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OPERATING THE DEVICE

(67)  Theinventionrelates to a device for heattransfer
between a liquid and a gas, comprising: a gas inlet for
providing the gas into an exchange region, a gas outlet

for retrieving the gas from the exchange region, a liquid

inlet connected to areservoir for holding the liquid, where-
in the reservoir is formed with an opening in an upper
region of the reservoir, and wherein the reservoir is ar-
ranged at an upper end of the exchange region, an im-
pounding basin, wherein the impounding basin is ar-
ranged below the reservoir, and wherein the impounding

DEVICE FOR HEAT TRANSFER BETWEEN A LIQUID AND A GAS AND METHOD FOR

basin is formed with a liquid outlet, and an exchange
element arranged in the exchange region, wherein an
upper part of the exchange element is disposed through
the opening of the reservoir such that the upper part of
the exchange elementis arranged at least partially inside
the reservoir and such that the upper part of the exchange
element is at least partially submerged in the liquid. Fur-
thermore, a method for operating a heat transfer device
is disclosed.
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Description

[0001] The invention relates to a device for heat trans-
fer between aliquid and a gas and a method for operating
the device.

Background

[0002] By providing a direct contact exchange surface
between gas and a liquid aiming at heat and / or mass
transfer, several problems usually appear, mainly:

- Unequal distribution of the liquid on a given surface
structure: Parts of the provided surface are not wet-
ted by the liquid and, hereby, the surface structure
remains partially inefficient.

- Distribution systems, like perforated tubes or con-
tainers, spray nozzles or rotating arm distributors aim
at providing an even distribution of the liquid on the
surface structure, but are not working in sufficient
precision, or are limited to a specific range of liquid
mass flow. Especially at very small liquid volume flow
rate ranges, most of the distribution systems fail.

- Within gas to liquid direct contact heat exchangers,
drops usually appear on the way between a liquid
distribution device to the contact surface, within the
contact surface and on the way from the contact sur-
face to aliquid re-collector. In some cases, like under
use of demineralized water as liquid, this is a positive
effect, as water droplets are providing an increased
surface between gas and liquid in addition to the pro-
vided contact surface. However, using liquid desic-
cants such as salt solutions, ionic liquids or alike, the
formation of droplets may be captured by the gas
stream going through the device. In this way, parts
of the desiccant are taken out of the system and may
cause corrosion problems in the following pathway
of the gas. Furthermore, the outtake is reducing the
desiccant content within the system, causing the
need of regular desiccant refill.

[0003] Document DE 10 2009 000 617 A1 discloses a
liquid distributor with different pathways, that are dividing
the volume flows of the liquid into several portions, that
allow a well distributed flow from the distributor to a wet
pad, like a textile surface automatically. This is achieved
by providing a number of primary distribution chambers,
which are used for lower volume flows and an overflow
within these chambers, distributing additional amount of
the liquid to additional openings in the distributor between
the first type openings, thus equally distributing the total
flow at different volume flows. Distributing liquids over a
large surface requires several intermediate distributors
to renew an equal flow over the surface.

Summary

[0004] Itis an objectto provide improve techniques for
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heat transfer between a liquid and a gas.

[0005] In one aspect, a device for heat transfer be-
tween a liquid and a gas according to claim 1 is provided.
In another aspect, a method for operating the device ac-
cording to claim 13 is provided. Further embodiments are
subject matter of dependent claims.

[0006] In one aspect, a device for heat transfer be-
tween a liquid and a gas is provided. The device com-
prises a gas inlet for providing the gas into an exchange
region, a gas outlet for retrieving the gas from the ex-
change region, a liquid inlet connected to a reservoir for
holding the liquid, wherein the reservoir is formed with
an opening in an upper part of the reservoir, and wherein
the reservoir is arranged at an upper end of the exchange
region, an impounding basin, wherein the impounding
basin is arranged below the reservoir, and wherein the
impounding basin is formed with a liquid outlet, and an
exchange element arranged in the exchange region. An
upper part of the exchange element is disposed through
the opening of the reservoir such that the upper part of
the exchange elementis arranged at least partially inside
the reservoir and such that the upper part of the exchange
element is at least partially submerged in the liquid.
[0007] In another aspect, a method for operating the
device is provided. The method comprises the steps of
disposing an upper part of the exchange element through
the opening of the reservoir such that the upper part of
the exchange elementis arranged at least partially inside
the reservoir, filling the reservoir at least partially with the
liquid such that the upper part of the exchange elements
is at least partially submerged in the liquid and a flow of
liquid along the exchange element is created, providing,
by the gas inlet, the gas into the exchange region, such
that the gas is in direct contact with the liquid in the ex-
change element, and retrieving, by the gas outlet, the
gas from the exchange region.

[0008] In operation of the device, the amount of liquid
flowing down the exchange element can be controlled
by the size of the upper part of the exchange which is
disposed inside the reservoir and by the amount of liquid
being in the reservoir (the fill level of the reservoir). Ob-
viously, if the exchange element is not in contact with the
liquid, the liquid cannot flow along the exchange element.
The liquid can be brought in contact with the exchange
element by disposing a larger part of the exchange ele-
ment inside the reservoir such that the exchange element
is arranged deeper in the reservoir. Alternatively, the fill
level of the reservoir with the liquid can be increased.
When the liquid contacts the exchange element, at least
part of the liquid starts to flow upwards the upper part of
the exchange element by a capillary force (against the
force of gravity). The strength of the capillary force can
be controlled by the size of the exchange element being
submerged in the liquid. Thus, increasing the fill level of
the reservoir (between the level of first contact and the
opening of the reservoir) leads to an increase of the cap-
illary force. A higher level of liquid means a shorter dis-
tance against gravity, resulting in a higher liquid volume
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flow. The flow of the liquid along the exchange element
can be controlled by the fill level of the reservoir. If the
fill level reaches the opening of the reservoir, the liquid
overflows the reservoir and is pulled by gravitation down
the exchange element such that maximum volume flow
is reached. The exchange element may be at least par-
tially arranged below the reservoir.

[0009] The reservoir can also be called a liquid distri-
bution element. The opening can be formed in an upper
half of the reservoir. In one embodiment, the opening
may be formed at the top of the reservoir.

[0010] Heatis exchanged between the liquid in the ex-
change element and the gas flowing along the soaked
exchange element, wherein the gas is in direct contact
with the liquid. In addition, mass can be exchanged be-
tween the liquid and the gas.

[0011] The liquid can be water, a salt solution or an
ionic liquid. The gas can be air, natural gas, or ammonia.
[0012] In one embodiment, moisture is transferred
from the gas to the liquid. Hereby, the liquid is heated
and the moisture content of the gas is reduced. The heat-
ed liquid can be collected for further use. For example,
the device can be used for drying natural gas.

[0013] By controlling the fill level in the reservoir, the
liquid can be evenly distributed along the exchange ele-
ment, in vertical and / or horizontal direction. The liquid
is distributed in horizontal direction of the exchange ele-
ment by suction of the material of the exchange element.
[0014] The device may comprise a duct which can sur-
round the exchange region, the reservoir and / or the
impounding basin. The gas inlet can be arranged in a
lower portion of the device. The gas outlet can be ar-
ranged in an upper portion of the device.

[0015] A lower part of the exchange element may be
arranged at least partially inside the impounding basin.
In this embodiment, the liquid flows along the exchange
element until it reaches the impounding basin. Formation
of droplets is avoided. The lower part of the exchange
element may be at least partially submerged in the liquid
collected in the impounding basin.

[0016] Inone embodiment, the exchange element may
be tubular. A supporting element may be arranged inside
the tubular exchange element. The supporting element
may be a tube, a spiral or a packing material. The sup-
porting element may be formed with a perforated surface.
The exchange element can be formed as a permeable
duct.

[0017] A heat exchanger element may be arranged in-
side the tubular exchange element. The heat exchanger
element can transport a heat transfer fluid, wherein the
temperature of the heat transfer fluid is different from the
temperature of the liquid. The heat exchanger element
can be connected to a heating or cooling cycle, forming
a heat exchanger unit. Walls of the heat exchanger ele-
ment can be in direct contact with the liquid flowing along
the exchange element. The heat exchanger element can
be formed as a tube or a spiral. The heat exchanger el-
ement may be made from a plastic material. The heat
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exchanger element can also provide support to the ex-
change element. In this case, the heat exchanger ele-
ment and the supporting element are formed by a single
component.

[0018] A lower end of the tubular exchange element
may be connected to a perforated plate, and the gas inlet
may be configured to provide a flow of gas through the
perforated plate inside the tubular exchange element.
The perforated plate can be arranged above the gas inlet.
The gas can flow through openings in the perforated plate
inside the tubular exchange element and / or inside the
supporting element. After passing through the exchange
element, the gas can be removed from the device by the
gas outlet.

[0019] In another embodiment, the exchange element
may be flat. The exchange element may be formed with
two or more layers. A separation element may be ar-
ranged in the exchange region, wherein the layers of the
exchange element are separated in the exchange region
by the separation element. The two layers of the ex-
change element may be arranged parallel to each other
in the exchange region by the separation element. The
two layers of the exchange element may be in direct con-
tact with each other within the reservoir. The supporting
element may be formed by stabs or tensed ropes. The
heat exchanger element can be exposed to the flat ex-
change element. Inone embodiment, the heat exchanger
tube may be disposed between two layers of the ex-
change material or within the layers of the exchange el-
ement (if the exchange element comprises three or more
layers).

[0020] The exchange element may be made of an ab-
sorbent material, for example a textile, e.g. cotton fabric.
[0021] Several exchange elements can be arranged in
the exchange region, wherein an upper part of each ex-
change element is disposed at least partly in the reser-
voir.

[0022] The liquid can be moved to the liquid inlet by at
least one of the following methods. A liquid pump can be
connected to the liquid inlet. The flow of the liquid can be
controlled by controlling the operational speed of the lig-
uid pump. Alternatively or in addition, a liquid source can
be arranged above the liquid inlet and the pressure of
liquid at the liquid inlet and the related mass flow of the
liquid are at least partially controlled by controlling the
opening level of the liquid inlet, e.g. using a throttle valve.
[0023] The gas can be moved through from the gas
inlet through the exchange region to the gas outlet using
a ventilator and / or using natural convection, e.g. due to
differences of gas density between in- and outgoing gas
caused by heat transfer between liquid and gas within
the exchange region.

[0024] The features disclosed in reference to the de-
vice also apply to the method for operating the device
and vice versa.
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Description of embodiments

[0025] In the following, embodiments are described
with reference to figures of a drawing.

Fig. 1 shows a first embodiment of a device for heat
transfer between a liquid and a gas.

Fig. 2 shows a second embodiment of a device for
heat transfer between a liquid and a gas.

Fig. 3 shows a third embodiment of a device for heat
transfer between a liquid and a gas.

[0026] In the following, same reference numbers are
used for same components.

[0027] Fig. 1 shows a first embodiment of a heat (and
mass) transfer device. The device comprises a duct 3.
The reservoir 7, the exchange element 11 and the im-
pounding basin 9 are arranged within the duct 3. A gas
inlet 4 is formed in a lower region of the duct 3. A gas
outlet 5 is formed at an upper region of the duct 3. A gas
stream flows from the gas inlet 4 to the gas outlet 5.
[0028] In an upper part of the device, a reservoir 7 is
arranged which is in connection to a liquid inlet 6. A liquid
impounding basin 9 is arranged below the reservoir 7.
An exchange element 11 (also called wet pad) is ar-
ranged between the reservoir 7 and the impounding ba-
sin 9. An upper part 11a of the exchange element is dis-
posed through an opening 20 of the reservoir 7 such that
the upper part 11ais arranged inside the reservoir 7. The
upper part 11a may touch a bottom of the reservoir. Liquid
2 is filled in the reservoir via the liquid inlet 6. When the
liquid 2 contacts the upper part 11a of the exchange el-
ement 11, capillary forces draw the liquid along the ex-
change element (against the force of gravity). By control-
ling the fill level of the reservoir, the strength of the cap-
illary forces is determined. Liquid flows along the upper
part 11a of the exchange element 11 until it reaches the
opening 20. The opening 20 provides an overflow 8. After
the liquid 2 passes the opening 20 (and overflow 8), it is
drawn by gravitation downwards the exchange element
11. The liquid 2 is gathered in the impounding basin 9
which is formed with a liquid outlet 10 for retrieving the
liquid 2. A lower part 11c of the exchange element 11 is
arranged in the impounding basin 9. Hereby, formation
of droplets is avoided.

[0029] A stream of gasis provided by agasinlet4. The
gas streams along the exchange elements where it is in
direct contact with the liquid. Heat (and mass) can be
exchanged between the gas and the liquid. The gas is
retrieved from the device by a gas outlet 5.

[0030] Another embodiment of the device is shown in
Fig. 2. Several exchange elements are arranged in the
exchangeregion. Further, aseparation element16is pro-
vided. The exchange elements 11 are each formed by
two layers of a material (e.g. a textile). The two layers
are put together in the upper part of the exchange ele-
ments. Inside the exchange region, the two layers are
separated by the separation element 16 such that the
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two layers of each exchange element 11ba, 11bb hang
parallel to each other.

[0031] Fig. 3 shows another embodiment. The ex-
change element 11 is tubular at least in the exchange
region below the reservoir 7. A supporting element 14 is
arranged inside the tubular exchange element 11in order
to support the separation of the walls of the exchange
element. The supporting element 14 can be a perforated
tube. At a lower end of the duct 3, a perforated plate 15
is arranged. The exchange element 11 is positioned such
that the lower end of the exchange element fits through
an opening of the perforated plate 15. Gas 1 provided by
the gas inlet 4 flows through the lower part of the ex-
change element 11 and then further inside the supporting
element 14 along the exchange region, being in direct
contact with the liquid here. The gas may leave the tu-
bular exchange element 11 through openings in the sup-
porting element 14 and through the permeable structure
of the exchange element 11.

[0032] A pump 12 is connected to the liquid inlet 6.
Hereby, the amount of liquid transported to the reservoir
7 can be controlled. The liquid outlet 10 is connected with
the liquid inlet 6 providing a liquid circuit.

[0033] The features disclosed in the specification, the
claims and the figures can be relevant for implementing
embodiments, either alone or in any possible combina-
tion of each other.

Claims

1. Adeviceforheattransfer between aliquid and a gas,
comprising:

- a gas inlet for providing the gas into an ex-
change region,

- a gas outlet for retrieving the gas from the ex-
change region,

-aliquidinlet connected to areservoir for holding
the liquid, wherein the reservoir is formed with
an opening in an upper region of the reservoir,
and wherein the reservoir is arranged at an up-
per end of the exchange region,

- an impounding basin, wherein the impounding
basin is arranged below the reservoir, and
wherein the impounding basin is formed with a
liquid outlet, and

- an exchange element arranged in the ex-
change region,

wherein an upper part of the exchange element
is disposed through the opening of the reservoir
such that the upper part of the exchange ele-
ment is arranged at least partially inside the res-
ervoir and such that the upper part of the ex-
change element is at least partially submerged
in the liquid.

2. The device of claim 1, wherein a lower part of the
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exchange element is arranged at least partially in-
side the impounding basin.

The device of claim 1 or 2, wherein the exchange
element is tubular.

The device of claim 3, wherein a supporting element
is arranged inside the tubular exchange element.

The device of claim 4, wherein the supporting ele-
ment is a tube.

The device of claim 4 or 5, wherein the supporting
element is formed with a perforated surface.

The device of claim 4, wherein the supporting ele-
ment is a spiral.

The device of one of the claims 3 to 7, wherein a
heat exchanger element is arranged inside the tu-
bular exchange element.

The device of one of the claims 3 to 8, wherein a
lower end of the tubular exchange element is con-
nected to a perforated plate, and wherein the gas
inlet is configured to provide a flow of gas through
the perforated plate inside the tubular exchange el-
ement.

The device of claim 1 or 2, wherein the exchange
element is flat.

The device of one of the claims 1, 2 or 10, wherein
the exchange element is formed with two layers,
wherein a separation element is arranged in the ex-
change region, and wherein the two layers of the
exchange element are separated in the exchange
region by the separation element.

The device of claim 11, wherein the two layers of the
exchange element are arranged parallel to each oth-
erin the exchange region by the separation element.

The device of one of the claims 10 to 12, wherein a
heat exchanger element is exposed to the flat ex-
change element.

The device of one of the preceding claims, wherein
the exchange element is made of an absorbent ma-
terial.

A method for operating a heat transfer device,
wherein the heat transfer device comprises:

- agas inlet,

- a gas outlet,

-aliquidinlet connected to areservoir for holding
the liquid, wherein the reservoir is formed with
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an opening in an upper region of the reservoir,
and wherein the reservoir is arranged at an up-
per end of the exchange region,

- an impounding basin, wherein the impounding
basin is arranged below the reservoir, and
wherein the impounding basin is formed with a
liquid outlet, and

- an exchange element arranged in the ex-
change region,

and wherein the method comprises steps of:

- disposing an upper part of the exchange ele-
ment through the opening of the reservoir such
that the upper part of the exchange element is
arranged at least partially inside the reservaoir,
- filling the reservoir at least partially with the
liquid such that the upper part of the exchange
element is at least partially submerged in the
liquid and a flow of liquid along the exchange
element is created,

- providing, by the gas inlet, the gas into the ex-
change region, such that the gas is in direct con-
tact with the liquid in the exchange element, and
- retrieving, by the gas outlet, the gas from the
exchange region.
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