05/121685 A1 IR U000

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization
International Burcau

(43) International Publication Date

A 00 OO O

(10) International Publication Number

22 December 2005 (22.12.2005) PCT WO 2005/121685 A1l
(51) International Patent Classification’: F28F 27/02, 12, N-0478 Oslo (NO). GRANDUM, Svein [NO/NOJ;
F28D 9/00, 1/03 Royal Norwegian Embassy, 5-12-2 Minami Azabu,
Minato-ku, N-106-0047 Tokyo (NO). HORNTVEDT,
(21) International Application Number: Bjarne [NO/NOJ; Gamle Herregardsvei 11, N-1168 Oslo
PCT/NO2005/000207 (NO).

(22) International Filing Date: 14 June 2005 (14.06.2005)

(25) Filing Language: English

(26) Publication Language: English
(30) Priority Data:

20042479 14 June 2004 (14.06.2004) NO
(71) Applicant (for all designated States except US): IN-
STITUTT FOR ENERGITEKNIKK [NO/NOJ; Insti-

tuttveien 18, N-2007 Kjeller (NO).

(72) Inventors; and

(75) Inventors/Applicants (for US only): RISBERG, Tove
[NO/NO]; Asbjornsensvei 28, N-1476 Rasta (NO).
NORDTVEDT, Stein Rune [NO/NOJ; Hegermannsgate

(74)

(81)

(84)

Agent: OSLO PATENTKONTOR AS; P.O. Box 7007M,
N-0306 Oslo (NO).

Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE,
KG, KM, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, MA,
MD, MG, MK, MN, MW, MX, MZ, NA, NG, NI, NO, NZ,
OM, PG, PH, PL, PT, RO, RU, SC, SD, SE, SG, SK, SL,
SM, SY, T1, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC,
VN, YU, ZA, ZM, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARTPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Burasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),

[Continued on next page]

(54) Title: INLET ARRANGEMENT FOR A PLATE HEAT EXCHANGER

/

& (57) Abstract: An inlet arrangement (1) for use in plate heat exchangers (2) is disclosed. The arrangement comprises an element
with a dispersion opening (6) for arrangement in an inlet (5) in a plate exchanger. The inlet arrangement (1) is arranged to form a
mainly fitting cylinder wall when introduced in the inlet (5). The cylinder wall comprises at least one opening (6) which extends
partly or fully along the length of the inlet (5) and is sealingly arranged towards the inlet (5) of the plate heat exchanger. Furthermore,
the opening (6) is oriented towards one side at an angle from the perpendicular. The use of such inlet arrangement (1) is also disclosed.

=



WO 2005/121685 A1 I} H1I0 Y A0VYH0 T 000 00O 00

European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI, —  before the expiration of the time limit for amending the
FR, GB, GR, HU, IE, IS, IT, LT, LU, MC, NL, PL, PT, RO, claims and to be republished in the event of receipt of
SE, SI, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, amendments

GQ, GW, ML, MR, NE, SN, TD, TG).

For two-letter codes and other abbreviations, refer to the "Guid-
Published: ance Notes on Codes and Abbreviations" appearing at the begin-
—  with international search report ning of each regular issue of the PCT Gazette.



10

15

20

25

30

WO 2005/121685 PCT/NO2005/000207

Inlet arrangement for a plate heat exchanger.

The Scope of the Invention

The invention relates to heat exchangers and more precisely

an inlet arrangement for a plate heat exchanger.

Technical Field

Plate heat exchangers of various designs have been used in
cooling and heating installations for a long time and are
advantageous for various reasons. For example, they are
compact and have a large heat exchanging surface with

respect to the volume and space needed.

When using heat exchangers as drop film absorbers and/or
drop film desorbers in absorption installations it has
proven to be a problem to achieve a good distribution of
the heat exchanging media in the exchanger. This is due to
the fact that the medium enters the exchanger as both gas
and liquid phase. The gas has a tendency to concentrate in
the upper part of the inlet channel. Consequently, the
ducts closest to the inlet will get filled with liquid at
first, so that in the ducts at the end of the inlet
channel, there will mostly be flowing gas. In addition, the
liquid will be flowing mostly vertically down in the heat
exchanger and this will give a poor distribution of the
heat exchanging media over the width of the plates. Due to
the differing thermal conduction and mass flow, the heat
exchanging area of the heat exchanger is therefore not
optimally utilised. Such irregular distribution of liquid
and gas leads to a reduced efficiency. This is often
compensated for by the use of a larger heat exchanger with
a larger heat exchanging surface or a tube boiler exchanger
with known distribution systems and arrangements for an
improved efficiency as described for example in US

4,747,915, This leads to higher costs and an increased
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space demand for the installations than what is

theoretically possible and desirable.

US 6,702,006 suggests an inlet arrangement for a plate heat
exchanger where the openings in the channel have a varying
design to improve the distribution of media over the
plates. With this arrangement, the distribution is improved
by changing the direction of the flow of a part of the
media and pushing it towards the openings in the channel on
a cated plate. This arrangement does not establish a liquid
surface or make use of gravitational forces as suggested by
the present invention. This arrangement will not function
in a desorber/absorber where the liquid/gas fraction is

very small.

Short Summary of the Invention

It is an important purpose of the present invention to
increase the overall performance and efficiency of the heat
exchanging surfaces in a heat exchanger, particularly by
the application of a drop film absorber and/or a drop film

desorber in a compression/absorption process.

It is furthermore an object of the invention to provide for
a heat exchanger for heat exchanging media comprising a
mixture of liquid and gas phase where the surface area of

the heat exchanger is utilised in an improved manner.

It is also desirable to provide an arrangement which easily
can be used on existing plate exchangers and which
comprises a simple construction which easily can be mounted

in already built-up heat exchangers.

The objects and purposes of the invention are achieved by

an arrangement as defined in the enclosed claims.
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Brief Description of the Drawings

An embodiment of the invention will now be described with

reference to the attached drawings where;

Fig. 1 shows the top in cross section of a plate heat
exchanger, seen from the side, with an inlet arrangement

according to the invention,

Fig. 2 shows the top of the plate exchanger of fig. 1 with
the inlet arrangement seen from the inlet,

Fig. 3 shows a cross sectional view of the inlet
arrangement during operation, with an indication of the

level of liquid,

Fig. 4 shows a top in cross section of a plate exchanger,
seen from the side, with an inlet arrangement according to

another embodiment of the invention,

Fig. 5 shows a sectional view of an adjustable inlet

arrangement according to the invention, and

Fig. 6 shows the lower part in cross section of a plate
heat exchanger, seen form the side, with an inlet
arrangement according to a third embodiment of the

invention.

Detailed Description of the Invention

The invention relates to an inlet arrangement 1 for use in
plate heat exchangers 2 as shown in the figures. An object
of the arrangement is to create a liquid surface at the
lower part of the inlet channel in the exchanger so that
gas and liquid is distributed more evenly through all the
ducts of the exchanger. Figure 1 shows the cross section of
a part of the plate heat exchanger 2 where an inlet

arrangement 1 according to the invention is mounted.
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The plate heat exchanger 2 comprises plates 3 designed to
create a plurality of ducts 4 between the plates 3. The
ducts 4 are arranged in two or more groups so that the
different media can flow in separate streams through the
plate heat exchanger 2. The plurality of plates 3 form a
substantial heat exchanging surface and provide a good
exchange of heat between the different media without any
great demands for space for the heat exchanger.

The arrangement 1 according to the invention comprise a
flexible steel plate or a rigid pipe which is introduced
into the inlet 5 in a plate exchanger ready for use to
create a cylinder wall with a longitudinal opening or slot
6. The plate is preferably long enough to cover all of the
inlet depth. The breadth of the plate, however, is adjusted
so that the longitudinal opening or slot 6 is created in
the longitudinal direction of the inlet 5. The size of the
slot 6 and thereby the size of the plate can be adjusted in
each case and to different designs and sizes of the plate

heat exchanger.

In a second embodiment shown in figure 5, the inlet
arrangement 1 comprises two overlapping plates 1, 7 which
can be shifted versus each other in order to change the
size of the slot 6.

The width and orientation of the slot 6 can, according to
one embodiment, be regulated automatically by rotating the
inlet arrangement by means of a suitable driving device,
such as a motor, controlled for example according to

measured temperature distribution between the plates.

There is no need for additional holding means for the inlet
arrangement, apart from a snug fit and sufficient
resilience for the inlet arrangement to be pressed towards
the heat exchanger plates. The inlet arrangement is
preferably made of a resilient material. The pressure drop
in the structure contributes to pressing the material
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towards the heat exchanger plates 3, and gives an improved
tightening at the slot 6 and ends to prevent liquid from

entering.

A high gas velocity though the slot 6 draws the liquid
along and will at the same time give a good mixture and
distribution over each plate 3 in the heat exchanger 2. The
angular orientation of the slot 6 (preferably between
approx. 20° and 45°) and the width of the slot 6 can be
adjusted to capacity and/or quantity and the design of the
plates 3. Several different duct patterns for plate heat
exchangers are commercially available and the width and

orientation must therefore be adjusted accordingly.

The orientation of the plate exchanger 2 relative to the
vertical plane will also influence the distribution of gas
and liquid through the ducts 4 of the exchanger. It can
therefore be advantageously to adjust the orientation for
an improved productive capacity. It has been found through
experiments that the angle should preferably be between 88°
and 92° in relation to the horizontal plane. The optimal
angle can be found by measuring the temperature
distribution between the plates 3. The practical angle is
defined by geometry and gas/liguid velocity. To obtain
approximately the same effect, the slot 6 of the inlet
arrangement can be oriented inclined in relation to the

horizontal plane.

It is clear that the angle of the plate exchanger also can
be regulated automatically in relation to the temperature
distribution over the exchanger, for example by means of a

suitable control unit with an associated motor operator.

Approximately the same effect as with the above mentioned
declined position of the exchanger, can be obtained by
narrowing the slot 6 inwards from the inlet of the heat
exchanger to compensate for the built-up of pressure and

accumulation of liquid at the end of the inlet channel 5.
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The dispersion of liquid in the inlet arrangement will vary
with the velocity of the media. The best possible geometry
of the inlet arrangement can therefore also vary. This is
among others dependent on the surrounding operating
conditions, regulation of capacity, utilization of the
system, etc. When the inlet arrangement comprises two
elements as described above, the geometry can be varied,
for example by means of a power driven device forming part
of the control loop. It is also possible to use an
arrangement equivalent to the one used for changing of the

angle of the heat exchanger.

The inlet arrangement has a sharp edge 9 along the slot.
This edge will create turbulence and efficiently mix gas

and liquid and accordingly improve the distribution.

In order to reduce the dependency of the optimal angle for
the inlet arrangement, the sharp edge can be supplied with
triangular recesses 10 (like a V- groove) to create a V-

shaped overflow edge securing a minimum level of liquid in

each duct 4 when the level of liquid rises above a minimum.

In one embodiment shown in figure 6, the inlet arrangement
has a tubular design and is attached to one or both ends of
the inlet. The inlet arrangement according to this
embodiment has a diameter which is smaller than the
diameter of the inlet and will therefore not completely
seal the inlet. However, the opening of the inlet
arrangement will abut on the inlet. One end of the inlet
arrangement is placed towards the back wall or is sealed by
a plate. This embodiment is suitable when the plate
exchanger is a bubble absorber. The gas enters the inlet

arrangement and the liquid enters adjacent thereto.

In principle, it is possible to send both liquid and gas
into the inlet arrangement so that the bubbles will entrain
the liquid when passing through the slot. Gas and liquid is
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supplied continuously to prevent the liquid from remaining

in the inlet arrangement.

It has been found that the inlet arrangement 1 according to
the invention in some cases triples the heating/cooling
output for plate heat exchangers used as

absorbers/desorbers.
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Claims

1. An inlet arrangement (1) for use in plate heat
exchangers (2) comprising an element with a dispersion
opening (6) for arrangement in an inlet (5) in a plate
exchanger,

characterized in that

the inlet arrangement (1) is arranged to form a mainly
fitting cylinder wall when introduced in the inlet (5), the
cylinder wall comprising at least one opening (6) which
extends partly or fully along the length of the inlet (5),
sealingly arranged towards the inlet (5) of the plate heat
exchanger, and which is oriented towards one side at an

angle from the perpendicular.

2. An inlet arrangement (1) according to claim 1,
characterized in that
the opening(s) (6) are oriented at an angle which is larger

than 20° in relation to the perpendicular.

3. An inlet arrangement (1) according to claim 1,
characterized in that

the inlet arrangement is made in a resilient material in
the form of at least one plate or at least one cylinder

wall with at least one opening (6).

4. An inlet arrangement (1) according to claim 1,
characterized in that

the diameter of the inlet arrangement (1) is smaller than
the diameter of the inlet (5).

5. An inlet arrangement according to any of the preceding
claims 1-4,

characterized in that

the inlet arrangement comprises to plates or cylinder walls
(1,7) concentrically arranged so that their mutual
orientation can be adjusted to vary the size of the

opening(s) (6).
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6. An inlet arrangement according to claim 5,
characterized in that

the plates or cylinder walls (1,7) are controlled in
relation to each other by a control arrangement operated by

a control unit.

7. An inlet arrangement according to claims 1-3,
characterized in that
the opening (6) is a longitudinal slot (6).

8. An inlet arrangement according to claim 7,
characterized in that
the edge of the slot (6) is provided with triangular

recesses (10).

9. An inlet arrangement according to claim 7 or 8§,
characterized in that
the slot (6) forms a narrowing passage inwards from the

inlet (5) of the heat exchanger.

10. The use of an inlet arrangement (1) according to any
of the claims 1-9 in a plate heat exchanger where the inlet
arrangement (1) is arranged in the inlet (5) of the plate
heat exchanger subsequent to the assembly of the heat

exchanger.

11. The use of inlet arrangement (1) according to any of
the claims 1-9 in a plate heat exchanger, where the plate
exchanger with the inlet arrangement (1) is inclined in

relation to a vertical plane.

12. The use according to claim 11, wherein the plate heat
exchanger with the inlet arrangement (1) is oriented at an
angle of between 88° and 92° in relation to a horizontal

plane.
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13. The use according to claim 11, wherein the orientation
of the plate heat exchanger (2) is controlled by means of

a suitable regulator with an associated servomotor.
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