates to a baffle plate which is
especially, the relatively small diameter tu capable of supporting  a
plurality  of heat         found in high efficiency, high density heat
exchanger tubes in spaced relation to each other    5    exchangers. This
attribute is further worsened by and to a shell of a heat exchanger through
which    the tendency of maintenance personnel to tighten oil passes around
the tubes.                        the clamping bolts if leakage is
detected. Heat exchangers comprising a tube bundle            In addition
to the problems outlined above with enclosed in a case or housing,
generally identified  respect to brazed and soldered end plate con- as
shell-and-tube type heat exchangers, are well   10   structions, it has
been found that tube fractures known. Traditionally, shell-and-tube heat
ex-       may also occur at the surface points between the changers have
been constructed of metallic          tubes and one or more internal baffle
plates. For materials. In particular, the tube bundle has con-  ease of
assembly, it is generally accepted practice ventionally been formed of a
plurality of elongate  to form tube-receiving apertures in the baffle metal
tubes that are brazed in a predetermined    15   plate to the same or a
slightly larger diameter pattern to a pair of end walls and one or more
than the external diameter of the tubes. During internal baffle plates.
Such brazed assemblies are  operation of the heat exchanger, it has been
not only costly, but are also prone to both thermal  found that the tubes
are often subjected to severe and vibration-induced mechanical fatigue
crack-     vibration both from external sources and from ing and subsequent
leakage between the fluid   20   internal fluid pressure pulses. Initially,
the lateral chambers at the brazed joints and at the contact   displacement
or movement of the tubes during points between the tubes and the internal
baffle    various vibrational modes is limited by the close- plates.
Further, the brazing process tends to       fitting baffle plates. However,
after repeated anneal the metal tubes, thereby reducing the yield  forced
contact either the tubes or the plate, or strength of the tubes. In high
pressure applica-   25   both, may wear or deform and the clearance tions,
annealed tubes may collapse, resulting in    between the tube and baffle
aperture becomes failure of the heat exchanger.
greater, thereby permitting increased movement In an attempt to avoid the
above-described        of the tube within the baffle. This action not only
inherent problems associated with brazed or sol-    leads to early
mechanical or fatigue failure of the dered heat exchangers, various
mechanical seal-   30   tube but also permits fluid to pass through the ing
arrangements have been proposed. One such       enlarged aperture thereby
decreasing the flow- example is the tube bundle heat exchanger
directing function of the baffle. described in US-A-4328862 which discloses
an         DE-A-2339364 discloses a heat exchanger elastic sealing means
for a heat exchanger          comprising a shell; a plurality of heat
exchanger wherein a pair of pressure plates exert a force in   35   metal
tubes extending through the shell; and at the longitudinal direction of the
tube bundle to    least one baffle plate which supports the tubes in expand
the elastic sealing means in a transverse,   spaced relation to each other
and to the shell, the or radial, direction thus confining the elastic
baffle plate being formed from a sheet of non- sealing means In all
directions. However, this      metallic, vibration-absorbing material and
having construction still presents a number of problems.   40   a plurality
of openings therethrough for the tubes. First, the requirement for a pair
of apertured      (Such a heat exchanger is hereinafter referred to
pressure plates limits the number of tubes that     as of the kind
described). However, the edges of may be enclosed within the shell. As the
number     the openings through the baffle plate for the of tubes in the
tube bundle increases, the number   tubes are shaped to form  narrow lips
which of 'apertures provided in the pressure plates'  45   engage, but are
not intended to seal against, the through which the tubes pass, must also
increase.   tubes and this construction limits the density of Typically, a
152 mm  (6 in.) diameter heat          the tubes and prevents secure
retention of the exchanger may contain about 600 tubes having a      tubes
by the baffle plate. 4.78 mm (.188 in. diameter). Forming 600 clear-    '
FR-A-1449311 discloses heat exchanger, par- ance holes in each of the
pressure plates would   50   ticularly using sea water as a coolant, having
a not only be extremely costly and time consuming     somewhat similar end
baffle plate made of a but would also significantly weaken the plate. If
synthetic rubber, such as neoprene. But the the thickness of the pressure
plates were           interiors of the tube openings are provided with
increased to add strength, the cost and difficulty  O-rings. This is an
expensive construction and the of forming the required number of clearance
55   tubes are only held around very narrow bands of holes would also
increase. Further, the pressure    contact by the` plate, plate would be
structurally weaker towards the        FR-A-1089816 discloses an end baffle
plate, center of the plate and would be unable to apply a  which is capable
of supporting a plurality of heat uniform, equal compression force across
the         exchanger tubes in spaced relation to each other complete
elastic medium interface surface.    60   and to a shell of a heat
exchanger, the baffle plate An additional deficiency in the prior art is
that  being formed from  a sheet of elastomeric as the axially applied
compressive pressure         material, the sheet having a plurality of
circular increases, the sealing surface contact area         openings
therethrough for the tubes, and each of between the elastic medium and.the
tubes and        the openings being shaped to support a tube -shellwall
also-decreases. Further, if the-clamping-- 65-  - -  passing
therethrough-across the full thickness. of.  



3                   0 171  090                      4 the sheet. However,
this document is not con-       thermal operating range of the heat
exchanger 10. cerned with the object of the invention, which is to
Further, the end plate material should have good provide a baffle plate
having very closely spaced   resistance to the deleterious effects of the
particu- openings through which corresponding tubes can      lar fluids
that may be passed through the heat readily be inserted and then sealed to
the plate,    5    exchanger 10. While by no means being an all- without
affecting the strength of the plate between  inclusive list, materials
having these properties the openings.
include some compounds of natural rubber, syn- According to the invention,
a heat exchanger of   thetic rubber, thermoset elastomers and thermo- the
kind described is characterised in thatthe heat  plastic elastomers.
Examples of suitable ther- exchanger is an oil heat exchanger and the shell
to   moset elastomers include butyl rubber, chlorosul- has an inlet and
outlet for oil which passes in use  fonated polyethylene, chloroprene
(neoprene), around the tubes; in that the sheet is made of      chlorinated
polyethylene, nitrile butadiene, epich- neoprene; in that each of the
openings is circular  lorohydrin,  polyacrylate  rubber,  silicone,
andshapedtosupportatubepassingtherethough           urethane,
fluorosilicone and fluorocarbon. Poly- across the full thickness of the
sheet; and in that   15   urethane,  copolyester  and  polyolefin  are the
opening have a density of from 1 to 3 openings/  examples of suitable
thermoplastic elastomers. cm2 of the surface area of the plate.
The baffle plates 28 are preferably constructed With this construction the
tubes can be an easy   of a non-metallic, vibration-energy absorbing fit
through the baffle plate openings during        material having a hardness
substantially less than assembly but then tightly gripped across the full
20   the hardness of the tubes 16, such as an asbestos thickness of the
baffle plateswhen the baffle plates  filled neoprene rubber having a
durometer hard- swell in use upon contact with oil.                 ness of
about 80 on the Shore D scale. Various An example of a heat exchanger
incorporating      metallic, mineral or organic fibre fillers are baffle
plates constructed in accordance with the    particularly useful. invention
is illustrated in the accompanying draw-   25  A means 22 for compressing
the elastomeric ings, in which:-                                    end
plate 18 includes a continuous surface 24 on Figure 1 is a partially
sectioned, elevation; and,  the inner wall 14 of the shell 12. The surface
24 Figure 2 is an end view.                         circumscribes a
transverse area that is somewhat As illustrated, a heat exchanger 10
includes a    smaller than the unconfined or free-state trans- conventional
shell 12 having an innerwall 14 and a   30   versearea of theend plate 18.
Aftertheend plate is plurality of longitudinally extending tubes 16
installed in the shell 12, the inner wall 14 will urge
disposedwithintheshell 12. Intheexampleshown        the outer periphery of
the end plate 18 radially in Figure 1, the heat exchanger 10 is of the
single  inwardly and maintain a compressive stress about pass type and has
a pair of elastomeric end plates  the circumference of the end plate 18.
Further, the 18 forming part of an end plate assembly 19 at   35   means 22
for compressing the elastomeric end each end of the shell 12 with each of
the tubes 16  plate 18 includes either singly, or in combination extending
through a respective aperture 20          with the inner wall 14 of the
shell 12, an external formed through each of the end plates 18. In heat
surface area 26 on each of the tubes 16. The free- exchangers of the
double-pass type, one end of the  state transverse area of such of the
apertures 20 is heat exchanger may have a solid end wall and the    40
somewhat smaller than the transverse or cross- opposite end have an
apertured elastomeric end      sectional area of each of tubes 16 so that
the plate assembly 19 constructed according to the      external surface 26
on each of the tubes 16 will present invention. The heat exchanger 10 also
urge a portion of the end plate 18 immediately includes a plurality of
non-metallic internal baffle  surrounding, or circumscribing, each of the
tubes plates 28 disposed inwardly of the shell 12 at   45   16 in a
direction radially outwardly and maintain a predetermined spaced positions
along and normal     stress on the end plate 18 in a transverse direction
to the longitudinal axis X of the tubes 16.         with respect to the
longitudinal orientation of the Preferably, the elastomeric end plate 18 is
tubes 16. constructed of a natural or synthetic resin material  In the
preferred embodiment of the present having a hardness of from about 45
durometer to   50   invention, the shell 12 of the heat exchanger 10 is
about 80 durometer as measured in the Shore A       constructed of a
ferrous metal composition, has a scale. It is necessary that the hardness
of the end  length of about 762 mm (30.0 in.) and an innerwall plate 18 be
sufficient to support the tubes 16 in a  14 diameter of 164.64 mm (6.482
in.). The tubes 16 sealed relationship with respect to the internal    are
copper, have a length of 759 mm (29.88 in.), an chamber defined by the
shell 12 and yet not be   55   outer diameter of 4.78 mm (.188 in.) and an
inner adversely axially deflected by high pressure        diameter of 4.17
mm {.164 in.). The tubes 16 are pulses that may be transmitted by fluid in
the shell  carefully arranged in offset parallel rows inside the chamber.
Also, the hardness should not be so high   shell to provide a large number
of tubes and that the transverse compressive stress required
consequently a large heat transfer surface area. for sealing the tube and
chamber is not greater   60   The example heat exchanger 10 of the present
than the transverse crush strength of the tubes 16.  invention contains 579
of the tubes 16, providing a In addition, the end plate material should
have     tube/cross-section area ratio of about 2.7 tubes/ good resistance
to the effects of both high and low  [err] High tube density heat
exchangers in this temperatures and in particular should be resistant
general size group typically range from about 1 to 



to-temperature induced deterioration-within the     65-- -  about 3
tubes/[err];    -  -         - - 3    5                   0 171  090
6 In the present example, the end plates 18 are     expand the plate 18 to
a predetermined axial constructed of a neoprene rubber composition
dimension in a range of from about 5% to about having a Shore A durometer
hardness of 60. The      50% greater than the axial dimension of the end
end plate has an unconfined, or free-state, axial   plate 18 when measured
in an unconfirmed, or thickness, i.e., a dimension measured in the longi-
5    free state. Also, it can be easily seen that for a tudinal direction
of the apertures 20 of 23.6 mm    given elastomeric material, the axial
elongation of (0.93 in.), and a transverse diameter of 172.03 mm  the end
plate 18, and consequently the contact (6.773 in.). Each of the apertures
20 have a free-  area between the end plate 18 and each of the state
diameter of 4.22 mm (.166 in.).              tubes 16 will increase in
response to increasing Upon assembly of the end plate 18 in the end of   10
the radial stress on the end plate. This construc- the shell 12 and
insertion of the tubes 16 through  tion forms the subject of earlier
application with apertures 20 provided in the end plate 18, as
publication number 0 126 086. shown in Fig. 1, the outer circumference of
the      The baffle plates 28 provide support and end plate 16 is reduced
from the free-state dia-    alignment for the tubes 16 which pass through
meter of 172.03 mm to the diameter of the inner   15   apertures formed in
each of the baffle plates. 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
wallswithin the shellto provide improved circula- dimension 4.4% less than
the unconfined or free-   tion and heat transfer between fluid passing
state dimension of the end plate 18, thereby    20   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 at   25   heat exchanger. In the preferred
embodiment of least sufficient to provide an adequare fluid seal  the
present invention, the baffle plates 28 are between the end plate 18 and
the inner wall 14.    constructed of an asbestos-filled neoprene-a Further,
the end plate 18 is stressed in the      non-metallic, vibration-energy
absorbing, sheet transverse direction by insertion of the tubes 16,
material, having a Shore D durometer hardness of or alternatively, by
expansion of the tubes 16 after   30   about 80 and a thickness of 3 mm
(.120 in.). The insertion of the tubes 16 through the apertures 20  baffle
plates 28 can be adhesively bonded to the in the end plate. As listed
above, the outer        external surface of at least some of the copper
diameter of the tubes 16 is 4.78 mm and the free-  tubes 16 with nitrile
phenolic adhesive to estab- state diameter of the apertures 20 is 4.22 mm.
The  lish an initial position for assembly purposes. The apertures are
therefore expanded about 12% in a    35   plurality of openings formed in
each of the baffle direction radially outwardly from each of the
plates 28 for passage of the heat exchanger tubes tubes 16 to establish and
maintain a radial stress  16, each have a dimension substantially the same
in the end plate 18 about each of the tubes 16. It is  as the outer
diameter of the tubes 16. It has been recommended that the apertures 20 be
sized so       found that with somewhat resilient materials, that there is
at least an interference fit between a   40   such as the asbestos-filled
neoprene composition tube 16 and a corresponding aperture 20, and        of
the preferred embodiment, the openings in the preferably that the diameter
of the aperture 20 be  baffle plate 28 tend to diminish in cross-sectional
expanded by placement of the tube to provide a      area after forming.
This characteristic, in combi- compressive stress to assure sufficient
retention   nation with the greater thickness of the baffle of the tube in
the end plate and a fluid seal   45   plate serves to support a sufficient
length of the between the external surface area 26 of the tubes   tube to
avoid the sharp edges and deleterious 16 and the end plate 18.
wear attributable to the thin metal plates of the In the example presented
above, the end wall is   prior art constructions. Further, it has been
found sufficiently stressed in the transverse direction by  that the
asbestos-filled neoprene composition of the inner wall 14 of the shell 12
and the external   50   the preferred embodiment tends to swell slightly
surfaces 26 of the tubes 16 to axially expand i.e.,  in the presence of
oil, thereby increasing the expand in the longitudinal direction of the
tubes   mechanical support and decreasing the amount 16, the end plate 18
from the free state dimension  of leakage about each of the tubes 16 and
accord- of 23.6 mm (0.93 in.) to 31.8 mm (1.25 in.). The    ingly improving
the heat transfer performance end plate 16 is therefore axially expanded to
a    55   when oil is the fluid medium circulated through dimension about
34% greater than the uncon-         the outer chamber of the heat exchanger
10. fined or free-state axial dimension of the end      - Heat exchangers
10 having the end wall and plate. It is easily seen that since the end
plate 18 is  baffle plate assemblies of the present invention elongation,
or expansion  in the axial direction is   so  in vehicular applications.
The high vibration, cyc- a function of the combined material properties
lic pressure and heat load requirements of vehicle and the transverse
compressive stresses pro-        engine, transmission and hydraulic
accessory 



vided by the inner wall 14 and tube external        systems have only
marginally been satisfied by surface areas 26. Preferably, the end plate 18
conventional brazed-assembly  metallic  heat should be sufficiently
transversely compressed to   65   exchangers. 4    7                   0
171  090                      8 In one test, a heat exchanger 10
constructed      und mindestens einer Prallplatte (28), die die according
to the present invention has been         Rohre in  Abstandsbeziehung
zueinander und installed in the implement hydraulic circuit of a
gegenuber dem Mantel trigt, wobei die Prall- large track-type tractor. The
heat exchanger has    platte aus einem Flichenelement aus nicht metal-
successfully accummulated over 600 operating    5    lischem
vibrationsabsorbierendem    Material hours at the time of the filing of
this application  geformt ist une eine Vielzahl von hindurchgehen- for
patent. In this particular example, SAE 10 oil at  den Offnungen fur die
Rohre aufweist, dadurch a typical temperature of about 93p[err] and at
inlet    gekennzeichnet, dalI der WArmeaustauscher ein pressure of about
350 kPa passes through the        Olwirmeaustauscher ist und daB der Mantel
shell chamber and about the external surfaces of   70   einen EinIafI und
einen AuslaB fOr das 01 besitzt, the tubes. Coolant having a conventional
mixture    welches im Gebrauch um die Rohre herumiauft, of water and
anti-freeze passes through the tubes   dali der Mantel aus Neopren
hergestellt ist, dag 16 at a normal operating temperature of about
jede der Offnungen kreisf6rmig derart geformt ist, 82[err] and at an inlet
pressure of about 90 kPa. In   daB ein hindurchgehendes Rohr uber die voile
addition to the above test, heat exchangers of the    15   Dicke des
Flichenelements hinweggetragen wird, present invention  have been  bench
tested         und daB die Offnungen eine Dichte von 1 bis 3 wherein a
pressure of 2100 kPa (305 psi) has been   Offnungenlcm2  der  Oberflache
der  Platte cyclicly applied for an extended time period to the  besitzen.
internal shell chamber without failure or leakage     2. Parallplatte nach
Anspruch 1, wobei des of the end wall assembly 19.                  20
Flachenelement eine Dicke von 3 mm besitzt. The heat exchanger of the
present invention is      3. Prallplatte nach Anspruch 1 oder 2, wobei das
believed suitable for a large number of applica-    Flachenelementmaterial
eine Hirte von 80 Duro- tions wherein the performance requirements are
meter gemessen auf der Shore-D-Skala besitzt. severe and where heat
exchangers of prior art         4. Prallplatte nach einem der
vorhergehenden constructions have been inadequate or prone to   25
AnsprOche, wobei das FlIchenelementmaterial high failure rates.
mit Fasern verstarkt ist. Claims
Revendications 1. A heat exchanger (10) comprising a shell   30    1.
Echangeur de chaleur (10) comprenant une (12); a plurality of heat
exchanger metal tubes     enveloppe (12); une multiplicite de tubes
metalli- (16) extending through the shell; and at least one  ques d'echange
de chaleur (16) s'etendant a baffle plate (28) which supports the tubes in
travers l'enveloppe; et au moins une chicane (28) spaced relation to each
other and to the shell, the  qui supporte les tubes espaces les uns par
rapport baffle plate being formed from a sheet of non-   35   aux autres et
par rapport a l'enveloppe, Ia chicane metallic, vibration-absorbing
material and having   etant realisee dans une plaque en un materiau a
plurality of openings therethrough for the        non-metallique absorbant
les vibrations et corn- tubes; characterised in that the heat exchanger is
prenant une multiplicite d'ouvertures destinees an oil heat exchanger and
the shell has an inlet    au passage des tubes; caracterise en ce que and
outlet for oil which passes in use around the   40   I'echangeur de chaleur
est un echangeur de cha- tubes; in that the sheet is made of neoprene; in
leur a huile et l'enveloppe comprend une entrde that each of the openings
is circular and shaped to  et une sortie pour l'huile qui, en
fonctionnement, support a tube passing therethrough across the      circule
autour des tubes; en ce que la plaque est full thickness of the sheet; and
in that the opening  en neoprene; en ce que chacune des ouvertures have a
density of from 1 to 3 openings/cm2 of the    4s   est circulaire et est
conformee pour supporter un surface area of the plate.
tube, qui la traverse, sur toute l'epaisseur de la 2. A baffle plate
according to claim 1, wherein   plaque; et en ce que les ouvertures
presentent the sheet has thickness of 3 mm.                    une densite
de 1 a 3 ouvertureslcm2 de la surface 3. A baffle plate according to claim
1 or claim 2,  de la plaque. wherein the sheet material has a hardness of
80   50  2. Chicane selon la revendication 1, caracterisde durometer as
measured on the Shore D scale.         en ce que la plaque presente une
epaisseur de 3 4. A baffle plate according to any one of the     mm.
preceding claims, wherein the sheet material is       3. Chicane selon la
revendication 1 ou 2, dans reinforced with fibre.
laquelle la matiere constitutive de la plaque pre- 55   sente une durete de
80 mesuree par durometre Patentanspruche
sur I'echelle Shore D. 4. Chicane selon l'une quelconque des revendi- 1.
Warmeaustauscher (10) mit einem Mantel         cations precedentes, dans
laquelle la matiere (12), einer Vielzahl von Warmeaustauschmetall-
constitutive de la plaque est renforcee de fibres. rohren (16), die sich
durch den Mantel erstrecken    60 65 . 
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believed suitable for a large number of applica-    Flachenelementmaterial
eine Harte von 80 Duro- tions wherein the performance requirements are
meter gemessen auf der Shore-D-Skala besitzt. severe and where heat
exchangers of prior art         4. Prallplatte nach einem der
vorhergehenden constructions have been inadequate or prone to   25
Anspruche, wobei das Flichenelementmaterial high failure rates.
mit Fasern verstarkt ist. Claims
Revendications 1. A heat exchanger (10) comprising a shell   30    1.
Echangeur de chaleur (10) comprenant une (12); a plurality of heat
exchanger metal tubes     enveloppe (12); une multiplicite de tubes
metalli- (16) extending through the shell; and at least one  ques d'echange
de chaleur (16) s'6tendant A baffle plate (28) which supports the tubes in
travers l'enveloppe; et au moins une chicane (28) spaced relation to each
other and to the shell, the  qui supporte les tubes espaces les uns par
rapport baffle plate being formed from a sheet of non-   35   aux autres et
par rapport b l'enveloppe, la chicane metallic, vibration-absorbing
material and having   6tant realisee dans une plaque en un mat6riau a
plurality of openings therethrough for the        non-metallique absorbant
les vibrations et corn- tubes; characterised in that the heat exchanger is
prenant une multiplicite d'ouvertures destinies an oil heat exchanger and
the shell has an inlet    au passage des tubes; caract6ris6 en ce que and
outlet for oil which passes in use around the    40   I'6changeur de
chaleur est un 6changeur de cha- tubes; in that the sheet is made of
neoprene; in    leur A huile et l'enveloppe comprend une entr6e that each
of the openings is circular and shaped to  et une sortie pour l'huile qui,
en fonctionnement, support a tube passing therethrough across the
circule autour des tubes; en ce que la plaque est full thickness of the
sheet; and in that the opening  en neoprene; en ce que chacune des
ouvertures have a density of from 1 to 3 openings/[err] of the   4S   est
circulaire et est conformee pour supporter un surface area of the plate.
tube, qui la traverse, sur toute l'6paisseur de la 2. A baffle plate
according to claim 1, wherein   plaque; et en ce que les ouvertures
pr6sentent the sheet has thickness of 3 mm.                    une densite
de 1 A 3 ouvertureslcm2 de la surface 3. A baffle plate according to claim
1 or claim 2,  de la plaque. wherein the sheet material has a hardness of
80   so  2. Chicane selon la revendication 1, caracteris6e durometer as
measured on the Shore D scale.         en ce que la plaque presente une
6paisseur de 3 4. A baffle plate according to any one of the     mm.
preceding claims, wherein the sheet material is       3. Chicane selon la
revendication 1 ou 2, dans reinforced with fibre.
laquelle la matiere constitutive de la plaque pr6- 5s   sente une duret6 de
80 mesur6e par durombtre Patentanspruiche
sur l'6chelle Shore D. 4. Chicane selon l'une quelconque des revendi- 1.
Warmeaustauscher (10) mit einem Mantel         cations prec6dentes, dans
laquelle la matiere (12), einer Vielzahl von Wirmeaustauschmetall-
constitutive de la plaque est renforcee de fibres. rohren (16), die sich
durch den Mantel erstrecken    60    


