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(54) Plate heat exchanger

{(57) A plate heat exchanger
comprises heat exchanger plates (5)
each with a heat exchanger surface
{4) having a sinuous profile, the
plates being assembled with
neighbouring plates being turned
through 180° about an axis
perpendicular to the flow direction.
An uneven number, which is greater
than one, of segments (1a, 1b, 1¢) is
arranged transversely to the flow
direction over the width of the heat
exchanger surface (4) and the width
of the segments arranged at both
sides of the plate is different. The
angles {q,, &,), which the sinuous
profile elements (3) of the individual
segments form with the flow
direction are substantially equal in the
case of the mutually opposite
segments of adjacent plates in the
exchanger.
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SPECIFICATION
Heat exchanger

The present invention relates to heat ex-
changers.

Heat exchanger plates are known which,
subject to the maintenance of a certain spac-
ing, are so assembled into plate heat ex-
changers in suitable devices that flow channels
arise between them and each plate is turned
relative to the neighbouring one through 180°
about an axis lying perpendicular thereto. The
heat exchanger surface of this plate is pro-
vided with sinuous profiles. The individual sin-
uous profile elements are arranged either par-
allelly to each other over the entire width of
the surface and at an angle of 90° or at a
substantially constant angle different from 90°
relative to the flow direction in the flow chan-
nels between the plates or else the surface is
divided into segments in which the profile ele-
ments are arranged parallel to each other but
at a substantially constant angle differing from
90° relative to the flow direction, this angle
being different in the respectively adjacent
segments.

In the cases where the profile elements ex-
tend over the entire width of the plate, they
form an angle of 90° with the flow direction
and the mutually opposite profile elements of
the adjacent plates in the heat exchanger ex-
tend parallelly. The consequence is that, for
the maintenance of the spacing between the
adjacent plates, special spacer dogs must be
pressed out of the plates. Moreover, plates of
that kind have a relatively low inherent stiff-
ness and thereby a low pressure stability. It is
advantageous in these plates that the flow
channels formed by them can be so structured
that the flow speed components parallel to
the heat exchanger surface can be largely sup-
pressed and the number of the bearing points
at which adjacent plates bear against each
other can be fixed to the amount necessary
for the required pressure stability of the heat
exchanger. Thus, the flow build-up points in
the flow channel, which increase the pressure
loss, can be kept smali in number. In the case
of the other described kind of heat exchanger
plates, the parallel profile elements extend
over the entire width of the plate at a sub-
stantially constant angle differing from 90°,
whereby mutually opposite profile elements of
adjacent plates cross one another. This is also
so in the case of plates having their surfaces
divided into segments in which the profile ele-
ments are arranged at a substantially constant
angle, differing from 90°, relative to the flow
direction, this angle being different in the
neighbouring segments.

The advantage of these constructions com-
pared with the construction with profile ele-
ments extending parallelly over the entire plate
width is that the elements of adjacent plates

70

75

80

85

90

95

100

105

110

115

120

125

130

can bear directly one upon the other and the
formation of special spacer dogs is thus not
required. These plates also possess a rela-
tively high inherent stiffness.

It is, however, disadvantageous that very
large changes in flow cross-section arise lo-
cally and a speed component parallel to the
heat exchanger surface is imposed on the
flow. This leads to a high proportion of the
conveying performance being unusable for the
heat exchange. The number of the bearing
points and thereby the number of the flow
build-up points in the flow channel usually ex-
ceeds the number necessary for pressure sta-
bility of the heat exchanger.

It would thus be desirable to be able to
combine the advantages of heat exchanger
plates in which profile elements extend at an
angle of 90° to the flow direction with those
of plates, in which the elements extend at an
angle differing from 90°.

According to the present invention there is
provided a heat exchanger comprising a plural-
ity of correspondingly structured sinuously
profiled plates which are arranged adjacent to
each other to define flow channels there-
between and which each comprise a plurality
of profile elements so aligned in an uneven
number of segments disposed side-by-side
transversely to a given direction of flow along
the channels that the elements in each seg-
ment extend parallelly to each other and at an
angle relative to the flow direction which dif-
fers from 90° and from that of the elements
in the or each adjacent segment of the same
plate but which is substantially equal to that
of the elements in the respectively facing seg-
ment of the or each adjacent plate, adjacent
plates in the exchanger being turned through
180° relative to each other about an axis per-
pendicular to the flow direction and the width
of those segments in each plate which are
disposed at the edge regions of the plate or
adjacent to the segments at the edge regions
or either side of the middle one of the seg-
ments being different.

The heat exchanger plates, which are pro-
vided with a sinuous profile and subdivided
into a number of segments, are thus arranged
so that the mutually opposite profile elements
of adjacent plates extend substantially paral-
lelly in the assembled exchanger but form an
angle differing from 90° with the flow direc-
tion.

In a preferred embodiment, the heat ex-
changer surface is provided with a sinuous
profile and subdivided into a number of seg-
ments, which plates are assembled, subject to
the maintenance of a certain spacing, into the
exchanger in a suitable device in such a man-
ner that each plate is turned relative to the
adjacent plate through 180° about an axis per-
pendicular thereto, flow channels being formed
between the plates. Each segment consists of
a number of sinuous profile elements arranged
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parallel to each other,but at a certain and sub-
stantially constant angle, which differs from
90°, relative to the flow direction in the flow
channels, this angle being different between
two neighbouring segments. An odd number,
which is greater than one, of segments is ar-
ranged transversely to the flow direction over
the width of the heat exchanger surface and
the width of the segments respectively ar-
ranged at both sides of the plate is different.
The angle which the profile elements of the
individual segments form with the flow direc-
tion is so chosen that it is substantially equal
in the case of the oppositely disposed seg-
ments of the respectively adjacent plates.

In that case, the profile elements of the seg-
ments neighbouring each segment transversely
to the flow direction can have a substantially
equal angle or, in the case of individual seg-
ments, form different angles with the flow di-
rection. The difference in the width of the
segments respectively arranged at both the
sides of the plate can be so chosen that, on
placing of the plates against one another, the
elements of the adjacent plates bear against
each other on one or more lines parallel to the
flow direction.

In the preferred embodiment, the mutually
opposite profile elements of two adjacent
plates extend paralleily as far as the support
region and these elements are nevertheless
supported one directly on the other so that
special spacers are redundant. Through appro-
priate choice of the ratio of the widths of the
segments at both sides of the heat exchanger
surfaces, the number of the support lines can
be matched to the necessary pressure stability
of the heat exchanger, whereby it is possible
to avoid support points which unnecessarily
impair the flow in the flow channels. At the
same time, through a suitable angle between
the profile elements of the individual segments
and the flow direction, a high inherent stiff-
ness of the plates is secured even in the case
of parallel guidance of the mutually opposite
profile elements of adjacent plates.

Embodiments of the present invention will
now be more particularly described by way of
example with reference to the accompanying
drawings, in which:

Figure 1 is a schematic view of a heat ex-
changer plate, with heat exchanger surface
subdivided into three segments transversely to
the flow direction, in a first heat exchanger
embodying the invention;

Figure 2 is a schematic view of the seg-
ments of two heat exchanger plates disposed
one against the other in a plate heat ex-
changer embodying the invention; and

Figure 3 is a schematic view of a heat ex-
changer plate, in which the heat exchanger
surface is subdivided into more than three
segments transversely to the flow direction, in
a second heat exchanger embodying the in-
vention.
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Referring now to the drawings, there is
shown a heat exchanger plate 5 with its heat
exchanger surface 4 divided transversely to a
flow direction into an odd-numbered number
of segments 1a, 1b and 1c. Within each seg-
ment, profile elements 3 each extend parallelly

" to each other and form a substantially con-
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stant angle(a,, o, «), differing from 90°, with
the flow direction. The angles of the neigh-
bouring segments 1a and 1b or 1b and 1c are
different, whereas the angles of the segments
1a and 1c are equal.

The width 2a, 2b of the segments 1a, 1c
arranged at both the sides of the heat ex-
changer plate 5 is different. in the embodi-
ment according to Fig. 1, the same width 2b,
2c¢ is chosen for the segments 1b, 1c and the
difference in the widths 2a, 2c for the seg-
ments 1a, 1c is chosen so that, on the as-
sembly of such heat exchanger plates 5 into a
heat exchanger, wherein each plate is turned
relative to the adjacent plate through 180°
about an axis perpendicular to the centre line
8, the profile elements 3 of adjacent plates b
support themselves in such a manner that the
support points, in the embodiment shown in
Fig. 2, lie on two respective support lines 9a,
9b and 10a and 10b disposed one beside the
other. It is evident from Fig. 2 that the num-
ber of such support lines 9, 10 is the number,
reduced by one, of the segments 6a to 6¢ or
7a to 7c arranged over the width of the plate
6 or 7.

Fig. 3 shows another embodiment with five
segments 11, 12, 13, 14 and 15 arranged
one beside the other.

CLAIMS

1. A heat exchanger comprising a plurality
of correspondingly structured sinuously pro-
filed plates which are arranged adjacent to
each other to define flow channels there-
between and which each comprise a plurality
of profile elements so aligned in an uneven
number of segments disposed side-by-side
transversely to a given direction of flow along
the channels that the elements in each seg-
ment extend parallelly to each other and at an
angle relative to the flow direction which dif-
fers from 90° and from that of the elements
in the or each adjacent segment of the same
plate but which is substantially equal to that
of the elements in the respectively facing seg-
ment of the or each adjacent plate, adjacent
plates in the exchanger being turned through
180° relative to each other about an axis per-
pendicular to the flow direction and the width
of those segments in each plate which are
disposed at the edge regions of the plate or
adjacent to the segments at the edge regions
or either side of the middle one of the seg-
ments being different.

2. A heat exchanger as claimed in claim 1,
wherein said difference between segment
widths is such that the elements of adjacent
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plates bear against each other at points dis-
posed in lines parallel to the flow direction.

3. A heat exchanger as claimed in either
claim 1 or claim 2, wherein the elements in
alternate segments of each plate extend at the
same angle to the flow direction.

4. A heat exchanger as claimed in either
claim 1 or claim 2, wherein the elements in
adjacent segments of each plate extend at dif-
ferent angles to the flow direction.

5. A heat exchanger substantially as here-
inbefore described with reference to Fig. 1 of
the accompanying drawings.

6. A heat exchanger substantially as here-
inbefore described with reference to Fig. 2 of
the accompanying drawings.

7. A heat exchanger substantially as here-
inbefore described with reference to Fig. 3 of
the accompanying drawings.
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