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DESCRIPTION

[0001] The present invention relates to a gas expansion device and method for expanding
gas.

[0002] Applications for multiphase fluid expansion in a volumetric expansion element that is
coupled to a generator for electrical energy present a wide range of characteristics and
limitations.

[0003] One example can be found in CN 204,060,830 wherein a compressed air energy
storage system can be found. The system comprising a compressor, an expansion machine,
an oil reservoir, a high-pressure air storage tank and an oil sprayer.

[0004] In the document GB 2 486 503 A an expander is disclosed with a liquid injection in the
inlet conduit through which laterally the liquid is inserted.

[0005] In some known applications, the pressure and gas compositions are relatively stable
over time, which enables constant operating characteristics and a low control level. In other
applications the operating conditions can vary substantially, which leads to inefficiently and/or
reliability problems.

[0006] Some applications, such as pressure reduction stations for natural gas, generally
maintain a constant pressure downstream from the pressure reduction stations but a variable
pressure upstream. The constant pressure downstream is needed for the correct distribution of
gas to the end customers while the varying pressure upstream is determined by effects such
as variations in the supply and an unstable control.

[0007] In such cases the energy generated by the expansion device is strongly influenced by
the inlet pressure. There are two reasons for this. Firstly a higher inlet pressure leads to an
increased pressure ratio and consequently a greater enthalpy drop per unit of expanded mass,
secondly a higher inlet pressure leads to a greater mass flow on account of a higher gas
density.

[0008] As it is of vital importance for the system that the downstream pressure is maintained,
the expansion machine may only expand a mass flow that is equivalent to the instantaneous
demand for gas at the endpoints of the gas network.

[0009] This leads to requirements for a complex variability of the volume flow at the inlet in a
volumetric expansion machine with variable inlet pressure.

[0010] Existing solutions to control the volume flow in a volumetric expansion device include
VSD, i.e. variable speed drives, flow reduction at the inlet, and mechanical means to vary the
stroke volume of the machine.
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[0011] Flow reduction at the inlet means that the density of the gas can be adjusted to control
the mass flow that is expanded. The disadvantage is the clear efficiency loss as the pressure
ratio of the expansion device is substantially reduced at all times, except when a maximum flow
is required which is rarely the case.

e To control the stroke volume, a movable sleeve valve or other valve mechanism that
changes the stroke volume of the machine is generally used. Such solutions can be
extremely efficient but are expensive and increase the complexity of the design and
thereby jeopardise the reliability.

« A VSD enables a precise control of the expanded mass volume and also preserves a
high efficiency and low design complexity. But the torque of volumetric expansion
machines is generally little dependent on the speed or even inversely dependent.

[0012] This means that a VSD generator must be able to operate safely at a low speed and at
a high torque. Moreover, it means that forces that act on the inside of the volumetric expansion
device will be defined by the inlet pressure, and not by the generated power. In other words
the forces are directly dependent on the mechanical torque that is produced on the outgoing
shaft.

[0013] In VVSD applications, the risk of a structural overload of the expansion device is clear if
the inlet pressure varies upwards. If an overdimensioned expansion machine is used, the
efficiency will suffer at every inlet pressure in normal operating conditions. If a precisely
dimensioned expansion device is used, the efficiency will be optimised at a normal inlet
pressure, while structural damage can be expected at high peaks in the inlet pressure.

[0014] Moreover, it is complex and expensive to control the speed in conditions with an
exceptionally high torque and a low speed.

[0015] Arelated problem is the expensive and complex moderations of the problem of too high
a speed. When the braking torque is lost, the expansion machine will accelerate quickly and
create hazardous operating conditions that jeopardise the reliability of the system and will
result in an excessive supply to the downstream gas network.

[0016] An often used moderation technique is to use quick-closing valves before the expansion
device, such that the mass flow and the torque are effectively cut off in a fraction of a second.

[0017] Such quick-closing valves cause a temporary vacuum at the inlet of the expansion
device on account of its rotation delay. The vacuum quickly brakes the expansion machine to a
stop. The use of quick-closing valves means very high transient loads on the mechanical
system.

[0018] Moreover, the expansion machine remains out of operation until it is properly
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controlled, restarts and is synchronised again with the electricity network.

[0019] The loss of braking torque can be due to a broken shaft connection, then a stoppage by
a quick-closing valve can be adequate. But it can also be due to short or long disruptions in the
electricity network, an unstable speed control of the VSD, or an overload of the brake
generator.

[0020] The detection of real or supposed emergency situations, for example in auxiliary
systems or by means of an emergency button, can lead to the need to use quick-closing
valves.

[0021] A safe, reliable and quick way to limit the torque in an expansion device is thus
desirable, and preferably a method that can operate continuously without losing operating time
of the expansion machine, even if an inlet pressure is temporarily stopped.

[0022] The purpose of the present invention is to provide a solution to the aforementioned and
other disadvantages by providing a gas expansion device for expanding a gas or a gas-liquid
mixture, whereby the gas expansion device comprises a gas expansion element with an inlet
port for the gas to be expanded and an inlet pipe for the gas to be expanded, whereby the inlet
pipe is connected to the inlet port, whereby the gas expansion device comprises a first liquid
injection point for the injection of liquid, whereby the first liquid injection point is at a position
level with the inlet port or upstream from the inlet port, and preferably upstream from the inlet
port and whereby the expansion device is provided with a liquid separator for separating liquid
from gas that is expanded in the gas expansion element, whereby the first liquid injection point
is connected to a liquid outlet of the liquid separator.

[0023] As a result, when too high a torque is detected, liquid ca be injected in the gas flow
upstream from the inlet port, or level with the inlet port, so that this liquid goes into an
expansion chamber together with the gas.

[0024] When operating at high speed, the liquid that is injected ensures a braking effect on the
inlet gas. The energy needed to accelerate the liquid reduces the total pressure of the gas,
such that the pressure ratio of the expansion and volumetric inflow of the gas expansion device
is reduced. As a result the torque is limited.

[0025] When operating at low speed the liquid that is injected fills a large proportion of the
chamber volume that would otherwise be occupied by inlet gas. Consequently the volumetric
inflow of gas is reduced. The pressure ratio remains preserved but the mass flow is reduced.
As a result the torque is limited.

[0026] Furthermore, when an emergency situation is detected that requires a rapid stoppage
of the gas expansion device, liquid can be injected upstream from the inlet port.

[0027] The liquid then has the effect as described above, but also substantially reduces the
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high speed that would otherwise briefly occur. This means that a protection valve, before the
expansion device, can be closed with a slower operating speed than would otherwise be the
case. Consequently an extremely fast and expensive quick-closing valve is unnecessary, and a
standard valve can be used for this, a possible brief overload does not occur and the gas
expansion device is operational again more quickly after an emergency situation.

[0028] Such an emergency situation can occur in the event of a technical fault, for example a
disconnection of the energy network to which energy is supplied, or the loss of the mechanical
coupling between the expansion element and the generator, and can be detected in many
ways known to a man skilled in the art.

[0029] Such an emergency situation can also occur if an auxiliary apparatus, correctly or
incorrectly, issues an emergency signal, or if an emergency stop procedure is activated by
human intervention or by software.

[0030] Furthermore, because the gas expansion device comprises a liquid separator, the
same liquid that has already been separated from the gas, normally oil, can be used to supply
the first liquid injection point.

[0031] In a preferred embodiment, the gas expansion device is provided with means for
starting up or switching off a flow of the said liquid to the first liquid injection point, so that the
first liquid injection point can be used or otherwise according to need.

[0032] Preferably these means are connected to a control unit to control the means, and the
gas expansion element is mechanically coupled to a generator such that the expansion
element can drive the generator, whereby the control unit is connected to the generator.

[0033] As a result operating conditions and measured parameters of the generator can be
used to control the said means.

[0034] Preferably the gas expansion device comprises a second liquid injection point that is
configured to inject the said liquid in the gas expansion element at a position downstream from
the inlet port, and the gas expansion device is provided with a reservoir or supply pipe for the
said liquid, whereby the first liquid injection point and the second liquid injection point are both
connected to this supply pipe or this reservoir.

[0035] As a result the same liquid that is normally already injected via the second liquid
injection point for cooling and/or lubrication can also [be injected] to the first liquid injection
point so that the complexity of the device is reduced.

[0036] Preferably the said means comprise a three-way valve with three connecting ports,
whereby a first of the connecting ports is connected to the supply pipe or the reservoir and the
other connecting ports are each connected to one of the said liquid injection points.
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[0037] As a result, the supply of the second liquid injection point, that is desirable in normal
operation, can easily be diverted to the first liquid injection point if the operation is such that the
use of the first liquid injection point is desirable.

[0038] In a preferred embodiment, the first liquid injection point is positioned such that the
injection direction is upstream. This ensures a maximum braking effect upon the occurrence of
a high torque when operating at high speed, because the direction of the liquid must then be
reversed by the flowing gas.

[0039] The invention further concerns a method for expanding gas in which this gas is guided
by a gas expansion device according to the invention, in which liquid is only injected via the first
liquid injection point upon the detection of an exceptional operating condition.

[0040] Hereby a first threshold value of a torque being exceeded indicates a first exceptional
operating condition.

[0041] This torque is the torque of mechanically coupled shafts of the generator and the
expansion element. This can be measured in various places, or derived in a known way by a
man skilled in the art from other measured values such as speed of rotation and power.

[0042] Hereby the occurrence of an emergency situation that requires the stoppage of the gas
expansion device indicates a second exceptional operating condition, for example.

[0043] Hereby a threshold value of the speed of rotation of the expansion element being
exceeded for example, or a second threshold value of a torque being exceeded, or a first
threshold value of generated electric power being exceeded indicates an emergency situation.

[0044] With the invention of better showing the characteristics of the invention, a preferred
embodiment of a gas expansion device according to the invention and an accompanying
method are described hereinafter by way of an example without any limiting nature, with
reference to the accompanying drawing, wherein:

figure 1 schematically shows a gas expansion device according to the invention;

figure 2 illustrates the operating principle of the gas expansion device.

[0045] In this example the gas expansion device 1 is a double screw natural gas expansion
device with oil injection to the expansion.

[0046] However, the invention can be similarly applied to other types of volumetric expansion
machines and other fluids than oil and natural gas.

[0047] The gas expansion device 1, as shown in figure 1, comprises a double screw expansion
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element 2 and an electricity generator 3 that are machanically coupled together.

[0048] The expansion element 2 comprises an inlet port 4 for natural gas that is connected to
an inlet pipe 5 for natural gas. A shut-off valve 6 is provided in the inlet pipe 5.

[0049] An oil separator 7 for separating oil and gas is provided downstream from the
expansion element 2. This has an outlet 8 for expanded gas and an outlet 9 for oil.

[0050] The outlet 9 for oil is connected via an oil pump 11 to a first connecting port of a three-
way valve 12.

[0051] The two other connecting ports of the three-way valve 12 are connected to liquid
injection points.

[0052] More specifically this concerns a first liquid injection point 13 that is affixed just
upstream from the inlet port 4 in the expansion element 2 or in the inlet pipe 5, and a second
liquid injection point 14 that is affixed downstream from the inlet port 4.

[0053] The first liquid injection point 13 hereby has an injection direction that is opposite to the
flow direction of the gas.

[0054] The gas expansion device 1 is further provided with an electronic control unit 15 that is
connected in a data-transferring way to the shut-off valve 6, the three-way valve 12 and the
generator 3.

[0055] The operation of the gas expansion device 1 is simple and as follows.

[0056] In the event of normal operation, i.e. when a higher torque than desired is not detected,
the three-way valve 12 is set such that all oil is driven to the second liquid injection point 14.
The operation is then analogous to a traditional gas expansion device.

[0057] This is schematically shown in figure 2. The horizontal axis indicates the progress of the
rotation of a rotor of the expansion element 2. The vertical axis indicates the volume of an
expansion chamber.

[0058] Hereby the inlet port 4 is open to the expansion chamber between the points indicated
by A and B. Just after the inlet port 4 is closed, oil is injected via the second liquid injection
point 14, schematically indicated by the interval from point C to point D.

[0059] This is done in this way because, for a cost efficient application of a screw expansion
device, the peripheral speed of the rotors must be as high as possible. Hence the oil injection
to the inlet of the machine must be minimised to limit the friction losses that reduce an optimum
filling of the expansion chamber. Hence, the oil injection is generally controlled such that the oil
gets in the expansion chamber after the inlet port is closed, when the oil has no further effect
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on the filling process of the chamber with gas.

[0060] In order to obtain a good effect of the injected oll, it is often injected at high pressure,
immediately after the inlet port is closed. The oil pressure is generally higher than the gas
pressure at the inlet of the piping, despite the fact that the chamber pressure is reduced
immediately after the inlet port closes.

[0061] In a first exceptional operating condition, i.e. if a higher than desired torque is
measured or calculated in the generator 3 by the control unit 15, the three-way valve 12 is set
such that all oil flows to the first liquid injection point 13.

[0062] This has two effects. The first effect is that upon injection, the oil experiences a
narrowing and change of direction due to the gas flowing past so that the effective inlet
pressure of the gas is reduced. The second effect is that the oil flows in the expansion
chamber of the expansion element, so that there is less room for the gas. With a high speed of
rotation in the first effect will significantly gain the upper hand and at a low speed of rotation the
second effect will significantly gain the upper hand.

[0063] In both cases the torque is reduced so that an overload of the gas expansion device 1
is prevented.

[0064] In a second exceptional operating condition, upon detection of an emergency situation,
the three-way valve 12 is also set such that all oil flows to the first liquid injection point 13, with
the above-mentioned effects, and additionally the shut-off valve 6 is closed by the control unit
15, so that the gas expansion device 1 quickly comes to a stop in a way that does not cause
any damage to the gas expansion device 1.

[0065] In the above, downstream and upstream refer to the flow direction of the gas.

[0066] The present invention is by no means limited to the embodiments described as an
example and shown in the drawings, but a gas expansion device and method according to the
invention can be realised in all kinds of forms and dimensions without departing from the scope
of the invention.
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Patentkrav

1. Gasekspansionsindretning (1) til ekspandering af en gas eller en gas-vae-
skeblanding, hvor gasekspansionsindretning (1) omfatter et gasekspansions-
element (2) med en indlgbsport (4) for den gas, der skal ekspanderes, og et
indlgbsrar (5) for den gas, der skal ekspanderes, hvor indigbsraret (5) er for-
bundet med indigbsporten (4), hvor gasekspansionsindretningen (1) omfatter
et ferste vaeskeinjektionspunkt (13) til injektion af veeske, kendetegnet ved,
at det forste vaeskeinjektionspunkt (13) er ved et positionsniveau med indlgb-
sporten (4) eller opstrems fra indlabsporten (4), og ved, at ekspansionsindret-
ningen (1) er forsynet med en vaeskeseparator (7) til separering af vaeske fra
gas, som ekspanderes i gasekspansionselementet (2), hvor det farste vasske-
injektionspunkt (13) er forbundet med et vaeskeudlsb (9) af vaeskeseparatoren

(7).

2. Gasekspansionsindretning (1) ifelge krav 1, kendetegnet ved, at vaesken
erolie.

3. Gasekspansionsindretning (1) ifalge et hvilket som helst af de foregdende
krav, kendetegnet ved, at gasekspansionselementet er et gasekspansionse-
lement med dobbelt skrue (2).

4. Gasekspansionsindretning (1) ifelge et hvilket som helst af de foregdende
krav, kendetegnet ved, at den er forsynet med midler (12) til at starte og af-
bryde en strem af veesken til det farste vaeskeinjektionspunkt (13).

5. Gasekspansionsindretning (1) ifelge krav 4, kendetegnet ved, at gasek-
spansionsindretningen (1) omfatter en styreenhed (15) til at styre midlerne
(12).

6. Gasekspansionsindretning (1) ifelge krav 5, kendetegnet ved, at gasek-
spansionselementet (2) er koblet til en generator (3), saledes at ekspansions-
elementet (2) kan drive generatoren (3), hvor styreenheden (15) er forbundet
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pa en data-overfgrende made til generatoren (3).

7. Gasekspansionsindretning (1) ifalge et hvilket som helst af de foregdende
krav, kendetegnet ved, at gasekspansionsindretningen (1) omfatter et andet
veeskeinjektionspunkt (14), der er konfigureret til at injicere vaesken ind i
gasekspansionselementet (2) ved en position nedstrems fra indlabsporten (4).

8. Gasekspansionsindretning (1) ifelge krav 7, kendetegnet ved, at den er
forsynet med en beholder eller et forsyningsrar til veesken, hvor det farste vae-
skeinjektionspunkt (13) og det andet vaeskeinjektionspunkt (14) begge er for-
bundet med dette forsyningsrar eller denne beholder.

9. Gasekspansionsindretning (1) ifalge krav 8 og et hvilket som helst af kra-
vene 4 til 6, kendetegnet ved, at midlerne omfatter en trevejsventil (12) med
tre forbindelsespunkter, hvor et fgrste af forbindelsespunkterne er forbundet
med forsyningsraret eller beholderen, og andre forbindelsespunkter hver isaer
er forbundet med et af vaeskeinjektionspunkterne (13, 14).

10. Gasekspansionsindretning (1) ifelge et hvilket som helst af de foregaende
krav, kendetegnet ved, at det farste vaeskeinjektionspunkt (13) er anbragt sa-
ledes, at injektionsretningen af veesken er opstrems.

11. Fremgangsmade til ekspandering af en gas, hvor denne gas ledes af en
gasekspansionsindretning (1) ifelge et hvilket som helst af de foregaende krav,
hvor vaeske kun injiceres via det farste vaeskeinjektionspunkt (13) efter detek-
tering af en usaedvanlig driftstilstand.

12. Fremgangsmade ifelge krav 10, kendetegnet ved, at overskridelse af en
forste greensevaerdi af et vridningsmoment indikerer en farste useedvanlig
driftstilstand.

13. Fremgangsmade ifglge krav 10 eller 11, kendetegnet ved, at forekomsten
af en ngdsituation, som kraever standsning af gasekspansionsindretningen (1),
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angiver en anden usadvanlig driftstilstand.
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DRAWINGS
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