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DESCRIPTION

Field of the Invention

[0001] The present relates to dehydrating and cleaning oil. Especially, the present invention
relates to a method and apparatus where gas is introduced into the oil to form gas bubbles
rising through the oil in the degassing device, while the gas bubbles are absorbing water vapor
which, together with the gas in the bubbles, is released from the oil. The release is assisted by
reducing the pressure.

Background of the Invention

[0002] Oil Degradation is a widely known problem in small-scale machinery, for example in car
motors, where oil change and filter shift is changed at specific service intervals to avoid
problems with degradation. It is also known in large-scale machines, for example turbines, ship
engines, and gas compressor lube oil systems; however, due to the large amount of oil, it is
preferred to condition the oil instead of exchanging it.

[0003] The problem is described in greater detail in US patent No. 5211856 by Shen.
US5211856 discloses a system for low-vacuum oil/water separation. Fully diffused purified gas
is introduced into an oil/water mixture liquid in a low vacuum container, enabling the liquid to
produce concentrated micro fine gas bubbles, enabling the liquid to be in a state of gas/liquid
two-phase mixture. This greatly increases the surface area of the oil/water mixture liquid,
speeding up the oil/water separation. The method is suitable for the purification of new oil, and
adequate in the recovery, regeneration and purification of various waste lubrication oils,
hydraulic oils, and transformer oils.

[0004] A different method and apparatus for separating water from oil is disclosed in
US6382267, where a vacuum is created in a container so that oil which contains water and gas
bubbles is drawn upward through a first section of the container. At the top of the first section,
the oil impacts a baffle plate, thereby releasing water vapor. The oil then flows downward
through an obstruction component in a second section of the container, thereby releasing
additional water vapor.

[0005] The method in US6382267 has relatively high energy consumption due to the fact that,
firstly, energy-expensive vacuum is produced for sucking the oil upwards through the
container, and, secondly, the extraction pump for the cleaned oil has to work against the
vacuum. Furthermore, it is pointed out that pumps that are used for creating such relatively
strong reduction of pressure (vacuum) are of a type that is typically not allowed in areas with
explosives, that is so-called ATEX classified zones, for example around petrol storage tanks.
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[0006] US2730190, and US4627922 disclose degassing devices in which water is separated
from oil by degassing devices by leading gas bubbles through the oil in order to absorb water.

[0007] Further degassing devices are disclosed in European patent application EP0115333
and US patent US4089662.

[0008] Despite substantial improvements already achieved in the art, there is a continuing
effort in the field for further improvements, especially with respect to reduced energy
consumption, efficiency and also including safety aspects. Also, the prior art pumping systems
are not easy to scale for large facilities. Especially, when oil conditioning facilities are desired
with large capacity, creation of vacuum for extraction of water from oil is a difficult task and
implies large costs. It would therefore be desirable to provide a system for separating water
from oil which is scalable to large capacities.

Objective of the Invention

[0009] The objective of the present invention is to provide a method and system for oil/water
mixture liquid separation with a high degree of control and efficiency. It is also an objective to
reduce the energy consumption. A further aspect is high safety, for example in connection with
areas classified as ATEX zones. In addition, the system should be scalable to large capacities.

Description of the Invention

[0010] This objective is or these objectives are achieved with a method and an apparatus
according to the following.

[0011] Oil that contains water is introduced into a degassing device, wherein the degassing
device contains an upper volume filled with gas and a lower volume filled with oil up to an oll
level. Gas, for example dried air, is introduced into the oil by a gas supply to form gas bubbles
rising through the oil in the degassing device, while the gas bubbles are absorbing water vapor
which, together with the gas in the bubbles, is released to the upper volume for discharge from
the degassing device through an exhaust system connected to the upper volume. For
example, the gas is introduced into the oil through a nozzle. Optionally, the gas is pressurized
at least 0.1 bar above the pressure of the oil around the nozzle before introducing the gas into
the oil to form gas bubbles; such overpressure assists in bubble expansion and increases the
efficiency. For example, the oil has a pressure above atmospheric pressure, optionally 0.5
Barg, and the gas a higher pressure, optionally 0.7 Barg when being introduced. Optionally, the
gas, such as dried air, is introduced at a temperature higher than the temperature of the oil.

[0012] Although, the oil is not pure oil but contains some degree of water, we will in the
following for simplicity use the term oil, keeping in mind that the term also covers the liquid that
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is a mixture of oil and water and also contains gas, such as air, as well as particles.

[0013] For example, the degassing device comprises a first and a second degassing device,
each having a lower volume that contains oil and being mutually fluid-flow connected; and each
having an upper volume containing gas and being mutually fluid-flow connected and connected
to the exhaust system. For example, the lower volumes of the first and the second degassing
device are mutually connected by an oil pipe, wherein the oil pipe has a tube exit above the
upper oil in the second degassing device, the tube exit being at level with the oil level in the
first degassing device.

[0014] Advantageously, the oil is enriched with gas, such as air, before it is injected into athe
first and second degassing device. The method comprises raising the oil level in the second
degassing device for pressing gas out of the device through an exhaust, after which the oil
level is decreased again for decreasing the pressure, which assists in extracting gas and
vapour from the oil.

[0015] In more detail, the method comprises

« raising the oil level in the second degassing device from a predetermined lower level to a
predetermined upper level by adding oil, which decreases the upper volume for the gas
and presses gas from the upper volume out of the upper volume through the exhaust
system;

e preventing backflow of gas from the exhaust system into the upper volume, for example
by the exhaust system comprising a one-way mechanism, such as a check valve, for a
one-way only transport of gas, the one way being away from the degassing device;

» when the oil level reaches the predetermined upper level, increasing the upper volume
by lowering the oil level in the second degassing device to the lower predetermined level
and thereby pulling gas from the upper volume of the first degassing device into the
upper volume of the second degassing device and forcing the gas in the upper volumes
of the first and the second degassing devices to expand, and thereby decrease the gas
pressure; and

« using the decreased gas pressure for additional extraction of the gas bubbles and water
from the oil.

[0016] For example a first pump is used for introducing oil into the first degassing device; and
a second pump is used for extracting oil from the second degassing device for thereby causing
a linear transport of oil from the first pump to the first degassing device, from the first to the
second degassing device, and from the second degassing device to the second pump.

[0017] For example, the upper and lower predetermined levels are defined by an upper switch
and a lower switch in the second degassing device for sensing an upper and lower oil level,
respectively. The upper and lower switch are functionally connected to level adjustment means,
the level adjustment means also being functionally connected to the first pump and the second
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pump and programmed to raise and lower the oil level between the two switches in alternation
by differentially adjusting the flow rate of the first and second pump.

[0018] For example, a continuous flow of oil is provided through the degassing device. The
flow rate from the first pump and the second pump are differentially adjusted in alternation
such that the flow rate from the second pump is repeatedly shifted from being higher to being
lower than the flow rate from the first pump. The shifting is caused by the oil level reaching the
lower level and the upper level, respectively.

[0019] Optionally, the raising and lowering of the oil level for creating pressure reduction is
performed in the second degassing device only. In this case, the second degassing device is
used as a pump for creating a vacuum that increases the release of the bubbles from the oil in
the first degassing device.

[0020] However, if the oil in the lower volume of the second degassing device also has an
interface with the gas in the upper volume for release of gas and vapor from the oil of the lower
volume into the gas in the upper volume through the interface, the second degassing device is
also used for extracting gas from the oil that is in the lower volume of the second degassing
device. In this case, the degassing device is a working with a two stage degassing action. The
second degassing device functions as a pump for release of gas and vapour in both lower
volumes of the first and second degassing device. Such a system does not require traditional
vacuum pumps and does not suffer from being difficult to scale up for large facilities; by
increasing the second degassing device and the oil pumps, the degassing capacity is
increased. In comparison to prior art techniques, the method is scalable to large throughput of
oil, for example 150-200 1/min or higher. Therefore, the apparatus and method is especially
useful for medium sized and large systems, for example for cleaning the oil in gas turbine
generators, such as used on offshore rigs, and oil in turbines for power plants or electrical
transformers as well as in gas compressor lube oil systems. In order to reduce down time of
the installation from which oil is extracted for cleaning, the system can be connected to the
installation while running. For example, the oil is recirculated a number of times through the
degassing device in order to achieve a high degree of cleaning and degassing. During the
recirculation, the oil level is repeatedly raised and lowered between the upper level and lower
level in alternation. Another advantage is that traditional vacuum pumps can be avoided, which
makes the system useful for so-called ATEX areas, which are areas with explosive gases, for
example gasoline tanks or offshore gas rigs.

[0021] Furthermore, if only the second degassing device is used for this pumping action by
raising and lowering the oil level, the first degassing device can be better optimized with
respect to gas release. Such optimization will be explained in greater detail below.

[0022] For example, oil is pumped by a first oil pump into the degassing device at a pressure
of the oil above atmospheric pressure, which is in contrast to prior art systems configured for
using vacuum to suck oil into the degassing device. For example, the pressure of the oil in the
vessel is at least 0.5 Barg. Optionally, the method comprises pressurizing gas above
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atmospheric pressure before introducing the gas into the oil to form gas bubbles. For example,
the pressurised gas has a pressure higher than the pressure of the oil in the vessel. The
higher pressure creates a larger expansion than if the gas is introduced at the same pressure.
Such larger expansion is beneficial for increasing the efficiency for water removal.

[0023] In concrete embodiments, oil that contains water is introduced into a vessel that is
fluid-flow connected to an inlet of a first degassing device and caused to flow from the vessel
through the inlet into the first degassing device. The cross section of the first degassing device
is larger than the cross section of the inlet. For example, the cross section of the first
degassing device immediately downstream of the inlet is larger than the cross section of the
inlet. When the oil passes through the inlet, there will be space for expansion immediately
downstream of the inlet, which assists in release of gas. Optionally, the vessel is a simple tube,
for example connecting the inlet of the first degassing device with the first oil pump located
upstream of the inlet of the first degassing device, the first oil pump pressing oil though the
vessel and into the first degassing device.

[0024] For example, the first degassing device contains an obstruction component therein,
and the method comprises causing the oil to pass at least part of the obstruction component,
for example all of the obstruction component, during flow through the first degassing device,
for example in an upwards direction through the first degassing device, and thereby spreading
the oil around the obstruction component such that the surface area of the oil is increased. The
obstruction component has a large area. For example, the obstruction component is a three
dimensional mesh material or a volume filled with a granular material. An example is disclosed
in the aforementioned US6383367.

[0025] Optionally, the second degassing device may contain an obstruction component, for
example of a different type than the one in the first degassing device, and where the oil flow is
downwards around the obstruction component. One possible obstruction component is a
downwardly inclined annular disk where the oil flows downwards with increasing distance from
the centre of the disk.

[0026] Gas is introduced into the oil for gas-enriching the oil. For example, the gas is
introduced while the oil flows in the vessel towards the inlet of the first degassing device,
although, in principle, the gas can also be introduced once the oil is inside the first degassing
device. The gas forms gas bubbles, rising through the oil during upwards flow of the oil in the
first degassing device. For example, the gas bubbles are microfine gas bubbles, as disclosed
in US5211856. Such microfine gas bubbles can be obtained by pumping gas, such as dried air
or other dry gas, through a microporous material, for example sintered metal or ceramics,
press formed powdered plastics, or a multi-layered cloth. In the oil, the gas bubbles are
absorbing water vapor from the oil and are released to the upper part of the first degassing
device and exit the first degassing device in order to reduce the water content of the oil.

[0027] In contrast to the prior art, where the oil is spread around the obstruction component
during the downward flow, an upwards flow pass the obstruction component implies a higher
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degree of control. Whereas the downward flow is mainly governed by gravity, the upwards flow,
counteracting gravity, can be controlled by the pressure. A higher pressure yields a faster flow
and a lower pressure a slower flow, such that the desired degree of spreading of the gas-
enriched oil can be controlled by adjusting the pressure and, thereby, the flow. Adjustment of
the degree of stretching of the oil not only implies a better control but also allows a tuning of
the efficiency, for example in dependence n the oil temperature and viscosity, as different
degrees of spreading imply different efficiencies with respect to gas/vapour release.

[0028] The above objective is also achieved with an apparatus according to the following. The
apparatus comprises a vessel for transport of oil through the vessel; for example the oil is
pumped by a pump that pumps oil with a pressure above atmospheric pressure. A gas supply
is provided in the vessel for adding gas to the oil. Afirst degassing device with an inlet is fluid-
flow connected to the vessel for receiving gas-enriched oil from the vessel and with an outlet
for extraction of oil from the first degassing device. A gas exhaust, typically called a breather, is
connected to the upper part of the first degassing device above the oil level. An obstruction
component is provided in the first degassing device, the obstruction component being
configured for increasing the surface area of the oil by spreading the oil around the obstruction
component when the oil is passing the obstruction component in a flow through the first
degassing device, for example in an upwards flow. Such an apparatus may be combined with
one or more of the embodiments as described above and below.

[0029] The obstruction component has an upper end and a lower end. Optionally, the inlet is
provided below the upper end of the obstruction component for flow of the oil from the inlet and
pass at least part of the obstruction component, for example pass the entire obstruction
component, during flow in an upwards direction through the first degassing device. Typically,
the inlet of the first degassing device is provided below the obstruction component, although,
this is not strictly necessary.

[0030] After passing the obstruction component, the oil is extracted from the first degassing
device, for example from an overflow arranged above the obstruction component, or at least
above the lower end of the obstruction component. Such an overflow constitutes the outlet of
the first degassing device or is fluid-flow connected to the outlet of the first degassing device.
However, the provision of the outlet above the obstruction component is not strictly necessary.
Especially, in case that the obstruction component fills the entire first degassing device, the
outlet would be provided below the upper end of the obstruction component.

[0031] In some embodiments, in order to create turbulence and increase water removal
efficiency, the gas-enriched oil passes through a narrowing region before the gas-enriched oil
enters the first degassing device. For example, the gas supply is provided at a first position in
the vessel where the vessel has a first cross section, and the vessel has a second cross
section, smaller than the first cross section, downstream of the first cross section. The
decrease in cross section of the vessel causes compression of the gas and creates turbulence,
leading to a better mixing of the gas bubbles and increased efficiency for take up of water.
Once, the gas enters the first degassing device through the inlet, the expansion of the gas-
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enriched oil is more pronounced than without such a narrowing region. Alternatively, the inlet
may be provided with a cross section that is smaller than the cross section of the vessel where
the gas is provided. The passing of the narrowing inlet would create turbulence and
compression/expansion over a small path length, increasing the efficiency of the water removal
by the bubbles. In order to further increase the efficiency, the narrowing region in the vessel
may be combined with a further narrowing inlet. As a further alternative, several narrowing
regions and expansion regions may be provided in the vessel in order to create an alternation
between compression and expansion.

[0032] In some embodiments, as already mentioned above, the transport of the oil through
the first degassing device is not provided by vacuum suction but by pressure above
atmospheric pressure. For example, a pressure may be created that is strong enough to press
the oil through the vessel and upwards in the first degassing device. The advantage is lower
energy consumption and easier as compared to lifting the oil in the first degassing device by
vacuum. However, overpressure from upstream of the first degassing device and partial
vacuum inside the upper part of the first degassing device can be combined. This partial
vacuum can be of a degree that it substantially assists in pulling the oil upwards and at the
same time efficiently removes released gases. For example, the pressure of the oil in the
vessel is at least 0.5 bar above atmospheric pressure (=0.5 Barg), and the vacuum suction is
less than 0.3 bar below atmospheric pressure. Alternatively, the upper part of the first
degassing device is subjected to a low vacuum that is less than necessary for drawing the oll
upwards through the first degassing device but still sufficiently high for effectively extracting
evaporated gases from the first degassing device; for example a vacuum of less than 0.1 bar
below atmospheric pressure. As a further alternative, no suction is provided in the exhaust
system for pulling gas out of the degassing device.

[0033] In case of such low evacuation pressure, or in case of no suction at the exhaust in the
upper part of the first degassing device, the pressure of the oil must be sufficiently high to
press the oil through the vessel and through the inlet into the first degassing device and
upwards in the first degassing device. This pressure is adjusted in dependence of the height to
which the oil has to be lifted in the first degassing device in order to flow around the obstruction
component, for example upwards around the obstruction component.

[0034] It has been found beneficial for improved efficiency to repeat the process of letting the
oil become gas-enriched and pass the obstruction component, as each cycle removes further
water from the oil. For this reason, in some embodiments, the vessel is connected to the
downstream side of an oil reservoir for receiving oil from the oil reservoir and for feeding the
first degassing device with this oil. On the other hand, the upstream side of the oil reservoir is
connected to the outlet of the first degassing device for receiving oil from the first degassing
device. In case that also a second degassing device is provided and connected to the
downstream side of the first degassing device, the upstream side of the oil reservoir is
connected to the outlet of the second degassing device. Thus, the vessel, the first degassing
device and the second degassing device and the oil reservoir in fluid-flow connection are part
of an oil circuit for repeated flow of the oil from the reservoir, through the pump and the vessel,
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through the first and second degassing device and the obstruction component, and back to the
oil reservoir.

[0035] A typical level for satisfactory dehydration is a water content of less than 100 ppm. Not
only is water removed from the oil but also other liquids that evaporate easier than oil are
removed as well as other gases. For enrichment, typically, dried air is used, although other
gases, for example nitrogen can be used as well. By degassing the oil, the flash point of the oil
is expected to rise through the process and thereby improve safety aspects.

[0036] Typically, the temperature of the oil, when in the first degassing device, and optionally
in the second degassing device, is typically between 50°C and 70°C. In order to keep this
temperature, an oil heater can be provided to heat the oil. Especially, if the gas, such as air, is
provided at a temperature below this temperature, heating of the oil is necessary.

[0037] For example, enrichment of the oil is made with gas, such as air, at a temperature of at
least 20°, at least 30° or at least 40° less than the temperature of the oil. All degrees are given
in terms of centigrade. An example is disclosed in US6383367, where the air may have a
temperature of 20°C and the oil 60°C in order to cause increased expansion of the bubbles
during enrichment. However, although this is beneficial for the efficiency of water removal, it
implies a relatively high energy consumption due to the cooling of the oil by the air and the
heating that is necessary to keep the oil at a temperature where the water evaporation is
sufficient. In order to improve this situation, the gas, such as air, is introduced into the oil at
heated conditions. For example, the gas, such as air, is provided at a temperature of not more
than 20° or not more than 10° or not more than 5° less than the temperature of the oil. For
example, the gas, such as air, has a temperature that is within 5° or 10° or 20° lower or higher
than the temperature of the oil. Especially, if the introduced gas, such as dried air, has a
temperature higher than the oil, external heating of the oil can be reduced, as the heated gas
assists in keeping the temperature of the oil sufficiently high.

[0038] In order to keep the temperature of the oil at a proper level, the gas, such as air, can,
alternatively, be used to supply thermal energy to the oil. In such case, the gas, such as air, is
provided at a temperature higher than the temperature of the oil in the vessel. For example,
the gas temperature for enrichment is at least 5° or at least 10° or at least 20° higher than the
temperature of the oil.

[0039] In order to increase the efficiency for dehydration, the gas is used for enrichment in a
dry state. For example, the gas is subject to drying before enrichment of the oil.

[0040] The oil may also be subject to filtration by oil filters of different pore size, such that
particles and other agents causing oil degradation are removed. Also removed by filtering are
particles of hardened oil and sludge flowing with the oil.

[0041] To improve the dehydration process there may be pumped clean and dry air onto the
top of the oil reservoir in the installation to which the apparatus is connected. Top of the oil
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reservoir is defined as above oil level and to the top of the oil reservoir. This is done in order to
improve the dehydration by removing humid air from above the oil level in the oil reservoir. The
air can be removed by pressing the air out through the normal breather. The breather is
normally placed at the top of the oil reservoir.

Description of the Drawing

[0042] This invention will be described in relation to the drawings, where:

FIG. 1

shows a schematic diagram of a circulating system;
FIG. 2

is a sketch of the first degassing device with the obstruction component;
FIG. 3

is a sketch of a second degassing device.

Detailed Description of the Invention

[0043] FIG. 1 is a diagram of an oil dehydration circuit. For example, such a circuit is installed
on a platform or in a cargo container for connection to oil transport lines from which oil is
received for dehydration and to which oil is delivered in dehydrated state.

[0044] OQil is received at connection point TPO1 from an oil reservoir 1. Examples of such oll
reservoirs are found in gas compressor lube oil systems, turbines for power production on
offshore platforms, turbines from onshore power plants and transformer stations. The oil as
received at connection point TP01 is pumped by motorised pump 2 through valve 3, passing
flow meter 4 for flow control, and into heater 5 in order for the oil to be heated to a working
temperature, typically between 50°C and 70 °C. After heater 5, the oil passes an orifice 20 on
its way to the first degassing device.

[0045] A very fine filter 24 for removing particles in the oil is used towards the final
decontamination process, for the use the corresponding valve is opened such that oil can flow
into this so-called kidney loop bypassing some of the oil around orifice 20. A non-limiting
example of such flow through the kidney loop is 40 litre/minute. The flow through the kidney
loop is much less than through the orifice 20, for example only 20%. After having passed a
check valve 30, the flow is connected to the main stream from orifice 20 again. Filtration
through filter 24 can be switched on and off, depending of conditioning stage of the ail.

[0046] After having passed a check valve 30, air is introduced into the oil by an air injection
nozzle 15, after which the tube size is reduced, for example from 2 inch to a 1 inch tube, in
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order to create turbulence and compress the provided air in the oil. The created turbulent
pressure is released when the oil enters the first degassing device 31 at the bottom and flows
upwards in the first degassing device 31 and around an obstruction component 32, for
example during the upwards flow. For example, the obstruction component 32 is a three
dimensional net material or a volume filled with a granular material.

[0047] After having passed the obstruction component and released gas and water vapour in
the first degassing device 31, oil is extracted from the first degassing device 31 and transferred
to a second degassing device 33. A level transmitter 25 is used for checking and controlling the
oil level in the second degassing device 33. The oil is then pumped by pump 34 selectively
through a first contamination filter 10 or a second contamination filter 17 with different filtration
pore sizes. For example, the oil filtered with a coarse filter first and after a further cycle through
the system, the oil is filtered with a fine filter. A pair of check valves 28 assures the correct
direction for the flow, and oil gas separators 18 release gas and vapour originally resident in
the filter at these filtration stages 10, 17. At connection point TP02, the oil leaves the apparatus
and is recycled back to the oil reservoir 1. For example, the oil will pass the degassing devices
31, 33 several times, such as 7 times, for each filtration step, such as course filtration during
the first 7 cycles, fine filtration during 7 following cycles and 7 cycles with ultra fine filtration. In
each of these cycles, gas and vapour is removed as well.

[0048] At the upper part of the first degassing device 31 and the second degassing device 33,
an exhaust system 6 is used for gas/vapour release. This release may optionally be assisted
by weak vacuum in order to provide a proper flow. The term "weak vacuum" implies that the
vacuum force in the first degassing device 31 and the second degassing device 33 is not
enough to cause the oil to flow up in the first degassing device 31 to a level at the top of the
obstruction component 32. For example, the pressure from the vacuum in the exhaust system
is between 0.05 and 0.3 bar lower than atmospheric pressure. The upwards flow of the oil in
the first degassing device 31 is caused mainly by the first pump 2 which exerts pressure on the
oil, the pressure being above atmospheric pressure.

[0049] Air for the enrichment of gas is provided at the air injection nozzle 15, receiving air
from an air circuit through an air supply tube 35. The air circuit receives pressurised air from
an air tank 11 at connection point TP03. This air flows through filter 13 and is dried in a dryer
12, after which the air supply is branches into three branches with pressure regulators 14: an
upper branch, a lower branch and a medial branch. The upper branch leads air through flow
metre 27 and flow regulation valve 26 to a connection point TP04, from which dried air can be
released to the oil reservoir in order to create a dry atmosphere above the oil and for taking up
moisture from the surface of the oil before being released through a breather in the oil
reservoir. The lower branch leads to an injection pump 9 which by using a venturi principle
creates the weak vacuum in the exhaust system 6, before the air is released at connection
point TP05. The medial branch divides further into air supply tube 35, for providing heated air
to the air injection nozzle 15, and into air flush tube 36. The air flush tube 36 is used after
conditioning of the oil in order to press the remaining oil out of the system before final cleaning
of the system.
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[0050] In FIG. 2, the first degassing device 31 with the obstruction component 32 is shown in
greater detail. In a vessel 39, oil is flowing, as indicated by arrows 38, by pumping action
towards the inlet 47 of the first degassing device 31 after having been heated in heater 5.
From the air supply tube 35, air is injected into the flowing oil through air injection nozzle 15
after also having been heated in heater 5. Advantageously, such air is introduced as micro-
sized droplets through a sintered material. Pressurised air, thus, resembles a fine spray in the
oil.

[0051] Downstream of the injection nozzle 15, a narrowing region 37 is provided which leads
to a compression of the gas in the oil before expansion at the inlet 47, as the first degassing
device 31 has a cross section that is larger than the cross section of the inlet 47. In the
drawing, the cross section of the inlet 47 is measured in a horizontal plane as well as the cross
section of the first degassing device 31. However, a different arrangement with an inlet 47 not
arranged at the bottom may require the cross section to be measured in a plane different from
horizontal. The way of measuring is typically not important, essential in this respect is the fact
that the change in cross section leads to a sudden expansion.

[0052] From the inlet 47 of the first degassing device 31, oil flows upwards in the first
degassing device 31, as indicated by arrows 40. During the upwards flow, the oil passes the
obstruction component 32 and will be stretched on the surface of the obstruction component
32, leading to release of gas, indicated by arrows 41, towards the top 31A of the first
degassing device 31. After having passed the upper end 32A of the obstruction component 32,
the oil reaches and overflow 42 and changes direction of flow downwards, as indicated by
arrows 43. During this flow downwards, still some gas is released and will flow upwards as
indicated by the arrows 45 directed upwards. The oil flows downwards into the lower part 31B
of the first degassing device 31.

[0053] From the lower part of the first degassing device 31, the oil is extracted through first
degassing device outlet 44 into an outlet tube 46. Depending on the extraction, the oil level is
regulated. As indicated, the level 46 of the oil in the first degassing device 31 is kept between
the lower end 32B and the upper end 32A of the obstruction component 32. From this outlet
tube 46, the oil may be recirculated for further cleaning cycles.

[0054] A second degassing device 33 is used as a vacuum pump and in order to increase the
effect. This degassing device is shown in greater detail in FIG. 3. The input line 49 is
connected to the outlet tube 46 of the first degassing device 31. It transports the oil that comes
from the first degassing device 31 in an upwards direction through an inlet 56 against a baffle
plate 53 which turns the flow of the oil onto a conical expansion disc 52, which leads to an
expansion of the oil during flow thereof, whereby additional gas is released towards the top of
the second degassing device 32 in order to be captured by the exhaust system 6. The level 51
of the oil in the second degassing device is kept between the locations of two switches 50A,
50B. In operation, oil is pumped through the vessel 39 and the inlet 47 into the first degassing
device 31, through the obstruction component 32, and over the overflow 42. By gravity, the oll
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flows down into the lower part 31B of the first degassing device 31 out of the outlet 44 through
the outlet tube 46 and into the input line 49 of the second degassing device 33, out through the
tube exit 54 and against the baffle 53, down the conical expansion disc 52 and into the lower
part of the second degassing device 33. Due to the oil-flow connection between the outlet 44 of
the first degassing device 31 and the input line 49, and due to the pressure-equalizing
connection of the first degassing device 31 with the second degassing device 33 by the
exhaust system 6, the level 48 in the first degassing device 31 will be constant and in level with
the tube exit 54 at the upper end of the input line 49. The level of oil in the second degassing
device 33 is kept between the locations of two switches 50A, 50B. If the level rises to the upper
level 50B, a second pump 34 will pump out oil from the second degassing device 33 at a rate
that keeps the oil level beneath the upper switch 50B.

[0055] In order to extract gas and vapour efficiently, it is an advantage to create vacuum in the
upper part 31A of first degassing device 31 and second degassing device 33, as the vacuum
assists in extracting the gas. However, if the apparatus is used in areas that are classified as
having explosive atmospheres, so called ATEX classified areas, for example around petrol
tanks, normal, motor-driven vacuum pumps are not allowed, but special equipment is required.
For this reason, a pump 9 constructed according to venturi principles, is advantageous. On the
other hand, such pumps typically only have a low flow rate, why it is not useful for creating
large pressure drop quickly and efficiently in large tanks. The first degassing device 31 and the
second degassing device 33, however, have relatively large gas volumes, for example in the
order of 50-150 litre.

[0056] In order to solve this problem, the following method is used. As a first step, oil is
pumped by the first pump 2 at a first flow rate through first degassing device 31 and into the
second degassing device 33; and the extraction of oil from the second degassing device 33
through the tube exit 54 by second pump 34 is kept at a second flow rate, which is lower that
the first flow rate in order to raise the oil level in the second degassing device 33. With respect
to the combination of the first degassing device 31 and the second degassing device 33, more
oil is pumped into the combination 31, 33 than out of the combination 31, 33 at this stage.
During raising of the oil level in the second degassing device 33, the gas-filled volume above
the oil in the second degassing device 33 decreases, pressing gas and vapour out of the
second degassing device 33 into exhaust system 6 pass valve 7b for release through the
check valve 55.

[0057] Once, the oil level in the second degassing device 33 reaches the upper switch 50A,
the flow rates in and out of the combination 31, 33 are changed such that the flow rate out of
the second degassing device 33 by second pump 34 is higher than the flow rate into the first
degassing device 31 by the first pump 2. For example, the flow rate by the second pump 34 is
increased or the flow rate from the first pump 2 is decreased or halted or a combination
thereof. While the flow rate out of the combination 31, 33 of the first degassing device 31 and
the second degassing device 33 is larger than the inflow of oil, the oil level in the second
degassing device 33 falls, increasing the volume of gas above the oil in the second degassing
device 33. Due to this increase in this gas volume, the pressure will fall, because the check
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valve 55 prevents backflow of gas. During the operation of lowering the oil level in the second
degassing device 33, the two valves 7a, 7b of the exhaust system 6 are open. Thus, the
pressure reduction in the second degassing device 33 is transferred to a likewise pressure
reduction in the first degassing device 31 without changing the level of 48 oil in the first
degassing device 31. Once, the oil level reaches the level of the lower switch 50B, the
procedure is reversed again, and repeated cyclic for a number of times.

[0058] The fall in pressure in the combination 31, 33 assists in extracting gas and vapour from
the oil in the first degassing device 31 and the second degassing device 33 without use of any
external vacuum pump. Due to the check valve 55, merely witching between an upper and
lower oil level in the second degassing device 33 creates a vacuum that assists in extracting
gas and vapour from the oil. This is especially so, if the adding of gas through injection nozzle
15 is halted, and possibly even the flow of oil into the first degassing device 31 is also halted,
until the oil level in second degassing device 33 should be raised again. However, it may be
preferred to merely change the flow rates of the first pump 2 and second pump 34 such that in
alternation the first pump shifts between having a higher and a lower flow rate relatively to the
second pump. Thus, there is a continuous flow through the two degassing devices 31, 33,
however, the flow is differentiated such that the oil level 51 in the second degassing device 33
raises and falls in alternation.

[0059] Even the vacuum pump 9 could be avoided and the gas released through the check
valve 55 into atmosphere. However, the pump 9 may be used in order to lead the gas and
vapour from the first degassing device and second degassing device away from an ATEX area.

[0060] For example, the gas volume above the oil is 100 litre in the second degassing device
33 when the oil is lowest and a volume of 50 litre when the oil is highest. In the first degassing
device, this volume is constant 50 litre to both valves 7a, 7b being open and because the oll
level in the first degassing device 31 is defined by the upper end of the input line 49 in the
second degassing device 33. Thus, the total volume change by lowering the oil from the
uppermost level at switch 50A to the lower most level at switch 50b is 50 litre as compared to
the total maximum gas volume of 150 litre (50 litre in first degassing device 31 and 100 litre in
the second degassing device 33), yielding an achievable vacuum of up to 33%, thus, about
0.33 bars below atmospheric pressure. The finally achieved pressure reduction in practice,
however, depends on how rapid gas and vapour are released from the oil during level change
in the second degassing device 33. A rapid release of gas from the oil during vacuum creation
by lowering the oil level would prevent the vacuum from dropping this much - which is actually
the aim of the invention, as degassing of the oil is the objective.

[0061] It should be pointed out that a prerequisite for this procedure is the differential pumping
with a first pump 2 pumping oil into the combination 31, 33 of the first degassing device 31 and
the second degassing device 31, and a second pump 34 pumping oil out of the second
degassing device 33. This implies that an apparatus as disclosed in US6393367 cannot be
used due to the lack of the first pump that is pumping oil into the system; instead the system in
US6393367 is based on vacuum to draw the oil into the system, requiring a powerful vacuum
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pump.

ASPECTS

[0062] In the following, further inventions fulfiling the objective are presented in the form of
aspects. These aspects can be combined with one or more of the various embodiments
described above.

Aspect 1. A method for separating water from oil, the method comprising:

» introducing oil that contains water into a vessel (39) that is fluid-flow connected to an
inlet (47) of a first degassing device (31); causing the oil to flow from the vessel (39)
through the inlet (47) into the first degassing device (31), wherein the cross section of
the first degassing device (31) is larger than the cross section of the inlet (47); wherein
the first degassing device (31) contains an obstruction component (32) therein, and the
method comprises causing the oil to pass the obstruction component (32), for example
in an upwards direction, and thereby spreading the oil around the obstruction
component (32) such that the surface area of the oil is increased:;

 introducing gas into the oil to form gas bubbles rising through the oil during up-wards
flow (40) of the oil in the first degassing device (31), while the gas bubbles are absorbing
water vapour which, together with the gas in the bubbles, are released (41) to the upper
part (31A) of the first degassing device (31) and exit the first degassing device in an
exhaust system (6).

Aspect 2. A method according to aspect 1, wherein the method comprises introducing the gas
into the oil for gas-enriching the oil while the oil flows (38) in the vessel (39) towards the inlet
(47).

Aspect 3. A method according to aspect 2, wherein the method comprises passing the gas
enriched oil through a narrowing region (37) before the gas-enriched oil enters the first
degassing device (31), for example a narrowing region (37) in the vessel upstream of the inlet
(47); or the narrowing region is provided by the inlet having a smaller cross section than the
vessel.

Aspect 4. A method according to any preceding aspect, wherein the oil and the gas are
pressurized above atmospheric pressure.

Aspect 5. A method according to aspect 4, wherein the pressure of the oil in the vessel (39) is
at least 0.5 Barg.

Aspect 6. A method according to aspect 4 or 5, wherein the pressure of the oil is sufficiently
high to press the oil through the vessel (39) and upwards in the first degassing device (31)
pass the obstruction component (32).

Aspect 7. A method according to any one of the aspects 4-6, wherein the method comprises
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pumping the oil through the vessel (39) and through the inlet (47) into the first degassing
device (31) and by the pump (2) creating pressure on the oil above atmospheric pressure,
pressing the oil upwards through the first degassing device (31) to pass the obstruction
component (32) in an upwards direction.

Aspect 8. A method according to any one of the aspects 4-7, wherein the method comprises
subjecting the upper part of the first degassing device (31) to a vacuum for extracting
evaporated gases from the first degassing device, the vacuum being less than necessary for
drawing the oil upwards through the first degassing device (31).

Aspect 9. A method according to any preceding aspect, wherein the method comprises, after
the oil passing the obstruction component (32) in an upwards direction, extracting the oil from
an overflow (42) arranged above a lower end (32B) of the obstruction component (32).

Aspect 10. A method according to any preceding aspect, wherein the method comprises
heating the gas above the temperature of the oil before introducing the gas into the oil.

Aspect 11. An apparatus for a method according to any preceding aspect, the system
comprising:

» avessel (39) for transport (38) of oil through the vessel;

e agas supply (15) provided in the vessel (39) for adding gas to the oil;

« a first degassing device (31) with an inlet (47) fluid-flow connected to the vessel (39) for

receiving gas-enriched oil from the vessel (39) and with an outlet (44) for extraction of oil

from the first degassing device (31);

an exhaust (6) connected to the upper part (31A) of the first degassing device (31);

e an obstruction component (32) in the first degassing device (31), the obstruction
component (32) configured for increasing the surface area of the oil by spreading the oll
around the obstruction component (32) when the oil is passing the obstruction
component in a flow (40) through the first degassing device (31); the obstruction

component (32) comprising an upper end (32A) and a lower end (32B); wherein the inlet
(47) is provided below the upper end (32A) of the obstruction component (32) for flow of
the oil from the inlet (47) and pass at least part of the obstruction component (32) the
obstruction component (32) during flow in an up-wards direction (40) through the first
degassing device (31).

Aspect 12. An apparatus according to aspect 11, wherein the vessel (39) is fluid-flow
connected to a first pump (2) arranged upstream of the inlet (47), the pump (2) being
configured for pumping oil into the vessel (39) towards the inlet (47) of the first degassing
device (31) at a pressure above atmospheric pressure.

Aspect 13. An apparatus according to aspect 11 or 12, wherein the vessel (39) is connected to
the downstream side (TP01) of an oil reservoir (1) for receiving oil from the oil reservoir (1);
and wherein the upstream side (TP02) of the oil reservoir is connected to the outlet (44) of the
first degassing device (31) for receiving oil from the first degassing device (31); wherein the
vessel (39), the first degassing device (31) and the oil reservoir (1) in fluid-flow connection are
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part of an oil circuit for repeated flow of the oil from the reservoir (1), through the pump (2) and
the vessel (39), through the first degassing device (31) and the obstruction component (32),
and back to the oil reservoir (1).

Aspect 14. An apparatus according to anyone of the aspects 11-13, wherein an overflow (42) is
provided above the lower end (32B) of the obstruction component (32) for receiving oil after
having passed at least part of the obstruction component (32) in an upwards flow (40), the
overflow (42) being fluid-flow connected to the outlet (44) of the first degassing device (31).

Aspect 15. An apparatus according to anyone of the aspects 11-14, wherein the inlet (47) of
the first degassing device (31) is provided below the upper end (32A) of the obstruction
component (32).

Aspect 16. An apparatus according to anyone of the aspects 11-15, wherein the gas supply
(15) is provided at a first position in the vessel (39) where the vessel (39) has a first cross,
wherein

» either the vessel (39) has a narrowing (37) with a second cross section, smaller than the
first cross section, downstream of the first cross section,

« or the first cross section is larger than the cross section of the inlet (47),

s or both.

NUMBER LIST
[0063]
1
oil reservoir
2
pump and electrical motor, for example ATEX approved
3
globe valve
4
flow meter, for example 0-300 I/min
5
electrical heater, for example ATEX approved
6
dehydration and degas system
7
oil-gas separator
8

atmospheric gas breather valve



DK/EP 2801397 T3

vacuum generator

10
contamination filter
11
air compressor, for example with flow of more than 100 I/min
12
air dryer
13
air supply with filter and separator
14
air pressure regulator
15
air injection nozzle
16
oil sample and air purge
17
oil contamination filter
18
oil-gas separator
19
air purge oil reservoir
20
orifice, for example with a 25 mm diameter
22
pneumatic control valve
23
oil separator
24
filter, for example 1 micron, 40 I/min
25
level transmitter
26
flow regulation valve
27
flow meter
28
check valve, for example 0.5 bar, min 200 I/min
29
electrically controlled valve
30
check valve, for example 0.5 bar, min 40 I/min
31

first degassing device
31A



31B

32

32A

32B

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50A

upper part of first degassing device

lower part of first degassing device

obstruction component

upper end of obstruction component

lower end of obstruction component

second degassing device

pump

air supply tube

air flush tube

narrowing region of vessel 39

flow of oil in vessel 39

vessel

flow of oil from inlet upwards towards obstruction component

flow of gas upwards towards exhaust system 6

overflow

flow of oil downwards from overflow 42

outlet of the first degassing device 31

upwards flow of air

outlet tube of the first degassing device 31

inlet of the first degassing device 31

oil level in first degassing device 31

input line for second degassing device
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upper oil level switch

50B
lower oil level switch
51
oil level in second degassing device
52
conical expansion disc
53
baffle plate
54
tube exit of input line 49
55
check valve for gas exhaust from first degassing device 31
56

inlet of second degassing device (33)
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PATENTKRAV

1.

I'remgangsmade til separation af vand fra olie, hvilken fremgangsmade omfat-
ter:

- Tilfgrsel af olie, der indeholder vand, til et afgasningsapparat (31, 33),
hvorved afgasningsapparatet (31, 33) indeholder et gvre volumen (31A,
33A), som er fyldt med gas, og et nedre volumen (33B), der er fyldt med
olie op til et olieniveau (51),

- tilfgrsel af gas til olien, s der dannes gasbobler, som stiger op gennem oli-
en i afgasningsapparatet (31, 33), mens gasboblerne absorberer vanddamp,
der, sammen med gassen i boblerne, frigives til det gvre volumen (31A,
33A) med henblik pé afgivelse fra afgasningsapparatet (31, 33) gennem et
afgangsgas-system (6), der er forbundet til det gvre volumen (31A, 33A),

kendetegnet ved,atafgasningsapparatet (31, 33) omfatter en fgrste
og en anden (33) afgasningsindretning, der hver har et nedre volumen (31B,
33B), som indeholder olie og indbyrdes er fluidstrgmningsforbundne, og hver
har et gvre volumen (31A, 33A), der indeholder gas og indbyrdes er fluid-
strgmningsforbundne og forbundet til afgangsgas-systemet (6); hvorved frem-
gangsmaden omfatter

- havning af olieniveauet (51) 1 det andet afgasningsapparat fra et forudbe-
stemt, nedre niveau (50B) til et forudbestemt, gvre niveau (50A) ved tilfgr-
sel af olie, hvilket reducerer det gvre volumen (31A, 33A) for gassen og
presser gas fra det gvre volumen (31A, 33A) ud fra det gvre volumen
(31A, 33A) gennem afgangsgas-systemet (6);

- hindring af tilbagestrgmning af gas fra afgangsgas-systemet (6) til det pvre
volumen (31A, 33A);

- nar olien nar det forudbestemte, gvre niveau (50A), forggelse af det gvre
volumen (31A, 33A) ved at s@nke olieniveauet (51) 1 den anden afgasning-
sindretning til det nedre, forudbestemte niveau (50B) og derved trekke gas
fra det gvre volumen (31A) 1 det fgrste afgasningsapparat (31) ind 1 det gv-
re volumen (33A) 1 det anden afgasningsapparat (33) og tvinge gassen 1 de
gvre volumina (31A, 33A) 1 det fgrste og det andet afgasningsapparat (31,
33) til at ekspandere og derved reducere gastrykket; og

- anvendelse af det reducerede gastryk til yderligere udtraekning af gashob-
lerne og vandet fra olien i det fgrste og det andet afgasningsapparat (31,
33).

Fremgangsmade ifglge krav 1, hvorved fremgangsmaden omfatter tilfgrsel af
gas til olien, sa der dannes gasbobler under heevningen af olieniveauet (51),
men standsning af tilfgrsel af gas til olien under sankning af olieniveauet (51).
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2

Fremgangsmade ifplge krav 2 eller 3, hvorved fremgangsmaden omfatter til-
forsel af olie, som indeholder vand, til en beholder (39), der er fluidstrgm-
ningsforbundet til en indgang (47) pa afgasningsapparatet (31); foranledning af
olien til at strgmme fra beholderen (39) via indgangen (47) og ind i afgas-
ningsapparatet (31), hvorved olien ved hjelp af en fgrste oliepumpe (2) pum-
pes gennem beholderen (39) ved et olietryk pa mindst 0,5 Barg i beholderen
(39) og pumpes ind 1 afgasningsapparatet (31).

Fremgangsmade ifglge krav 3, hvorved fremgangsmaden omfatter at bringe
gassen op pa et tryk, som er hgjere end olietrykket for tilfgrsel af gas til olien,
med henblik pé at danne gasbobler.

Fremgangsmade ifplge et hvilket som helst af de foregaende krav, hvorved
fremgangsmaden omfatter med en fgrste pumpe (2) at pumpe olie ind i det fgr-
ste afgasningsapparat (31) og med en anden pumpe (34) at udtrekke olien fra
det andet afgasningsapparat (33) for derved at bevirke linezr transport af olie
fra den fgrste pumpe (2) til det fgrste afgasningsapparat (31), fra det fgrste (31)
til det andet (33) afgasningsapparat, og fra det andet afgasningsapparat (33) til
den anden pumpe (34).

Fremgangsmade ifplge et hvilket som helst af de foregaende krav, hvorved
havning og s@nkning af olieniveauet med henblik pa skabelse af trykreduktion
kun udfgres 1 det andet afgasningsapparat (33).

Fremgangsmade ifglge krav 5 eller krav 6, hvorved fremgangsmaden bringer
olien til stremme fra den anden pumpe (34) til den fgrste pumpe (2) og derved
recirkulere olien et antal gange gennem afgasningsapparatet (32, 33); under re-
cirkulationen skiftevist gentaget hevning og senkning af olieniveauet (51)
mellem det gvre niveau (S0A) og det nedre niveau (50B).

Fremgangsmade ifglge krav 7, hvorved fremgangsmaden bevirker, at der tilve-
jebringes en kontinuerlig stremning af olie gennem afgasningsapparatet (31,
33) og differentiel, skiftevis indstilling af stremningshastigheden fra den fgrste
pumpe (2) og den anden pumpe (34), saledes at strgmningshastigheden fra den
anden pumpe (34) gentaget skiftes fra at vaere hgjere til at vere lavere end fra
den fgrste pumpe (2), hvilket skift realiseres, nér olieniveauet (51) nar hen-
holdsvis det lavere niveau (50B) og det hgjere niveau (50A).

Fremgangsmade ifglge et hvilket som helst af de foregdende krav, hvorved det
forste afgasningsapparat (31, 33) indeholder en hindringskomponent (32, 52)
deri, og fremgangsmaden bevirker, at olien passerer i det mindste en del af
hindringskomponenten (32, 52) under strgmning i opadgaende retning (40) og
derved spreder olien rundt om i det mindste en del af hindringskomponenten
(32, 52), saledes at oliens overfladeareal forgges.

Fremgangsmade ifglge et hvilket som helst af de foregdende krav, hvorved
fremgangsmaden omfatter tilfgrsel af olie, der indeholder vand, til en beholder
(39), som er fluidstrgmningsforbundet til en indgang (47) pa afgasningsappara-
tet (31); foranledning af olien til at stremme fra beholderen (39) gennem ind-
gangen (47) og ind 1 afgasningsapparatet (31), hvorved afgasningsapparatets
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(31) tvaersnit umiddelbart neden for indgangen (47) er stgrre end indgangens
(47) tvaersnit; hvorved fremgangsmaden omfatter tilfgrsel af gas til olien, sa
der dannes gasbobler i beholderen opstrgms for indgangen (47).

. Fremgangsmade ifglge krav 10, hvorved fremgangsmaden omfatter, efter til-

forsel af gassen til olien, fgring af den gas-berigede olie gennem et indsneev-
ringsomréde (37), hvor strgmningens tversnit reduceres, fgr den gas-berigede
olie indtreeder i afgasningsapparatet (31).

Apparat til udgvelse af en fremgangsméde if@glge et hvilket som helst af de fo-
regéende krav, hvilket apparat omfatter:

- Bt forste (31) og et andet (33) afgasningsapparat, som hvert omfatter et
nedre volumen (31B, 33B), der indeholder olie og indbyrdes er fluidstrgm-
ningsforbundne, og hvert har et gvre volumen (31A, 33A), som indeholder
gas og indbyrdes er fluidstrgmningsforbundne;

- et afgangsgas-system (6), der er forbundet til det gvre volumen (31A, 33A)
og omfatter en én-vejs mekanisme (55) for kun én-vejs transport af gas,
hvilken ene vej er rettet bort fra afgasningsapparatet (31, 33);

- en fgrste pumpe (2) for tilfgrsel af olie til det fgrste afgasningsapparat (31)
og en anden pumpe (34) for udtrekning af olie fra det andet afgasningsap-
parat (33) for derved at bevirke linezr transport af olie fra den fgrste pum-
pe (2) til det fgrste afgasningsapparat (31), fra det fgrste (31) til det andet
(33) afgasningsapparat, og fra det andet afgasningsapparat (33) til den an-
den pumpe (34);

- en gvre kontakt (50A) og en nedre kontakt (50B) 1 det andet afgasningsap-
parat (33) med henblik pa detektering af henholdsvis et gvre og et nedre
olieniveau i det andet afgasningsapparat (33), hvorved den gvre (50A) og
den nedre (50B) kontakt funktionsmaessigt er forbundet til niveaujuste-
ringsmidler, hvilke niveaujusteringsmidler ogsa funktionsmaessigt er for-
bundet til den farste pumpe (2) og den anden pumpe (34) samt programme-
ret til skiftevist at have og sanke olieniveauet mellem de to kontakter
(50A og 50B) ved differentiel justering af strgmningshastigheden for den
forste (2) og den anden pumpe (34);

- en gasforsyning for tilfgrsel af gas til olien, sa der dannes gasbobler, som
stiger op gennem olien i afgasningsapparatet (31, 33), mens gasboblerne
absorberer vanddamp, der, sammen med gassen i boblerne, frigives til det
gvre volumen (31A, 33A) med henblik pa afgivning fra afgasningsappara-
tet (31, 33) via afgangssystemet (6).

Apparat ifglge krav 12, hvorved de nedre volumina (31A, 33A) 1 det fgrste
(31) og det andet (33) afgasningsapparat indbyrdes er forbundet ved hjzlp af et
oliergr (46, 49), hvorved oliergret (46, 49) omfatter en rgr-udgang (54) oven
over det gvre olieniveau (S0A) 1 det andet afgasningsapparat (33), hvilken rgr-
udgang (54) er beliggende péd niveau med olieniveauet i det fgrste afgasnings-
apparat (31).
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Apparat ifplge krav 12 eller krav 13, ydermere omfattende en beholder (39),
der er fluidstrgmningsforbundet til en fgrste pumpe (2) med henblik pé trans-
port (38) af olie til en indgang (47) pa det forste afgasningsapparat (31); hvor-
ved tveersnittet for det fgrste afgasningsapparat (31) er stgrre end tvaersnittet
for indgangen (47); en gasforsyning (15), som er tilvejebragt i beholderen (39)
med henblik pé tilfgrsel af gas til olien for at skabe gasbobler i olien; hvorved
pumpen (2) er konfigureret til at pumpe olie ind i beholderen (39) hen imod
indgangen (47) 1 det forste afgasningsapparat (31) ved et tryk, der er hgjere
end atmosfearisk tryk.

Apparat ifglge et hvilket som helst af kravene 12 til 14, hvorved gasforsynin-
gen (15) er tilvejebragt 1 en fgrste position 1 beholderen (39), hvor beholderen
(39) har et fgrste tveersnit, hvorved

- beholderen (39) enten har en indsnavring (37) med et andet tvarsnit, der
er mindre end det fgrste tveersnit, nedstrgms for det forste tvarsnit,

- eller det forste tveersnit er stgrre end indgangens (47) tveersnit,
- eller begge.

Apparat ifglge et hvilket som helst af kravene 12 til 15, hvorved en hindrings-
komponent (32) er tilvejebragt i det fgrste afgasningsapparat (31); hindrings-
komponenten (32) er konfigureret til at bevirke forggelse af oliens overflade-
areal ved at sprede olien rundt om hindringskomponenten (32), nar olien pas-
serer hindringskomponenten i en strgmning (40) gennem det fgrste afgas-
ningsapparat (31); hindringskomponenten (32) omfatter en gvre ende (32B),
hvorved indgangen (47) er tilvejebragt neden under hindringskomponentens
(32) gvre ende med henblik pa strgmning af olien fra indgangen (47) og passe-
rer i det mindste en del af hindringskomponenten (32) under strgmning i opad-
gaende retning (40) gennem det fgrste afgasningsapparat (31).
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