Fluid anal ysis system and nethod for operation of an analysis system The
present invention relates to a fluid analysis systemfor analysis of a

fluid fl owongioo3omopi pe or in a pipeline. It is particulparinoagplobsiabl e for
a fluid analysis system arranged for counting particles in a fluid flow ng
in a pipe or a pipeline. The present invention further relates to a nethod
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The applicant’s own patent application, WO 2004/057306 discloses in situ sampling
and monitoring of a fluid by a fluid analyser which will be able to be used in

25 connection with the invention in the present patent application. In US 5,572,320 an
analysis apparatus for determination of particulate material in fluid is described in
detail.

When the number of particles present in a fluid has to be counted, the particles

should be as uniformly distributed in the fluid as possible. Should the particles for
30 some reason or other have a tendency to agglomerate in the fluid, it could give an

entirely false picture of the particle density in the fluid if the fluid sample removed

for counting particles either contains fluid with a particle density which is far below

or far above the real particle density in the fluid. It is therefore advantageous to mix

the fluid in order to obtain a uniform distribution of particles in the fluid before a
35 fluid sample is removed for counting particles in the fluid.

Since the present system for particle counting is intended for use in environments
with difficult access or where there is a risk of fire and/or explosion, it is also an
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upstream Ofa
the fluid flows. T he pipe portlon is provided W1th a fluid sample outlet for

25 withdrawing fluid samples from the fluid flowing through the pipe portion and a
fluid sample return outlet for returning fluid samples to the pipe portion where the
fluid sample return outlet is arranged downstream of the fluid sample outlet. The
fluid analysis system further comprises a fluid analyser which is arranged in fluid
communication with the fluid sample outlet and the fluid return outlet and a

30 propeller unit which is provided with at least one upstream propeller and at least
one downstream propeller. The propeller unit is mounted in the pipe portion so that
the upstream propeller is located upstream of the fluid sample outlet, thereby
enabling the upstream propeller to mix the fluid in the pipeline before withdrawal of
fluid samples through the fluid sample outlet, and in such a manner that the

35 downstream propeller is located downstream of the fluid sample outlet and upstream
of the fluid sample return outlet, thereby enabling the downstream propeller to
providea pressure drop in the pipe portion between the fluid sample outlet and the
fluid sample return outlet which is sufficient to drive the fluid samples through the
fluid analysis system.
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the outer tips of the propeller blades in the radial direction, where the peripheral
25 ring is rotatably mounted as a part of the pipe portion. The rotating ring can act as a
rotor in an electrical generator, while the stator is mounted round the ring in the
pipe portion. It is, of course, also possible to mount the peripheral ring on
traditional bearings so that the propeller only rotates without producing electrical
energy. This will be particularly relevant for the upstream propeller if it only has to
30 mix the fluid in the pipe flow.

Another alternative will be a combination of these two types of propeller. In this
case the downstream propeller is preferably provided with a peripheral ring and acts
as the rotor in an electrical generator, while the upstream turbine is mounted on a
shaft which is centrally attached to the downstream propeller and is substantially
35 coaxial with the downstream propeller’s axis of rotation. The shaft projects

upstream from the downstream propeller so that the upstream propeller, which is
mounted on the shaft, is located upstream of the fluid sample outlet. In order for the
upstream propeller to be able to rotate, the upstream propeller is either rotatably
mounted on the shaft which is fixed to the downstream propeller, or the upstream
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upstream of a propeller housing, the at least one upstream propeller may be
mounted upstream of the propeller housing, and the at least one downstream
propeller mounted downstream of the propeller housing. It is possible to mount the
25 upstream propeller and the downstream propeller on a through-going shaft or they
may be mounted on separate shafts which can then drive a contra-rotating generator.

In an embodiment of the invention the propeller unit comprises at least two

electrical generators, where the at least one upstream propeller drives a first

electrical generator and the at least one downstream propeller drives a second
30 electrical generator.

The fluid analyser preferably comprises means for automatic counting of the
number of particles in the fluid samples. These means may, for example, comprise a
particle counter which is capable of identifying particles in a fluid sample and
transmitting relevant data to a base station. In order to be able to store analysis data

35 for the ftuid samples, the fluid analysis system preferably comprises a data storage
unit which can store data from the fluid analyser relating to each individual fluid
sample.
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when the swysd gatikbslt s 8kds daFigafomhaicdpeptfordl fficult to access during
normal operation. The fluid anal ysis system preferably further conprises

means for eqifalila8dlysis system preferably further comprises means for controlled
withdrawal of a predetermined amount of fluid in a fluid sample. These means may
be composed of one or more valve devices according to requirements. The valve
25 devices are preferably automatic and advantageously designed so that they can be
controlled from the base station.

Similarly the fluid analysis system preferably further comprises means which
control the flow of fluid from fluid samples back to the pipe flow in the pipe portion
and prevent fluid flow from the pipe portion through the fluid sample return outlet

30 in the direction of the fluid analyser. These means may be composed of one or more
valve devices. The valve devices are preferably automatic and advantageously
capable of being controlled from the base station.

How great an amount should be removed from the fluid flow at any time through
the pipe portion when a fluid sample is withdrawn may be regulated and set by

35 means of the wireless system or the cables as mentioned above. Alternatively this
may be regulated by setting the valve devices manually.

A method is also provided for operation of a fluid analyser for analysis of a fluid
flowing in a pipe or a pipeline, where a fluid sample outlet is provided in the pipe or
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pipe or a pipeline where the pipe portion forms a part of the pipe or the pipeline.

A use of a fluid analysis system is also provided for analysis of a fluid flowing in a
pipe or a pipeline where the pipe or the pipeline is located under water, i.e.

25 preferably on an ocean bed or seabed or in an environment where there is a risk of
fire and/or explosion.

Some embodiments of the invention will now be described in greater detail with
reference to the attached figures, in which

Figure 1 is a schematic view of a first embodiment of the invention,
30 Figure 2 is a schematic view of a second embodiment of the invention,
Figure 3 is a schematic view of a third embodiment of the invention,

Figure 4 is a schematic view of a fourth embodiment of the invention.
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The automatic analysis equipment (not illustrated in detail in the figures) may for

25 example include a laser diode which transmits light through the fluid sample. The
light then passes from the laser through a magnifying lens before an image is
registered on an image sensor chip. The image registered on the image sensor chip
is then analysed by identification equipment which identifies and counts particles
displayed on the image. In the process relevant data are preferably stored in a data

30 storage medium 18 and transmitted, preferably wirelessly, to a base station 20 by
means of communication equipment 19 comprising at least a transmitter and
preferably a receiver. If the communication equipment 19 is provided with a
receiver, the communication equipment can also be used for communication
between the fluid analysis system 10 and the base station 20, which is normally

35 located at a distance from the fluid analysis system 10, with the result that it is
possible to control the fluid analysis system which, for example, may be located on
the seabed.

The fluid analyser 16 is preferably connected to the pipe portion 12 by means of
fluid lines 38, 39 and at least one valve device 43, which is preferably an automatic
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such a manner that it is removed by an ROV or other mechanical equipment and
transported to a laboratory for detailed analysis. This may be relevant, for example,
25 if results transmitted from the fluid analysis system provide grounds for undertaking
a more thorough analysis of the fluid sample. The fluid analyser may, of course,
also be provided with more than one sample container.

In the pipe portion 12 there is mounted a propeller unit 22. The propeller unit 22
comprises an upstream propeller 29, a downstream propeller 30 and at least one
30 electrical generator 25, 26, 27 which is arranged in a propeller housing 23 and
which is driven by one or both the propellers 29, 30. The propeller unit may be
secured in position by means of fastening devices 24, such as e.g. stays or plates.
The size of the propeller housing 23 is minimised and the propeller housing is
designed so that the flow of fluid past the propeller housing is influenced to the
35 least possible extent. The term upstream propeller here refers to the fact that the
propeller is placed upstream of the fluid sample outlet 35, while downstream
propeller correspondingly refers to the fact that the propeller is placed downstream
of the fluid sample outlet 35. The exact distance upstream and downstream of the
fluid sample outlet 35 at which the upstream propeller 29 and the downstream
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preferably provide the required pressure drop in the pipe portion 12 between the
25 fluid sample outlet 35 and the fluid sample return outlet 36, thereby causing the
fluid samples to be driven through the fluid analyser and back to the pipe flow 50

without the need for any kind of pump arrangement.

In figure 2 an embodiment of the invention is illustrated where the upstream
propeller 29 is mounted on an upstream propeller shaft 31 while the downstream

30 propeller 30 is mounted on a downstream propeller shaft 32 where the upstream
propeller shaft 31 and the downstream propeller shaft 32 are coaxially mounted.
There are substantially two possibilities for operation of the electrical generator 25
for this embodiment. The downstream propeller 30 can drive the electrical generator
25, while the upstream propeller 29 is mounted in such a way that it rotates

35 independently of the downstream propeller’s rotation and only contributes to mixing
of the fluid, for example by the upstream propeller shaft 31 being rotatably mounted
inside the downstream propeller shaft 32 which may be cylindrical in shape.
Alternatively, the upstream propeller 29 and the downstream propeller 30 may be
mounted in such a way that they are contra-rotating and both help to drive the
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pr opeéé er propeller housing 23 in a similar manner to that illustrated in figure 3. The upstream

propeller 29 is mounted upstream of the propeller housing 23 and the fluid sample
outlet 35, while the downstream propeller 30 is mounted downstream of the fluid
sample outlet 35 and upstream of the fluid sample return outlet 36. The propeller
unit 22, however, is provided with a first electrical generator 26 and a second

30 electrical generator 27, both of which are disposed in the propeller housing 23. The
upstream propeller 29 drives the first electrical generator 26 via the upstream
propeller shaft 31, while the downstream propeller 30 drives the second electrical
generator 27 via the downstream propeller shaft 32. During normal operation one of
the two electrical generators 26, 27 will be able to be disconnected so that only one

35 generator is in operation and producing electrical energy. The first generator 26,
which is driven by the upstream propeller 29, will preferably be disengaged during
normal operation. The downstream propeller 30 will then drive the second generator
27 while simultaneously providing a pressure drop between the fluid sample outlet
35 and the fluid sample return outlet 36, while the upstream propeller just mixes the

40 fluid in the fluid flow 50 during normal operation. In the event of necessary
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two el ectrical generators 26, 27 will be able to be disconnected so that
only one generator is in operation and producing electrical energy. The
first generator 26, which is driven by the upstream propeller 29, wll
preferably be di sengaged during normal operation. The downstream propeller
30 will then drive the second generator 27 while sinultaneously providing a
pressure drop between the fluid sanple outlet 35 and the fluid sanple
return outlet 36, while the upstream propeller just mxes the fluid in the
fluid flow 50 during normal operation. In the event of necessarynmai ntenance
or breakdown of the second electrical generator 27, the first generator 26
will be able to be switched on, thereby permtting the production of
electricity to continue. A nunber of enbodi nents of the invention have now
been descri bed, which mxes the fluid in the fluid fl ow 50 before fluid
sanples are renoved fromthe fluid flow



and which will rmake the fluid analysis system 10 i ndependent of the
external supply of electrical power and use of a punp for punping fluid
sanpl es twocughsotise fluid anal ysis system 10 and back t ecrhe2pig@ozarti on
12. The system descri bed above may of cdé@rse be used anywhere, but it is
particularly suitable for use in areas with difficult access, such as for
exanple in connection with bottom based installations for production of
hydr ocar boas. AtMSea. It is also well-suited for use in areas where there is
an environnent with a risk of fire and explosion. CLAIMS 1. A fluid analysis
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i nth ra{lﬁ ‘P‘(‘J”Pﬂr%@& wdse ;J g ¥her conprises a
propel | er unit- (22 uidkainglysé¢rs(1p) ohickeds movidedtm Iﬂwdstomnmnmltonemmh fireopel | er
(29) and at | eastf a8 6aflpMWnsiilee eI fmnaﬁﬁémﬁdééﬁﬁler%&&tauﬂﬁ%bler unit (22)
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porlt i rm( g é)Z) bgif EHeﬂdZQD dn@ambﬁan@rcﬁawsmg &quelh vikigh fptkéﬂdlileﬁﬂ?ﬂ![ﬁ
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sanpl t hrough th SIS st em anal ySI s 5ystem
according to cl ai Sammple otitlef (35
- the downstream propeller (3 0) is located downstream of the fluid sample

outlet (35) and upstream of the fluid sample return outlet (36), thereby
enabling the downstream propeller (30) to provide a pressure drop in the
pipe portion (12) between the fluid sample outlet (35) and the fluid

25 sample return outlet (36) which is sufficient to drive the fluid samples
through the fluid analysis system (10).

2. A fluid analysis system according to claim 1,
characterised in thatthe propeller unit (22) comprises a propeller
housing (23) in which at least one electrical generator (25, 26, 27) is provided.

30 3. A fluid analysis system according to claim 2,
characterised in thatin addition to providing a pressure drop in
the pipe portion (12), the downstream propeller (30) also drives, or helps to
drive, the electrical generator (25, 26, 27) which is arranged in the propeller
housing (23).

35 4. A fluid analysis system according to claim 2 or 3,
characterised in thatinaddition to mixing the pipe flow (50) in
the pipe portion (12), the upstream propeller also drives, or helps to drive, the
electrical generator (25, 26, 27) which is arranged in the propeller housing
(23).



characteri sedi nthat the propeller unit (22) conprises a
propell er housing (23) in which at |east one electrical generator (25, 26,
27) is prwoidaed3o39 A fluid anal ysis system accordi ng t ectino200900514h a r a
cterisedinthat in addition tolproviding a pressure drop in the

pi pe portion (12), the downstream propeller (30) also drives, or helps to

drive, the_elegtyrical generator (25, 26, 27 ich is arranged in the
prop o e A e St e o i
, char a [ n ianalysistspstaix(18y comerisepe 1 ow
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propel | er housﬁﬁ?si %’3?‘.6 ghg aflfl@rg%lr g&iﬁ%?@?%?&"&%%@&l&e&? Hb{htegi%tlaai ms 2-4,
c h a a c t amafysis syse@m(i0n that the fluid analysis system (10) conprises

means (28) for transmitting electrical energy fromthe electrical generator
(25, 26, 29) th fhuidafdlysid spsieinyeeprditg)o amdobthiesadaipsvies, consuners in the

fluid anal ysi & st 2@0t(d @) s Hd A 4 | whOhadnalossi sSnsy, I%W EQéN@oY an@ne of
the cl ai ns 1-5( > i t tﬁsith a ?eM§n

ract er i s iy N tha e S n
upst r eam pr opep?é?féfl % “eadn"dv%sﬁfeea%%Pﬁ°88‘§?rd(8h?eaf ﬂﬂ%‘f%éfﬁ‘nsﬁp%rﬁgq ?Lh@?tsﬁéb’) are
nount ed on sepedavbichishptts (3BB2)3 coagigleh shafts (31, 32) are coaxial. 7.
A fluid analysis systemaccording toclaim6, char acteri sedin
t hat tthe af. | eadluibpenlyps sysem gucopbhg &y claioy, and the at | east one

downst ream pr apRlal 4 c(t39} i&r&dMiunt @6 the 22 1HeNéhRapRicail HSpERANED) afld tA
C er
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| east one dowiB#¥H¥&mM propeller (30) are nounted on the sane shaft (33). 9.
A fluid analysis systemaccording to one of the clains 2-8 char act e
r i s e d$ nAfwidetadysis sysemtaconaling &t orand heopahiser-5(29) is nount ed
upst r1|e5?m 012 35 )hﬁh Rropelt @5 igwal {Ign (tagt)tfha?ﬁletdﬂ%a@’é ?+@Q§sﬁr&ﬁ?pﬂﬂ\é’g% (rzeﬁg] R
propel | er [ oynstream o e ell er usi :
fluid anal ysi s?;g?g?g%#tﬁgtcoonre |°r%n%t%agh%r°8?u?rh(§bggﬁq THRUGLES O rtﬂg,sgme sha
9. A fluid analysis system according to one of the claims 2-8,

characterised in thatthe atleast one upstream propeller (29) is
20 mounted upstream of the propeller housing (23) and the at least one

downstream propeller (30) is mounted downstream of the propeller housing

(23).

10. A fluid analysis system according to one of the claims 1-7 or 9,
characterised in thatthe propeller unit (22) comprises two
25 electrical generators (26, 27), where the at least one upstream propeller (29)
drives a first electrical generator (26) and the at least one downstream
propeller (30) drives a second electrical generator (27).

11. A fluid analysis system according to one of the claims 1-10,
characterised 1in thatthe fluid analyser (16) comprises a particle
30 counter (17) for automatic counting of the number of particles in the fluid
samples.

12. A fluid analysis system according to claim 11,
characterised in thatthe fluid analyser (16) comprises a data
storage unit (18) which can store data from the particle counter (17) relating to
35 each individual fluid sample.

13. A fluid analysis system according to one of the claims 1-12,
characterised 1in thatthe fluid analysis system (10) comprises



characteri sedi nthat the propeller unit (22) conprises two
el ectrical generators (26, 27), where the at |east one upstream propeller
(29) driwWee281063pEP el ectrical generator (26) and the afPCIraQ2009190314
downst ream propel l er (30) drives a secohdél el ectrical generator (27). 11. A
fluid analysis systemaccording to one of the claims 1-10, c har act e

i d t hat fluid ticl t
(17) “tor aut obvats A8 nRe Betl mdp? oP R0 il BeR R W frf0d™ ©
sanpl es. 12. Arebsiseysian (EDsndyasbasmsiatioorlapaigd pba disgarperizoméhalaid a c t e

ri s edi ndoaaisiddigtdnh.ui d anal yser (16) conprises a data storage unit
(18) which can store data fromthe particle counter (17) relating to each

i ndi vi dual 14| %%ﬁ@am?msl@steﬁ idc@tcﬁn@f@tmhassystem according to one of
t he cl 112 aracatr act

f |
systemSa( 10) corrprl sésmeand (?Lg) lf%rtlhfltstgﬁglﬁ?atnf?}gﬁ%&tﬁana élt}%:gdd@gna (%i’r
si gnal s bet weei?n{Ieb sigpalsFommlsgs ose oy srosendevioys tndviselsasizansmisiion of ocat ed

at a di stance datoand/becdlttiltigmdd ystinees Yisd f0id ddlyser {1 6)i hdanabysd Satsyst em
according to bjmlB, characterisedi nthat the neans (19)
for transmtti ‘data and/or control si gnal S corrpri ses one or nore devices

for wirele S on of dataa ont.r. signal s between the fluid
ﬁ%) %@1(?1 ﬁﬁaﬁgsm systtemtaccorc'ﬁ ]% 1& fI

anal yser ase Ion uid anal.ysis system
accorfing to dhiaiaztery seed he meags ¢19) for iransmittingalapreansdor 19)
for transm ttidcgt@dhtignaBdodiprisenbhebr gidgaahises trirsasttiipedHi andbe cabl es

(16) and the taes EiEefRYe ?38?9&%@12\%?‘3%&5%%2%@% I Qb Yo o
one of t heiél aA 'fﬁu&'a&gi Slé st%rq ac%o?dlﬁ%%) 81’16 ?Fthe cg?% Eat the fluid

anal yser (1b) ‘conprise e con a fluid sanple,
t her eby enabl i5H & he crfupbdrs %\d pla t that e ﬂmdtan@lywrlﬁlé) §amprlée%smpléount ed
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16, char a e{afrfxd%s in ‘chesﬂnﬁd%al(nfg? s cngﬁeéﬁl@Lﬁtﬁa(???]a%o?%h 8’ s releasably

mounted in th uird anal yser Ins manner sanmpl e

cont ai ner n Q?lmc?gﬁé/lsrgis Sg&g}na&t%opdlgg% cfa1m 1%9 fluid anal yser (16) by an

ROV, a robot’ sim ]
character 1 S e d 1 n that the sample container is releasably mounted

in the fluid analyser (16) in such a manner that the sample container can be
20 removed from and placed in the fluid analyser (16) by an ROV, a robot or
similar equipment.

18. A method for operation of a fluid analyser (16) for analysis of a fluid in a pipe
flow (50) flowing in a pipe or a pipeline, where there is provided in the pipe or
the pipeline a fluid sample outlet (35), through which a fluid sample is

25 withdrawn which is passed to the fluid analyser (16) for analysis of the fluid
sample,
characterised in thatthe method comprises the following steps:
- providing a propeller unit (22) comprising at least one upstream propeller
(29) and at least one downstream propeller (30), which propellers (29,30)
30 are mounted on one or more rotating shafts (31,32,33) and at an axial
distance apart in the pipeline’s longitudinal direction, and where at least
one of the propellers (29,30) is arranged to be able to drive one or more
electrical generators (25,26,27) arranged in the propeller unit (23),
- placing the propellier unit (22) in the pipeline in such a manner that the at
35 least one upstream propeller (29) is located upstream of the fluid sample
outlet (35) in the pipeline and the at least one downstream propeller (30) is
located downstream of the fluid sample outlet (35),
whereby the propellers provide mixing of the fluid in the pipe flow (50) before
the fluid sample is withdrawn through the fluid sample outlet and production



18. A method for operation of a fluid analyser (16) for analysis of a fluid
in a pipe flow (50) flowing in a pipe or a pipeline, where there is

provi ded WA 201003pi8e or the pipeline a fluid sanpl e out PET/N®B)Y/000FHAOUgh
which a fluid sanple is wthdrawn whichlys passed to the fluid anal yser
(16) for analysis of the fluid sample, char act er i sedi n that

the nmethod conprises the foll ow ng st ;4= Proyi di a praopeller unit (22)
conpri sing at eezllslesct%.l%ﬁ‘érreu]btsﬁoF SRR Pgﬁgfgﬁeeﬁutd;@}a %Sﬁa?g@ E}r@acg T downst r eam
propel | er (30)conGilPBER gsrapeEders (29, 30) are nounted on one or nore
rotating shafts (3 1,32,33) and at an axial distance apart in the
pi pel i ne' s19.onymaiechat¢coddingdeictain Bad where at | east one of the propellers
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propel | er (29)upsespdtacdduidFempdaratemn quiket {3 Witk arprletheripeing85) in t he
pi peline and tgievided) whsteboaalediped pidseamdpoppet bephrddadd irstheqs

186
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m xi ng of the flul e pipe 0 efore sanp

W t hdr awn r t fhuid s e out and productiopnef el.ectrigc .current
for operact on Gt idt (N aRAD S D AEAHEIY Bl s By o
equi pﬁ%ant . 19.analysis Horflaecaraping oy e@iflAvigg ie apipe porian (L 2p where thee ( |

n that the pragpge pertionnilR) (@)s 4 part uf b pesedr ©pipletioed in the pipeline in
such a manner that the downstream propeller (29) is |ocated upstreamof a

fluid sanppe rEfeuise oTut fleld 4nd6)sisdylstenyii ©hckbRIiRE REbANSSE 1he cpdimi 1D for

whereby a desi[ ressur e, dr.op. rovided i1n.the pipelihne. hetween the
fluid sanple oatﬁlgﬂ'esgs %;‘ugn%at lé’%f Oﬁx?gs(garﬁ)vf’%gruét?ﬁl eBﬁﬁf%el?géﬁhgr ° The
use of a fl ui diEhBEPEIN(12Y Eerarn 4 noT oha PhredpingPipsligaavhaeh isHecapdivpderi- 16 for
anal ysi s of a wdtet or innarBeptip@inidnowhebOdheld D\ rigk of fide phdyer paslbsion. (12)
where the pipe portion (12) forns a part of a pipe or a pipeline. 21. The
use of a fluid analysis system (10) according to one of the clains 1-16 for
analysis of a fluid in a pipe flow (50) flowng in a pipe portion (12)
where the pipe portion (12) fornms a part of a pipe or a pipeline which is

| ocat ed under water or in an environment where there is a risk of fire

and/ or expl osi on.



