wo 2015/018419 A1 |1 I} NN TP OO0 A A

(43) International Publication Date

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

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2015/018419 A1

12 February 2015 (12.02.2015) WIPO|PCT
(51) International Patent Classification: (81) Designated States (uniess otherwise indicated, for every
BOSB 9/032 (2006.01) B0OSB 7/00 (2006.01) kind of national protection available): AE, AG, AL, AM,
. L AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
(21) International Application Number: BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
PCT/DK2014/050230 DO, DZ. EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
(22) International Filing Date: HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
22 July 2014 (22.07.2014) KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
. MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
(25) Filing Language: English OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
(26) Publication Language: English SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, T™M,
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
(30) Priority Data: ZW.
PA 2013 70438 8 August 2013 (08.08.2013) DK
(84) Designated States (uniess otherwise indicated, for every
(71) Applicant: OCEAN TEAM GROUP A/S [DK/DK]; kind of regional protection available). ARIPO (BW, GH,
Vesterhavsgade 56, DK-6700 Esbjerg (DK). GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
(72) Inventors: THOMSEN, Jens Peder Heg, Adalsvaenget UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
18, DK-6800 Varde (DK). LETH, Seren; Skolegade 2, 5., TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
o
DK-6700 Esbjerg (DK). STENSTRUP, Martin Mose; EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
Hegnet 24, DK-6715 Esbjerg N (DK) ’ ’ MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
’ ) TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
(74) Agent: PATRADE A/S; Fredens Torv 3A, DK-8000 Aar- KM, ML, MR, NE, SN, TD, TG).

hus C (DK).

[Continued on next page]

(54) Title: METHOD AND SYSTEM FOR FLUSHING A PIPE SYSTEM USING A FLUID IN A SUPERCRITICAL STATE

130

120

L— 140

10

(57) Abstract: Use of supercritical CO2 for cleaning
long, narrow pipes with a cross sectional area of less
than 1000 square mm and a length of more than 500
meter. Cleaning is performed by adding a fluid to the
Iumen of the pipe (140); providing the fluid (2) in a
supercritical state (6) inside the lumen; and sub-
sequently, as a flushing step, while the fluid is in the
supercritical state or in a liquid state, displacing the
fluid (2) in the lumen of the pipe (140) and out of Iu-
men of the pipe at a speed that causes a turbulent
flow of the fluid, thereby flushing particles out of
the lumen.



WO 2015/018419 A1 WK 00TV VAT 0T R AR

Published:
—  with international search report (Art. 21(3))



(9]

10

20

30

WO 2015/018419 PCT/DK2014/050230

Method and system for flushing a pipe sysiem using a fluid in a supercrifical

state

Field of the Invention

The present invention relates to a method for cleaning of pipes, in particular by {flush-

ing the lumnen of long, thin pipes.

Background of the Invention

Pipe system for carrying a mediom through their inside will over time accumulate un-
wanted materials or impurities on its walls, which will reduce #ts fluid transport capac-
ity. Likewise, such unwanted materials or impurities will or can contaminate the fluid
to be transported through the pipe system, for example oil, which in turn can be detri-
mental for the functioning of valves that are connected to the pipes. Such unwanted
materials or impurities will therefore result in reduced operational capacity either di-
rectly through reduced flow or indirectly due to the efforts, time and resources re-
quired to maintain the pipe system and attached valves at an acceptable leve] of clean-

liness,

Particular pipe systems are hydraulic systems such as so called umbilical cords used in
offshore industry. Installations can vary in length, for example several kilometres long,
and connect equipment placed at industrial sites, offshore installations, or sub-sea in-
statlations, further increasing the complexity of operating and maintaining the installa-

tion at a certain and required level of cleanliness.

In the particular case where the hydraulic pipe system uses an oil-based {lnid, the im-
purities or dirt that accumulated on the inside of the hydraulic pipe system is usually
wax or grease. Wax or grease is typically also present in new pipes or coils and should
be removed before installation. Otherwise, impurities from the fluid, for example oil,

being conducted through the pipe will stick to the wax or grease. The impurities may
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also be transported into valves used in deep-sea installations with the risk of malfunc-
tioning, why a proper cleaning before installation of the pipes in such systems is im-

portant.

In order to clean pipe systems, it has been proposed to use turbulent flow in such pipes
with a cleaning and flushing hquid. The turbulent flow assists in loosening contamu-
nants that adhere to the inner wall of the pipes and flush away the contaminants. In the
UK patent application GB2323421 by Thomsen, assigned to Ocean Team Scandina-
via, a system is disclosed with fluid pipes are cleaned with a pulsated flow. In order to
obtain a turbulent flow, a Reynolds number of at least 2300 or at least 3000 is men-

tioned

When narrow pipe systems get very long, the pressure drop of the cleaning f{luid
throughout the pipe results in loss of turbulent flow, because the speed of the flow
cannot be kept high enough. This problem s discossed in patent US5007444 by
Sundholm; the pressure drop in pipes that are longer than 200 m and with a narrow
lomen of 10 mm prevent a flushing speed that creates a turbulent flow, because the
pressure required at the entrance of the tube to compensate for the pressure loss along
the pipe and for create the necessary flow speed would exceed the pressure that the
pipes typically withstand. As a solation to this problem, US3007444 proposes filling
the pipe system with flushing hiquid as well as gas such that naomber of portions of
{lushing hquid in the pipe is separated by gas portions. The gas in the altemating col-
umns of oil and gas is compressed for subsequent expansion when a valve is opened in

order to create a forceful flushing pulse through the pipe system.

However, despite various suggestions for long, narrow pipes, proper cleaning is a
3 5 £
problem that is still not solved in a satisfactory way, such that there is a need for fur-

ther improvement in the art.

Often, o1l 1s used as a cleaning and flushing liquid. For cleaning and flushing of pipe
systems, heat exchangers, condensers and catalysers, liquid carbon dioxide (LCO2) or
supercritical carbon dioxide (SCCQOZ) has been proposed in German utility model

DE20113516U1 by Kipp. As illustrated in the fignres of DE20113516U1, LCO2 or
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SCCO2 is led into the bottom of a heat exchanger and extracted through a top valve
before being filtered as gas and recirculated. In DE20113516U1, no details are given
with respect to flow speed or pressure other than the pressure and temperature neces-
sary to keep the carbon dioxide (CO2) 1n a hgquid or supercritical state. It 1s explained
that the LLCO2 and the SCCO2Z would loosen the contamination from the inner walls.
Although, the description states that contaminants are removed {rom the systern and
then filiered. no concrete considerations appear (o have been taken whether the con-
taminants can actually be removed from the system in practice. Calculations in this
regard will be cxplained in more detail below, indicating that the system in

DE20113516U1 cannot to be expected to work in practice.

All 1o all there is still a need {or improvements in the field of pipe cleaning.

Rinsing cavities with supercritical CO2 is disclosed in US2009/0107523 by Zormn.
CO2 gas as a {lushing 1o submarines is disclosed in Huropean patent application
EP2151377 by Krummerich et al. Use of hydrocarbon fluids for cleaning a chemical
or hydrocarbon processing plant is disclosed in WO2003/103863. Substrate cleaning

with SCCO2 is disclosed in W2003/046065 by Bertram et al.

Object of the Invention

The object of the present invention is to provide a method or a system that is capable
of cleaning and flushing a long pipe system, for example longer than 500 metres or
longer than 1000 metres, and with a relatively narrow inner pipe diameter, for example

less than 10 mm or less than 8 mm.

Description of the Invention

Pipes for long pipe systems, ofien, contain wax or grease from the extrusion process
and are then, typically, pre-flushed with hydraulic oil by the manufacturer in order fo
clean the lumen, especially, rernove particulate contaminants from inside the lumen of

the pipe. The pre-flushing oil is filtered, and, once the filtered oil is clean, the pipe is
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declared as clean. However, study of the problem has revealed that the pre-flush with
clean oil leads to a laminar flow through the tube and is not sufficiently capable to
remove such contamination from the wall of the pipe during the pre-flushing. This
implies the risk for the particulate contaminants to be release from the wall of the lu-
5 men at a later stage during normal operation, which, 1n turn, can cause damage to

valves and other equipment connected to the pipe.

In order to solve the above problems and objective, the inventor has performed studics
and experiments with CO2 in supercritical state (SCCO2) and liquid state (LCO2)
10 when used for cleaning pipes that are part of pipe systems, the pipe systems optionally
including {urther elements, such as valves and connectors, in addition {o the pipe. CO2
has a supercritical temperature of Tec=304.1 K (31°C) and a supercritical pressure of
Psc=72.8 atm. It has been found that the fall speed of particles in SCCO2 is very high
due to the very low viscosily of the SCCO2, such that an opwards vertical flow
15 through a heat exchanger, as iHostrated in DE20113516U1, 1s highly unlikely to re-
move any particles from the system. For example, the fall speed of a particle with a
diameter of 0.1 mm in LCO2 has been found to be in the order of 100 mnvsec, which
is a factor of more than 30 larger than in flush oil. In SCCO2, due to the tenfold lower
viscosity, it would be even an order of magnitude larger. The drag coefficient, which
20 indicates the {lnid’s ability to drag particles along during displacement of the liguid is
more than a factor of 1000 lower tn LCOZ2 than in flushing oil, because the viscosity of
102 1s more than an order of magnitude lower than for {lushing ot (15 ¢St). For
SCCO2, the viscosity is more than two orders of magoitude lower, leading to an even

lower drag cocfficient.

Thus, at first sight, LCO2 and especially SCCQO2Z, despite being useful for dissolving
hydrocarbons in pipes, appear not to be a useful flushing liquid for cleaning pipe sys-
tems in  which particles have accumulated. Especially, in the system of
DE20113516U1, the particles are likely to drop to the bottom of the heat exchanger
30 against the flow of the SCCO2 due to the low viscosity of the SCCO2. For this reason,
the system as proposed in DE20113516U1 appears possibly useful for contaminants
that can be dissolved by SCCO2 or LCO2, but no removal of particles from the heat

exchanger is to be expected in practice when studying the problem in greater detail.
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Thus, DE20113516U1 1s not likely to be regarded as a system usciul for flushing long,

narrow pipe systems which contain particles.

Despite this apparently negative expectation in relation to the usefulness of using, par-
ticularly, SCCO2 {or cleaning pipe systems, the inventors have developed a technical
solution where SCCO2 can be used for such cleaning as well as {lushing of long. nar-
row pipe systems when adjusting the parameters of temperatore, pressure and flushing

speed appropriately. This will be explained in the following.

Accordingly, the objective is solved by a cleaning method and system as explained in

the following.

The method takes offset in flushing a himen of a long pipe with a first end and a sec-
ond end and a narrow lumen between the first and second end. In the following, il 15
understood that the fluid enters the first end and flows from the first end to the second

end, where it leaves the pipe.

The term long and narrow pipe is to be understood as a pipe with length and an inner
cross sectional dimension, for example lumen diameter, the ratio of which is at least
50,000. For example, the pipe a length of more than 500 meter or more than 1000 m or
more than 2000 meter and the lumen has a cross sectional area of less than 100 square
o, less than 75 square mum or less than 50 square mum, or less than 30 square mm.
For pipes with a lumen having circular cross section, the diameter is less than 12 or 10
or & or 6 mm. For a noncircular lumen, the cross sectional dimension is an cquivalent
diameter calculated as twice the sguare root of the ratio between the cross sectional

area and the number Pi=3.14.

For example, the lumen through the pipe has a constant cross section, for example

constant diameter.

The method comprises as a first step adding a fluid to the lumen of the pipe at the first
end of the pipe. For example. the fluid is a clean-filtered gas or liguid or a fluid in a

supercritical state. CO2 is an advantageous example because i is cnvironmentally
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friendly and non-explosive. The fluid is provided in a supercritical state inside the
lumen, for example because it has been added to the lumen already in a supercritical
state through the first end of the pipe. Alternatively, the {luid is added to the lumen in
gas state and then brought into the supercritical state by changing the pressure and/or
5 temperature. Alternatively, the fluid is added to the lumen at the {irst end of the pipe in
hiquid state and then brought into the supercritical state by adjusting the temperature

and/or pressure.

While in the supercritical state, the fluid is performing a cleaning action. For example,
10 SCCO2 dissolves hydrocarbons, such as grease and wax, and other chemicals from the
inner wall of the pipe. Also, the stress on the inner wall of the pipe may cause particu-
lar material to be loosened such that it is accumulated {reely flowing in the fluid inside

the lumen.

15 In order to remove the particular material from the lumen, a {lushing step has to be
performed. This is a critical issue as already discussed above, because the pressure
drop in the lumen along the long pipe may prevent achievement of a flow speed suffi-
ciently high for turbulent flow. A laminar flow, when using SCCO2 or LCO2 would
not remove the particles in the pipe but keep them loosely accumulated on the walls of

20 the pipe, for example the bottom of the pipe, particularly, if the flow is not vertically
downwards. For example, the latter conditions are met when pipes are cleaned before

installation while they are provided in coils.

However, with the fluid in the supercritical state, a flushing can be performed at a
25 speed that causcs a drag of the particles along the pipe and a {further loosening of parti-
cles from the walls of the lumen, when the fluid is displaced in the lumen of the pipe
at a speed that causes a turbulent flow of the fluid, thereby flushing particles along and
out of the lumen. For COZ2, the supercritical state has proven to be possible to be used
as a flushing fluid, but also the liquid state can be nsed. For other fluids, as will be
30 mentioned below, the supercritical state is generally preferred due to the low viscosity
when in the supercritical state, which implies a relatively small pressure drop along
the pipe. Furthermore, in the case of the fluid being COZ, the supercritical state of

CO2 (SCCO2), as compared to the liqud state of CO2 (LCO2), is more robust with
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respect to keeping the state despite minor changes in temperature and pressure, as it
can be provided al temperatures and pressure far from the supercritical tempera-

ture/pressure point.

For 1.CO2Z, tarbulent flow 18 expected for a Reynolds number of at least 2500, for ex-
ample at least 3000. This number is very much like the corresponding estimate f{or
flushing oil. For SCCOZ, the Reyoolds number for turbulent flow is about ten tirnes
higher, for example at least 17.000 or at least 20,000 or thus at least 25,000. These

numbers also apply for other supercritical {luids that are mentioned below.

it 1s pointed out that short chained oils, grease and wax are dissolved in LCO2 or in
SCCO2 at a pressure of 200 Bars. In some embodiments, for removing such oils from
the fumen, the pressure is adjusted to at least this value in the lumen at the second end
in order to make sore that all o1l is dissolved along the pipe; thus, the pressure at the
first end 1s selecled higher than 200 Bars such that the pressure at the second end of
the tube is still at least 200 Bars. This high pressure can be used during the turbulent

flushing such that oil as well as particulate material is removed from the lumen.

Alternatively, the lumen is {lushed at this pressure first above 200 Bars in order to
remove oils, after which the turbulent flushing 1s performed at a lower pressure where
particular material is removed {rom the lumen. If oils have been removed in a {irst step

at this high pressure, the pressure is not so critical for the subsequent turbulent {lush-

ing.

For example, LCO2 is used at pressure above 200 Bars to remove oil and grease and
wax, after which the temperature is raised to obtain SCCQO2, and the SCCO2 is used to

remove particles.

Through investigation, it has been found that tirbulent flow is achieved at a speed of
the fluids through the lumen of at least 0.5 ro/sec, for example at least 1 m/sec or at
least 1.5 m/sec or at least 2 m/sec. However, this also depends on the cross section in
the tube, and turbulent speed can potentially be achieved with speed as low as 0.2 or

0.3 m/sec.
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In case that the SCCOZ 1s filled into a lumen of a tube that 1s long and extends into sca
water, the temperature of the sea water would result in a temperature drop inside the
tube which may cause a change of the supercritical state into a liquid state. As there is
an interest of keeping the COZ in a supercritical slate for relatively long inside the
lumen, the speed should of the CO2 not become too low. A speed of at least 1.5 m/sec
has been found to be a good selection in such cases, although the speed may be lower
or higher in dependence of the surrounding conditions, for example cold sea water,
which influence the temperature drop. The advantage of SCCOZ as compared to
1LC0O2 is the lower viscosity, which allows a higher {low rate at relatively low pressure
drop through the tube. The higher flow rate is a good measure against carly tempera-

ture decrease underneath the critical temperature.

In order to get a proper displacement of particles inside the lumen, the speed should be
higher than the particle fall speed in the thud. Particles may have different sizes from a
few microns to several 100 rotcrons in diameter; a good approximation has been found
in the fluid speed through the lumen to be higher that the fall speed of a 15 micron

sized particles in the fluid.

For example, the cross sectional area of the lumen is 30 sguare mm and the length
more than 1000 m; the speed of the CO2 through the pipe during the flushing step is at
least 0.5 m/sec, optionally at least 1.5 m/sec, and the Reyunolds number is at least
2,500 if the CO2 15 in the hiquid stale and at least 17,000, optionally at least 25,000, if

the CO2 is in the supercritical state.

In order to assure that the CO2 is in the supercritical state in the entire lumen {rom the
first end to the second end, it must be assured that the pressure at the second end is at
least Psc which is around 74 Bar at atmospheric pressure. Taking the pressure drop
through the lumen into account, the pressure necessary at the first end has to be esti-
mated; for example the pressure of the fluid at the first end or the second end is higher
than 200 bars. It the length is 3000 meter, the pressure should be higher than 300 bars
at the first end. In order for the system to be robust against slight variations in pressure

and temperature, it 1s advantageous that the minimum temperatore and the minimum
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pressure inside the lumen, also at the second end, are well above the supercritical tem-

perature and pressure.

In some embodiment, the {inid is flowing into the lamen at the first end and exits the
lumen at the second end, and the flnid is recirculated through a particle filter between
the second end and the first end. The fluid traverses the particle filter in gas state or in
supercritical state. Optionally, the {loid is continuously recirculated through the lumen
and the filter, and the pressure is alternated between a low value below the supercriti-
cal pressure and a high value above the supercritical pressure for alternating between

liguid state and supercritical state of the fluid in the lumen.

For example, the pipe 1s provided in a liguid bath while the fluid is 1nside the lumen;
the temperature of the liquid bath is controlled to above the sapercritical temperature
of the fluid before the flushing and optionally during the flushing, in case that the fluid
is used for flushing while in the supercritical state. Especially for pipes before offshore
installation, while the pipes are still wound into coils, the coil can be submersed into a
teraperature controlled liquid bath for assuring proper control of the fluid state inside
the lumen. Other types of heating or cooling systems may be applied in addition or
alternatively. For example, a heating or cooling heat exchanger may be added to the
first or the second end of the pipe. Alternatively, or in addition, heating means may be

provided around the pipe at one or more locations for heating the fluid inside lumen,

For example, the pipe is an oil pipe, typically flexible oil pipe. Such flexible pipes
connecting offshore installations with ships or other types of vessels are often called
umbilical. A specific example of an oil pipe is a so-called control line, used for control
of valves in petrochemical transport pipes. Thus, in some embodiment, the described
cleaning method is used in pipe systems that are at least partly under the surface of the

sea or at underground level.

The cross section of the pipe system 1s 1o one simple case circular with a given diame-
ter. Alternatively, the cross section can be shaped as an ellipse, a corved free form, or
a polygon or even a combination thereof. The cross section can be uniform or non-

uniform along the whole length of the pipe, although, typically, it will be uniform. The
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pipe can be straight or curved, for example having one or more bends. For example,
the pipe is made of metal, such as stainless steel or nickel alloys, or a polymer/metal

combination.

Optionally, it has a uniform circular cross section with an inner diameter of about less
than 6 mun, for exaruple less than 4 mm, and a leogth of at least 2,000 m, for example

at least 3,000 m.

For example the pipe has a bend such that the first and the sccond ends are close to
each other, for example within a few metres distance. Alternatively, the first end and
the second end are far from each other; an example is a {irst end above sealevel and a
second end far below sea surface or even uvnderground. When using CO2, the used
CO2 can be released from the second end into the sea water without harm to the envi-
ronment. In this case, there is no recirculation, and no filiering duoring recirculation
needs be performed, which simplifies the {lushing system. Especially, in connection
with control lines, the flushing of the control line can be performed while the valves
that are controlled by the pressure in the control line are still functioning routinely in
connection with oil or gas transport lines. A special release valve may be used con-

trolled pressurised release of COZ into the sea water.

In one process according to the invention, the fluid is brought from the supereritical
state to the liquid state by lowering the temperature and/or the pressure of the fluid
from a value above to a value below the supercritical temperature Tse and supercritical

pressure Pae, respectively.

For example, the displacement of the {luid in the pipe system is done by adding more
fluid to the pipe system at the first end and/or removing fluid from the pipe system at
the second end. Alternatively, the displacement of the flmd can be accomplished by
inserting an object, a so called shuttle, in the pipe and translocate the shuttie at least
partially or fully in the pipe system. Such shuitle is translocated together with the fluid

flowing through the pipe.
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To enable the increase in pressure, means for increasing the pressure is provided, for

example a compressor or pump connected to the pipe system by fitting means.

Although, as explained, COZ2 is advantageous in being environmentaily safe and not
explosive, other fluids can in principle be used as a substitate for CO2. However, typi-
cally, other fluids than nitrogen (N2) would be used. Examples of such fluids are or-
ganic fluids with at least two of carbon, oxygen and hydrogen atoms. Examples are

given in the following:

Propane, (3Hjg. that has a Tge=369.8 K (96 °C) and a Psc=41.9 atm. This embodiment
provides a fluid as a solvent suitable for being in a supercritical state, entering into and
out of a supercritical state around a temperature just above most industrial applications

with operating temperatures just below the boiling point of water.

Ethane, CiHg, that has a Tqe=305.3 K (32 °C) and a Pse=48.1 atm. This embodiment
provides a fluid as a solvent suitable for being in a supercritical state, entering into and
out of a supercritical state around a temperature just above natural air and sea tempera-

tures, but with a lower pressure than for example carbon dioxide.

Ethylene, CoHy, that has a Tee=282.4 K (9 °C) and a Ps-=49.7 atm. This embodiment
provides a {luid as a solvent suitable for being in a supercritical state, entering into and

out of a supercritical state around a temperature just above the {reezing point of water.

Methane, CHy, that has a Tse=120.4 K (-82.75 °C) and a Pyc=45.4 atm. This embodi-
ment provides a fluid as a solvent suitable for being in a supercritical state, entering
into and out of a supercritical state around a temperature just above most industrial
applications with operating temperatures at sub-zero temperatures such as cryogenic

applications.

Ethanol, C;HsOH, that has a Tse=513.9 K (241 °C) and a Pge=60.6 atm. This embod-
iment provides a {luid as a solvent suitable {or being n a supercritical state, enfering

into and out of a supercritical state around a temperature just above most industrial
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applications with operating temperatures well about the boiling point of water such as

heating systems and engines.

Methanol, CH30H, that has a Tse=512.6K (239 °C} and a Psc=79.8 atm. Thereby this
embodiment provides a fluid as a solvent suitable for being in a sapercritical state,
entering into and out of a supercritical state around a temperature just above most in-
dustrial applications with operating temperatures well about the boiling point of water
such as heating systems and engines, but with a higher pressure than required for Eth-

anol,

For example, a flushing system is provided for flushing a pipe system with a fluid in
the direction {rom an inlet point of the pipe system to a retarn point of the pipe system,
the inlet point being fluid-flow connected to the {irst end of the pipe and the retamn
point being fhud flow connected to the second end of the pipe such that the pipe is a
part of the pipe system. the pipe system potentially comprising {urther elements, such
as connectors and valves. The systern has the potential for being used for recirculation
of the fluid through the pipe. The system comprises the following elements:

- a compressor for varying the pressure of the fluid and

- a heater for controlling the temperature of the fluid before the inlet point and

- a flush tank for receiving the return {luid from the pipe system and

- a reservoir for storing the fluid and for feeding the compressor after the return point

- connection means at the inlet point and the outlet point {or connecting with the pipe
system so that the fluid can enter the pipe system at the inlet point, flow through the
pipe in the pipe system, and return to the flushing system at the return point before a
potential recirculation, and with

- connectors between the elements.

Thereby the fluid can exist in the lamen of the pipe in the pipe system in a supercriti-
cal state and at least part of the fluid can transit from the supercritical state to a hiquid

state or the gas state, and the {loid can be displaced in the lumen of the pipe.
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It is understood that the term compressor 18 a pump or any other means for increasing
the pressure. Similarly the heater for controlling the temperature can include a cooling

clement to adjust the temperature.

According to an embodiment of the invention, the {lushing system further includes a
system of sampling filiers placed afier the return point of the pipe system and config-
ured for sampling the retorning {luid for impurities and dirt cleaned {rom the pipe sys-

tem.

According to further embodiments of the invention, the flush tank has a cooler for
adjusting the temperature of the returning fluid before processing the fluid and recircu-
lation of the fluid. In a particnlar embodiment, the cooler is configured according to
size, 1.e. the volume, of the flush tank and the particular fluid’s critical temperature to
ensure that the fluid 1o the flush tank cao be held at a temperature below the critical
ternperature of the particular fluid. The person skilled in the art will easily be able to
reconfigure the cooler or add or remove cooling elements according to experience with

the actual operation of the flushing system.

According to an embodiment of the invention, the flushing system further comprises at
least one sampling filter or a system of sampling filters arranged between the return
point and the flush tank. Thereby, the flushing system enables measurements of the
cleanliness of the returning {luid and thereby 1mplicitly obtaining information about

the cleanliness of the pipe system.

According to an embodiment of the invention, the flushing systern comprises at least
one expansion valve before the inlet point and/or at least one expansion valve afier the

return point.

According to an embodiment of the invention, the flushing system comprises a con-

iroller with communication means (o at least one of the units disclosed.
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Description of the Drawing

This invention will be described 1n relation to the drawings, where:

Figure | shows a state diagram of a fluid, and
Figure 2 shows a diagram of a flushing system for flushing a pipe system with

a fluid such as CO, in a supercritical state.

Detailed Description of the Invention

Figure 1 shows a temperature-pressure (TP) state diagram 1 of a fluid 2. The {lmid 2
can be in a solid state 3, a gas state 4, a liquid state 5 or a supercritical state 6. The
intersection between the solids state 3, the gas state 4 and the liquid state 5 defines the
triple point at a temperature Tt and a pressure Pr. Likewise the intersection between
the gas state 3, the liquid state 5 and the supercritical state 6 deflines the critical point

at a temperature Tge and a pressure Pge.

Figure 2 shows a diagram of an embodiment of a flushing system 9 for cleaning a pipe
system 140 with CO, in a supercritical state and {lushing the pipe system 140 with
CO2 in supercritical state and possibly liquid state. Supercritical and liguid {lushing
unit 9 is disclosed encompassing a compressor 10 for compressing a {luid sach as COs
from 65 bar to 600 bar and thereby bringing the {luid {rom a gas phase lo a hiquid
phase or supercritical phase. The compressor 10 is connected by a stainless steel pipe
to a filter 20 for filtering out contaminants within the systern and thereby obtaining a
sufficient level of cleanliness. The filter 20 is connected by a stainless steel pipe to a
heater unit 30 for controlling the temperature. The heater unit 30 is connected by a
stainless steel pipe to an expansion valve 40 for regulating the fluid in the system and
thereby controlling various flow options. The expansion valve 40 is connected by a
statnless steel pipe to an inlet point of a pipe system 140 which needs to be flushed.
The pipe system 140 comprises a long, narrow pipe and possible connectors and
valves as far as necessary and convenient. Downstream of the pipe system 140, a re-

turn point connects to the flushing unit 9.
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For example, the pipe system 140 comprises a pipe with a length of more than 500 m,
for exampie at least 1000, at least 2000, or at least 3000 m, or even at least 4000 m,
such as in the order of 5000 m, and with a lumen having a cross section of less than 75

or less than 50 or less than 30 square mm.

A second expansion valve 50 1s provided {or degassing the system 9 and thereby being
able to empty out the flushed pipe system 140. The expansion valve 50 is convected
by a stainless steel pipe to a filter sampling system 60, from which CO, samples can
be taken out for measuring the level of cleanliness within the flushed pipe system 140,
The filter sampling system 60 is connected by a stainless steel pipe to a third expan-
sion valve 70 used for expanding the fluid o a flush tank &0, which receives the ex-
panded COs from 75 bar to 70 bar and a temperature of 108 degrees Celsius to 28,7
degrees Celsius and thereby collecting all the dissolved grease and bigger particles.
The flush tank is connected by a stainless steel pipe to a cooler elernent 90 for con-
densing the expanded CO; and thereby conirolling the pressure in the tank 80. The
cooler element 90 is connected by a stainless steel pipe to the flush tank 80. A carbon
filter 10 1s used for filtering owt hydrocarbons in the gas and thereby ensuring a con-
stant clean gas within the system. The carbon filter 100 is connected by a stainless
steel pipe to a fourth expansion valve 110 for regulating the gas in the system and
thereby controlling various {low options. The fourth expansion valve 110 is connected
to a gas filter 120 for filtering out contaminants within the gas and thereby obtaining a
sufficient level of cleanliness of the gas. The gas filter 120 is connected by a stainless
steel pipe to a reservoir 130, for example for receiving the expanded gas from 70 bar
to 65 bar and a temperature of 28,7 degrees Celsius to 25,5 degrees Celsius and there-
by ensuring a sufficient level of gas for the compressor. The reservoir 130 is connected
by a stainless steel pipe to a heater element 131 for controlling the temperature in the
reservoir 130 and thereby ensuring a gas atmosphere inside the reservoir 130. The res-

ervoir 130 is also connected to the compressor 16 for recirculation.

The flushing system 9 and pipe system 140 i this embodiment {orm a closed system

that enables flushing of the pipe system 140.
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The shown detailed embodiment and parameters disclosed arc for a flushing system
using C(, as a flushing fluid. However, a different flushing fluid with different super-

critical values may be used, and the system adjusted accordingly.

Experiments were performed {or a Y4 1nch pipe with an inner diameter of 0.05 inch and
a length of 145 m. The pipe was provided as new and clean from the manufactorer and
provided as a cotl with a diameter of approximately 0.5 m. As outlined in the mtroduc-
tion, these coils were pre-flushed with hydraulic oil in order to provide apparently
clean tubes, However, in practice, the lumen of the tubes is not sufficiently cleaned.

The fact that additional cleaning is useful was shown in the following experiment.

During the flushing, parameter values {or inlet pressure, inlet and oullet temperature
and flowrate were measured as well as differential pressure during flushing of SCCO2
through the tube. Pressure drop over the coil length was measured at different flow

conditions. The table below states parameters from two measurerments.

CO; flow tn | fowr | Nee Pmeas
kg/h kg/m2$ m/s °CoeC Bar

21 498 0.60 383 |50 {30000 |~=8-10
64 1,518 227 183 |60 105,000 |~ 15-20

The temperature t,; at the first end of the pipe and the temperature to, at the second
end of the pipe were in the temperature region for SCCO2 and so was the pressure,
which was in around 250 Bar at the first end. The low pressure drop dpuess from the
{irst to the second end of the pipe is partly due to the low viscosity of SCCO2. Calcu-
lated Reynolds nurnbers Nge are indicated in the table. The pressure of above 200 Bar
at the secound end resulted in oil being dissolved in the SCCO2 and thus also flushed
out of the lumen. As the oil was flushed out, also particles were easily removed from
the walls of the lumen. During the flushing process, samples were taken from the
SCCO2 and filtered. Filters showed substantial contamination from such samples.
Many particles that were flushed out of the pipe were visible with the eye. During sub-
sequent flushing cycles, filters were changed for decreasing pore size. After {inal

flushing with a {ilter having a 1 micrometer pore size, it was concluded that a level of
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cleanliness according to standard of National Aerospace Standard (NAS) 1638 Class 4
was achieved by the SCCO2 flushing. A subseguent flushing with LCOZ as a control

showed a NAS 1638 Class 2 cleanliness, which is a very high degree of cleanliness.

Due to the low pressure drop for SCCO2, the system is highly robust in the sense that
it preserves stable parametric {lushing conditions with respect to speed, pressure and

turbulence in addition to pressure conditions for dissolved oil in the SCCOZ.

For instances where a pipe is placed in sea water and cooled through the pipe wall by
the sea water, the temperature may drop such that a supercritical state cannot be pre-
served along the entire pipe. In such case, where the COZ changes into liguid form,
variations with respect to pressure loss and speed inside the lumen would occur. How-
ever, the flushing wounld still be possible, although parameters would have to be ad-
justed. For example, the pressure loss would be higher due to the higher viscosity, and
the entrance pressure would have (o be chosen correspondingly higher. In order to
keep the COZ in a supercritical state for as much of the pipe length as possible, the

flow speed should be adjusted relatively high.

As a conclusion, the use of SCCO2 for {lushing pipes is superior to flushing with
LCO2. This is partly due to the fact of the lower viscosity, because the lower viscosity
allows higher flow speed at reduced pressure loss as compared to LCOZ. This is ad-
vantageous economically and 1o practice when {lushing. The reduced pressure loss, in
turn, has the consequence that the pressure at the second end of even very long pipes
{even several kilometres long) can be kept above 200 Bar without exceeding a safe
pressure at the first end; the 200 Bar of SCCOZ being advantageous for oil dissolution

and oif removal from the pipe lumen.

Parts list

1 State diagram
2 Floid

3 Solid state

4 Gas state
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5 Liquid state
6 SuperCritical (SC) state
7 Flushing
8 Alternative Flushing
5 9 Flashing system
10 Compressor
20 Filter
30 Heater
40 First expansion valve
10 50 Second expansion valve
60 System of sampling filters
7¢ Third expansion valve
80 Flush tank
90 Cooler
15 106 Carbon filter
110 Fourth expansion valve
120 Reservoir filter
130 Reservoir
131 Heater element
20 140 Pipe system
141 Inlet point
142 Return point
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CLAIMS

1. A method for {lushing a lumen of a long, thin pipe (140) with a first end and a sec-
ond end and a lumen between the {irst and second end, which method comprises:
5 - adding a fluid to the lumen of the pipe (140), the lumen having a cross sec-
tional area of less than 100 square mm and a length of more than 500 meter;
- providing the fluid (2) in a supercritical state (6) inside the hrmen;
- subsequently, as a flushing step, while the fluid s in the supercrifical state
or in a hiquid state, displacing the {luid (2) in the lumen of the pipe (140) and
10 out of lumen of the pipe at a speed that causes a turbulent flow of the fluid,

thereby flushing particles out of the lumen.

2. A method according to claim 1, wherein the displacing is performed with a Reyn-
olds number of at least 2,500 if the fhuid is in the liquid state and of at least 17,000, for

15 example at least 25,000, if the {luid 1s in the supercritical state.

3. A method according to claima 1 or 2, wherein the displacing is performed at a speed

which is at least 0.5 m/sec, for example at least 1.5 m/sec.

20 4. A method according {o claim 3, wherein the {lnid 1s CO2.

5. A method according lo claim 4, wherein the cross sectional area of the lumen is less

than 30 sguare mum, and the length more than 1000 m, the speed of the fluid through

the pipe during the flushing step is at least 0.5 w/sec, for example at least 1.5 m/sec,

25 and the Reyoolds number 1s at least 2,500 if the {luid 15 in the hiquid state and at least
17.000, for cxample at least 235,000, if the floid is in the supercritical state, wherein the
pressure of the fluid at the first end is higher than 200 bars.

6. A method according to any preceding claim, wherein the method comprises filling

30 the fluid in gas state into the humen, bringing the flnid (2} into a supercritical state (6)

by increasing the temperature and/or the pressure of the {luid (2) to beyond the critical

point {Tsc,Pse) to obtain the supercritical state.
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7. A method according to any claim 6. wherein the {lushing is performed with the {luid

in the supercritical state.

3. A method according to any claim 6 or 7, wherein the {luid is flowing into the lumen
at the first end and exits the lumen at the second end, and the fluid is recirculated
through a particle filier between the second end and the first end, wherein the fluid

traverses the particle filter in gas state or in supercritical state.

9. A method according to any claim 8, wherein the fluid is continuously recirculated
through the lumen and the filter, and the pressure of the fluid inside the lumen is alter-
nated between a low value below the supercritical pressure and a high value above the
supercritical pressure for alternating between liquid state and supercritical state of the

fluid inside the lumen.

10. A method according to any preceding claim, further comprising providing the pipe
in a liquid bath while the fluid is inside the lumen; controlling the temperature of the
liguid bath to above the supercritical temperature of the fluid before the flushing and

optionally during the flushing.

11, A method according to any preceding claim, wherein the fhuid pressure in the lu-

men at the {irst end of the pipe is above 200 bar and, optionally also at the second end.

12. Use of CO2 in a supercritical state for cleaning pipes having a length of more than

500 metre and a lumen with a cross sectional area of less than 100 square mm.

13. Use according to claim 12, wherein the pipe is a control line for valves in off shore

petrochemical transport systems.

14. Use according to claim 12 or 13, wherein the pipe is provided as a coil prior to

offshore installation,
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