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(57) Abstract: Invention relates an arrangement for transferring liquefied gas from a cryogenic tank (11 ) comprising an intake passage
(16) extending into the tank (11 ), a pump (18) arranged in connection with the intake passage (16) such that liquefied gas can be
transferred from the cryogenic tank (11 ) into the intake passage (16) when the pump (18) is operated, wherein the intake passage (16)
is provided with at least two inlet openings (22) arranged at different locations (L1...LN) of the intake passage (16), at least one of
the inlet openings (22) is provided with a flow control means (24) configured to adjust the flow resistance of the inlet opening (22).
Invention relates also to a method of transferring liquefied gas from a cryogenic tank (11 ).
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Arrangement for and method of transferring liquefied gas from a cryogenic
tank

Technical field

[001] The present invention relates to an arrangement for transferring liquefied

gas from a cryogenic tank according to the preamble of claim 1.

[002] The present invention relates also to a method of transferring liquefied
gas from a cryogenic tank according to the preamble of the independent method

claim.

Background art

[003] Liquefied gas as a fuel of prime movers in marine vessels and other mo-
bile power plants has increasingly become of interest while the importance of

environmental issues of particularly the exhaust emissions have increased.

[004] EP 2032428 B1 discloses an example of a fuel system for gas driven
piston engine in a marine vessel, in which gas is stored in at least one fuel stor-
age tank in the vessel as liquefied gas. The fuel feeding system comprises a
separate fuel feed tank in which the gas is in liquid phase and at elevated pres-
sure. The gas is also in liquid phase in the fuel storage tank, in which, however,

prevails only the hydrostatic pressure caused by the liquid gas.

[005] As is generally known, gas may be transported in by special carrier ships
via water ways to their destinations. When stored in liquefied form in a tank the
gas is mainly in liquefied form at the bottom part of the tank but there is a gaseous
space above the surface of the liquefied gas containing fractions of the gas. Gas
cargo having different properties may be carried in the same tank if approved by
the administration. This is mainly done to help operators and ship owners to save
transportation cost and make some more profit from the same vessel by deliver-

ing different cargoes. When it comes to liquefied gas portion of the cargo tank,
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the ship owners have to be extra cautious because of the various hazards asso-
ciated with it. A so called Rollover is one such dangerous situation that can be

generated while carrying liquefied gas cargo in large tanks.

[006] Rollover is a process of spontaneous mixing up of a similar or two differ-
ent liquefied gas cargos due to changes in the density of upper and lower layers
of liquefied gas in the tank. This can take place because of the boiling off of lighter
fractions from the liquefied gas cargo, resulting in the liquid layer adjacent to the
liquid surface to become denser than the layer beneath it. When this situation
occurs, stratification develops and the unstable condition relieves itself with spon-
taneous mixing known as rollover. It has been commonly considered that the
rollover phenomena have various negative effects. Due to the rollover the boil off
rate may increase considerably because it facilitates transporting of lighter frac-
tions to the upper layer, which result in more rapid increase of pressure in the

tank.

[007] Patent application JP19920293027 proposes a solution to prevent the
rollover phenomena. It proposes that rollover can be prevented by inserting a
LNG distribution pipe, having double tube structure composed of an inner pipe
with holes and an outer pipe with holes, in an LNG storage tank and rotating the
inner pipe by a rotation mechanism. There is a pump by means of which LNG
from a lower part of the tank is sucked into the inner pipe, and distributed to upper
layer at vertical locations ruled by the holes to cause forced convection in the

tank.

[008] An object of the invention is to provide an arrangement for and method of
transferring liquefied gas from a cryogenic tank in which the stratification of the
liquefied gas is made use in connection with transferring liquefied gas from a gas

tank.

Disclosure of the Invention

[009] Objects of the invention can be met substantially as is disclosed in the
independent claims and in the other claims describing more details of different

embodiments of the invention.
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[0010] According to an embodiment of the invention an arrangement for
transferring liquefied gas from a cryogenic tank comprising an intake passage
extending into the tank, a pump arranged in connection with the intake passage
such that liquefied gas can be transferred from the cryogenic tank into the intake
passage when the pump is operated, wherein the intake passage is provided with
at least two inlet openings arranged at different locations of the intake passage,
and wherein at least one of the inlet openings is provided with a flow control

means configured to adjust the flow resistance of the inlet opening.

[0011] This way the stratification of the liquefied gas in the cryogenic tank is
made use in connection with transferring liquefied gas from a gas tank e.g. to a
gas consumer or other destination, so that the gas quality can be controlled and
effected continuously. This provides also a method of controlling the fuel quality

of the gas consumer and the operation of the gas consumer.

[0012] According to an embodiment of the invention the intake passage com-
prises a collector chamber and an intake conduit, wherein the intake conduit is
configured to open inside the collector chamber and the collector chamber is
provided with said at least two inlet openings arranged at different locations at
the height of the collector chamber. The height means the dimension or location
in the direction of liquefied gas normal in the tank. The direction of liquefied gas

normal in the tank is also referred to as being vertical direction.

[0013] According to an embodiment of the invention the collector chamber
comprises a duct and the intake conduit is arranged to extend parallel to the duct
from a first end of the duct to the second end of the duct and that the intake
conduit is provided with an inlet through which the intake conduit opens inside

the duct at its second end.

[0014] According to an embodiment of the invention the intake conduit is in-
side the duct, wherein the collector chamber is arranged to an annular space

between the intake conduit and the duct.

[0015] According to an embodiment of the invention the intake passage is

provided with more than two inlet openings arranged at different locations at the
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height of the passage, and each one of the openings is provided with a flow con-

trol means configured to adjust the flow resistance of the opening.

[0016] According to an embodiment of the invention the intake passage is
arranged to a cryogenic tank such that is extends from a top wall of the tank to
inside the tank in a below liquefied gas surface when the tank containing liquefied

gas.

[0017] According to an embodiment of the invention the arrangement com-
prises at least one return conduit arranged such that the liquefied gas containing
the mixture or composition in the intake passage can be returned back to the

tank.

[0018] According to an embodiment of the invention the arrangement com-
prises at least two return conduits which into the tank at different vertical locations

thereof.

[0019] The gas consumer may be for example an internal combustion engine

or a fuel cell.

[0020] According to an embodiment of the invention the arrangement is in
flow communication with a gas consumer configured to utilize the gas, such that
the arrangement comprises a gas feed line extending from the intake passage to
the gas consumer, wherein the arrangement further comprising a gas evaporator
unit in the gas feed line for evaporating the liquefied gas into gaseous form and
a gas monitoring unit in the gas feed line downstream the gas evaporator unit,
and a controller unit arranged in data transfer communication with the gas mon-
itoring unit and with the flow controlling means in intake passage, which controller
unit is configured to control the flow control means using the data obtained from

the gas monitoring unit as feedback information.

[0021] According to an embodiment of the invention the controller unit com-
prises a controller adaptation unit arranged in data transfer communication with
the gas monitoring unit and with the flow controlling means in intake passage,
and the controlled adaptation unit being configured to provide correspondence
between the actuation position of the flow control means and gas composition

information obtained by the gas monitoring unit, and the controlled adaptation
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unit is configured to provide an adapted set values for controlling the flow con-

trolling means.

[0022] According to an embodiment of the invention the controller unit com-
prises an information of a predetermined target value range of a predetermined
variable of the fuel, such as its heat value or gas composition including concen-
tration ranges of gas components, and that the controller unit comprises execut-
able instructions to set an actuation variable of the flow controlling means in in-

take passage based on the data obtained from the gas monitoring unit.

[0023] According to an embodiment of the invention the controller unit com-
prises an information of distribution of a variable, such as temperature, in the
tank and that the controller unit comprises executable instructions to set an ac-
tuation variable of the flow controlling means in intake passage based on the
variable information of the tank. This way it is possible to minimize the rollover

phenomenon in the tank in a controlled manner.

[0024] Method of transferring liquefied gas from a cryogenic tank comprising
steps of arranging an intake passage into the tank, transferring liquefied gas from
the tank into an intake passage wherein liquefied gas is transferred into the intake
passage as at least two partial flows via at least two inlet openings at different
locations of the intake passage in the tank, and controlling flow rate of the at least
one of the partial flows by means of a flow control means in at least one of the

inlet openings.

[0025] According to an embodiment of the invention the intake passage com-
prises a collector chamber into which the liquefied gas is transferred via the at
least two inlet openings at different location from the tank and the liquefied gas

is transferred from the collector chamber into an intake conduit.

[0026] According to an embodiment of the invention at least a portion of the
liquefied gas transferred from the tank to the intake passage is recirculated back

to the tank via at least one return conduit.

[0027] According to an embodiment of the invention the recirculated portion

of the liquefied gas is recirculated to at least two different locations of the tank.
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[0028] According to an embodiment of the invention the liquefied gas is trans-
ferred to a gas consumer configured to utilize the gas, such that the arrangement
comprises a gas feed line extending from the intake passage to the gas con-
sumer, wherein the liquefied gas is evaporated into gaseous form in a gas evap-
orator unit arranged to the gas feed line and at least one predetermined property
of the gas is monitored in a gas monitoring unit arranged in the gas feed line
downstream the gas evaporator unit, and the flow rate of the at least one of the
partial flows is controlled by means of a flow control means in at least one of the

inlet openings based on the monitored property.

[0029] According to an embodiment of the invention providing a correspond-
ence between the actuation position of the flow control means and a variable
obtained by the gas monitoring unit and providing adapted set values for the con-

trolling the flow controlling means.

[0030] According to an embodiment of the invention a predetermined varia-
ble of the fuel, such as its heat value or gas composition including concentration
ranges of gas components, is utilized to set an actuation variable of the flow con-
trolling means in intake passage based on the data obtained from the gas moni-

toring unit.

[0031] The arrangement provides an option to provide multiple gas inlet
openings and optionally multiple recycle discharge openings on several different

height i.e. vertical locations inside tank.

[0032] According to an embodiment of the invention an information of a var-
iable, such as temperature, in the tank is utilized to set an actuation variable of
the flow controlling means in intake passage. This way it is possible to minimize

the rollover phenomenon in the tank in a controlled manner.

[0033] By means of the invention is it possible control the fuel quality when
the liquefied gas, such as natural gas inside storage tank is stratified where heav-
iest fractions are at bottom and lightest at top and thus accordingly the methane

number and the heat value number vary.
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[0034] The invention may also be utilized to manage the circumstances, such
as rollover prevention or gas pressure, in the tank by using the aspect of recircu-
lating portion of the liquefied gas to a desired vertical locations of the tank. By
means of the invention it is generally possible to tune the composition of the lig-
uefied gas in tank according need. The invention is applicable for use in connec-

tion with various gases, such as LNG, LPG, Ammonia and Hydrogen.

[0035] The exemplary embodiments of the invention presented in this patent
application are not to be interpreted to pose limitations to the applicability of the
appended claims. The verb "to comprise” is used in this patent application as an
open limitation that does not exclude the existence of also unrecited features.
The features recited in depending claims are mutually freely combinable unless
otherwise explicitly stated. The novel features which are considered as charac-

teristic of the invention are set forth in particular in the appended claims.

Brief Description of Drawings

[0036] In the following, the invention will be described with reference to the ac-

companying exemplary, schematic drawings, in which

Figure 1 illustrates an arrangement for transferring liquefied gas from a cryogenic

tank according to an embodiment of the invention,

Figure 2 illustrates an arrangement for transferring liquefied gas from a cryogenic

tank according to another embodiment of the invention,

Figure 3 illustrates an arrangement for transferring liquefied gas from a cryogenic

tank according to still another embodiment of the invention,

Figure 4 illustrates an arrangement for transferring liquefied gas from a cryogenic

tank according to still another embodiment of the invention, and

Figure 5 illustrates an arrangement for transferring liquefied gas from a cryogenic

tank according to still another embodiment of the invention.
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Detailed Description of Drawings

[0037] Figure 1 depicts schematically an arrangement 10 for transferring lique-
fied gas 12 from a cryogenic tank 11. It should be noted that the form and struc-
ture, as well as auxiliaries of the tank are very schematically described and only
such features which are required to understand the invention are shown. The
tank 11 is a cryogenic tank which is capable storing gas in liquefied form meaning
that the temperature of the liquefied gas in that may be in a magnitude of minus
160 Celsius degrees or even less. More specifically the figure 1 discloses an
arrangement for transferring gas to a gas consumer 14, such an internal com-
bustion piston engine, a fuel cell or alike, which uses the gas when running. The

gas consumer 14 is connected with the tank 11 by a gas feed line 20.

[0038] According to the invention the arrangement for transferring liquefied gas
from a cryogenic tank is arranged to communicate with a tank space of the tank
11. There is gaseous gas forming an ullage space 13 and liquefied gas 12 in the
tank 11. The arrangement of transferring liquefied gas comprises an intake pas-
sage 16 which extends into the tank 11 through the top wall 11" which borders
an ullage space 13 of the tank 11. The intake passage 16 extends from the top
wall 11’ of the tank to inside the tank, below liquefied gas surface when the tank
contains liquefied gas. In practise the intake passage 16 extends from the top of
the tank to the bottom area of the tank. The arrangement comprises a pump 18
or a like which is arranged in connection with the intake passage 16. The pump
is needed for sucking the liquefied gas from the tank and raising the pressure of
the liguefied gas, since the pressure in the tank 11 is not high enough to transfer
the gas to the consumer 14 in the embodiment of figure 1. However, the pump is
not an essential feature of invention in case the tank is a pressure vessel and
thus can be pressurized by e.g. a pressure build up system for maintaining ade-
quate pressure in the tank. The pump also may be an integral part of the intake
passage 16. However, in the embodiment of the figure 1 the pump 18 is arranged
inside the tank 11 to the inlet end of the intake passage 16 in the gas feed line
20. By means of the pump 18 liquefied gas can be transferred from the cryogenic
tank 11 into the intake passage 16 when the pump is operated. The pump is

provided with a motor 18’ which is advantageously outside the tank 11 and is in
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force transmission connection with the pump 18, e.g. by means of a drive shaft.
When the motor 18’ is outside the tank the heat generated by the motor 18’ when
running is not transferred to the liquefied gas. The pump 18 in the figure 1 com-
prises three stages, having impellers and their volute housing separate to the
motor 18’. It should be noted that contrary to the figure 1 arranging the motor 18’
inside the tank to immediate proximity to the pump 18 is, though, a technically

feasible alternative, as is depicted in the figure 2.

[0039] The liquefied gas in the tank 11 may be for example liquefied natural gas
LNG which is comprised of mainly methane but also small portions of other sub-
stances. During the liquefied gas fuel is stored in the tank 11 stratification of liquid
portion will take place and the quality of the gas varies at different vertical levels
forming layers liquefied gas. For example due to natural boil off phenomenon,
which is known as such to a skilled person in the art, the lighter components i.e.
hydrocarbons with shorter chains, are evaporated more easily and therefore the
surface layer L2 may contain more longer hydrocarbon chains than just below
the surface. Evaporation also cools down the top surface and the liquefied gas
becomes denser. Stratification of the liquefied gas is also caused by temperature

and/or density differences of liquid.

[0040] As is shown in the figure 1 the intake passage 16 is provided with inlet
openings 22 which are arranged at different vertical locations L1 to LN of the
intake passage 16. The number and mutual vertical distances of openings may
vary depending on the practical case. In order to provide a desired effect of the
invention at least one of the inlet openings 22 is provided with a flow control
means 24 configured to adjust the flow resistance of the opening. This means in
practise that it is not necessary in all cases to either totally open or close an
opening 22 but it may be enough to merely adjust the control means to more or
less flow restricting position between 0 - 100 % open position i.e. changing the
flow resistance of the opening. This makes it possible to control the contents of
the liquefied gas which is transferred from the tank 11 to the intake passage 16
and further to the gas consumer. It is also possible to control the composition of
the liquefied gas in the tank 11, and by that means prevent, or cause if so desired,
the rollover phenomena to take place in the tank. As an example, in the figure 1

the inlet openings at the vertical levels L2 and LN are open, which is shown by
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the arrows in the figure. Therefore the liquefied gas discharged from the tank 11
is a mixture of gas compositions at those layers. Even if not shown in the figures,
an inlet opening 22 at one or each vertical location, i.e. height, may be provided
with an inlet system comprising multiple inlet openings at substantially same hor-

izontal level so that the liquefied gas may be taken out from the tank more evenly.

[0041] The arrangement can be used for practising a method of transferring
liquefied gas from a cryogenic tank such that the intake passage is arranged into
the tank 11 and liquefied gas is transferred from the tank into an intake passage
16 as at least two partial flows via at least two inlet openings 22 at different loca-
tions of the intake passage 16 in the tank. The flow rate of the at least one of the
partial flows is controlled or adjusted by means of a flow control means 22 in at

least one of the inlet openings.

[0042] An example of suitable control means is a valve, which can be of various
type and it may also include an integrated electronic or digital control unit. In the
figure 1 the intake passage 16 is provided with more than two inlet openings
arranged at different vertical locations at the height of the passage 16, and each
one of the openings is provided with a flow control means 24 configured to adjust
the flow resistance of the opening. Instead of a valve the control means may be
an adjustable flap, baffle, grid, vane or alike. In each of the figures height means
the dimension or vertical location in the direction of liquefied gas normal in the
tank. The direction of liquefied gas normal in the tank is also referred to as being

vertical direction.

[0043] By means of the invention it is possible to select a suitable vertical layer,
or layers, from which the fuel is discharged so that the fuel quality is as suitable
as possible for a gas consumer 14, e.g. a gas engine or a fuel cell or a hybrid

power system.

[0044] According to an embodiment of the invention which is shown in the figure
1 the intake passage 16 comprises a vertical collector chamber 26 which is pro-
vided with the inlet openings 22 at its wall 28 bordering the collector chamber 26
and the tank space. The openings are arranged at different vertical locations
along the height of the collector chamber 26. As can be seen in the figure 1 the

chamber does not necessarily extend over whole height of the tank, but it only
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needs to have a height which extends through at least two layers of the stratified
liquefied gas. The height can be selected suitably case by case. According to the
embodiment of figure 1 the intake passage 16 comprises also an intake conduit
30 which is configured to open inside the collector chamber 26 through in open-
ing 32 at the lower end of the conduit 30. This way the liquefied gas is transferred
via the at least two inlet openings 22 at different location from the tank 11 into
the collector chamber 26. The liquefied gas is transferred further from the collec-
tor chamber 16 into the intake conduit 30. The intake conduit 30 is provided with

the pump 18.

[0045] Advantageously the collector chamber 26 comprises a duct, which is
here referred to by the same reference 28 as the wall, previously. The intake
conduit 30 is arranged to extend parallel to the duct 28 from a first end of the duct
to the second end of the duct and the intake conduit is provided with an inlet 32
at its second end. It would be a feasible solution to arrange the intake conduit
outside the duct 28 and lead the inlet 32 inside the duct, but advantageously the
intake conduit 30 is arranged inside the duct, which is of circular cross section,
and the collector chamber 26 is arranged to an annular space between the intake

conduit 30 and the duct 28, since they are coaxially arranged in the figure 1.

[0046] According to an aspect of the invention the arrangement 10 is in flow
communication with the gas consumer 14 configured to utilize, or for example
and more specifically combust the gas, such that the gas feed line 20 is extending
from the intake passage 16 to the gas consumer 14. The arrangement further
comprises a gas evaporator unit 34 in the gas feed line for evaporating the lique-
fied gas into gaseous form and a gas monitoring unit 36 in the gas feed line
downstream the gas evaporator unit. The gas evaporator unit 34 comprises one
or more heat exchangers in which heat is brought to the liquefied gas so as to

evaporate it into gaseous form and increase its temperature to suitable level.

[0047] The gas monitoring unit comprises sensors by means of which at least
one predetermined property of the gas, or desired physical properties of the gas
are monitored substantially constantly. According to an embodiment of the inven-
tion the composition of the gas is monitored. Based on the constituents of the

gas obtained by using the gas monitoring unit it is possible to define the heat
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value of the gas, which in turn effects on the performance of the gas consumer
14.

[0048] The arrangement comprises also a controller unit 38 arranged in data
transfer communication with the gas monitoring unit and with the flow controlling
means in intake passage, which controller unit 38 is configured to control the flow
control means using the data obtained from the gas monitoring unit as feedback
information. According to an embodiment of the invention the controller unit 38
comprises a controller adaptation unit 40, which can be so called a machine
learning unit arranged in data transfer communication with the gas monitoring
unit 36 and with the flow controlling means 22 in intake passage 16.The controller
adaptation unit 40 is configured to provide correspondence between actuated
mutual positions of the flow control means 22 and the gas composition obtained
by the gas monitoring unit, and the controller adaptation unit 40 is configured to
provide adapted set values for controlling the flow controlling means. Thus, the
flow rate of the at least one of the partial flows is controlled by means of a flow
control means 20 in at least one of the inlet openings based on the monitored
gas property. This way by providing a correspondence between the actuation
position of the flow control means and a variable obtained by the gas monitoring

unit adapted set values for the controlling the flow controlling means is provided.

[0049] The controller unit 38 comprises an information of a predetermined
target value range of a predetermined variable of the fuel, such as its heat value
or gas composition including concentration ranges of gas components, and the
controller unit 38 comprises executable instructions to set an actuation variable
of each one of the flow controlling means in intake passage based on the data

obtained from the gas monitoring unit.

[0050] A predetermined variable of the fuel, such as its heat value or gas
composition including concentration ranges of gas components, is utilized to set
an actuation variable of the flow controlling means in in-take passage based on

the data obtained from the gas monitoring unit.

[0051] Figure 2 shows an embodiment of the invention which is based on the
embodiment of the figure 1 but where some of the part of the arrangement differs

from those in the figure 1. Firstly, the intake passage 16 differs of its structure
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from that shown in the figure 1. As is shown in the figure 2 the intake passage
16 comprises a vertical collector chamber 26 which is arranged to extend from
the top of the tank 11 to above its bottom. In other words the intake conduit does
not extend over full height of the tank space. Secondly, in the embodiment of the
figure 2 the pump 18 is located near the bottom part of the collector chamber 26

and the pump 18 has integrated motor 18'.

[0052] The arrangement shown in the figure 2 can be used for practising a
method of transferring liquefied gas from a cryogenic tank such that the intake
passage is arranged into the tank 11 and liquefied gas is transferred from the
tank into an intake passage 16 as at least two partial flows via at least two inlet
openings 22 at different locations of the intake passage 16 in the tank. The flow
rate of the at least one of the partial flows is controlled or adjusted by means of

a flow control means 24 in at least one of the inlet openings.

[0053] Figure 3 shows schematically the arrangement for transferring lique-
fied gas from a cryogenic tank according to an embodiment of the invention. The
arrangement comprises an intake passage 16 extending into the tank 11, which
passage 16 comprises at least two parallel intake conduits 30” each provided
with a flow control means 24 and a pump 18. The conduits 30" of the passage
16 are provided with inlet openings 22 arranged at different vertical locations of
the passage 16. The intake conduits 30" are all connected together at the outlet
side of the pumps 18 such that liquefied gas can be transferred from the cryo-
genic tank into the intake passage when the respective pump is operated from
desired level of the tank 11. Control of intake of the liquefied gas may be per-

formed by controlling the flow control means 24 and/or the pumps 18.

[0054] The arrangement shown in the figure 3 can be used for practising a
method of transferring liquefied gas from a cryogenic tank such liquefied gas is
transferred from the tank 11 into an intake passage 16 as at least two partial
flows via at least two inlet openings 22 at different locations of the intake passage
16 in the tank. The flow rate of the at least one of the partial flows is controlled or

adjusted by means of a flow control means 24 in at least one of the inlet openings.
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[0055] Further the arrangement shown in the figure 3 is in flow communica-
tion with a gas consumer 14 configured to utilize the gas, such that the arrange-
ment comprises a gas feed line 20 extending from the intake passage 16 to the
gas consumer 14. The arrangement further comprising a gas evaporator unit 34
in the gas feed line for evaporating the liquefied gas into gaseous form and a gas
monitoring unit 36 in the gas feed line downstream the gas evaporator unit, and
a controller unit 38 arranged in data transfer communication with the gas moni-
toring unit and with the flow controlling means in intake passage, which controller
unit 38 is configured to control the flow control means 24 using the data obtained

from the gas monitoring unit as feedback information.

[0056] The arrangement shown in the figure 3 can be used for practising a
further method of transferring liquefied gas from a cryogenic tank to a gas con-
sumer 14 configured to utilize the gas, wherein the liquefied gas is evaporated
into gaseous form in a gas evaporator unit arranged to the gas feed line and at
least one predetermined property of the gas is monitored in a gas monitoring unit
36 arranged in the gas feed line downstream the gas evaporator unit, and the
flow rate of the partial flow in each one of the conduit 30” is controlled by means
of a flow control means in at least one of the inlet openings based on the moni-

tored property.

[0057] The gas monitoring unit 36 may be configured to monitor either gase-
ous or liquefied gas and therefore its location may be either upstream or down-

stream the gas evaporator unit 34.

[0058] Figure 4 shows a further embodiment of the invention which in addi-
tion the arrangement is capable of controlling the quality of the gas transferred
from the cryogenic tank to the gas consumer 14, has a feature for controlling the
stratification of the liquefied gas in the tank 11. As it becomes clear from the
figure 4 it has corresponding elements to the figure 3 and operates in the same
way, notwithstanding the feature for controlling the stratification of the liquefied
gas in the tank 11 and having a shared pump 18 outside the tank 11. The intake
conduits 30" are all connected together at the inlet side of the pump 18 such that
liquefied gas can be transferred from the cryogenic tank into the intake passage
when the pump is operated. The arrangement comprises at least one return con-

duit 21 which extends from the gas feed line 20 into the tank 11. Each one of the
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inlet openings 22 may be provided with a one-way valve. This way the passage
16 remains filled with liquefied gas during down times of the pump ensuring the
operation of the pump when started. It is also possible to control the pressure in
the tank such that it is slightly higher than in the gas feed line 20 at the start. This

ensures that the pumps inlet side is filled with liquefied gas.

[0059] In the figure 4 there are four return conduits 21 which are arranged
such that the liquefied gas containing the mixture or composition in the intake
passage 16 can be returned back to one or several selected vertical levels in the
tank 11. This way, at least a portion of the liquefied gas transferred from the tank
to the intake passage is recirculated externally (to the tank 11) back to the tank
via at least one return conduit. The arrangement of the figure 4 comprises three
return conduits. The conduits extend from the pressure side or downstream side
in the flow direction of the gas to the tank 11. Each return conduit 21 is provided
with a valve 25 to control the flow through the conduit 21. A return duct may be
provided with a distribution system comprising multiple outlets at substantially
same horizontal level so that the returned gas may be delivered back to the tank
more evenly. It should be understood that a system of return conduits may be
applied in anyone of the embodiments disclosed. In the embodiment of the figure
1 it can be integrated to the duct 28. Each one of the inlet openings 22 may be
provided with a one-way valve. This way the passage 16 remains filled with lig-

uefied gas during down times of the pump.

[0060] Figure 5 shows a further embodiment of the invention which in addi-
tion to the arrangement is capable of controlling the quality of the gas transferred
from the cryogenic tank to the gas consumer 14 by selecting a predetermined
level of tank from which the gas is removed, it has a feature for controlling the
stratification of the liquefied gas in the tank 11. As it becomes clear from the
figure 5 it has corresponding elements to the figure 1 and operates in the same
way, notwithstanding the feature for controlling the stratification of the liquefied
gas in the tank 11. The arrangement comprises at least one return conduit 21
inside the tank 11 which extends from the intake passage 16 into the tank 11
through the duct 28. In other words the return conduits branch from the intake
passage 16 inside the tank 11, at pressure side of the pump 18. In the figure 5

there are three return conduits 21 which are arranged such that the liquefied gas
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containing the mixture or composition in the intake passage 16 can be returned
back to one or several selected vertical levels in the tank 11. The number and
vertical location of the return conduits 21 can be selected as desired case by
case. This way, at least a portion of the liquefied gas removed from the tank to
the intake passage 16 is recirculated back internally to the tank via at least one
return conduit 21. This minimizes warming up of the recirculated gas. The ar-
rangement of the figure 5 comprises three return conduits. Each return conduit
21 is provided with a valve 25 to control the flow through the conduit 21. In addi-
tion to what is disclosed with reference to the figure 1 in the embodiment of the
figure 5 the controller unit 38 is arranged in data transfer communication with the
gas monitoring unit and with the valves 25. The controller unit 38 is configured to
control the valves 25 using the data obtained from the gas monitoring unit as
feedback information. The conduits extend from the pressure side, or down-
stream side of the pump 18 in the flow direction of the gas, to the tank 11. The
conduits are integrated to the duct 28. It is possible that in some cases the inter-
nal recirculation as is shown in the figure 5 and the external recirculation shown

in the figure 4 are combined in connection with one tank.

[0061] While the invention has been described herein by way of examples in
connection with what are, at present, considered to be the most preferred em-
bodiments, it is to be understood that the invention is not limited to the disclosed
embodiments, but is intended to cover various combinations or modifications of
its features, and several other applications included within the scope of the in-
vention, as defined in the appended claims. The details mentioned in connection
with any embodiment above may be used in connection with another embodi-

ment when such combination is technically feasible.
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Claims

1. An arrangement for transferring liquefied gas from a cryogenic tank (11)
comprising

an intake passage (16) extending into the tank (11),

a pump (18) arranged in connection with the intake passage (16) such that lig-
uefied gas can be transferred from the cryogenic tank (11) into the intake pas-
sage (16) when the pump (18) is operated,

characterized in that

the intake passage (16) is provided with at least two inlet openings (22) arranged
at different locations (L1...LN) of the intake passage (16),

at least one of the inlet openings (22) is provided with a flow control means (24)

configured to adjust the flow resistance of the inlet opening (22).

2. The arrangement for transferring liquefied gas from a cryogenic tank (11)
according to claim 1, characterized in that intake passage (16) comprises a ver-
tical collector chamber (26) and an intake conduit (30), wherein the intake conduit
(30) is configured to open inside the collector chamber (26) and the collector
chamber (26) is provided with said at least two inlet openings (22) arranged at

different locations at the height of the collector chamber (26).

3. The arrangement for transferring liquefied gas from a cryogenic tank (11)
according to claim 2, characterized in that the collector chamber (26) comprises
a duct (28) and the intake conduit (30) is arranged to extend parallel to the duct
(28) from a first end of the duct (28) to the second end of the duct (28) and that
the intake conduit (30) is provided with an inlet through which the intake conduit

(30) opens inside the duct (28) at its second end.

4. The arrangement for transferring liquefied gas from a cryogenic tank (11)
according to claim 3, characterized in that the intake conduit (30) is inside the
duct (28), wherein the collector chamber (26) is arranged to an annular space
between the intake conduit (30) and the duct (28).
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5. The arrangement for transferring liquefied gas from a cryogenic tank (11)
according to claim 1, characterized in that the intake passage (16) is provided
with more than two inlet openings (22) arranged at different locations at the height
of the passage, and each one of the openings is provided with a flow control

means (24) configured to adjust the flow resistance of the opening.

6. The arrangement for transferring liquefied gas from a cryogenic tank (11)
according to claim 1, characterized in that the intake passage (16) is arranged
to a cryogenic tank (11) such that is extends from a top wall (11’) of the tank (11)
to inside the tank (11) in a below liquefied gas surface when the tank (11) con-

taining liquefied gas.

7. The arrangement for transferring liquefied gas from a cryogenic tank (11)
according to claim 1, characterized in that the arrangement comprises at least
one return conduit (21) arranged such that the liquefied gas containing the mix-

ture or composition in the intake passage (16) can be returned back to the tank

(11).

8. The arrangement for transferring liquefied gas from a cryogenic tank (11)
according to claim 7, characterized in that the arrangement comprises at least
two return conduits (21) which into the tank (11) at different vertical locations

thereof.

9. The arrangement for transferring liquefied gas from a cryogenic tank (11)
according to anyone of the preceding claims, characterized in that the arrange-
ment is in flow communication with a gas consumer (14) configured to utilize the
gas, such that the arrangement comprises a gas feed line (20) extending from
the intake passage (16) to the gas consumer (14), wherein the arrangement fur-
ther comprising a gas evaporator unit (34) in the gas feed line (20) for evaporating
the liquefied gas into gaseous form and a gas monitoring unit (36) in the gas feed
line (20) downstream the gas evaporator unit (34), and a controller unit (38) ar-
ranged in data transfer communication with the gas monitoring unit (36) and with
the flow controlling means in intake passage (16), which controller unit (38) is
configured to control the flow control means (24) using the data obtained from

the gas monitoring unit (36) as feedback information.
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10. The arrangement for transferring liquefied gas from a cryogenic tank (11)
according to claim 9, characterized in that the controller unit (38) comprises a
controller adaptation unit (40) arranged in data transfer communication with the
gas monitoring unit (36) and with the flow controlling means in intake passage
(16), and the controlled adaptation unit (40) being configured to provide corre-
spondence between the actuation position of the flow control means (24) and gas
composition information obtained by the gas monitoring unit (36), and the con-
trolled adaptation unit is configured to provide an adapted set values for control-

ling the flow controlling means (24).

11. The arrangement for transferring liquefied gas from a cryogenic tank (11)
according to claim 9, characterized in that the controller unit (38) comprises an
information of a predetermined target value range of a predetermined variable of
the fuel, such as its heat value or gas composition including concentration ranges
of gas components, and that the controller unit (38) comprises executable in-
structions to set an actuation variable of the flow controlling means in intake pas-

sage (16) based on the data obtained from the gas monitoring unit (36).

12. Method of transferring liquefied gas from a cryogenic tank (11) comprising
steps of arranging an intake passage (16) into the tank (11), transferring liquefied
gas from the tank (11) into an intake passage (16) wherein liquefied gas is trans-
ferred into the intake passage (16) as at least two partial flows via at least two
inlet openings (22) at different locations of the intake passage (16) in the tank
(11), and controlling flow rate of the at least one of the partial flows by means of

a flow control means (24) in at least one of the inlet openings (22).

13. Method of transferring liquefied gas from a cryogenic tank (11) according
to claim 12, characterized in that the intake passage (16) comprises a collector
chamber (26) into which the liquefied gas is transferred via the at least two inlet
openings (22) at different location from the tank (11) and the liquefied gas is

transferred from the collector chamber (26) into an intake conduit (30).

14. Method of transferring liquefied gas from a cryogenic tank (11) according
to claim 12, characterized in that at least a portion of the liquefied gas trans-
ferred from the tank (11) to the intake passage (16) is recirculated back to the

tank (11) via at least one return conduit.
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15. Method of transferring liquefied gas from a cryogenic tank (11) according
to claim 14, characterized in that the recirculated portion of the liquefied gas is

recirculated to at least two different locations of the tank (11).

16. Method of transferring liquefied gas from a cryogenic tank (11) according
to claim 12, characterized in that the liquefied gas is transferred to a gas con-
sumer (14) configured to utilize the gas, such that the arrangement comprises a
gas feed line (20) extending from the intake passage (16) to the gas consumer
(14), wherein the liquefied gas is evaporated into gaseous form in a gas evapo-
rator unit (34) arranged to the gas feed line (20) and at least one predetermined
property of the gas is monitored in a gas monitoring unit (36) arranged in the gas
feed line (20) downstream the gas evaporator unit (34), and the flow rate of the
at least one of the partial flows is controlled by means of a flow control means

(24) in at least one of the inlet openings (22) based on the monitored property.

17. Method of transferring liquefied gas from a cryogenic tank (11) according
to claim 12, characterized by providing a correspondence between the actuation
position of the flow control means (24) and a variable obtained by the gas moni-
toring unit (36) and providing adapted set values for the controlling the flow con-

trolling means.

18. Method of transferring liquefied gas from a cryogenic tank (11) according
to claim 12, characterized in that a predetermined variable of the fuel, such as
its heat value or gas composition including concentration ranges of gas compo-
nents, is utilized to set an actuation variable of the flow controlling means in in-

take passage (16) based on the data obtained from the gas monitoring unit (36).
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