
HEAT EXCHANGE AND APPARATUS INCLUDING SAME. This invention relates to
multiple tube heat exchangers for use with fluids of all kinds. Such heat
exchangers have a variety of uses, but it will be convenient to hereinafter
describe the invention with particular reference to crystall- isation
apparatus of the kind used in the sugar industry. Multiple tube heat
exchangers are useful in achieving transfer of heat between two fluids
without those fluids coming into contact. In sugar processing for example,
steam can give off heat to massecuite through such exchanges. The
massecuite flows through the tubes and the steam is contained in the spaces
between the tubes and a steam jacket or shell commonly encloses the tube
assembly to contain the steam. It is therefore necessary to close-off the
ends of the spaces between adjacent tubes and that is generally achieved by
welding or otherwise securing the tube ends within respective apertures in
apertured plates, commonly referred to as tube plates. The shell and tube
plates must be of sufficient strength and rigidity to withstand the
pressures and temperatures encountered in use. In the case of a heat
exchanger for massecuite having a non-cylindrical shell, it is usual to
provide stengthening braces for the flat surfaces of the structure. It is
an object of the present invention to provide a tube-type heat exchanger
which is of relatively simple yet strong construction. It is a further
object of the invention to provide an improved evaporator for usein sugar
processing. According to one aspect of the present invention, there is
provided a heat exchanger including, a group of open-ended tubes arranged
substantially parallel to one another and in laterally spaced relationship,
each said tube being sub- stantiall rectangular in transverse cross
section, the space   



- 2- between each two adjacent tubes being in direct communication with at
least one other said space, spacer means at each of two opposite sides of
said group closing-off the space between adjacent tubes, each said spacer
means comprising a spacer bar which extends in the longitudinal direction
of each said tube and projects into the space between two adjacent said
tubes, and a steam chamber formed at least in part by the interconnected
spaces between adjacent said tubes. It is to be understood that the word
"rectangular" as used above and in following passages of this specification
embraces a square configuration as that is one form of rectangle. A
characteristic of the heat exchanger is that it does not require a shell or
tube    plate to contain the steam. According to another aspect of the
invention, there is provided a continuous evaporator including a heat
exchanger as described above in which the tubes extend upright, said heat
exchanger being elongate transverse to the tubes, a downcomer compartment
provided along at least one longitudinal side of said heat exchanger, a
lower flow chamber interconnecting said downcomer compartment and the lower
ends of said heat exchanger tubes, an upper flow space interconnecting said
downcomer and the upper ends of said tubes, said heat exchanger tubes and
downcomer compartment defining an elongate material flow path, steam supply
means connected to said steam chest, a material inlet communicating with
one end of said flow path and a material outlet communicating with the
opposite end of said flow path. The essential features of the invention,
and further optional features, are described in detail in the following
passages of the specification which refer to the accompanying  



-3- drawings. The drawings however are merely illustrative of how the
invention might be put into effect, so that the specific form and
arrangement of the features (whether they be essential or optional
features) shown 5  is not to be understood as limiting on the invention. In
the drawings: Figure 1 is a perspective view of an end portion of a tube
bank of one form of heat exchanger according to the present invention; 10
Figure 2 is an enlarged cross sectional view taken along line II-II of
Figure 1; Figure 3 is an enlarged cross sectional view taken along line
III-III of Figure 1; Figure 4 is an enlarged cross sectional view 15  taken
along line IV-IV of Figure 1; Figure 5 is a view similar to Figure 4 but
showing the steam manifold at one end of the tube bank; Figure 6 is a
cross-sectional view taken along 20  line VI-VI of Figure 5; Figure 7 is a
side elevational view of a continuous evaporator incorporating an
embodiment of the invention; Figure 8 is a transverse cross sectional view
25  taken along line VIII-VIII of Figure 7; Figure 9 is a view taken along
the same cross section as Figure 8 but shown in perspective; Figure 10 is a
view taken along line X-X of Figure 8 but on an enlarged scale and
foreshortened 30 for convenience; 



Figure 11 is a view similar to Figure 9 but with parts removed for
convenience of illustration; Figure 12 is a diagrammatic view of a double
unit    evaporator according to the invention; Figure 13 is a plan view of
portion of another embodiment of the heat exchanger according to the
invention; Figure 14 is a cross sectional view taken along line XIV-XIV of
Figure 13; and Figure 15 is a view similar to Figure 14 but showing a
variation of that embodiment. A heat exchanger according to the invention
and as shown in the attached drawings, includes a number of parallel
open-ended tubes which are of rectangular or square cross sectional shape
and are held in mutually spaced relationship by spacer members 2 and 3 at
both ends of the tube assembly. The ends of the tube assembly as shown in
Figure 1 are the upper and lower sides of that assembly.  Also as seen in
Figure 1 the tubes 1 should preferably be arranged in a plurality of rows
so that the heat exchanger is elongate transverse to the longitudinal axis
of each tube 1. There may be two or more rows of tubes 1 as required, but
there are three rows in the example of Figure 1. Each two adjacent rows are
separated by a space 4 and the adjacent tubes 1 within each row are
separated by a space 5 (Figure 4). The spacer members 2 and 3 are
preferably in the form of metal bars which extend transverse to the tubes
1. Each bar 2 and 3 fits neatly within the space 4 or 5 between the
terminal end poritons of two adjacent tubes 1 and may be secured in place
by welding. As shown in Figure 1, each space 4 and 5 is relatively narrow
compared with the cross 



sectional size of the tubes 1 and each bar 2 and 3 is of rectangular cross
section. The bars 2 and 3 project edgewise into their respective spaces 4
and 5 so there is maximum    resistance to distortion by heat and pressure.
The bars 2. and 3 may be arranged to form intersecting components of a grid
and such a grid is provided at both the upper and lower sides of the tube
assembly to close-off both the upper and lower ends of all of the spaces 4
and 5. Each bar 2 and 3 of the respective grid preferably extends
completely across the tube assembly to close-off the entire group of
aligned spaces 4 or 5 in which it locates. It will be appreciated from the
foregoing that the tube spaces 4 and 5 form a series of interconnected
steam lanes between the tubes. l. The lateral extremeties of the lanes
-i.e., at the sides of the tube assembly - are preferably closed by flat
spacer bars or strips 6 of rectangular cross section. The bars 6 extend
parallel to the tubes 1 and are located edgewise within the lateral
extremeties of the aligned group of spaces 5.   The cross sectional size of
each bar 6 is substantially less than that of a space 5 as existing between
any two adjacent tubes 1. Each bar 6 may be welded in place and as shown in
Figure 4 is located so as to form part of the respective side surface of
the heat exchanger. Also as shown in Figure 4, the bars 6 are provided at
both the inner and outer sides 7 and 8 of the heat exchanger. The tube bank
as described may have a steam manifold box 29 (Figures 5 and 6) at each
end.  Steam entering the box 29 at one end will move into the adjacent ends
of the spaces or steam lanes 4 and will follow those lanes through the
entire length of the tube bank.  In the course of that travel 



the steam will penetrate into the spaces 5 which constitute lateral steam
lanes and as a consequence the entire surface of each tube 1 is contacted
by the steam.    -6- several advantages are achieved with the construction
described.  For example, the exchanger requires less material and is
therefore oflighter weight than conventional exchangers having the same
capacity.  Also, the structure is relatively strong as the unsupported flat
surfaces are of comparatively small area and can therefore withstand
substantial pressure. still further, there is a greater heating surface
concentration than is the case with conventional circular tube heat
exchangers so that the exchanger occupies less space than the conventional
exchanger.  Heat losses due to radiation to atmosphere are also minimized
by the novel construction so that insulation costs are avoided or
minimized. As previously stated the heat exchanger of this invention is
particularly suited for use in apparatus for sugar processing. In one
arrangement, the exchanger is used as part of a continuous evaporator for
sugar processing. That evaporator is an improvement over prior evaporators
of the same kind for several reasons, but perhaps the most significant
features (other than the heat exchanger) are the tube and downcomer
arrangement and the relatively long flow path within the evaporator. One
form of the evaporator is shown in Figures 7 to 11 of the drawings. The
evaporator 9 comprises a relatively long body composed of an upper shell
10, heat exchangers 11, a lower shell 12 and end walls 13.  They are not
the only components of the evaporator body, but they are the principal
components for the purpose 



of the present discussion. As best seen in Figure 8, the upper shell 10
contains an upper flow space 14 and the lower shell 12 contains a lower
flow chamber 15.  In the construction shown there are two flow spaces 14
and two flow chambers 15    -7- because the evaporator 9 is a double flow
path unit as hereinafter described.  The general construction and operation
of the evaporator however, can be explained by reference to one side only
of the unit. The lower flow chamber 15 and the upper flow space 14 are
interconnected through the heat exchanger tubes 1 and a downcomer
compartment 16 located beside the heat exchanger 11. In different
arrangements however, more than one downcomer may be involved. The lower
shell 12 may be curved in transverse cross section as shown to provide a
concave support for the massecuite and the chamber 15 may be connected as
appropriate to the massecuite supply.  It is preferred to have two banks of
heat exchangers 11 separated by a single downcomer com- partment 16 which
is consequently of rectangular shape both in plan and transverse cross
section. The upper flow space 14 preferably has a series of transverse
baffles 17 which divide the compartment 16 into a series of cells 18
(figure 11). Each transverse baffle 17 preferably extends above the upper
end of the tubes 1, but does not intrude (at least significantly) into the
lower flow chamber 15. The baffles 17 promote a desired flow pattern along
the length of the evaporator. As shown in Figure 11, massecuite heated
within the exchangers 11 flows upwardly through the tubes 1 to spill over
into the downcomer compartment 16, or more correctly the adjacent cell 18
of that compartment. 



The massecuite flows downwardly within each cell 18 to pass beneath one of
the baffles 17 to enter the lower ends of the tubes 1 adjacent to the next
cell 18. The flow is in one direction lengthwise of the evaporator and
because of the baffles 17 the line of flow is somewhat sinuous.  That is,
-8- as the massecuite passes along the length of the evaporator it
alternately moves upwardly through a section of a heat exchanger 11 and
then downwardly through a cell 18 of the downcomer compartment 16. An
evaporator as described has the particular 5 advantage that each heat
exchanger 11 can form part of the side wall of the apparatus. That is,
there is no need for a-jacket or shell along the outside of the heat
exchanger to contain the steam. Although the evaporator may constitute a
single 10 vessel as described above, it is preferred to have a plurality of
flow paths and/or vessels arranged in series. This can be achieved for
example by construc- ting a double flow path unit as shown in Figures 8-11.
In such a unit one heat exchanger 11 of one flow path 15 lies along side
one of the heat exchangers 11 of the other flow path and consequently those
two heat exchangers can be constructed as a single assembly. A longitudinal
dividing wall 19 separates the upper flow spaces 14 of the two flow paths
as shown in 20 Figures 8 and 9.   It is necessary,however, to provide
transfer means whereby the massecuite can move from one end of one flow
path into the beginning of the other and in the construction shown in
Figures 9 to 11 that 



is achieved by terminating the dividing wall 19 before 25 the downcomer
cells 18 at the adjacent ends of the two flow paths.  Massecuite can then
flow from one side of the evaporator to the other at that location as shown
in Figure 11. In the construction shown in Figure 12, a transfer 30
facility as described above is provided at each end of the evaporator 9
because the inlet 20 and the outlet 21 for the    massecuite are both
located between the ends of the evaporator 9 and on one side thereof. A
transverse wall 22. divides that side of the evaporator 9 into two sections
- an inlet section 23 and an outlet section 24 -  and those two sections
communicate through the flow path provided at the other side of the
evaporator 9. Very long flow paths can be accommodated by arranging double
units as described above side by side in a single assembly as shown
diagrammatically in Figure 12. With that arrangement the massecuite enters
the first unit 9a at the centrally located inlet 20, flows towards one end
of that unit where it is then directed across to the parallel but opposite
flow path within the same double unit 9a. On reaching the opposite end of
the unit 9a it is again redirected to the initial side and flows to the
outlet 21, which is located adjacent to the inlet 20.  The division wall 22
separates the inlet 20 from the outlet 21 thus defining both the beginning
and the end of the flow circuit through the unit 9a. From the outlet 21 of
the first unit 9a, the massecuite enters the second unit 9b which has a
similar flow circuit to that described for the first unit 9a. Any number of
units can be so arranged in series to suit particular circumstances. 



The evaporator 9 as described may include the usual intrainment devices and
other components as required. Figures 13. and 14 show a variation of the
heat exchanger particularly described in which the spacer members at each
end of the tube assembly are formed by parts of the tubes 1 rather than by
separate bars 2 and 3 as described. In the example shown, each end of each
tube 1 is swaged to form an outwardly extending flance 25 and in the
assembled    10- condition of the tubes 1 the flanges 25 abut in edge to
edge relationship. The abutting edges can be permanently secured by
welding. Under some circumstances as shown in Figure 15, it may not be
necessary for all tubes 1 to have swaged ends as the swaged end of one tube
1 may provide a sufficient space around that tube 1 if the edges of the
resulting flange 25 are welded to abutting side surfaces of adjacent tubes
1. Finally, it is to be understood that various alter- ations,
modifications and/or additions may be introduced into the constructions and
arrangements of parts previously described without departing from the
spirit or ambit of the invention as defined by the appended claims.    - 11
- CLAIMS: 1.        A heat exchanger including, a group of open-ended tubes
arranged substantially parallel to one 5   another, each said tube being
substantially rectangular 



in transverse cross-section, said group being formed by a plurality of
substantially parallel and laterally spaced rows of said tubes, adjacent
tubes of each said row being laterally spaced apart, transverse spacer
means at each 10   of two opposite ends of said group closing-off the space
between the terminal end portions of adjacent tubes of both the same and
different said rows, a steam chamber formed at least in part by the
interconnected spaces between adjacent said tubes, a plurality of
longitudinal 15   spacer members provided at least at one side of said
group of tubes, each said spacer member comprises a flat metal bar which
extends in the longitudinal direction of said tubes and is located edgewise
within the space between a respective two adjacent said tubes, the 20
transverse cross-sectional size of each said spacer member is substantially
less than the transverse cross sectional size of the said space within
which it locates, and each said spacer member is located at the periphery
of said group of tubes and closes off the space between 25   the respective
said adjacent tubes at said one side of the group of tubes. 2.        A
heat exchanger according to claim 1, wherein the transverse cross-sectional
area of the space between 30   each two adjacent tubes is substantially
smaller than the transverse cross-sectional area of each said tube. 3.
A heat exchanger according to claim 1 or 2, wherein each said transverse
spacer means comprises a    - 12 - series of intersecting flat spacer bars
each of which extends transverse to the longitudinal axis of each said 



tube, and a longitudinal edge portion of each said bar projects into the
space between the terminal end portions 5 of at least two adjacent tubes.
4.        A heat exchanger according to any preceding claim, wherein each
said transverse and longitudinal spacer bar is secured by welding to each
said adjacent 10   tube. 5.        A heat exchanger according to claim 1 or
2, wherein the space between adjacent end portions of said tubes is closed
by flanged ends provided on at least each 15   alternate said tube, and the
flanges at said flanged ends constitute said transverse spacer means. 6.
A heat exchanger according to any preceding claim, wherein said
longitudinal spacer members are 20   provided at each of two opposite sides
of said group of tubes, a compartment forming part of said steam chest is
provided at each of the other two sides of said group of tubes, and the
interior of each said compartment communicates directly with the spaces
between the tubes 25   at the adjacent said side of the group of tubes. 7.
A continuous evaporator including a heat exchanger according to any one of
claims 1 to 6 in which said tubes extend upright, said heat exchanger being
30   elongate transverse to the tubes, a downcomer compartment provided
along at least one longitudinal side of said heat exchanger, a lower-flow
chamber interconnecting said downcomer compartment and the lower ends of
said heat exchanger tubes, an upper flow space interconnecting said    - 13
- downcomer and the upper ends of said tubes, said heat 



exchanger tubes and downcomer compartment defining an elongate material
flow path, steam supply means connected to said steam chest, a material
inlet communicating with 5   one end of said flow path and a material
outlet communicating with the opposite end of said flow path. 8.        A
continuous evaporator according to claim 7, wherein said downcomer
compartment is divided into a 10  plurality of cells, and each said cell is
separated from the or each adjacent cell by a transverse plate extending
between and secured to said heat exchangers. 9.        A continuous
evaporator according to claim 7 or 15  8, wherein two said elongate heat
exchangers are provided, said downcomer compartment is located between said
two heat exchangers, and said upper flow space and said lower flow chamber
connect the downcomer compartment with the tubes of both said heat
exchangers. 20 10.       A continuous evaporator according to claim 9,
wherein said two heat exchangers and interposed downcomer defines a first
said flow path and another two heat exchangers and interposed downcomer
compartment define a 25   second said flow path, said flow paths being
arranged side by side within a single vessel, transfer means
interconnecting the adjacent ends of said flow paths, wall means extending
longitudinally of said flow paths and separating them against communication
except at said 30   ends, a transverse wall dividing one of said flow paths
into two sections which are interconnected through the other said flow
path, and said material inlet and outlet are located adjacent to but on
respective opposite sides of said transverse wall.   



-14- 11.       A continuous evaporator according to claim 10, wherein there
are two said vessels and the material outlet of one is connected to the
material inlet of the other. 5 12.       A continuous evaporator according
to claim 10 or 11, wherein one heat exchanger of one said flow path lies
adjacent but in spaced relationship to one heat exchanger of the other said
flow path, and the steam 10  spaces of the two adjacent heat exchangers
communicate through the space between those heat exchangers. 13.
Crystallisation apparatus including a continuous evaporator according to
any one of claims 7 to 15  12. 14.       A heat exchanger substantially as
herein particularly described with reference to any one of the embodiments
shown in the accompanying drawings. 20 15.       A continuous evaporator
substantially as herein particularly described with reference to what is
shown in the accompanying drawings. 25  16.        Crystallsation apparatus
substantially as herein particularly described with reference to what is -
shown in the accompanying drawings. The text of the specification has been
reproduced by photocopying the applicants original typescript.  It may
contain a few amendments which are difficult to read. The original
typescript containing these amendments may be inspected on the premises of
the Patent Office    


