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Description

[0001] The presentinvention relates generally to meth-
ods and related apparatus for enhancing heat transfer to
or from a fluid flowing cross-wise in contact with the outer
thermally-conductive shells of a plurality of axially-orient-
ed heat exchange conduits capable of acting as heat
sources or heat sinks. By channeling cross-wise fluid
flow, flowing generally orthogonal to the axes of the heat
exchange conduits, and contouring it around the heat
exchange conduits utilizing surrounding sleeve-like ele-
ments, a surprisingly more effective and efficient heat
transfer between the flowing fluid and the thermally con-
ductive surface is realized.

[0002] It is well known to heat or cool process fluids,
which may be liquids or gases, by flowing them into con-
tact with a thermal-transfer surface that is maintained at
atemperature which is different from that of the upstream
process fluid thereby resulting in heat transfer either to
or from the process fluid (depending on whether the ther-
mal transfer surface is maintained at a higher or lower
temperature than the fluid). In one familiar version of this
technology, the thermal-transfer surface that acts as a
heat source or heat sink is the exterior of a thermally-
conductive shell of a thermal-transfer tube or pipe, for
example, which is heated or cooled by means of a liquid
flowing axially through the interior of the tube or pipe. In
a variation of this technology, heat may be supplied di-
rectly inside a heat exchange conduit by means of flame-
less combustion of fuel gas (such as hydrogen or a hy-
drocarbon) as taught, for example, by U.S. Patent Nos.
5,255,742 and 5,404,952.

[0003] Itis also known in the art to flow a process fluid
axially along a thermal-transfer surface, either concur-
rently or counter-currently relative to the direction of liquid
flow inside the thermal-transfer tube, or to crossflow the
process fluid relative to the axis of the thermal-transfer
tube, or some combination of the two. Typical applica-
tions of heat transfer between cross-flowing fluid and
heat exchanging conduits are found in air coolers, econ-
omizers associated with fired heaters or furnaces, and
in shell and tube exchangers. Various types of so-called
radial or axial/radial flow reactor designs are known for
various applications whereby at least a part of a fluid
process stream moves, at some point, through the reac-
tor in a radial, cross-flow direction (i.e. inward-to-out or
outward-to-in), as contrasted with the more familiar axial
flow (i.e. end-to-end) reactor designs. Examples of reac-
tor designs embodying at least in part a radial, crossflow
of process fluid relative to a plurality of axially-disposed
heat-transfer tubes are shown in U. S. Patent Nos.
4,230,669; 4,321,234, 4,594,227, 4,714,592; 4,909,808;
5,250,270; an 5,585,074.

[0004] Although cross-flow contact of a process fluid
with a heat-transfer surface can be an attractive option
for many applications, the utility of cross-flow contact for
industrial applications has been limited by certain heat
transfer inefficiencies which have been experienced in
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practice. Typically in cross-flow designs, a given portion
of the process fluid is in contact with the heat-transfer
surface for a shorter time than with a comparable axial
flow design. In addition, the contact between the cross-
flowing process fluid and the heat-transfer surface is un-
even due to process fluid separation and recirculation.
Short surface contact time, uneven contact, and limited
fluid mixing can lead to inefficient, insufficient, and/or
non-uniform thermal energy transfer.

[0005] Thus, in an article entitled "Impingement heat
transfer at a circular cylinder due to an offset of non-offset
slot jet," appearing in Int. J. Heat Mass Transfer, Vol. 27,
No. 12, pp. 2297-2306 (1984), the authors Sparrow and
Alhomoud report experimental efforts to vary the heat
transfer coefficients associated with crossflow of a proc-
ess gas relative to a heat-transfer tube by positioning a
slotted surface some distance upstream of the heat trans-
fertube to create a gas jet. Sparrow and Alhomoud varied
the width of the jet inducing slot, the distance between
the slot and the tube, the Reynolds number (degree of
fluid turbulence), and whether the slot jet was aligned
with or offset from the tube. The authors concluded that
the heat transfer coefficient increased with slot width and
Reynolds number, but decreased with slot-to-tube sep-
aration distance and offset.

[0006] Becausethe Sparrow and Alhomoud study con-
cluded that the heat transfer coefficient increased with
slot width, the general utility of an upstream slot to in-
crease heat transfer is at bestambiguous based on these
results. It can only be concluded that, in the experimental
design used by Sparrow and Alhomoud, arelatively wider
slot led to a higher heat transfer coefficient than a rela-
tively narrower slot, and no upstream slot at all might
yield the highest value. No testing was performed utilizing
a plurality of heat transfer tubes, or using upstream and
downstream pairs, or around or alongside flow constric-
tion means to preferentially contour crossflow fluid paths
in contact with the outer surface of each of a plurality of
heat-transfer tubes, and no reasonable extrapolations
can be made to such very different alternative designs
and configurations based on the extremely limited data
presented.

[0007] These and other drawbacks with and limitations
of the prior art crossflow heat exchanged designs are
overcome in whole orin part with the enhanced crossflow
heat transfer methods and designs of this invention.
[0008] The present invention provides fluid flow con-
touring apparatus having the features set out in claim 1
of the accompanying claims. A fluid flow contouring ap-
paratus having the features defined in the preamble of
claim 1 is disclosed for instance in US 3616 849.
[0009] The invention also provides a method for en-
hancing heat transfer to or from a fluid flowing cross-wise
in contact with the outer surfaces of a plurality of heat
exchange conduits, said method having the features set
out in claim 13 of the accompanying claims.

[0010] Other preferred features to which attention is
directed are set out in the accompanying claims.
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[0011] In the above defined apparatus and method,
the fluid flow constriction structure is a larger, generally
concentric sleeve-like structure at least partially sur-
rounding each conduit in an array of tubular heat ex-
change conduits, each such sleeve structure having ap-
ertures upstream and downstream of the centrally-locat-
ed heat exchange tube. Apertured sleeves of this type
at least partially surrounding individual heat exchange
conduits in an array of such conduits have been found
to enhance heat transfer by a factor of about five times
or more.

[0012] Embodiments of the invention may provide
heat-transfer conduit arrays of varying sizes and config-
urations wherein each conduit of the array is associated
with its own fluid flow-constriction means upstream,
downstream and/or around or alongside of the conduit
so as to preferentially contour the portion of the fluid
stream flowing crosswise past the outside of the conduit
to realize improved heat transfer. The apparatus is de-
signed so as to substantially restrict the bypassing of fluid
flow such that a predominant portion of the process fluid
is forced to flow past the heat-transfer surface. The heat
transfer surface will typically be one or a configured array
of heat exchange conduits, oriented to have parallel axes
disposed in an axial direction which is generally orthog-
onal to the direction of fluid flow, and having a thermally-
conductive shell. The exterior surface of the shell of each
such conduit is maintained at a temperature different
from that of the upstream process fluid so that thermal
energy is transferred to or from the process fluid by
means of conduction, convection, radiation or some com-
bination thereof, as the fluid flows past and contacts the
exterior surfaces of the heat exchange conduits.

[0013] The heat exchange conduits or ducts of this in-
vention may broadly comprise tubes, pipes, or any other
enclosures with heat sources or heat sinks. The exterior
surfaces of the heat exchange conduits may be bare or,
as discussed below, may be finned or any combination
of the two. The cross-section of the conduits or ducts
may be circular, elliptical, or any other closed shapes.
Where a plurality of such heat exchange conduits are
used, they will typically be arrayed in some predeter-
mined configuration such as in a triangular array, a
square array, a circular array, an annular array, or other
such patterns depending on design choice and/or the
requirements of a particular application. Relative to the
direction of fluid flow, adjacent conduits may be aligned,
staggered or otherwise positioned, again depending on
design choice and/or application requirements.

[0014] The size of the heat exchange conduits will be
dictated, at least in part, by process requirements for the
rate of heat transfer. In general, conduits having larger
cross sections (for any given conduit geometry) will pro-
vide larger surface areas and therefore more heat trans-
fer capacity. Fin elements, baffles or other heat-transfer
enhancing structures may be provided on the outside
surface of some or all of the heat exchange conduits to
further increase surface area and improve heat transfer
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characteristics. A preferred embodiment utilizes closely
spaced circumferential fins applied in a spiral along the
exterior length of the conduit. This arrangement increas-
es the heat-transfer surface area exposed to the cross-
flow without impeding the flow. It will be understood that
the nature and flow rate of the process fluid, and the
desired temperature change in the fluid between up-
stream of the heat exchange conduits and downstream
of the conduits, will also affect these design choices.
[0015] The apertures in the fluid flow constriction struc-
ture preferably comprise any combination of perforated
holes or axial slots (i.e. elongated apertures having a
longer axis generally parallel to the axial orientation of
the heat exchange conduits). The holes or slots in differ-
ent portions of the apparatus may be the same or differ
in curvature, size and shape. The edges around the inlets
and outlets may be straight, rounded, jagged, or some
combination thereof.

[0016] The fluid flow constriction structure is preferably
positioned relative to an associated heat exchange con-
duit such that the distance between the centerline of an
upstream or downstream aperture and the associated
heat exchange conduit centroid ranges from about 0 to
about 2.0, preferably from about 0.50 to about 1.00, times
the outer diameter (or largest cross-sectional dimension
of a non-circular conduit) of the conduit. In any case, the
spacing between aperture and conduit must be sufficient-
ly close to realize substantially enhanced heat transfer.
The width (shortest side) of an elongated flow constriction
aperture or the diameter of a generally circular hole con-
striction aperture may preferably range from about 0.02
to about 1.5, preferably from about 0.05 to about 0.25,
times the outside diameter (or largest cross-sectional di-
mension of a noncircular conduit) of the conduit. The fluid
flow constriction structure is preferably positioned rela-
tive to an associated heat exchange conduit such that
the offset between the center of the aperture and the
centroid of the heat exchange conduit ranges from 0 to
0.5, preferably 0, times the outside diameter (or largest
cross-sectional dimension of a noncircular conduit) of the
conduit.

[0017] The enhanced crossflow heat exchange appa-
ratus of this invention enhances heat transfer between
the cross-flowing fluid and the plurality of heat exchange
conduits by one or more of the following mechanisms:

(a) increasing the fluid velocity around the heat ex-
change conduits;

(b) preferentially directing the fluid to closely follow
the outer surface of the heat exchange conduits;
(c)restricting the fluid from flowing into or through
areas that are distant from the outer surface of a heat
exchange conduit;

(d) reducing "dead" regions and flow recirculation
around heat exchange conduits;

(e) enhancing fluid turbulence; and(

f) enhancing mixing between colder and hotter por-
tions of the fluid.
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[0018] How the invention may be put into effect will
now be described, by way of example only, with reference
to the accompanying drawings, in which:

Fig.1 (reference) is a schematic top sectional view
of a first embodiment of a crossflow heat exchange
apparatus, with heat transfer enhancement accord-
ing to the present invention, wherein a substantially
circular array of axially-disposed heat exchange con-
duits is positioned inside a fluid flow-constricted an-
nulus.

Fig. 2A (invention) is a schematic plan view of a sec-
ond embodiment of a crossflow heat exchange ap-
paratus, with heat transfer enhancement according
to the present invention, showing a substantially cir-
cular array of axially-disposed heat exchange con-
duits, each surrounded by a substantially concentric,
fluid flow-constricted tubular sleeve, and also show-
ing the several fluid flow-constricted sleeves joined
together in a first ring-like structure.

Fig. 2B is a side view of one conduit-sleeve combi-
nation illustrating a preferred staggered offset slot
configuration.

Fig. 3 (invention) illustrates a variation of the struc-
ture of Fig. 2 showing a double, concentric circular
array of heat exchange conduits with radially adja-
cent conduits shown in alignment such that the fluid
flow-restriction apertures of the respective flow-re-
stricted sleeves associated with these radially
aligned conduits are also in radial alignment.

Fig. 4 (reference) is a schematic top sectional view
of another embodiment of a crossflow heatexchange
apparatus, with heat transfer enhancement accord-
ing to the present invention, showing a double row
of axially-disposed heat exchange conduits ar-
ranged in a substantially rectangular array with a
first, upstream fluid flow-restricted baffle, a second,
intermediate fluid flow-restricted baffle separating
the first and second rows of conduits, and a third,
downstream fluid flow-restricted baffle following the
second row of conduits, with the corresponding ap-
ertures of the first, second and third baffles shown
substantially in alignment with the respective con-
duits and with each other.

Fig. 5 (invention) illustrates still another embodiment
of an enhanced crossflow heat transfer apparatus
according to this invention showing an array of mul-
tiple (i. e., three or more) rows of heat exchange con-
duits arranged in a triangular pitch and showing two
alternative fluid flow paths through the array.

Fig. 6 (invention) illustrates another embodiment of
an enhanced crossflow heat transfer apparatus ac-
cording to this invention showing an array of multiple
(i.e.. three or more) rows of heat exchange conduits
arranged in a square pitch and showing two alterna-
tive fluid flow paths through the array.

Fig. 7 (invention) illustrates still another embodiment
of an enhanced crossflow heat transfer apparatus
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according to this invention showing how one or a
plurality of plates can be positioned alongside two
sides of each heat exchange conduit to cause pref-
erential contouring of a cross-flowing fluid stream to
achieve enhanced heat transfer characteristics.
Fig. 8 (invention) illustrates yet another embodiment
of an enhanced crossflow heat transfer apparatus
according to this invention showing an alternative
type of sleeve structure formed by positioning curved
plates having a contour corresponding to two sides
of a conduit around two sides of each heat exchange
conduit to cause preferential contouring of a cross-
flowing fluid stream to achieve enhanced heat trans-
fer characteristics.

[0019] Fig.1 (reference) shows a crossflow heat ex-
change apparatus 10 according to this invention having
a generally circular array of axially-disposed heat ex-
change conduits 12 distributed around the interior of an
annular region 28 defined by an inner cylindrical wall 20
and an outer cylindrical wall 22, each having a common
centerpoint 14. As shown in Fig. 1, conduits 12 are of
substantially the same diameter, which is less than the
radial width of the annular region, and spaced substan-
tially equidistant from one another.

[0020] Associated with each heat exchange conduit
12 is an upstream aperture 24 in inner wall 20 and a
downstream aperture 26 in outer wall 22. As shown in
Fig.1, respective pairs of upstream apertures 24 and
downstream apertures 26 are substantially in radial align-
ment with the associated conduit 12 and with each other.
Thus, in Fig. 1, a process fluid 30 is flowed axially into
the inner cylindrical region 16 of the heat exchange ap-
paratus 10 and then directed radially outward through
upstream apertures 24, flowing cross-wise into contact
with the heat exchange conduits 12, as denoted by the
fluid flow arrows in Fig.1, thereby heating or cooling the
process stream to form a thermally conditioned fluid
stream 32 which exits annular region 28 through down-
stream apertures 26.

[0021] It will be understood that whereas Fig.1 illus-
trates a radially-outward fluid flow path, the same appa-
ratus could be utilized for thermally treating a process
stream flowing radially inward to center region 16 and
thereafter being axially withdrawn from region 16. In this
variation, apertures 26 in the outer wall 22 would be the
upstream apertures and apertures 24 in inner wall 20
would be the downstream apertures.

[0022] Figs. 2A and 2B show a particularly preferred
crossflow heat exchange apparatus 110 according to this
invention having a generally circular array of axially-dis-
posed heat exchange conduits 112, each surrounded by
an apertured sleeve 120 having either (i) an upstream
aperture 124 and a downstream aperture 126 or (ii) offset
aperture pairs 174,176 and 184.186 as described below.
The individual sleeves 120 are joined together into a larg-
er ring-like or cylindrical structure by connecting walls
122. Apertures 124 and 126 may comprise columns of
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axially-oriented perforation holes or elongated slots
which are radially aligned with the conduits 112. Alterna-
tively, in a preferred embodiment also illustrated in one
portion of Fig. 2A, aperture pairs 174, 176 and184, 186
are slightly offset from radial alignment in a staggered
slot arrangement. The staggered slot arrangement for
aperture pairs 174, 176 and 184, 186 is illustrated in Fig.
2A, with additional detail in Fig. 2B, where offset slot pairs
174, 176 and 184, 186 (replacing apertures pairs 124,
126) are staggered in elevation and offset slightly from
the radial line from centerpoint 114 by equal angles 9.
Fig. 2B shows a side view taken along the line 2B-2B in
Fig. 2A of a heat exchange conduit 112 having a cylin-
drical sleeve 120 with the preferred staggered slot ar-
rangement. The plan view of this staggered slot conduit/
sleeve combination as shown in Fig. 2A is taken along
the line 2A-2A in Fig. 2B. The ends of the slots from al-
ternating offset slot pairs can be slightly overlapped or
atequal elevation so there is no interruption of flow along
the axial direction of the heat exchange apparatus. This
design with separation and overlap of the offset slots also
leaves connection regions between the axially over-
lapped portions of adjacent offset slots, indicated gener-
ally by the reference numeral 190 in Fig. 2B, to provide
the sleeves 120 with better circumferential mechanical
integrity without blocking any fluid flow. For simplified il-
lustration, Fig. 2A shows one apertured sleeve 120 hav-
ing the two-pair offset aperture configuration while the
other sleeves have the one-pair aligned aperture config-
uration. In practice, however, all of the apertured sleeves
for a particular apparatus 110 will typically have the same
aperture configuration.

[0023] Thus, in Fig. 2A, a process fluid 130 is flowed
axially into the inner cylindrical region 116 having center-
point 114 of the heat exchange apparatus 110 and then
directed radially outward through upstream apertures
124, flowing cross-wise into contact with the heat ex-
change conduits 112, as denoted by the fluid flow arrows
in Fig. 2A, thereby heating or cooling the process stream
to form a thermally-conditioned fluid stream 132 which
exits the interior regions defined by the sleeves 120
through downstream apertures 126. In the staggered slot
embodiment, fluid flowing radially outward would either
flow through upstream aperture 174, into contact with
conduit 112, and exit through downstream aperture 176,
or, depending on the axial elevation, instead flow through
aperture pair 184,186. It will be understood that whereas
Fig. 2A illustrates a radially outward fluid flow path, the
same apparatus could be utilized for thermally treating a
process stream flowing radially inward to center region
116 and thereafter being axially withdrawn from region
116. In this variation, apertures 126 (or 176 and 186)
would be the upstream apertures, and apertures 124 (or
174 and 184) would be the downstream apertures.
[0024] Fig. 3 shows a crossflow heat exchange appa-
ratus 160 which is a variation of the crossflow heat ex-
change apparatus 110 shown in Fig. 2. Apparatus 160
differs from apparatus 110 in the use of a double, con-

10

15

20

25

30

35

40

45

50

55

centric circular array of heat exchange conduits instead
of the single circular array of Fig. 2. As seen in Fig. 3,
there is a second circular array of heat exchange conduits
142, each in radial alignment with a corresponding con-
duit 112 of the first circular array. Each conduit 142 is
surrounded by an apertured sleeve 150 having an up-
stream aperture 164 and a downstream aperture 166.
Apertures 164 and 166 for a given sleeve 150 associated
with a particular conduit 142 are shown substantially in
radial alignment with the apertures 124 and 126 in the
sleeve 120 of the corresponding radially adjacent conduit
112. The individual sleeves 150 are joined together into
a larger ring-like or cylindrical structure by walls 152. Al-
though Fig. 3 shows only a single conduit 142 of the sec-
ond circular array of heat exchange conduits, it will be
understood that each conduit 112 of the first circular array
is associated with a corresponding conduit 142 of the
second circular array.

[0025] Thus,inFig. 3, a partially thermally-conditioned
fluid stream 132 exiting first downstream apertures 126
in sleeves 120 is directed radially outward through sec-
ond upstream apertures 164, flowing cross-wise into con-
tact with the second array of heat exchange conduits
142, thereby further heating or cooling the process
stream to form a fully thermally-conditioned fluid stream
162 which exits the interior region defined by the sleeves
150 through second downstream apertures 166. It will
be understood that whereas Fig. 3 illustrates a radially-
outward fluid flow path, the same apparatus could be
utilized for thermally treating a process stream flowing
radially inward to center region 116 and thereafter being
axially withdrawn from region 116. In this variation, ap-
ertures 166 and 126 would be respectively the first and
second upstream apertures, and apertures 164 and 124
would be respectively the first and second downstream
apertures.

[0026] Fig. 4 (reference) shows a portion of another
crossflow heat exchange apparatus 210 according to this
invention. In Fig. 4 a double row of axially-disposed heat
exchange conduits, comprising a first upstream row of
conduits 212 and second downstream row of conduits
216, are disposed in a generally rectangular array in con-
junction with: afirst, upstream apertured plate 220 having
apertures 226; a second, intermediate apertured plate
222 having apertures 228, plate 222 separating the first
and second rows of conduits; and, a third, downstream
apertured plate 224 having apertures 230. Each set of
apertures 226, 228 and 230 associated with an up-
stream-downstream adjacent pair of conduits 212 and
216 is shown substantially in linear alignment with each
other and with the associated pair of upstream and down-
stream conduits 212 and 216 respectively.

[0027] Thus, in Fig. 4, a process fluid 232 is directed,
as denoted by the fluid flow arrows in Fig. 4, through
apertures 226 and flowed cross-wise into contact with
first, upstream heat exchange conduits 212, thereby par-
tially heating or cooling the process stream to form a par-
tially thermally-conditioned fluid stream 234. Stream 234
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is then directed through apertures 228 and flowed cross-
wise into contact with second, downstream heat ex-
change conduits 216 thereby further heating or cooling
the process stream to form a fully thermally-conditioned
fluid stream 236 which is flowed out of the apparatus 210
through exit apertures 230.

[0028] Fig. 5 illustrates two alternative possible fluid
flow paths through a multi-row set of heat exchange con-
duits 312 arranged in an offset or triangular array in ac-
cordance with another embodiment of a crossflow heat
exchange apparatus 310 according to this invention.
Thus, in Fig. 5, alternate rows of heat exchange conduits
are offset from adjacent rows instead of having conduits
in adjacent rows substantially in linear alignment as
shown in Figs. 4 and 6. In this configuration, the center-
points of three adjacent conduits in two adjacent rows
form an equilateral triangle 340. Although not shown in
Fig. 5, it is understood that the apparatus of Fig. 5 in-
cludes upstream and downstream apertured plates re-
spectively located before the after the last row of con-
duits, as well as intermediate apertured plates separating
adjacent rows of conduits. Alternatively, each conduit
312 may be surrounded with an apertured sleeve-like
structure as previously described for other figures.
[0029] Fluid flow arrows 332 in Fig. 5 illustrate a first
possible fluid flow orientation which can be utilized with
the triangular conduit array of apparatus 310. Fluid flow
arrows 334 in Fig. 5 illustrate a second possible fluid flow
orientation which can be utilized with the triangular con-
duit array of apparatus 310. Although Fig. 5 shows four
rows of heat exchange conduits in the triangular array,
a smaller or larger number of conduit rows in this config-
uration may be utilized as appropriate.

[0030] Fig. 6 illustrates two alternative possible fluid
flow paths through a multi-row set of heat exchange con-
duits 412 arranged in a square array in accordance with
still another embodiment of a crossflow heat exchange
apparatus 410 according to this invention. Thus, in Fig.
6, conduits 412 in adjacent rows are substantially in linear
alignment. In this configuration, the centerpoint of four
adjacent conduits in two adjacent rows form a square
440. Although not shown in Fig. 6, it is understood that
the apparatus of Fig. 6 includes upstream and down-
stream apertured plates respectively located before the
first row of conduits and after the last row of conduits, as
well as intermediate apertured plates separating adja-
cent rows of conduits. Alternatively, each conduit 412
may be surrounded with an apertured sleeve as previ-
ously described.

[0031] Fluid flow arrows 432 in Fig. 6 illustrate a first
possible fluid flow orientation which can be utilized with
the square conduit array of apparatus 410. Fluid flow
arrows 434 in Fig. 6 illustrate a second possible fluid flow
orientation which can be utilized with the square conduit
array of apparatus 410. Although Fig. 6 shows five rows
of heat exchange conduits in the square array, a smaller
or larger number of conduit rows in this configuration may
be utilized as appropriate.
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[0032] Fig. 7 illustrates still another variation of an en-
hanced crossflow heat transfer apparatus 510 according
to this invention. In Fig. 7, each heat exchange
conduit512 is associated with one or more lateral flow-
constriction plates 520, 522, 524, 526, and 528 posi-
tioned alongside conduit 512 and oriented generally or-
thogonal to the direction of fluid flow, as indicated by ar-
rows 530 and 532. The edges of the lateral plates 520,
522,524,526 and 528 closest to conduit 512 are spaced
apart from the exterior walls of conduit 512 so as to create
two fluid openings or channels between the plate edges
and the conduit wall, one along each side of each conduit
512. The spacing between the plate edges and the con-
duit wall may be adjusted by routine experimentation to
optimize the contouring of the fluid flow path to maximize
heat transfer. Where two or more lateral flow-constriction
plates are utilized for each conduit 512, the spacing be-
tween the plate edges and the conduit wall may be the
same or different in order to optimally contour the fluid
flow path.

[0033] As seen in Fig. 7, the lateral flow-constriction
plates may be positioned alongside conduit 512 such that
the plane of the plate passes through the centroid 518
of conduit 512 (such as plate 524), or else be positioned
such that the planes of the plates intersect conduit 512
upstream (such as plates 520 and 526) of centroid 518,
or downstream (such as plates 522 and 528) of centroid
518, or any combination thereof. The distance 542 be-
tween the aperture and the conduit centroid 518 may be
less than one-half of the diameter 544 as shown, with a
distance approaching zero as a limit, for example plate
524. This differs from the baffle structures shown in Figs.
1 and 4 where the distance between the apertures and
the conduit centroid is greater than one-half the diameter
of the conduit. As used herein, the phrase "lateral plate
positioned alongside a heat exchange conduit" is meant
to refer to plates such as 520, 522, 524, 526 and 528 in
Fig. 7, oriented generally orthogonal to the direction of
fluid flow, wherein the plane of the plate intersects any
part of the heat exchange conduit.

[0034] Fig. 8 illustrates another variation of an en-
hanced crossflow heat transfer apparatus610 according
to this invention showing a variation of the apertured
sleeve configuration shown in Fig. 2. In Fig. 8, each heat
exchange conduit 612 is partially surrounded by a pair
of oppositely curved plates 620 generally conforming to
the curvature of the outer wall of conduit 612 in a clam-
shell configuration. Each curved plate 620 is joined to a
wall or lateral plate 622 positioned generally orthogonal
to the direction of fluid flow, as indicated by arrows 630
and 632.

[0035] The pair of curved plates 620 around either side
of a given conduit 612 do not touch each other and do
not extend either upstream or downstream of the outer
wall of conduit 612. Thus, as shown for illustration pur-
poses in Fig. 8, a line or plane connecting the upstream
ordownstream edges of a pair of curved plates 620 would
intersect conduit 612. The upstream and downstream
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openings between the pairs of curved plates 620 are the
apertures through which the process fluid stream is di-
rected to realize preferential contouring of the fluid
stream. The distance 642 between the aperture and the
conduit centroid 618 may be less than one-half of the
diameter 644 as shown, with a distance approaching zero
as a limit, for example, as the lengths of curved plates
620 approach zero leaving only lateral plate 622, a con-
figuration corresponding to Fig. 7 with a single plate 524.
This differs from the baffle structures shown in Figs.1 and
4 where the distance between the apertures and the con-
duit centroid is greater than one-half the diameter of the
conduit.

[0036] The clam-shell configuration of Fig. 8 with each
pair of curved plates 620 around the sides of each conduit
612, differs from the slotted sleeve configuration of Fig.
2in thatin Fig. 8 a line or plane connecting the edges of
the upstream and downstream fluid openings intersects
the conduit 612, which is not the case for the slotted
sleeves shown in Fig. 2A. In a sense, the embodiment
of Fig. 8 may be viewed as an extreme version of the
embodiment of Fig. 7 wherein the individual lateral plates
positioned alongside the heat exchange conduit are not
spaced apart, as seenin Fig. 7, butinstead are positioned
face to-face with one another such that their conduit-side
edges form the curved plates 620 of Fig. 8.

[0037] It will be apparent to those skilled in the art that
other changes and modifications may be made in the
above-described apparatus and methods for enhancing
crossflow heat transfer without departing from the scope
of the invention herein, and it is intended that all matter
contained in the above description shall be interpreted
in an illustrative and not a limiting sense.

Claims

1. Fluid flow contouring apparatus for preferentially
contouring the fluid path of a process fluid (130) flow-
ing cross-wise across and contacting a plurality of
spaced-apart heat transfer conduits (112), said ap-
paratus comprising a plurality of longitudinally con-
tinuous, sleeve-shaped baffle structures (120), each
baffle structure comprising at least a paired set of
fluid flow apertures (124, 126) which constitute the
only upstream-to-downstream fluid passage through
the fluid flow contouring apparatus, characterised
by each of said baffle structures (120) substantially
symmetrically surrounding a heat transfer conduit
(112) to define an annular-shaped fluid flow region
thereby isolating cross-wise fluid flow around that
associated heat transfer conduit from cross-wise flu-
id flow around adjacent heat transfer conduits locat-
ed transversely to the direction of fluid flow, and
wherein the fluid flow apertures (124, 126) of a baffle
structure are symmetrically located respectively up-
stream and downstream of the associated heat
transfer conduit (112) in at least partial upstream and
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downstream alignment with each other and with the
associated heat transfer conduit, whereby each said
baffle structure (120) contours the flow path of said
process fluid around the contour of the associated
heat transfer conduit.

The apparatus of claim 1, wherein at least two of
said baffle structures (120) are interconnected (122)
into a larger flow contouring apparatus for contouring
fluid flow around a plurality of heat transfer conduits
(112).

The apparatus of claim 2, wherein said heat transfer
conduits (112) are arranged in a generally circular
array and further wherein the individual baffle struc-
tures (120) associated with the heat transfer conduits
are interconnected to form a larger, cylindrical-
shaped flow contouring apparatus (110).

The apparatus of any of claims 1, 2 or 3, wherein
pairs of fluid flow apertures (124, 126) comprise ra-
dially-aligned upstream and downstream apertures
in the individual baffle structures.

The apparatus of any of claims 1, 2 or 3, wherein
pairs of fluid flow apertures comprise upstream and
downstream apertures (176, 186) in the individual
baffle structures which are offset from the radial line.

The apparatus of claim 1, wherein said heat transfer
conduits (112) comprise at least one generally cir-
cular array of axially aligned cylindrical heat transfer
conduits, at least some of which are substantially
surrounded by a substantially concentric apertured
sleeve-shaped structure having upstream and
downstream aperture pairs (184, 176; 174, 186) in
columns parallel to the axis of the associated con-
duit, further wherein a sleeve-shaped structure (120)
is secured by a plate member (122) to an adjacent
sleeve-shaped structure to form a larger cylindrical
structure.

The apparatus of claim 6, wherein the aperture pairs
comprise elongated slots (184, 176; 174, 186), each
slot having a long axis generally parallel to the axes
of the heat transfer conduits.

The apparatus of claim 7, wherein a heat transfer
conduit is associated with two pairs of elongated
slots (184, 176; 174, 186), each slot pair being offset
(0) from radial alignment with the axis (114) of the
larger cylindrical structure.

The apparatus of claim 6 or 7, wherein said heat
transfer conduits comprise at least two generally cir-
cular arrays of cylindrical heat transfer conduits (112,
142) oriented to have parallel axes, one array being
concentric relative to the other.
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The apparatus of claim 9, wherein the baffle struc-
tures (120, 150) of adjacent pairs of radially-aligned
heat transfer conduits (112, 142) are interconnected
such that an aperture (164) between the baffle struc-
tures serves as the downstream fluid flow aperture
for one of the conduits and the upstream fluid flow
aperture for the other.

The apparatus of any of claims 1, 2 or 3, wherein the
baffle structure associated with a heat transfer con-
duit (216) comprises a set of substantially flat plate
members (220, 222, 224) positioned in pairs edge-
wise alongside two sides of a heat transfer surface
in proximity to without touching the surface, the
planes of said plate members being oriented gener-
ally orthogonal to the fluid path of the process fluid
(232, 234, 236), so as to define generally annular-
shaped fluid flow regions having upstream and
downstream aperture pairs around said heat transfer
conduits.

The apparatus of any of claims 1, 2 or 3, wherein the
baffle structure associated with a heat transfer con-
duit comprises contoured plate members (620) po-
sitioned in pairs alongside two sides of the heat trans-
fer conduit (612) in proximity to without touching the
surface of the conduit, said plate members having a
contour corresponding respectively to the two sides
of the heat transfer conduit so as to define generally
annular-shaped fluid flow regions having upstream
and downstream openings around said heat transfer
conduits, said plate members being joined (622) to
other plate members associated with adjacent heat
transfer conduits.

A method for enhancing heat transfer to or from a
fluid (130) flowing cross-wise in contact with the out-
er surfaces of a plurality of heat exchange conduits
(112) comprising the step of preferentially contouring
cross-wise fluid flow across the heat exchange con-
duits by flowing the fluid through at least a paired set
of fluid flow constrictors (124, 126) in a longitudinally
continuous, sleeve-shaped baffle structure (120) as-
sociated with a heat exchange conduit, said baffle
structure being part of an array of such baffle struc-
tures, characterised by each baffle structure sub-
stantially symmetrically surrounds its associated
heat exchange conduitto isolate cross-wise fluid flow
around that associated heat exchange conduit from
cross-wise fluid flow around adjacent heat exchange
conduits located transversely to the direction of fluid
flow, wherein the fluid flow constrictors (124, 126) of
each baffle structure constitute the only upstream-
to-downstream fluid passage through the baffle
structure array and are symmetrically located re-
spectively upstream and downstream of the associ-
ated heat exchange surface in at least partial up-
stream and downstream alignment with each other
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and with the associated heat exchange conduit
(112), and whereby each baffle structure contours
the flow path of said fluid around the contour of the
associated heat exchange conduit.

The method of claim 13, wherein at least two of said
baffle structures (120) are interconnected into a larg-
er flow contouring apparatus (122) for contouring flu-
id flow around a plurality of heat exchange conduits
(112).

The method of claim 13, wherein said heat exchange
conduits (112) comprise at least one generally cir-
cular array of axially aligned cylindrical heat ex-
change conduits, at least some of which are sub-
stantially surrounded by a substantially concentric
apertured sleeve-shaped structure having upstream
and downstream aperture pairs (184, 176; 174, 186)
in columns parallel to the axis of the associated con-
duit, further wherein a sleeve-shaped structure (120)
is secured by a plate member (122) to an adjacent
sleeve-shaped structure to form a larger cylindrical
structure.

The method of claim 15, wherein the aperture pairs
(184, 176; 174, 186) comprise elongated slots, each
slot having a long axis generally parallel to the axes
of the heat exchange conduits.

The method of claim 16, wherein a heat exchange
conduit is associated with two pairs of elongated
slots (184, 176; 174, 186), each slot pair being offset
(6) from radial alignment with the axis of the larger
cylindrical structure.

The method of claim 15 or 16, wherein said heat
exchange conduits comprise at least two generally
circular arrays of cylindrical heat exchange conduits
(112, 142) oriented to have parallel axes, one array
being concentric relative to the other.

The method of claim 18 wherein the baffle structures
(120, 150) of adjacent pairs of radially-aligned heat
exchange conduits (112, 142) are interconnected
such that an aperture (164) between the baffle struc-
tures serves as the downstream fluid flow constrictor
for one of the conduits and the upstream fluid flow
constrictor for the other.

The method of claim 13 or 14, wherein the baffle
structure associated with a heat exchange conduit
(216) comprises a set of substantially flat plate mem-
bers (220, 222, 224) positioned in pairs edgewise
alongside two sides of a heat exchange conduit in
proximity to without touching the surface, the planes
of said plate members being oriented generally or-
thogonal to the fluid path of the process fluid (232,
234, 236), so as to define generally annular-shaped
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fluid flow regions having upstream and downstream
aperture pairs around said heat exchange conduits.

The method of claim 13 or 14, wherein the baffle
structure associated with a heat exchange conduit
comprises contoured plate members (620) posi-
tioned in pairs alongside two sides of the heat ex-
change conduit (612) in proximity to without touching
the surface, said plate members having a contour
corresponding respectively to the two sides of the
heat exchange conduit so as to define generally an-
nular-shaped fluid flow regions having upstream and
downstream openings around said heat exchange
conduits, said plate members being joined (622) to
other plate members associated with adjacent heat
exchange conduits.

A heat exchanger comprising the fluid flow contour-
ing apparatus of any of claims 1-12.

Patentanspriiche

1.

Fluidstrom-Formungsvorrichtung, um vorzugsweise
den Fluidweg eines Prozessfluids (130) zu formen,
das an mehreren beabstandeten Warmeubertra-
gungsleitungen (112) quer vorbeistromt und mit die-
sen in Kontakt ist, wobei die Vorrichtung mehrere in
Langsrichtung ununterbrochene, hilsenférmige Ab-
lenkstrukturen (120) umfasst, wobei jede Ablenk-
struktur wenigstens ein Paar Fluidstroméffnungen
(124, 126) aufweist, die den einzigen Fluiddurchlass
durch die Fluidstrom-Formungsvorrichtung von der
stromaufwartigen zur stromabwartigen Seite bilden,
dadurch gekennzeichnet, dass jede der Ablenk-
strukturen (120) eine Warmelibertragungsleitung
(112) im Wesentlichen symmetrisch umgibt, um ei-
nen ringférmigen Fluidstrombereich zu definieren,
damit der Querfluidstrom um die zugeordnete War-
meubertragungsleitung von dem Querfluidstrom um
benachbarte Warmeulbertragungsleitungen, die
transversal zu der Richtung des Fluidstroms ange-
ordnet sind, isoliert ist, wobei die Fluidstromo6ffnun-
gen (124, 126) einer Ablenkstruktur stromaufseitig
bzw. stromabseitig von der zugeordneten Warme-
Ubertragungsleitung (112) im Wesentlichen symme-
trisch angeordnet sind und stromaufseitig und strom-
abseitig wenigstens teilweise aufeinander und auf
die zugeordnete Warmeubertragungsleitung ausge-
richtet sind, wodurch jede Ablenkstruktur (120) den
Strémungsweg des Prozessfluids um den Umfang
der zugeordneten = Warmelibertragungsleitung
formt.

Vorrichtung nach Anspruch 1, wobei wenigstens
zwei der Ablenkstrukturen (120) zu einer gréfReren
Stromformungsvorrichtung miteinander verbunden
sind (122), um eine Fluidstrom um mehrere der War-
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meulbertragungsleitungen (112) zu formen.

Vorrichtung nach Anspruch 2, wobei die Warme-
Ubertragungsleitungen (112) im Allgemeinen kreis-
férmig angeordnet sind, wobei ferner die einzelnen
Ablenkstrukturen (120), die den Warmelbertra-
gungsleitungen zugeordnet sind, miteinander ver-
bunden sind, um eine groRere, zylindrisch geformte
Stromformungsvorrichtung (110) zu bilden.

Vorrichtung nach einem der Anspriiche 1, 2 oder 3,
wobei Paare von Fluidstroméffnungen (124, 126) in
den einzelnen Ablenkstrukturen radial ausgerichtete
stromaufseitige und stromabseitige Offnungen ha-
ben.

Vorrichtung nach einem der Anspriiche 1, 2 oder 3,
wobei Fluidstroméffnungen in den einzelnen Ablenk-
strukturen stromaufseitige und stromabseitige Off-
nungen (176, 186) aufweisen, die zu der radialen
Linie versetzt sind.

Vorrichtung nach Anspruch 1, wobei die Warme-
Ubertragungsleitungen (112) wenigstens eine im All-
gemeine kreisformige Anordnung aus axial ausge-
richteten zylindrischen Warmedubertragungsleitun-
gen umfassen, wovon wenigstens einige von einer
im Wesentlichen konzentrischen, mit Offnungen ver-
sehenen hulsenférmigen Struktur umgeben sind, die
stromaufseitige und stromabseitige Offnungspaare
(184, 176; 174, 186) in zu der Achse der zugeord-
neten Leitung parallelen Kolonnen besitzt, wobei fer-
ner eine hiilsenférmige Struktur (120) durch ein Plat-
tenelement (122) an einer benachbarten hilsenfor-
migen Struktur befestigt ist, um eine grolere zylin-
drische Struktur zu bilden.

Vorrichtung nach Anspruch 6, wobei die Offnungs-
paare langliche Schlitze (184, 176; 174, 186) auf-
weisen, wobeijeder Schlitz eine lange Achse besitzt,
die zu den Achsen der Warmeubertragungsleitun-
gen parallel ist.

Vorrichtung nach Anspruch 7, wobei einer Warme-
Ubertragungsleitung zwei Paare lang gestreckter
Schlitze (184, 176; 174, 186) zugeordnet sind, wobei
jedes Schlitzpaar zu derradialen Ausrichtung auf die
Achse (114) der grofieren zylindrischen Struktur ver-
setzt ist (0).

Vorrichtung nach Anspruch 6 oder 7, wobei die War-
meubertragungsleitungen wenigstens zweiim Allge-
meinen kreisférmige Anordnungen aus zylindri-
schen Warmelbertragungsleitungen (112, 142), die
so orientiert sind, dass sie parallele Achsen haben,
umfassen, wobei eine Anordnung relativ zu der an-
deren konzentrisch ist.
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Vorrichtung nach Anspruch 9, wobei die Ablenk-
strukturen (120, 150) benachbarter Paare radial aus-
gerichteter Warmedibertragungsleitungen (112,
142) in der Weise miteinander verbunden sind, dass
eine Offnung (164) zwischen den Ablenkstrukturen
als die stromabseitige Fluidstrom&ffnung fir eine der
Leitungen und als die stromaufseitige Fluidstromoff-
nung fur die andere der Leitungen dient.

Vorrichtung nach einem der Anspriiche 1, 2 oder 3,
wobei die einer Warmeubertragungsleitung (216)
zugeordnete Ablenkstruktur eine Gruppe ausim We-
sentlichen flachen Plattenelementen (220, 222, 224)
umfasst, die paarweise mit ihren Kanten Iangs zwei-
er Seiten einer Warmeubertragungsoberflache in
der Nahe der Oberflache, ohne diese zu berlhren,
positioniert sind, wobei die Ebenen der Plattenele-
mente im Allgemeinen senkrecht zu dem Fluidweg
des Prozessfluids (232, 234, 236) orientiert sind, um
im Allgemeinen ringférmige Fluidstrombereiche mit
stromaufseitigen und stromabseitigen Offnungspaa-
ren um die Warmedubertragungsleitungen zu definie-
ren.

Vorrichtung nach einem der Anspriiche 1, 2 oder 3,
wobei die Ablenkstruktur, die einer Warmeiubertra-
gungsleitung zugeordnet ist, Profilplattenelemente
(620) aufweist, die paarweise langs zweier Seiten
der Warmedbertragungsleitung (612) in der Nahe
der Oberflache der Leitung, ohne sie zu berthren,
positioniert sind, wobei die Plattenelemente ein Pro-
fil haben, das den zwei jeweiligen Seiten der War-
meubertragungsleitung entspricht, um im Allgemei-
nen ringférmige Fluidstrombereiche mit stromauf-
seitigen und stromabseitigen Offnungen um die
Warmelbertragungsleitungen zu definieren, wobei
die Plattenelemente mit anderen Plattenelementen,
die benachbarten Warmeubertragungsleitungen zu-
geordnet sind, verbunden sind (622).

Verfahren zum Erhéhen der Warmeubertragung zu
oder von einem Fluid (130), das an den anderen
Oberflachen mehrerer Warmeaustauschleitungen
(112) quer vorbeistrémt und mit diesen in Kontakt
ist, das umfasst: den Schritt des bevorzugten For-
mens des Querfluidstroms vorbei an den Warme-
austauschleitungen, indem bewirkt wird, dass das
Fluid durch wenigstens ein Paar von Fluidstromoff-
nungen (124, 126) in einer in Langsrichtung unun-
terbrochenen, hilsenformigen Ablenkstruktur (120),
die einer Warmeaustauschleitung zugeordnet ist,
stromt, wobei die Ablenkstruktur Teil einer Anord-
nung solcher Ablenkstrukturen ist, dadurch ge-
kennzeichnet, dass jede Ablenkstruktur ihre zuge-
ordnete Wéarmeaustauschleitung im Wesentlichen
symmetrisch umgibt, um einen Querfluidstrom um
diese zugeordnete Wéarmeaustauschleitung von ei-
nem Querfluidstrom um benachbarte Warmeaus-
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tauschleitungen, die transversal zu der Richtung des
Fluidstroms angeordnet sind, zu isolieren, wobei die
Fluidstroméffnungen (124, 126) jeder Ablenkstruk-
tur den einzigen Fluiddurchlass durch die Ablenk-
strukturanordnung vom stromaufseitigen zum
stromabseitigen Ende bilden und stromaufseitig
bzw. stromabseitig von der zugeordneten Warme-
austauschoberflache symmetrisch angeordnet und
wenigstens teilweise stromaufseitig bzw. stromab-
seitig aufeinander und auf die zugeordnete Warme-
austauschleitung (112) ausgerichtet sind, wodurch
jede Ablenkstruktur den Stromungsweg des Fluids
um den Umfang der zugeordneten Wé&rmeaus-
tauschleitung formt.

Verfahren nach Anspruch 13, wobei wenigstens
zwei der Ablenkstrukturen (120) zu einer groéf3eren
Stromformungsvorrichtung (122) miteinander ver-
bunden sind, um eine Fluidstrom um mehrere War-
meaustauschleitungen (112) zu formen.

Verfahren nach Anspruch 13, wobei die Warmeaus-
tauschleitungen (112) wenigstens eine im Allgemei-
nen kreisférmige Anordnung aus axial ausgerichte-
ten zylindrischen Warmeaustauschleitungen umfas-
sen, wovon wenigstens einige von einer im Wesent-
lichen konzentrischen, mit Offnungen versehenen
hilsenférmigen Struktur umgeben sind, die strom-
aufseitige und stromabseitige Offnungspaare (184,
176; 174, 186) in zu der Achse der zugeordneten
Leitung parallelen Kolonnen besitzt, wobei ferner ei-
ne hilsenférmige Struktur (120) durch ein Platten-
element (122) an einer benachbarten hilsenférmi-
gen Struktur befestigt ist, um eine groRere zylindri-
sche Struktur zu bilden.

Verfahren nach Anspruch 15, wobei die ("fonungs-
paare (184, 176; 174, 186) lang gestreckte Schlitze
aufweisen, wobei jeder Schlitz eine lange Achse be-
sitzt, die zu den Achsen der Warmeaustauschleitun-
gen im Allgemeinen parallel ist.

Verfahren nach Anspruch 16, wobei einer Warme-
austauschleitung zwei Paare lang gestreckter Schlit-
ze (184,176; 174, 186) zugeordnet sind, wobei jedes
Schlitzpaar zu der radialen Ausrichtung auf die Ach-
se der gréReren zylindrischen Struktur versetzt ist

).

Verfahren nach Anspruch 15 oder 16, wobeidie War-
meaustauschleitungen wenigstens zwei im Allge-
meinen kreisférmige Anordnungen aus zylindri-
schen Warmeaustauschleitungen (112, 142) auf-
weisen, die so orientiert sind, dass sie parallele Ach-
sen haben, wobei eine Anordnung relativ zu der an-
deren konzentrisch ist.

Verfahren nach Anspruch 18, wobei die Ablenkstruk-
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turen (120, 150) benachbarter Paare von radial aus-
gerichteten Warmeaustauschleitungen (112, 142) in
der Weise miteinander verbunden sind, dass eine
Offnung (164) zwischen den Ablenkstrukturen als
die stromabseitige Fluidstroméffnung fir eine der
Leitungen und als die stromaufseitige Fluidstromoff-
nung fir die andere der Leitungen dient.

Verfahren nach Anspruch 13 oder 14, wobei die Ab-
lenkstruktur, die einer Warmeaustauschleitung
(216) zugeordnet ist, eine Gruppe von im Wesentli-
chen flachen Plattenelementen (220, 222, 224) um-
fasst, die paarweise mit ihren Kanten langs zweier
Seiten einer Warmeaustauschleitung in der Nahe
der Oberflache, jedoch ohne sie zu berihren, posi-
tioniert sind, wobei die Ebenen der Plattenelemente
im Allgemeinen senkrecht zu dem Fluidweg des Pro-
zessfluids (232, 234, 236) orientiert sind, um im All-
gemeinen ringférmige Fluidstrombereiche zu defi-
nieren, die stromaufseitige und stromabseitige Off-
nungspaare um die Warmeaustauschleitungen auf-
weisen.

Verfahren nach Anspruch 13 oder 14, wobei die Ab-
lenkstruktur, die einer Warmeaustauschleitung zu-
geordnet ist, Profilplattenelemente (620) umfasst,
die paarweise langs zweier Seiten der Warmeaus-
tauschleitung (612) in der Nahe der Oberflache,
ohne sie zu berihren, positioniert sind, wobei die
Plattenelemente einen Umriss besitzen, der den
zwei jeweiligen Seiten der Warmeaustauschleitung
entsprechen, um im Allgemeinen ringférmige Fluid-
strombereiche mit stromaufseitigen und stromabsei-
tigen Offnungen um die Warmeaustauschleitungen
zu definieren, wobei die Plattenelemente mit ande-
ren Plattenelementen, die benachbarten Warme-
austauschleitungen zugeordnet sind, verbunden
sind (622).

Warmetauscher, der die Fluidstrom-Formungsvor-
richtung nach einem der Anspriiche 1-12 umfasst.

Revendications

Dispositif de contournement d’un écoulement de flui-
de permettant de contourner, de fagon préférentielle,
le parcours d’écoulement d’un fluide de procédé
(130) circulant dans le sens transversal et en contact
avec une pluralité de conduits de transfert thermique
disposés séparément (112), ledit dispositif compor-
tant une pluralité de structures de déviation configu-
rées en forme de manchon, continues dans le sens
de la longueur (120), chaque structure de déviation
comportant au moins un ensemble de paires
d’ouvertures d’écoulement de fluide (124, 126) qui
constituent le seul passage de fluide d’amonten aval
a travers le dispositif de contournement d’'un écou-
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lement de fluide, caractérisé par le fait que cha-
cune desdites structures de déviation (120) entoure,
de fagon essentiellement symétrique, un conduit de
transfert thermique (112) en vue de définir une zone
d’écoulement de fluide configurée en forme d’an-
neau, isolant, de ce fait, un écoulement de fluide
dans le sens transversal autour de ce conduit asso-
cié de transfert thermique de I'écoulement de fluide
transversal autour des conduits adjacents de trans-
fert thermique situés de fagon transverse a la direc-
tion d’écoulement du fluide, et dans lequel les ouver-
tures d’écoulement de fluide (124, 126) d’une struc-
ture de déviation sont placées symétriquement, res-
pectivement en amont et en aval du conduit associé
de transfert thermique (112) dans au moins un ali-
gnement partiel amont et aval I'un avec l'autre et
avec le conduit associé de transfert thermique, de
sorte que chaque dite structure de déviation (120)
contourne le parcours d’écoulement dudit fluide de
procédé autour du contour du conduit associé de
transfert thermique.

Dispositif selon la revendication 1, dans lequel au
moins deux desdites structures de déviation (120)
sont interconnectées (122) en un dispositif de con-
tournement d’écoulement plus grand, permettant de
contourner un écoulement de fluide autour d’une plu-
ralité de conduits de transfert thermique (112).

Dispositif selon la revendication 2, dans lequel les-
dits conduits de transfert thermique (112) sont agen-
cés en une rangée généralement circulaire et dans
lequel, de plus, les structures de déviation individuel-
les (120) associées aux conduits de transfert ther-
mique sontinterconnectées pour former un dispositif
plus grand de contournement de I’écoulement, con-
figuré en forme de cylindre.

Dispositif selon 'une quelconque des revendications
1,2 ou 3, dans lequel les paires d’ouvertures d’écou-
lement de fluide (124, 126) comportent des ouver-
tures amont et aval alignées radialement dans les
structures de déviation individuelles.

Dispositif selon 'une quelconque des revendications
1,20u 3, danslequel des paires d’ouvertures d’écou-
lement de fluide comprennent des ouvertures amont
et aval (176, 186) dans les structures de déviation
individuelles qui sont en décalage par rapport a la
ligne radiale.

Dispositif selon la revendication 1, dans lequel les-
dits conduits de transfert thermique (112) compren-
nent au moins une rangée généralement circulaire
de conduits cylindriques de transfert thermique, ali-
gnés de fagon axiale, dont une certaine quantité au
moins est entourée essentiellement par une struc-
ture en forme de manchon a ouvertures essentielle-
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ment concentriques comportant des paires d’ouver-
tures amont et aval (184, 176 ; 174, 186) disposées
en colonnes, paralléelement a I'axe du conduit asso-
cié, dans lequel, de plus, une structure configurée
en forme de manchon (120) est fixée par un élément
de plaque (122) a une structure adjacente, configu-
rée en forme de manchon, pour former une structure
cylindrique plus grande.

Dispositif selon la revendication 6, dans lequel les
paires d’ouvertures comprennent des fentes de for-
me allongée (184, 176 ; 174, 186), chaque fente
ayant un grand axe paralléle aux axes des conduits
de transfert thermique.

Dispositif selon la revendication 7, dans lequel un
conduit de transfert thermique est associé a deux
paires de fentes de forme allongée (184, 176 ; 174,
186), chaque paire de fentes étant décalée (6) de
I'alignement radial avec I'axe (114) de la structure
cylindrique plus grande.

Dispositif selon la revendication 6 ou 7, dans lequel
lesdits conduits de transfert thermique comprennent
au moins deux rangées généralement circulaires de
conduits cylindriques de transfert thermique (112,
142) orientées en vue de présenter des axes paral-
leles, une rangée étant concentrique par rapport a
l'autre.

Dispositif selon la revendication 9, dans lequel les
structures de déviation (120, 150) des paires adja-
centes de conduits de transfert thermique, alignés
radialement (112, 142), sontinterconnectées de telle
fagon qu’une ouverture (164) formée entre les struc-
tures de déviation serve en tant qu’ouverture d’écou-
lement de fluide aval pour I'un des conduits et en
tant qu’ouverture d’écoulement de fluide amont pour
l'autre.

Dispositif selon 'une quelconque des revendications
1, 2 ou 3, dans lequel la structure de déviation as-
sociée a un conduit de transfert thermique (216)
comprend un ensemble d’éléments de plaques es-
sentiellement planes (220, 222, 224) positionnés par
paires, latéralement le long des deux cotés d’'une
surface de transfert thermique au voisinage de la
surface, sans la toucher, les plans desdits éléments
de plaques étant orientés de fagon généralement
perpendiculaire au parcours de fluide du fluide de
procédé (232, 234, 236) de fagon a définir des zones
d’écoulement defluide généralement configurées en
forme d’anneau présentant des paires d’ouvertures
amont et aval situées autour desdits conduits de
transfert thermique.

Dispositif selon 'une quelconque des revendications
1, 2 ou 3, dans lequel la structure de déviation as-
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sociée a un conduit de transfert thermique comporte
des éléments de plaque profilés (620), positionnés
par paires le long des deux c6tés du conduit de trans-
fert thermique (612,) a proximité, sans la toucher, de
la surface du conduit, lesdits éléments de plaque
présentant un profil correspondant respectivement
aux deux cétés du conduit de transfert thermique de
fagon a définir des zones d’écoulement de fluide con-
figurées de fagon généralement annulaire, compor-
tantdes ouvertures amont et aval situées autour des-
dits conduits de transfert thermique, lesdits éléments
de plaque étantraccordés (622) aux autres éléments
de plaque associés aux conduits adjacents de trans-
fert thermique.

Procédé permettant d’accroitre un transfert thermi-
que a destination, ou a partir, d'un fluide (130) cir-
culant de fagon transversale en contact avec les sur-
faces extérieures d'une pluralité de conduits
d’échange thermique (112) comprenant I'étape con-
sistant a contourner, de fagon préférentielle, un
écoulement de fluide transversal a travers les con-
duits d’échange thermique en faisant circuler le flui-
de a travers au moins un ensemble de paires de
rétrécissements d’écoulement de fluide (124, 126)
dans une structure de déviation configurée en forme
de manchon, continue de fagon longitudinale (120)
associée a un conduit d’échange thermique, ladite
structure de déviation faisant partie d’'une rangée
constituée de telles structures de déviation, carac-
térisé par le fait que chaque structure de déviation
entoure, de fagon essentiellement symétrique, son
conduit associé d’échange thermique pour isoler un
écoulement de fluide transversal autour de ce con-
duit associé d’échange thermique de I'écoulement
transversal de fluide autour des conduits adjacents
d’échange thermique situés transversalement a la
direction d’écoulement de fluide, dans lequel les ré-
trécissements d’écoulement de fluide (124, 126) de
chaque structure de déviation constituent le seul
passage de fluide de 'amont vers 'aval a travers la
rangée de structures de déviation et sont placés de
fagon symétrique, respectivement, en amont et en
aval, de la surface associée d’échange thermique
suivant un alignement amont et aval au moins partiel
'unavecl’'autre etavecle conduit associé d’échange
thermique (112), et de fagon que chaque structure
de déviation contourne le parcours d’écoulement du-
dit fluide autour du contour du conduit associé
d’échange thermique.

Procédé selon la revendication 13, dans lequel au
moins deux desdites structures de déviation (120)
sont interconnectées en un dispositif de contourne-
mentd’écoulement plus grand (122) pour contourner
I’écoulement de fluide autour d’une pluralité de con-
duits d’échange thermique (112).
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Procédé selon la revendication 13, dans lequel les-
dits conduits d’échange thermique (112) comportent
au moins une rangée généralement circulaire de
conduits d’échange thermique cylindriques axiale-
ment alignés, dont quelques uns au moins sont es-
sentiellement entourés d’une structure configurée
en forme de manchon dotée d’ouvertures essentiel-
lement concentrique et de paires d’ouvertures amont
et aval (184, 176 ; 174, 186) en colonnes paralléles
a 'axe du conduit associé, dans lequel, de plus, une
structure configurée en forme de manchon (120) est
fixée par un élément de plaque (122) a une structure
adjacente configurée en forme de manchon en vue
de former une structure cylindrique plus grande.

Procédé selon la revendication 15, dans lequel les
pairesd’ouvertures (184, 176 ; 174, 186) comportent
des fentes de forme allongée, chaque fente ayant
un grand axe généralement paralléle aux axes des
conduits d’échange thermique.

Procédé selon la revendication 16, dans lequel un
conduit d’échange thermique est associé a deux pai-
res de fentes de forme allongée (184, 176 ; 174,
186), chaque paire de fentes étant décalée (0) de
I'alignement radial avec I'axe de la structure cylin-
drique plus grande.

Procédé selon larevendication 15 ou 16, dans lequel
lesdits conduits d’échange thermique comprennent
au moins deux rangées généralement circulaires de
conduits cylindriques d’échange thermique (112,
142) orientés en vue de présenter des axes paralle-
les, une rangée étant concentrique par rapport a
l'autre.

Procédé selon la revendication 18 dans lequel les
structures de déviation (120, 150) des paires adja-
centes de conduits d’échange thermique alignés ra-
dialement (112, 140) sont interconnectées de telle
sorte qu’une ouverture (164) formée entre les struc-
tures de déviation serve de rétrécissement d’écou-
lement de fluide en aval pour 'un des conduits et de
rétrécissement d’écoulement de fluide en amont
pour l'autre.

Procédé selon larevendication 13 ou 14, dans lequel
la structure de déviation associée a un conduit
d’échange thermique (216) comporte un ensemble
d’éléments de plaques essentiellement planes (220,
222, 224) positionnés par paires latéralement le long
des deux co6tés d’'un conduit d’échange thermique a
proximité de la surface, sans la toucher, les plans
desdits éléments de plaque étant orientés de fagon
généralement perpendiculaire au parcours de fluide
du fluide de procédé (232, 234, 236) de fagon a dé-
finir des zones d’écoulement configurées générale-
ment en forme d’anneau ayant des paires d’ouver-
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tures amont et aval autour desdits conduits d’échan-
ge thermique.

Procédé selon larevendication 13 ou 14, dans lequel
la structure de déviation associée a un conduit
d’échange thermique comporte des éléments de pla-
que profilés (620) positionnés par paires le long des
deux cotés du conduit d’échange thermique (612) a
proximité de la surface, sans la toucher, lesdits élé-
ments de plaque présentant un profil correspondant
respectivement aux deux cotés du conduit d’échan-
ge thermique de facon a définir des zones d’écou-
lement de fluide configurées de fagon généralement
annulaire comportant des ouvertures en amonteten
aval autour desdits conduits d’échange thermique,
lesdits éléments de plaque étant raccordés (622) a
d’autres éléments de plaque associés aux conduits
adjacents d’échange thermique.

Echangeur thermique comprenant le dispositif de
contournement d’écoulement de fluide selon I'une
quelconque des revendications 1 a 12.
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