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(54) A PLATE TYPE HEAT EXCHANGER

(57) A heat exchanger (100) includes alternately
staked plates (10) and 20), first inlet and outlet (12) and
(14), a second inlet and outlet (22) and (24). Each plate
(10, 20) configures flow passages on opposite sides
thereof. The plates (10, 20) are configured with a corre-
sponding openings (10a, 20a) to define corresponding
distribution and collection columns (40a, 50a) and (40b,
50b). The first inlet and outlet (12) and (14) and the sec-
ond inlet and outlet (22) and (24) are in fluid communi-
cation with the corresponding fluid flow passages. One
opening (10a, 20a) of at least one of the plates (10, 20)
is blocked and the plates (10) and (20) includes at least
one additional hole (10d, 20d). The first inlet and outlet
(12) and (14), the second inlet and outlet (22) and (24)
are arranged to configure cross flow between fluids in
the respective flow passages.
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Description

FIELD OF INVENTION

[0001] The present invention relates to a plate type
heat exchanger, particularly, the present invention re-
lates to a plate type heat exchanger for a vehicle.

BACKGROUND

[0002] In some applications for automotive industry,
the plate type heat exchangers are preferred because of
their compact configuration. FIG. 1 illustrates a schemat-
ic representation of a conventional plate type heat ex-
changer 1 of a prior art WO2020251164A1. The plate
type heat exchanger 1 generally includes first plates 2a,
second plates 2b between end plates 2c. The conven-
tional plate type heat exchanger 1 further includes a first
inlet 3a, a first outlet 3b, a second inlet 3c and a second
outlet 3d. The plates 2a and 2b are stacked alternately
with respect to each other in overlapping manner be-
tween first and second closing plates 4a and 4b, respec-
tively. The stack of first and the second plates 2a and 2b
configure first fluid flow passages and second fluid flow
passages on opposite sides of the individual first plate
2a and the second plate 2b for heat exchange between
first fluid flowing through first fluid flow passages and
second fluid flowing through the second fluid flow pas-
sages. Further, the first plates 2a and the second plates
2b are configured with a pair of first openings and a pair
of second openings, respectively. The first openings de-
fine first distribution and collection columns. Similarly,
the second openings define second distribution and col-
lection columns, respectively. The first inlet 3a and the
first outlet 3b are in fluid communication with the first fluid
flow passages through the respective first distribution
and collection columns for ingress and egress of the first
fluid with respect to the first fluid flow passages. Similarly,
the second inlet 3c and the second outlet 3d are in fluid
communication with the second fluid flow passages
through the respective second distribution and collection
columns for ingress and egress of the first fluid with re-
spect to the first fluid flow passages.
[0003] Generally, first fluid and second fluid flowing
through the plate type heat exchanger follow u-flow
through the plate type heat exchanger with an aim to
achieve efficient heat exchange there between by in-
creasing the flow path of the first and the second fluid.
For configuring u-flow of first and second fluid, it is man-
datory to place the first inlet 3a and the first outlet 3b on
a first side and the second inlet 3c and the second outlet
3d on second side of the plate type heat exchanger 100
and opposite to the first side. Due to such configuration,
there is pressure drop and the first fluid and the second
fluid undergo heat exchange substantially later from the
instance these fluids are introduced into the plate type
heat exchanger, accordingly, the plate type heat ex-
changer exhibits limited thermal efficiency and perform-

ance. Further, the conventional plate type heat exchang-
er requires a comparatively larger flow areas for a given
flow rate and at the given inlet and outlet temperatures.
Furthermore, the conventional plate type heat exchang-
ers are bulky and face packaging issues.
[0004] Accordingly, there is a need for a plate type heat
exchanger that exhibits thermal efficiency and perform-
ance. Further, there is a need for a plate type heat ex-
changer that is compact and prevents packaging issues.
Further, there is a need for a plate type heat exchanger
that requires comparatively smaller flow areas for a given
flow rate and at the given inlet and outlet temperatures
compared to the conventional plate type heat exchang-
ers.

SUMMARY

[0005] A plate type heat exchanger for heat exchange
between a first fluid and a second fluid is disclosed in
accordance with an embodiment of the present invention.
The plate type heat exchanger may comprise a plurality
of first plates and second plates, a first closing plate, a
second closing plate, a first inlet, a first outlet, a second
inlet and a second outlet. The first plates and the second
plates are stacked alternately with respect to each other
in overlapping manner between first and second closing
plates respectively to configure first fluid flow passages
and second fluid flow passages for first and second fluid
on opposite sides of the individual first plate and the sec-
ond plate. The first plates include a pair of first openings
and the second plates include a pair of second openings.
The first openings define a first distribution column and
a first collection column. Similarly, the second openings
define a second distribution column and a second col-
lection column. The first inlet and the first outlet are in
fluid communication with the first fluid flow passages
through the respective first distribution and collection col-
umns for ingress and egress of the first fluid with respect
to the first fluid flow passages. The second inlet and the
second outlet are in fluid communication with the second
fluid flow passages through the respective second distri-
bution and collection columns for ingress and egress of
the second fluid with respect to the second fluid flow pas-
sages. The first inlet, the first outlet, the second inlet and
the second outlet are arranged with respect to each other
to configure cross flow between first fluid and the second
fluid.
[0006] Generally, the first inlet and first outlet are dis-
posed diagonally opposite to each other at first and third
corners C1 and C3 of the plate type heat exchanger re-
spectively, whereas the second inlet and the second out-
let are disposed diagonally opposite to each other at sec-
ond and fourth corners C2 and C4 of the plate type heat
exchanger respectively.
[0007] Particularly, the first inlet and the second inlet
are disposed on opposite sides with respect to longitu-
dinal side of the plate type heat exchanger to configure
counter cross flow between first fluid and second fluid
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such that first fluid and second fluid while flowing through
respective separate first and second flow passages ap-
proach each other from opposite directions and cross
each other.
[0008] Alternatively, the first inlet and the second inlet
are disposed on opposite sides with respect to lateral
side of the plate type heat exchanger to configure con-
current cross flow between first fluid and second fluid.
[0009] Generally, the first inlet and the first outlet are
arranged along a first plane "A" passing through centers
of the first inlet and first outlet.
[0010] Further, the second inlet and the second inlet
and second outlet are arranged along a second plane
"B" that is angularly disposed with respect to the first
plane "A" and passing through centers the second inlet
and the second outlet.
[0011] In accordance with an embodiment, the first in-
let and the first outlet are formed on at least one of the
first closing plate and the second closing plate.
[0012] Alternatively, the first inlet and the first outlet
are formed on opposite closing plates respectively.
[0013] Similarly, the second inlet and the second outlet
are formed on either one of the first closing plate and the
second closing plate.
[0014] More specifically, the second inlet and the sec-
ond outlet are formed on opposite closing plates respec-
tively.
[0015] Generally, the longitudinal side of the plate type
heat exchanger is forming an angle with at least one of
the first plane "A" and the second plane "B".
[0016] Particularly, at least one opening of at least one
of the plates is blocked and the plates includes at least
one additional hole to configure at least two first fluid
passes through the heat exchanger.
[0017] Particularly, at least one of aligned and connect-
ed openings, aligned to the first inlet is blocked.
[0018] Further, at least one of aligned and connected
openings, proximal to the first outlet is blocked.
[0019] Generally, the plate type heat exchanger in-
cludes two plates with blocked openings defining a first
pass between the first closing plate and one of the plates
with blocked opening, the second pass between the two
plates with blocked openings and a third pass between
the other of the plates with blocked opening and the sec-
ond closing plate.

BRIEF DESCRIPTION

[0020] Other characteristics, details and advantages
of the invention can be inferred from the description of
the invention hereunder. A more complete appreciation
of the invention and many of the attendant advantages
thereof will be readily obtained as the same becomes
better understood by reference to the following detailed
description when considered in connection with the ac-
companying figures, wherein:

FIG. 1 illustrates an isometric view of a conventional

plate type heat exchanger;

FIG. 2 illustrates an isometric view of a plate type
heat exchanger in accordance with an embodiment
of the present invention configuring counter cross
flow between first and second fluid;

FIG. 3 illustrates an isometric view of a plate type
heat exchanger in accordance with another embod-
iment of the present invention configuring concurrent
cross flow between first and second fluid;

FIG. 4 illustrates a top view of the plate type heat
exchanger of FIG. 2 or FIG. 3;

FIG. 5 illustrates a sectional view of the plate type
heat exchanger along sectional plane X-X’ of FIG. 4;

FIG. 6 illustrates a sectional view of the plate type
heat exchanger along sectional plane Y-Y’ of FIG. 4;

FIG. 7 illustrates an isometric view of the plate of the
plate type heat exchanger of FIG. 2 or FIG. 3;

FIG. 8 illustrates an exploded view of the plate of the
plate type heat exchanger of FIG. 2 or FIG. 3 depict-
ing only two plates with at least one of the corre-
sponding openings being blocked to configure three
fluid flow passes;

FIG. 9 illustrates an isometric view of one of the two
plates with blocked opening of FIG. 8; and

FIG. 10 illustrates an isometric view of another of the
two plates with blocked opening of FIG. 8.

DETAILED DESCRIPTION

[0021] The present invention envisages a plate type
heat exchanger that includes first plates, second plates,
a first inlet, a first outlet, a second inlet and a second
outlet. The first plates and the second plates are stacked
alternately with respect to each other in overlapping man-
ner between first and second closing plates respectively.
The first and the second plates in conjunction with each
other configure first fluid flow passages and second fluid
flow passages on opposite sides of the individual first
plate and the second plate for heat exchange between
first fluid flowing through first fluid flow passages and
second fluid flowing through the second fluid flow pas-
sages. The first plates and the second plates are config-
ured with a pair of first openings and a pair of second
openings respectively. The first openings define first dis-
tribution and collection columns. Similarly, the second
openings define second distribution and collection col-
umns. The first inlet and the first outlet are in fluid com-
munication with the first fluid flow passages through the
respective first distribution and collection columns for in-
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gress and egress of the first fluid with respect to the first
fluid flow passages. The second inlet and the second
outlet are in fluid communication with the second fluid
flow passages through the respective second distribution
and collection columns for ingress and egress of the sec-
ond fluid with respect to the second fluid flow passages.
One of the openings formed on at least one of the plates
is blocked and the plates includes at least one additional
hole to configure at least two first fluid passes. The first
inlet, the first outlet, the second inlet and the second outlet
are arranged with respect to each other to configure cross
flow, particularly, either one of counter cross flow and
concurrent cross flow between first fluid and the second
fluid. Although, the present invention is explained with
example a water condenser used in vehicular environ-
ment, however, the present invention is applicable to any
plate type heat exchanger, such as for example, water
chiller used in vehicular and non-vehicular environment,
where it is required to utilize advantages of counter cross
flow or concurrent cross flow between first and second
fluids undergoing heat exchange to render the plate type
heat exchanger compact and energy efficient.
[0022] A plate type heat exchanger 100 is disclosed in
accordance with an embodiment of the present invention.
The plate type heat exchanger includes first plates 10,
second plates 20, a first inlet 12, a first outlet 14, a second
inlet 22 and a second outlet 24. The first inlet 12, the first
outlet 14, the second inlet 22 and the second outlet 24
are so arranged with respect to each other to configure
cross low, particularly, either one of counter cross flow
and concurrent cross flow between first fluid and the sec-
ond fluid flowing through the first fluid passages and the
second fluid flow passages. The first inlet 12 and first
outlet 14 are disposed diagonally opposite to each other
at first and third corners C1 and C3 of the plate type heat
exchanger 100 respectively. Similarly, the second inlet
22 and the second outlet 24 are disposed diagonally op-
posite to each other at second and fourth corners C2 and
C4 of the plate type heat exchanger 100 respectively to
configure counter cross flow between the first fluid and
the second fluid.
[0023] The first plates 10 and the second plates 20 are
stacked alternately with respect to each other in overlap-
ping manner between first and second closing plates 30a
and 30b respectively. Such arrangement of the first and
second plates 10 and 20 configures first fluid flow pas-
sages and second fluid flow passages on opposite sides
of the individual first plate 10 and the second plate 20 for
heat exchange between first fluid flowing through first
fluid flow passages and second fluid flowing through the
second fluid flow passages. The first plates 10 and the
second plates 20 are configured with a pair of first open-
ings 10a and a pair of second openings 20a respectively.
The first openings 10a define first distribution and collec-
tion columns 40a and 40b. Similarly, the second open-
ings 20a define second distribution and collection col-
umns 50a and 50b.
[0024] Referring to FIG. 5 and FIG. 6, the first inlet 12

and the first outlet 14 are in fluid communication with the
first fluid flow passages through the respective first dis-
tribution and collection columns 40a and 40b for ingress
and egress of the first fluid with respect to the first fluid
flow passages. More specifically, the first pair of openings
10a on the first heat exchange plates 10 are aligned with
respect to each other to define the distribution and col-
lection columns 40a and 40b. At least one of the first pair
of openings 10a are further aligned to or offset from the
first inlet 12 and first outlet 14. The first plate 10 further
includes an additional pair of openings 10c that are
aligned with the second pair of openings 20a formed on
the second plates 20 to configure the second distribution
and collection columns 50a and 50b. Particularly, the ad-
ditional pair of openings 10c formed on the first heat ex-
change plates 10a are aligned with the second pair of
openings 20a formed on the second plates 20 and con-
figuring the second distribution and collection columns
50a and 50b. The second inlet 22 and a second outlet
24 are in fluid communication with the second fluid flow
passages through the respective second distribution and
collection columns 50a and 50b for ingress and egress
of the second fluid with respect to the second fluid flow
passages. More specifically, the second pair of openings
20a on the second heat exchange plates 20 are aligned
with respect to each other to define the distribution and
collection columns 50a and 50b. At least one of the sec-
ond pair of openings 20a are either aligned with or offset
from the second inlet 22 and second outlet 24. The sec-
ond heat exchange plate 20 further includes an additional
pair of openings 20c that are aligned with the first pair of
openings 10a formed on the first plates 10 to configure
the first distribution and collection columns 40a and 40b.
Particularly, the additional pair of openings 20c formed
on the second heat exchange plates 20a are aligned to
the first pair of openings 10a formed on the first plates
10 and configuring the first distribution and collection col-
umns 40a and 40b.
[0025] Generally, one opening 10a, 20a of at least one
of the plates 10, 20 is blocked and the plates 10, 20 in-
cludes at least one additional hole 10d, 20d to configure
at least two first fluid passes between the lateral sides of
the plate type heat exchanger 100. The one blocked
opening 10a, 20a of the at least one of the plates 10, 20
facilitates in distribution of the fluid throughout the area
of the plates 10, 20. By increasing the number of the fluid
flow passes, thermal interaction between the first fluid
flowing through the first flow passages and the second
fluid flowing through the second fluid passages is pro-
longed, resulting in improved heat exchange between
the first fluid and the second fluid. At least one of aligned
and connected openings 10a, 20a aligned to the first inlet
12 is blocked. At least one of aligned and connected
openings 10a, 20a proximal to the first outlet 14 is
blocked. Generally, as referred to FIG. 5 and FIG.6, the
plate type heat exchanger 100 includes two plates 10,
20 with blocked openings 10b, 20b defining a first pass
between the first closing plate 30a and one of the plates
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10, 20 with blocked opening 10b, 20b, the second pass
between the two plates 10, 20 with blocked openings
10b, 20b and a third pass between the other of the plates
10, 20 with blocked opening 10b, 20b and the second
closing plate 30b.
[0026] Further, the first inlet 12, the first outlet 14, the
second inlet 22 and the second outlet 24 are arranged
with respect to each other to configure cross flow, par-
ticularly, either one of counter cross flow and concurrent
cross flow between first fluid and the second fluid.
[0027] In counter cross flow, the first and second heat
exchange fluid flowing through separate fluid flow pas-
sages approach each other from opposite directions and
cross each other. Particularly, the first and second heat
exchange fluids ingress the plate type heat exchanger
100 through oppositely disposed first and second inlets
12 and 22, flow through the respective first and second
fluid flow passages and egress through oppositely dis-
posed first and second outlets 14 and 24 as illustrated in
FIG. 2, accordingly, the first and second heat exchange
fluids approach each other from opposite directions and
diagonally cross each other while flowing through the
separate fluid flow passages.
[0028] In case of concurrent cross flow, the first and
second heat exchange fluid flowing through separate flu-
id flow passages flow in the same directions and cross
each other. Particularly, the first and second heat ex-
change fluids ingress the plate type heat exchanger 100
through first and second inlets 12 and 22 on the same
side, flow through the respective first and second fluid
flow passages and egress through oppositely disposed
first and second outlets 14 and 24 also on the same side
but opposite to the first and second inlets 12 and 22,
accordingly, the first and second heat exchange fluids
flow in the same direction and diagonally cross each other
while flowing through the separate fluid flow passages.
[0029] FIG. 2 illustrates an isometric view of the plate
type heat exchanger 100 in accordance with an embod-
iment of the present invention configuring counter cross
flow between first and second fluid. The first inlet 12 and
the second inlet 22 are disposed on opposite sides with
respect to one of the longitudinal sides of the plate type
heat exchanger 100. The first outlet 14 and the second
outlet 24 are disposed on opposite sides with respect to
the other longitudinal side of the plate type heat exchang-
er 100, wherein the first inlet 12 and the first outlet 14 are
disposed diagonally opposite to each other to configure
counter cross flow between first fluid and second fluid.
With such placement of the first inlet 12 and the second
inlet 22, the first outlet 14 and the second outlet 24, the
first fluid and second fluid approach each other from op-
posite directions and cross each other while flowing
through respective separate first and second flow pas-
sages. FIG. 3 illustrates an isometric view of the plate
type heat exchanger 100 in accordance with another em-
bodiment of the present invention configuring concurrent
cross flow between first and second fluid. The first inlet
12 and the second inlet 22 are disposed on opposite sides

with respect to one of the lateral sides of the plate type
heat exchanger 100. The first outlet 14 and the second
outlet 24 are disposed on opposite sides with respect to
the other lateral side of the plate type heat exchanger
100, wherein the first inlet 12 and the first outlet 14 and
the second inlet 22 and the second outlet 24 are disposed
diagonally opposite to each other to configure concurrent
cross flow between first fluid and second fluid. The con-
current cross flow between first fluid and second fluid
results in improved heat transfer between the first fluid
and the second fluid flowing through the respective first
and second fluid flow passages. More specifically, with
the concurrent cross flow between first fluid and second
fluid, the first fluid and the second fluid start interacting
and start undergoing heat exchange just after entering
the plate heat exchanger, thereby improving efficiency
and performance of the plate type heat exchanger. The
plate type heat exchanger 100 of such configuration is
compact and prevents packaging issues. The plate type
heat exchanger 100 of such configuration requires com-
paratively smaller flow areas for a given flow rate at the
given inlet and outlet temperatures compared to the con-
ventional plate type heat exchanger.
[0030] The first inlet 12 and the first outlet 14 are ar-
ranged either on a same plate 30a or different planes
30a and 30b. In accordance with one embodiment, the
first inlet 12 and the first outlet 14 are configured on the
first closing plate 30a. Alternatively, the first inlet 12 and
the first outlet 14 are configured on the second closing
plate 30b. In accordance with yet another embodiment,
the first inlet 12 is formed on the first closing plate 30a
and the first outlet 14 is formed on the second closing
plate 30b.
[0031] Similarly, the second inlet 22 and the second
outlet 24 are arranged either on a same plane or a dif-
ferent planes. In accordance with an embodiment of the
present invention, the second inlet 22 and the second
outlet 24 are configured on the first closing plate 30a.
Alternatively, the second inlet 22 and the second outlet
24 are configured on the second closing plate 30b. In
accordance with yet another embodiment, the second
inlet 22 is formed on the first closing plate 30a and the
second outlet 24 is formed on the second closing plate
30b.
[0032] Referring to the FIG. 4, a first plane "A" passing
through centers of the first inlet 12 and first outlet 14 is
angularly disposed with respect to and crosses a second
plane B passing through the second inlet 22 and the sec-
ond outlet 24. Further, the longitudinal side of the plate
type heat exchanger 100 is forming an angle with respect
to at least one of the first plane "A" and the second plane
"B".
[0033] In any case, the invention cannot and should
not be limited to the embodiments specifically described
in this document, as other embodiments might exist. The
invention shall spread to any equivalent means and any
technically operating combination of means.
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Claims

1. A heat exchanger (100) for heat exchange between
a first fluid and a second fluid, the heat exchanger
(100) comprising:

• a plurality of first plates (10) and second plates
(20) stacked alternately with respect to each oth-
er in overlapping manner between first and sec-
ond closing plates (30a) and (30b) and adapted
to configure first fluid flow passages and second
fluid flow passages for first and second fluid on
opposite sides of the individual first plate (10)
and the second plate (20), the first plates (10)
comprising a pair of first openings (10a) and the
second plates (20) comprising a pair of second
openings (20a) wherein the first openings (10a)
define a first distribution column (40a) and a first
collection column (40b), and wherein the second
openings (20a) define a second distribution col-
umn (50a) and a second collection column
(50b),
• a first inlet (12) and a first outlet (14) in fluid
communication with the first fluid flow passages
through the respective first distribution and col-
lection columns (40a) and (40b) for ingress and
egress of the first fluid with respect to the first
fluid flow passages;
• a second inlet (22) and a second outlet (24) in
fluid communication with the second fluid flow
passages through the respective second distri-
bution and collection columns (50a) and (50b)
for ingress and egress of the second fluid with
respect to the second fluid flow passages;
characterized in that the first inlet (12), the first
outlet (14), the second inlet (22) and the second
outlet (24) are arranged with respect to each oth-
er to configure cross flow between first fluid and
the second fluid.

2. The heat exchanger (100) as claimed in the previous
claim, wherein the first inlet (12) and first outlet (14)
are disposed diagonally opposite to each other at
first and third corners C1 and C3 of the plate type
heat exchanger (100) respectively, whereas the sec-
ond inlet (22) and the second outlet (24) are disposed
diagonally opposite to each other at second and
fourth corners C2 and C4 of the plate type heat ex-
changer (100) respectively.

3. The heat exchanger (100) as claimed in any of the
preceding claims, wherein the first inlet (12) and the
second inlet (22) are disposed on opposite sides with
respect to one of the longitudinal sides of the plate
type heat exchanger to configure counter cross flow
between first fluid and second fluid such that first
fluid and second fluid while flowing through respec-
tive separate first and second flow passages ap-

proach each other from opposite directions and
cross each other.

4. The heat exchanger (100) as claimed in any of the
preceding claims, wherein the first inlet (12) and the
second inlet (22) are disposed on opposite sides with
respect to one of the lateral sides of the plate type
heat exchanger to configure concurrent cross flow
between first fluid and second fluid.

5. The heat exchanger (100) as claimed in claim 3 or
claim 4, wherein the first inlet (12) and the first outlet
(14) are arranged along a first plane A passing
through centers of the first inlet (12) and first outlet
(14).

6. The heat exchanger (100) as claimed in any of the
previous claim, wherein the second inlet (22) and
the second outlet (24) are arranged along a second
plane B angularly disposed with respect to the first
plane A and passing through centers of the second
inlet (22) and the second outlet (24).

7. The heat exchanger (100) as claimed in the previous
claim, wherein the first inlet (12) and the first outlet
(14) are formed on at least one of the first closing
plate (30a) and the second closing plate (30b).

8. The heat exchanger (100) as claimed in the claim 5,
wherein the first inlet (12) and the first outlet (14) are
formed on opposite closing plates (30a) and (30b)
respectively.

9. The heat exchanger (100) as claimed in the claim 6,
wherein the second inlet (22) and the second outlet
(24) are formed on at least one of the first closing
plate (30a) and the second closing plate (30b).

10. The heat exchanger (100) as claimed in in the claim
6, wherein the second inlet (22) and the second outlet
(24) are formed on opposite closing plates (30a) and
(30b) respectively.

11. The heat exchanger (100) as claimed in claim 5 or
6, wherein the longitudinal side of the plate type heat
exchanger (100) is forming an angle with respect to
at least one of the first plane A and the second plane
B.

12. The heat exchanger (100) as claimed in any of the
preceding claims, wherein at least one opening (10a,
20a) formed on at least one of the plates (10, 20) is
blocked and the plates (10, 20) comprise at least one
additional hole (10d, 20d) to configure at least two
first fluid passes through the heat exchanger (100).

13. The heat exchanger (100) as claimed in any of the
preceding claims, wherein at least one of aligned
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and connected openings (10a, 20a) aligned to the
first inlet (12) is blocked.

14. The heat exchanger (100) as claimed in any of the
preceding claims, wherein at least one of aligned
and connected openings (10a, 20a) proximal to the
first outlet (14) is blocked.

15. The heat exchanger (100) as claimed in any of the
preceding claims, comprises two plates (10, 20) with
blocked openings (10b, 20b) defining a first pass be-
tween the first closing plate (30a) and one of the
plates (10, 20) with blocked opening (10b, 20b) , the
second pass between the two plates (10, 20) with
blocked openings (10b, 20b) and a third pass be-
tween the other of the plates (10, 20) with blocked
opening (10b, 20b) and the second closing plate
(30b).
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