1 A FLU D MANAGEMENT APPARATUS AND METHOD  The present invention
relatées to a fluid managenent apparatus and net hod, and particularly,
but not exclusively, to a fluid managenent apparatus and nethod for
use 5with a gas turbine engine. Backgroupd Under nornal operating
conditions, a bearing chanber of a gas turbine engine typically 10
contains a lubricatin al s revent oi

| eakage fromthe bearRﬁﬁlhﬂéﬁ@§$§%hhﬁﬁpﬁﬁgAh€Qik%ﬁﬁEﬁ@EtﬁB Wth
such a seal, the bearing chanber is held under a negative pressure.

To maintain the negative pressure, air is bled out of the bearip
chanber. TH&eaPESH] e@thpﬁ] ﬁ??éefbé%ﬁ Agidcmanpasmeny ARparatys éaﬁt'ﬁ?ﬁ'i‘gd and

amount of  Qakicufari, hﬁjtfr@t BkEsieHPRb &f fui® mapagémehtesppatdiis and XieidR! RF use
air and _oil droplets is 15 then passed to an oil/air separator, such

as a ceft r iWIFEIFENG Bidi®es at hi gh speed. The separated oil is
returned to the lubrication systemwhile the air is discharged
overboard through a breather outlet. Al though, in general, oil/air
separ at or s BACKIRMYBl ¢ to renove absolutely all of the oil 20 fromthe
air which is discharged overboard, it is desirable to inprove the
efficiency of the separator in order to reduce the environmental

i mpact of REeERRMA oPRIGHRS ENCitong R BeTing SREPEE Birasat bFdine PRYieE hipisely

el imnape QbhtafrBNSHIBREARG, oiVP&BsHseA sbhmrs@ae@wg@vémeoumebké from the
thermal |y degr ade, becom ng acidi.c and | eavi ng deposits aroun
<

t he
oi | syst emPeRipg Hiamhsire intq fie rest of dhgenainfith euch e sealcheeating chamber i

perform ng hbldsuﬁdé%tﬁég@n@ pr%'é&ﬁi@t TG afhedm e ﬁég%lﬂﬁé EF&%@Q:@ aT(Ps bled out of
overconme this problem it 1s necessary to nonitor the oil to identify

when parti &€ B?arfrlﬂ phaspherc hHyairitied é'am thecbeape shagber dpicagy cpafams an

m xture di a6RanYEThiAHahd fRfcbf HRYpIEE &R pbh%le@p%%rr%&ﬁﬁe of af R il droplets is
parti cuI arly when the aircraft is stationary noV]j nﬁérel ativel

sI owl y 15 ThitienRaesed tQ 20 /2 sappeatar, %C*pa%gecﬁggkf@eawp otalgsiat ety srsed.

m st akenl y TAg sd&pafhtéP ol bs Fefid RIMHY UBridtRnedl@tane wHilkr th8 iR Bischdi§ed
oil/air mxture mag cause unsi ght I%/ staining of the engine nacelle as

it is di scR¥pgedrddiorsbaraeather gt al so stain the runway surface. 2
di spersion. However, whilst the breather outlet is able to reduce the

appear ance of snoke, it does not provide ang qt uantitative informtion
regar di ng ﬁﬁ@o% ge@grab,qlllaprrﬁﬁa %rse'ﬁ'@ ypable to remove absolutely all of the oll

20 from the air which is discharged overboard, it is desirable to improve the efficiency of
the separator in order to reduce the environmental impact of the engine. However,
high efficiency separators effectively eliminate oil consumption, which over time can
cause the oil to thermally degrade, becoming acidic and leaving deposits around the oil
system. Furthermore, the oil can become less effective at performing its function of

25 heat and debris transference. To overcome this problem, it is necessary to monitor the

oil to identify when partial or full oil change is required.

Moreover, the oil/air mixture discharged overboard may have the appearance of
smoke, particularly when the aircraft is stationary or moving relatively slowly. This may
30 cause distress to passengers as the smoke may be mistakenly assumed to be a
problem with the engine. Furthermore, the oil/air mixture may cause unsightly staining
of the engine nacelle as it is discharged overboard and may also stain the runway

surface,

35 US Patent 6,513,332 discloses a breather outlet comprising an electromagnetic wave

(e.g. microwave) generator which is used to evaporate at least a portion of the liquid



5t iis therefore desirable to provide a fluid managenent apparatus
and nethod which is able to analyse the oil flow out of the engine
and to prevent snoke fromforning. Statenents of Invention 10In
accordance with an aspect of the inventidQn there is provided a fluid
managenment apparatus conprising: a flui conduit for the passage of a

di spersi on cont aining particulate matter; a |l aser arranged to provide
| aser | i ghtdisnesyier ef’F‘iJ|"‘d‘"%foW6LHr?afh%8W@tr‘F aplg tggedugenihel gppeprance of

l'i ght heat sidk@, RAbéd RbH pR6Bd&BAY @uarﬁ.%ﬁu%mf&mehmntrﬁ @RS kiR Egress of oil from

i ncandescence; one or nore sensors for detecting e i ncandescence of
t he partlcdh%?@@ﬂ% matter so as to determine a characteristic of the
di spersion; and an el ectromagneti c wave generator operable to provide

el ectromagneti c waves inside the fluid conduit at a position
downst r Eam'bie therefore desirablegitrravidea fiull mapgamant appgratustang rpethed whichris

the di sper sipffo 2481188 1Rl SICATPHRIR Bl SngtRVshdats HRERhPEMBEY fréth S8Ry
operable to provide el ectromagneti c waves inside the fluid condulit at

a position upstreamof the laser light so as to performa scattering
nMeasur enentgtatements bREHVBnAbRCt r omagneti ¢ generator may provide the
el ectromagneti c waves both 25upstream and downstream of the |aser
light (i.e. where the laser light inpinges on the particul ate

matteryo |n Eﬁéoreé'ﬁé&'wtl‘?fant&%eéﬂ %éqmasﬁ 'tﬁeré‘@é’ %r&f‘d&%ré‘ﬂ@iﬁ rﬂ‘é‘lya&é?nent
split and directed upstream and downstream of | aser |ight

dual use ofPPRA@IUS eemPEFRgn@tiUd waUIY &t 6@5339ﬁa‘§f aedjﬁn,eésmrheeogtaz@ng

wei ght and Gaghi@ mdier; aQﬂéééFtéﬁangEBetooHﬁoQHb 2120 %tﬁﬁ&ﬂé tRY fRid conduit;
wavegui de splitter. 3 el ectromagnetl c waves nay scattered by the

y
parti cul at &Merineln Vs Hae lasearioh b@@tﬁstﬁﬁgowlaé%ﬂqt@ul%!ﬁ@'%Y ft@generate

The fluid rRRAgesieRte; 2R Mdie sBR6rd FHerB?erct[@fmﬁh&%déébe%é enikalgarticuRte
attenuating 5the el ectromagnetic waves direc towards the upstream

positi da. TrAiEEISe S Bnerjedlne awehreaciinde &f dhe figpensiona and @ndklasieomagnetic

generat or. wave generator operable to provide electromagnetic waves inside the fluid conduit at a
position downstream of the laser light so as to vaporise at least a portion of the

dispersion.

20  The electromagnetic wave generator may also be operable to provide electromagnetic
waves inside the fluid conduit at a position upstream of the laser light so as to perform

a scattering measurement.

A single electromagnetic generator may provide the electromagnetic waves both
25  upstream and downstream of the laser light (i.e. where the laser light impinges on the

particulate matter).

The output of the electromagnetic wave generator may be split and directed upstream

and downstream of the laser light. The dual use of the electromagnetic wave generator
30  may reduce the size, weight and cost of the apparatus.

The output may be split by a waveguide splitter.

The intensity of the electromagnetic waves may be lower at the upstream position than

35  at the downstream position. By using a lower intensity at the upstream position, the



The one or nore sensors may be coupled to the fluid conduit by
optical fibres. This 10may allow the sensors to be |ocated renotely,

t hus i nprovi ng the robustness of the apparatus. The sensors may be

el ectronically or optically multiplexed., This may reduce the wei ght
of the apparatus. Each sensor may be coﬁ?igured to detect only a
certain frequency or 15frequencies of |ight and thus be configured to

detect di f fRRERMACPBliss WAvepamaY cof atcatianeflt By thenpartiguate majtepdather than

confi gur ed a@oidiRyird®ariduldisattel. at i vel y | ow power pul se and a second
relatively high power pulse to the particulate matter. 20 The first

pul se may be a preheat pul se and the second pul se may i nduce

i ncandescengR fiid h%a?@rhbﬁtcéﬁpﬁhﬁum rther comprisa€ars afl@huafsrSbr Bftenuating
| asers maydgéow de both the first and second pul ses. The dual use

250f thé | deplerEgmanalc waveedisgced towardsrhe Sasireass podion he appar at us.
The | aser may be a continuous wave |aser. The continuous wave | aser
may have a _higher fluence than a pulsed | aser. The high fluence of a
cont i nuous M&REIrQEEENGlGWaNE GRRCFRaR Meybpa migigpierve geteiaiche

particulate matter at the sanme tine as it is being |lost to 30t he

sur roundi ngr gas. This may allow single particles to be detected as _ .
they pass tIWERTEHOR RErSCHNEPIFUDAY PRePEPIed @ the) Brieh condldt py gptical fibres. This

manageqgnt APaloN e SBRSofsUiol B locaRPehfelR tﬁ@@fﬂﬁ&obiﬁg%e réBltHR8 of the
| asers may |ntegsect one another inside the fluid conduit. 35
apparatus.

The sensors may be electronically or optically multiplexed. This may reduce the weight
of the apparatus. Each sensor may be configured to detect only a certain frequency or
15  frequencies of light and thus be configured to detect different types of particulate

malfter.

The laser may be configured to provide a first relatively low power pulse and a second
relatively high power pulse to the particulate matter.

20
The first pulse may be a preheat pulse and the second pulse may induce

incandescence in the particulate matter.

The same laser or lasers may provide both the first and second pulses. The dual use

25  of the laser may reduce the size, weight and cost of the apparatus.

The laser may be a continuous wave laser. The continuous wave laser may have a
higher fluence than a pulsed laser. The high fluence of a continuous wave laser may
allow heat to be supplied to the particulate matter at the same time as it is being lost to
30 the surrounding gas. This may allow single particles to be detected as they pass

through the continuous wave laser beam.

The fluid management apparatus may further comprise a second laser, and the lasers
may intersect one another inside the fluid conduit.

35
The lasers may be diametrically opposed.



The |l asers may be dianetrically opposed. 4 The characteristic of the
di spersion may include one or nore of: (i) conposition; (H) size of
the particulate matter; (H ) volune fraction of particulate matter
(iv) flowrate of the dlspersion; (v) fléght time of the particulate
matter; (vi) increase in tenperature of the 5particulate matter; and
(vii) fluid conduit discharge pressure. The fluid nmanagenent
apparatus may further conprise a safety interlock which may prevent

the laser aHy/ arftietic emgra%tpbﬁsldwsy B818s ah8 or oRTbRPEERM pdRfioh] (ii§ Sige
apparatus is not ass | ed or_is msassenbl ed. Furthernore

b
el ect r omagréthe PaicaatEomaiar HiieiTe falien of AFeisulsie MAfPF dvirfiew rate of the

(faraday Cf%%lersﬁfﬁl(v}bmgrﬁ}rtﬁﬂé dethet &ar@éxﬁ’é’t@ '?ﬁatfe'ﬂe(vﬁl Iﬁ&bé%%ﬁipb%t%%ﬁsche
fromexiting the fluid conduit. A second nesh may be provided t

prevent Sel &@ﬂ%%ﬁ’@itﬁbamﬁ\({‘é@ﬂt“F’é’OEq“F'ﬁ digrhsigesprgesyree neasur errent and
vapori sation zone. 15The fluid conduit may formpart of a breather

outlet of a gas turbine engine, for exanﬁ) I n accordance with
anot her asﬁé@tﬂbﬂﬂ MaRageeRNARRSFAtS a1 UENes enRiise @ safety interiasa yalebnay

met hod comyrdainhGhe PRSS! REdRY délé&ﬁfn%gﬂ@tl&%\%' REAGaRAT frbmUbsLBtimdLit She
20 through a fluid conduit; heatin articulate matter wth 1aser

light to géReraius ismehAseelint er 'Sdfétsé{%%qnﬁ@eﬁ hEurthermege stiestoaagneiqwave

par ti cybat @oRBirn@dnt b8! UM 28 @irE hﬁé&‘ﬂ?a%aa? tdgef mbPBe ‘Bh?vi?fe"dstb QYlevent
and vaporising at |east a portion of di spersi on usin

el ect r omagieg eleciigwagnetisswaygs fromi @"tmn'é‘gef#%tcoﬁ@{'hod\ ﬁ%ﬁﬂnﬂ upg$emay be
conpri se Pas§iddy # Sl‘é\/éﬂnag&?érhé‘gn‘éﬂry%é?rtl%%mné *&%t%é%r ﬁbQﬁhréﬁ’ient and

performa scattering neasurenent” prior to heating the particulate
matter wit YaPRIEBEHON Zif: .

15  The fluid conduit may form part of a breather outlet of a gas turbine engine, for

example.

In accordance with another aspect of the invention there is provided a fluid
management method comprising: passing a dispersion containing particulate matter
20 through a fluid conduit; heating the particulate matter with laser light to generate
incandescence; detecting the incandescence of the particulate matter to determine a
characteristic of the dispersion; and vaporising at least a portion of the dispersion using

electromagnetic waves.

25 The fluid management method may further comprise passing electromagnetic waves
through the dispersion to perform a scattering measurement prior to heating the

particulate matter with laser light.

A single electromagnetic wave generator may provide the electromagnetic waves both

30  upstream and downstream of the laser light.

The particulate matter may be heated with a first relatively low power pulse of laser

light and a second relatively high power pulse of laser light.



A single el ectromagneti c wave generator may provide the

el ectromagneti ¢ waves both 30upstream and downstream of the | aser
light. 5 The first pulse may be a preheat pulse and the second pul se
may i nduce incandescence in the parti culgte matter. For exanple, the
second pul se may induce incandescence in at |east one droplet of the
particulate matter. 5 Brief Description of the Drawi ngs For a better
under st andiihg &rstt RdserBIenke @ sre;neggqu aulsgnand ohehseFargr eulse eEAYy INFHGR
it may be GRiahtgskenBs th el Srticuldte (RAtRAC FoMekhmPRMHRCsSHRAE pulkd MEY irdlice
exanpl e, to the acconpanying drawing, in which:- Figure 1 is an

expl oded péﬁ@ﬂé@%qe%eﬂ%\}ﬁ?% oge Sm@%ﬁéﬁhe@amcatatea@éﬁ?rdi ng to an

enbodi nent of the invention. Detailed Description Wth reference to
Figure 1, a fluid nmanagenent apparatus according to an enbodi nent of

t he i nvént iEsief Qespripties ofthy BeawiBgs out 1 et 2 for a gas turbine engi ne.
The gas turbine engine conprises an oil or lubrication system as
known in the art, 20 which naintains a supPIy of ail to engine .
conponent s Fos adietigs uadesatanding of Hnprepent shitcloshsmand tashew saqfe stagrly how it
pr evi ousl y mdhge ReRlcdNBtoC bR Crerdrandevil MWL RaBEO5) Wh§ JFISERIE tb e
ensure oil does not undesirably escape fromthe charber into the rest
of the engiPREOMABYNG dreWing, INdi¢egati ve pressure, air is bled out of
the beapi ng chanber. The air bled fromthe bearing chanber contains
droplets of oil. This mxture of air and 25 oil is passed to an

oi | /air sepiuss ot is A gxpleded Rernectygyaiew ghe Sueriber eptleihacaerding 4e ean
at hi gh spegfhchfmseBaiatisdhhignoi!l fromthe air. The separated oil is
returned to the lubrication systemwhile the air is discharged
overboard via the breather outlet 2. The breather outlet 2 therefore
provi des flpgislidePi@atdptiohl On between the interior and exterior of the
engi ne across the engine nacelle. 30 The breather outlet 2 conprises
an upp@® generally cylindrical portion 4 and a |l ower generally
cylindri cahypOictdr@itbelo Wy t8 1, b AuidSRanzdEmepPASIRFALES abrdiRg 1B &y Embb&iment
condui t. The breather outlet 2 i's positioned downstream of the

oi | /ai r sephthgtirentionrergprisese saipoeytie) 2d6er a gas tyrhing engidar at ed from
the air, a small anmount of oil remains formng a dispersion of air

and oil. In general this is in the formof droplets of less than 12
The gas turbine engine comprises an oil or lubrication system, as known in the art,

20  which maintains a supply of oil to engine components, such as a bearing chamber (not
shown). As discussed previously, the bearing chamber is held under a negative
pressure to ensure oil does not undesirably escape from the chamber into the rest of
the engine. To maintain the negative pressure, air is bled out of the bearing chamber.
The air bled from the bearing chamber contains droplets of oil. This mixture of air and

25 oil is passed to an oilfair separator, such as a centrifugal vane separator which rotates
at high speed to separate the oil from the air. The separated oil is returned to the
lubrication system while the air is discharged overboard via the breather outlet 2. The
breather outlet 2 therefore provides fluid communication between the interior and
exterior of the engine across the engine nacelle.

30
The breather outlet 2 comprises an upper generally cylindrical portion 4 and a lower

generally cylindrical portion 8 which, in use, are connected to form a fluid conduit.

The breather outlet 2 is positioned downstream of the oil/air separator. Whilst the
35 majority of the il is separated from the air, a small amount of oil remains forming a

dispersion of air and oil. In general this is in the form of droplets of less than 12



6 mcrons in dianmeter. The dispersion flows into the fluid conduit
via the upper portion 4 and is discharged overboard via the |ower
poertion 6. The dispersion may al so contain other particulate matter
such as airborne 5 contam nants that havge been ingested into the

engi ne. Furthernore, the presence of other contam nants nay be

I ndi cative of problens el sewhere in the engine, such as fuel (heat
exchanger daif@ge)n diggreder. The disearsicgicliawsvigterte fiHigaroadyit ¥iafthe jugper portion 4

(hydraul i c PUPJRERHrgéPaYbodt IR0hY fhvePpbalonts’ aces (identification of
wearing parts), or wear indicators (trace conponents). 10 The

breather outlet 2 further conprlses a mcrowave generator and a

conti nuous RV §idasdén (R §B§C'c5ht%ﬁ°u| 'dfhérhfb‘éﬂ)cufé'tegp%ﬁé’r | dich Ngs UQiPt%rne
portion 4 of the breather outlet 2. The mcrovvaverF%enerator and | aser

are confectceataninamy theb\hare dees i%@s@dbm@éh% engine e MyatheRearg, therpsesence of
cabl es may o@l%oht%%lﬁéhté’l%éf@é n’fdné%\rt]@e %@ p?éblérﬁs %|sb€'?/%rtehﬁ thé%‘?ubmfeosl?&] as

15| ocat ed out si de of ["'uir d condui t transmt | aser

into the f |fuﬁlcﬂheﬁ§ﬁd@hacngerrﬂ@nﬂﬁl@r we\méfl@@rﬁ@&eémar cwﬁaql@é@lda(hmﬁlé@md@p
splitter whigheskyf %fs%bl\&@éi YndlhiVi-£ies (H&ﬁhﬁ&h&’r‘%f %a p??té)r QY"Wé C mdlcators

generator into two discrete sources e wavegui ter

di rects thélraggocosnaness)in different directions, with the second
sourceqfei ng 20targeted further downstreamthan the first source. The
m crowave generator further conprises an attenuator which attenuates
the mcr om%@é@"%ﬁfh@wﬂﬁt 2 durthep geiperisepre Miciawave gereriorsdita gpntiguous wave

position bﬁ’és‘é?%t%'ﬂ@cnﬁ@é]l?%ﬁéwﬁf dlg'ﬂ@sefd' ih She ﬂﬂ;%r%ﬁ) 4 'Ef eoﬁﬂ@éﬂﬁe outlet 2.
sources. 25 The | ower poftion | ses g ura |ca

sensors 10 TWAi raﬁrcwaé'eoneﬂ@@@rda@d dﬁma afeh SO ara,fh@@werfedt ¥ring galles 8.
portion 6. Aﬁ@%aﬁ@é]?oché crab%@%)} cérhsr@é §n bBﬁc%wBreC@é)hﬁo %Rew %%P Iéséisto be

optical fibre cab ter nat’l vel g sensors | ocat
renot ell§ aﬂﬂfatq%)%@e @hﬂﬂefﬂulﬁir@né@b wdo {frapsrf"i @ﬁgrnliqht mﬂg ftuaﬁ quéu't
sensors 10. The sensors 3010 may be optically or electronically

mul tiplexed to reduce weight.
The microwave generator comprises a waveguide splitter which effectively divides the

output of the microwave generator into two discrete sources. The waveguide splitter
also directs the two sources in different directions, with the second scurce being
20 targeted further downstream than the first source. The microwave generator further

comprises an attenuator which attenuates the microwaves of the first source.

The laser is focussed on a position between the targets of the first and second
microwave sources.

25
The iower portion 6 comprises a plurality of optical sensors 10 which are disposed
around the circumference of the lower portion 6. The sensors transmit signals through
cables 12, such as optical fibre cables. Alternatively, the sensors 10 may be located
remotely and the optical fibre cables may transmit light to the sensors 10. The sensors

30 10 may be optically or electronicaily multiplexed to reduce weight.

A wire mesh or gauze 14 is provided downstream of the microwave generator and the
sensors 10. Whilst the wire mesh 14 allows fluid to flow therethrough, it prevents
microwaves from passing further down the fluid conduit and out of the breather outlet 2.

35 The wire mesh 14 therefore contains the microwaves within the breather outlet 2.



A wire nmesh or gauze 14 is provided downstream of the m crowave
generator and the sensors 10. Wiilst the wire nesh 14 allows fluid to
flow therethrough, it prevents m crowaves from passing further down
the fluid conduit and out of the breath outlet 2. 35The wire mesh
14 therefore contains the mcrowaves within the breather outlet 2. 7
A safety interl ock (not shovvn) may be provided to prevent the

m crowave defaieit Bierorl (MYsbewWn) Fiavoks REpViIsertatrRsavent the, migipways generator

outlet is npy @a%%?r?ﬂirﬁdbé]ﬁ | Sperhedsg el %FbatrFé?r o@ﬂ%ﬁ‘”ﬂ' Bot td&@erﬁ%ﬁt ¥r is
interlock may be provid %etweent he upper and | ower S)ortlons , 6

of the fl u.r@sw@a@ﬁd tFOOFéP@G‘rPée ﬂ%@af@?xenfﬁﬁwmaham edetvpemhesupper

6 are corremiliy w&%UFﬁ’&keﬂ d & tRé 46 doRdBF I%Veﬁﬁhréﬁﬁ‘él el Lﬁ)‘bef éﬁHT]oWé'rbbﬂigns
t he breat her outl et In conbination with the wire nesh

saf ety Pnt &k 16oate @t?rgemﬂwonn@qte@ w&ogqﬁsatpactragertsg@qilaﬂ%frpw axﬂm 816 breather

manner. 1N dugé, ot "'r?cHhSirnQM@rVﬁrﬁh fReO ek HRedh 1 @tth@sﬁfe%‘(&lo%ﬁ"éh&?re@rtﬁ‘at the
directed towards the di spersion flow ng through the fluid conduit

of the bre@Pﬁérﬁtl&RHeéQte@“ asafe mantekr onaves have been attenuated by
the attenuator they have insufficient intensity to vaporise the oil
droplets and other particulate matter in the dispersion. Instead the
m cr owaves laruser 81 guerewayss frae pher fiist Indigrowaus iseyroeharentlicgcirth iansardy the

devi at gof r Qi'iQp%F&.‘i‘drf flc%h@trﬁ@dghtthé}ﬂ@i‘atd%bl%of 8 Brefritdr Lafiet ) A telRicrowaves

m crowaves by t particles can be used 1n a 15 scattering
measur enenta¥® ba@m attenuated: ha hecatianigior gheydtave esuffigiant éntengity e vaporise the

exanpl e, thg d%pﬂ@cs %HQ oﬂ\&?%ﬁrc@faté’fﬁatt@? ﬂﬁh@H%p@%fbanné"@é@ H@%%Wd\@g‘are

t he traj ectori es of he m crowaves. di spersion 1s subsequen
exposed to "‘Pﬂ?@tqda@érth&sP@ftt'dsés%@'”ghmﬁ@HCFPWéVqﬂ te dey@te dpdui their Taviginal

aser is f QeiarpfsONTR: SEAMAGPAN iHeChkr a8 By Whérn%@b&in B8 used in a

particles (relative to mber presernt) have been
st i nul 4P ed Spittaring MeastiERNRRTE 0 dﬂﬁ@ﬂ@e&ba@acteﬁﬁ%csqu threpartiglpe Eereraapdy the

the condui &jze ang rﬂh?oéraérebufarbﬁlbtsala@ﬁ't?é B|uRk R Xhé QRIS of the
pre-heat pulse. The pre-heat pul se heats 25but does not vaporlse t he

particl es. deevavgfent |y, the | aser applies a second relatively high
power pulse (i.e. the second pulse is nore powerful than the first
pre-heat pul se). The second pul se heats the particles to a ver

t enperatur & hmflﬁr@m%ys supseaupribexrosad tp e dassr as| if gassesTihraug the flwd

20 conduit. The laser is focussed on a single particle or on a small number of particles
(relative to the total number present} which have been stimulated by the microwaves.

Preferably this is near the centre of the conduit.

The laser first applies a relatively low power pre-heat pulse. The pre-heat pulse heats

25  but does not vaporise the particles.

Subsequently, the laser applies a second relatively high power pulse (i.e. the second
pulse is more powerful than the first pre-heat pulse). The second pulse heats the
particles to a very high temperature where they emit visible and invisible light. This
30 laser induced incandescence (Lil) can be detected by the sensors 10. The heat added
to the particle or droplet during the first laser pulse can be measured from the infrared
radiation emitted therefrom. This may be measured just before the application of the

second pulse to provide a measurement of droplet size and speed.



30 | aser induced incandescence (LII) can be detected by the sensors
10. The heat added to the particle or droplet during the first |aser
pul se can be nmeasured fromthe infrared radiation emitted therefrom
This may be neasured just before the appélcatlon of the second pul se
to provide a measurement of droplet size and speed. 8 The enission

signal resulting fromthe |aser induced i ncandescence is
char act er i stheceraiesion igpalrepiingitrem tbe faser ipeeerddnerdesecenca ig pharagedstic of

the em ssi qRe phdiRaktd r%aﬁérgn@a&d.@@l Fbﬂhérh%ré/%é'ﬁﬁugsfcﬁ%gr%@[Brof)&%onal to
particles. bEach sensor |tered so as to receive on

certain fréﬂ%léﬂémééﬁ%%ﬂéh@;?ﬁ%'deéf light. Accordingly, each sensor
is configured to detect different particles which may be present in
the dispersion, thus allow ng the conposition of the dispersion to be
det er ni Aed.Earhisensersty mﬁwpdg@r% $reass I ©eceive ORlY sesiRimEeFueaeiesvirvelengths

nunmber of Qjfligklr Qﬂc@%dlﬁ bl sEhsh & éérﬁ’@ure@lo(o'%fétéiﬁé%iféﬁﬁgaﬁﬁl%g'V\Fi’ﬁtﬁrﬂ Mhay

t he dropl et or particle size can also bé estinmated by neasuring t
i ncrease i et RRpRMan e dispessiprasthis allewinadhe icoapopitiaof Mg disparsiprniot be

a know edg%eﬂafrmmé% enes Bisd PRAIIEh Beabhe Bruihgevoldré\Srakith BF BRMBES of oil

are flow ng through the fluid conduit the centre of incandescence

wi || shift CoQRlptsin e disgsfi@uent |y, the sensors may sanple or image
t he enygsi on signal over tine to provide a neasurenment of the fluid
flowrate. This nmay also allow the breather discharge pressure to be

measured. At 8psritbrd ePrpviousls (hepsireriet PbrPagicla wized cap| 28e heapstimaigdely

to provide jgedRAsy iR FPnErefaE;@\M téﬁ%&atufvé‘gs \éal@gﬂ[i SﬁiHeOﬂsPFasér}"ﬁulg@ and with a
droplets |l eaves a hole in the rtéci)ersmn where no droplets are

present. THEOWIeEpP atBmERerayfimpaited vine RWES time may be nonitored
using the em ssion signal, thus allowng the flowrate to be
cal cul ated. The spectrographl c data is collected, reduced and trended

to prodPde Asiherdieietsrare Jowing theoughdhe Builesangmit ifisnsantiei of gngamdrgeence wil
system whepg dver GAR. D€ortsegHerth, ﬁ%@n@@ﬂs' ey %ﬁwﬁle%hﬁb?gw Qﬁk@loh%lgnal

make predictions for remaining useful Tife onen
det ermi ne &M§" WeeiteProwide R eayserpenty ff‘alfléh" flow rEFiBf '@)t%ﬁ’tﬁYemSQMa{kPW the

| ubricants b\-éhtlhé?%%%mﬁésglﬁ‘resﬁésﬁ@%ash?&% rﬁﬁé&héﬁ%lﬁ%é QQpcSstéthﬁ of the
30to add additional oi 0 the system to add or repl eni sh” addi tives,

or to perf §ffl %tsmbétt@emtaﬁma% ar@easyre oflows | hlpaa tap ¥geerisation of the
appar abgs RRoplts SI@a\stglél hIB! inC B G etdlorP a8 €fo Rfr@;ﬁét@rﬁreaPFbs'eﬂt thehe

pressure drop across the breather which can be indicative of air
system or @jgplacement of this hole over time may be monitored using the emission signal, thus

allowing the flow rate to be calculated.

The spectrographic data is collected, reduced and trended to provide information to the
25  engine health monitoring (EHM) system, where it can be used in combination with
other EHM data to make predictions for remaining useful life of components, and to

determine any action which needs to be taken.

For example, with lubricants in low consumption systems, the required action may be
30 to add additional oil to the system, to add or replenish additives, or to perform a

complete flush and refill.

The fluid management apparatus may also highlight changes in breather pressure and
in the pressure drop across the breather which can be indicative of air system or oil
35  system sealing problems. These changes may also be linked to variations in engine

operation fo provide a more accurate diagnosis.



35system seal i ng probl ens. These changes may al so be linked to
variations in engine operation to provide a nore accurate diagnosis.
9 The breather assenbly and particularly the oil/air separator may be
adaptable in response to the neasurenentg nmade by the fluid

noni toring apparatus. For exanple, the speed of rotation of the
oil/air separator may be adjusted to alter the efficiency of 5the
system This may be used where oil consunption is required, where the

oi I is col dhangrdattet kassumelieand @agticliakis tﬂgaﬂwamgépaa@rtrhawbeeéd‘aptérmv@ in
present invention allows the consua@t ion of oil be nonitored.

Consequent I"§SPRP &0 H]%'B%‘-?‘EWI%@ masefyaER fiyid mﬂ@t%@ﬂ(ﬁpP?@HJsaer’réﬁémBF

the renai nithg spedd biirotdlien o HLB/ait Q3hRERE A, bd BGuste8 36 Bker tH&%‘Moié?ﬁy of
enabl es h| qh efficiency oi| systembreathers (oi]l/air separators)  t
t

be useddwi tihHEYSI&NS 18IS REY Pe Hﬁ’?q wBeg ARAPAWDRIL S seadeyr wherg the el '3T‘H%d

present i nyatthier wrﬁaeétr@cmnga);éwwsamm, kgser which has a nuch
hi gher fluence 15 (=flux/tine) than a pulsed | aser (around 120 Jcm 2

versus approximately 0.2 - 5 Jcm2). Wth a pul sed |aser, the

particle miwe hesditaheativealowittekéonsulplie 6f Hieds bé $n<ﬂ'ht§@dpa¢)@r%equently,
principally by conduction to the surrounding gas. In contrast, the

hi gh f1 uend®s gisoprevdirs fradhackwahe perdiionandage Hdhe ramainao ol fpihe suste-

the panpi C|T¢1eﬁ§for"eh&1e9§i’&eﬁtl |ﬁ€erﬂ§n|énab%shﬁglﬁ‘%ﬁic%6ytoﬂ dy8Rn$ Brdamensli(Gilair
gas. 20 Further rmre pul sed | asers with enerqgjl es greater than around

10m are | iSRPR/@IPrEIdo PS;&@?‘# pitgeutsyiferingdfona fis %%9@993 M@rﬂﬁﬂ Al
speed). Consequently, a laser producing 10Ons long pulses will only
illumnate a given volunme for 10-7s of the total exposure tine.

Particularly in flowng gas, this will limt sensitivity to |levels

where a si gmifdréstit indYBAIRY uses a continuous wave laser which has a much higher fluence
15  (=flux/time) than a pulsed laser (around 120 Jem™ versus approximately 0.2 — 5 Jom™).
With a pulsed laser, the particle must be heated very quickly, before heat is dissipated,
principally by conduction to the surrounding gas. In contrast, the high fluence of a
continuous wave laser allows heat to be supplied to the particle at the same time as it
is being lost to the surrounding gas.
20
Furthermore, pulsed lasers with energies greater than around 10mJ are limited to
repetition rates of approximately 10Hz (pulse speed). Consequently, a laser producing
10ns long pulses will only illuminate a given volume for 107s of the total exposure time.
Particularly in flowing gas, this will limit sensitivity to levels where a significant number
25 of particles are illuminated during each laser pulse. In ambient air, the particle count
may be too low to be detected using a pulsed laser. However, a continuous wave laser
allows single particles to be detected as they pass through the continuous wave laser

beam.

30  The LIl technique of the present invention has been demonstrated with an oil mass flow
of approximately 0.7mg per minute. This equates to the consumption of 1 litre of oil in
over 18,000 hours of engine operation. The present invention is therefore suitable for

even the most efficient breather systems available.

35  The microwaves from the second source are directed downstream and impinge on the

remaining oil droplets and other particles contained in the dispersion downstream of



25 of particles are illum nated during each |aser pulse. In ambient
air, the particle count may be too |low to be detected using a pul sed
| aser. However, a continuous wave |aser allows single particles to be
detected as they pass through the conti Hyous wave | aser beam 30The
LIl techni que of the present |nvent| on has been denonstrated with an

oil mass flow of approximately O mnute. This equates to the
consunpt i of"®£ensaF 1Pe Hareone m'ﬁm&’\%?s @8"‘@3‘6@”96‘@?5“’&0”&?@8% it to vaporise

oper ation. ahaethps &eebinel RVISBl RN tHeS nAKRRr évé)rexltﬁauérahl 8 fréferr@yad ﬁéyff the
nost efficient breather systens avail abl e 0 the sensors 10

the mi cr ondf@etaginthieyafempgiRly EYRPosRtP. édaﬂ%gﬁepﬁsw Vafdbi %‘@Parﬁﬂe the
thus beconmyrogits S ety tr@di.lcﬂ@(%nﬁifﬁ siz) is RH@{ent; t the SovRFAl @tﬁjé&dbénﬁb to

heat the droplets until they conpletely evaporate, it is not
necessaPy trﬁnqelﬁitrl‘%/d‘é‘%}'&ﬁgﬁdaﬂ%d §ll*@tft‘ﬂt'6$1 '@V'§'b@nd nerely reducing themin
size is sufficient; the overall object being to 5render the
di scharged fluid subst antially invisible. The present invention )
t heref ore rléguRresentHBVRligRttherpfase f@ﬂ‘l‘ﬁﬁsnﬂ‘eh@klﬁngb’a?fbﬁ'ﬂ@r("ohmmcarbons (oil)

di schar ged di@nbiRd a4 tRIMMBESherd Ol N practice, it may only be necessary
or desirable to operate the fluid nanagenent apparatus at certain
times rather than continuously. For exanple, since the discharged

di sper §pon |gyadie, WPrn%ber\?\% %enéfeséé?wofi%@mabué to IRYrd ke RGd Wﬁ&r%‘“g%ﬁ{e\‘]t
to operatethea aratus le the aircraft is in contact with

gr ound. Ac@aper.aﬁmqtceaaiwélrr@ﬁtratbﬁmae|cgnw3ﬁav Faserampk Wetth@dla?ha)rged

may be usedidprdtPobf®ethibre vidisle %@Idmpébeelﬁ it 'ﬁ‘l’d’)ﬂ&]ﬂi BBrn%cedsbrWBYOdé?’ate the
desirable to operate the apparatus o iS warm so at

| ess pr e- h@RPaTRLIS, Woi(f W@oﬁ'rcaqft fsi 'ﬁé‘é’”ﬁ‘%ﬂ"thtth? §r%m§lmA@wa@m9JV| a welght-on—

droplets arm@leg%ngfgﬁéle‘@as Wr irf Qhé %)n%atyh%edﬁééi‘ﬁttb OBroffde Athie NdiBdion.
transient event, such fuel Thus continuous monitoring Is

not ne&@ss&ﬂ?hﬁrﬁ@r? dt mébﬁﬁé’ﬁé’!‘ﬁbée 6)91 qrerage teghgPrase LRIk vhenftae gl tiggm so

per flight ysanadsgr8n¥atis rétlikh Catates WknlDR KILRHARAL dllwgﬁlétb%'ﬂe béné?@fed
limted to the managenent of a di spersion containing oil (}@Eets and
S fHent

ot her cont &W’ﬁéfﬂ"@wtﬁ‘ﬂé%H?tePVPTIaOfgad‘seftQﬁ%VﬁéS'%ﬁ@b’% Sughea pikm hays

be appli ed chitiris ARRltbERY ik PBt MIRESarl land $ord@f Ebﬁ@ﬂ]t@mﬁtﬂ amengg ELoim#84(iRra
treat a fluid containing particulate matter. For exanple

i nvention OBER aera‘&emewptedm%h? gdfficienfe exhaust from a nachi ni ng
centrepgHere, the exhaust flow may be nonitored to determne an oil,

cutting fluid, hydraulic oil, transmssion oil, or coolant fluid
conposi tior ha iesesb ivenismisdiot imited t9 fswmaproemens of @ @sRarsien cagtaining ol

condi tion @fopidi€ ahd ok c%ﬁ@mﬂf%’Hté BFeskREind §shaisige etnglnét MERReEfion Ty
i nvention could also be used to nonitor equi pnrent and safety systens

such as bi BpRRbad tpiaryesrpligatipry Wﬁﬁrecﬁﬁﬁd%ﬁsﬂa?lﬁlt?emW'FQi Y trgqy a fluid

det ect systgmaRiRYRMRIADfhaktgr, Provi de predictions as to when
mai nt enance, such as a filter change or a system scrub, will be

reqU|r§@ 11
For example, the invention could be used to monitor the exhaust from a machining

centre. Here, the exhaust flow may be monitored to determine an oil, cutting fluid,
hydraulic oil, transmission oil, or coolant fluid composition and debris content. Air flow
can also determine the condition of the filter and monitor the discharges to atmosphere.
30
The invention could also be used to monitor equipment and safety systems such as
biological filters and fume cupboard filters in order to detect system problems and to
provide predictions as to when maintenance, such as a filter change or a system scrub,
will be required.
35



Moreover, the present invention is not limted to aircraft engines

and may, for exanple, be applied to marine diesel engines,
particularly for determ ning fuel conposition. Al t hough the first
and second m crowave sources have been qqscri bed as bei ng 5provi ded
by a conmon m crowave generator, they nay alternatively be provided
by two distinct mcrowave generators. Furthernore, the m crowave

gener at or MASfeRET %ﬁl%‘%ﬁ%‘t Ryenfiafdn sptliviedfniaiaral \gines @ndip: fangyample,
of el ect r orROAieF toVAMATe diESE! cAYRED Rirticaladg RS RISDMiHPRCEdtEpokion.
ultrasoni c waves, infrared radiation or gamm rays could be used.

Wth this arrangenent, the wire nesh 14 would be replaced by a

sui tabl e neamsugd 1ROkt AHddeddill RIGELARTBENBES haleHerhi @8bcribdd as being
Clains 1. A breather outlet conprising: a fluid conduit for the
passage®of PEOBFeRf 3 PRMEB MRigioMiaMe 9Basraion et Bayalieraptivelbg proxided by two
arranged t QjigliheMhdfowad8fenkiagdtt. i nside the fluid conduit; wherein, in
use, the laser light heats the particulate nmatter sufficiently to
generate i ncandescence; one or nore sensors for detecting the

i ncandescengpheimdrBe A hicfolaAk € gaRdrhigF rﬁé’{ ase TEpIHGL T Begénerator which
characteristic of the dispersion; and an el ectronmagnetic wave _
gener at or ®RAUEEP othes tnesaf leciraegndlicaaesi FaaxagPiey & grftemdor preducing
fluid qondyjittasehigr hled, NArratdaP idigtfont BE Rhfed IajRaRld GeVa¥&d. With this
generator is split and directed upstreamof the |laser light so as to
per f orm a SEAPEIRTEMgtheeNss MesBntd Werdd dsviRBlesech by grsuithlle|rarans ofj qyptainiy

as to vapofhhseledtorh&rtic fadilohi on of the di spersion.



152. A breather outlet as clainmed in claim11l, wherein a single

el ectromagneti c generator provides the el ectromagneti c waves both
upstream and downstreamof the laser light. 3. A breather outlet as
claimed in claim1 or 2, wherein the output is split by a 20waveguide
splitter. 4. A breather outlet as clained in any of clains 1 to 3,
wherein the intensity of the el ectromagnetic waves is |ower at the
upst ream pddPM%n than at the downstream position. 25 5. A breat her
outlet as clained in claim4, further conprising an attenuator for
attenuating the ele trorTF neti ¢ waves directed towards the upstream
position. 6. A Bfe havtegﬁ?mevs'%%' claimed in any preceding claim

wherein the el eOiuiPEFHIIR Forchs B8 @08 QAIspbRion dontiThg baiBSte matter;
generatgr. 7. A breather outlet as clainmed in any precedi ng claim

wher ei n°t he oné '8Fe"AFRRISS IRsRIPWdg faser il insifle he fIKEd qondyit WhgHRiRyiip Ugs; the
optical fihsRslighth3al the pagiatiBR mawdrisaificRaiti¢loddmerhte theahdesRERseedi ng
claim wherein the |aser is conflfjured to provide a first relatively

. Q ,
| ow power pul s@NgPAMPre &S o8 dgtecting erpepndpermdre plithedariuate mattef so

parti cul at @si@HERFMING a cHaracferli6 8t the disPidid; ag clainmed in claim9,
wherein the first pulse is_a preheat pulse and the second pul se

i nduces i ncand@8cReRIOMagNElie WeKe IRl OPRERDIQ fo provide elgatromeagietic ivques

outl et 18s Glsidd R fiuld €bAdul Ihrkinlthe MBI Nhe RectRMRghSRESWa s QE¥hslatr is

10both the fjrst and second pul ses. , i
split and directed upstream of the laser light so as to perform a scattering
measurement and downstream of the laser light so as to vaporise at least a portion of

the dispersion.

15 2. A breather outlet as claimed in claim 1, wherein a single electromagnetic
generator provides the electromagnetic waves both upstream and downstream of the
laser light.

3. A breather outlet as claimed in claim 1 or 2, wherein the output is split by a

20  waveguide splitter.

4. A breather outlet as claimed in any of claims 1 to 3, wherein the intensity of the
electromagnetic waves is lower at the upstream position than at the downstream
position.

25
5. A breather outlet as claimed in claim 4, further comprising an attenuator for

attenuating the electromagnetic waves directed towards the upstream position.

6. A breather outlet as claimed in any preceding claim, wherein the electromagnetic

30 wave generator is a microwave generator.

7. A breather outlet as claimed in any preceding claim, wherein the one or more

sensors are coupled to the fluid conduit by optical fibres.

35 8. A breather outlet as claimed in any preceding claim, wherein the sensors are

electronically or optically multiplexed.



12. A breather outlet as clained in any of clains 1 to 8, wherein the
| aser' is a continuous wave |aser. 1513. A breather outlet as clained
in any preceding claim further conprising a second |aser, wherein
the | asers intersect one another inside ghe fluid conduit. 14. A
breather outlet as clainmed in claim13, mhereln the | asers are
dianetrically opposed. 20 15. A breather outlet as clainmed in any
preceding claim wherein the characteristic of the dispersion include

one or nore of :p (Hréatﬁémaetﬁttamlama)mSérzyepfcﬁceahg &&H'\QHér@TrﬁtHEiQés%F is
25(H ) volume _fraction of artlcul ate matter; (iv) flowrate of the

di sper si on;copfigured .t@mowq% fisst reladive dew Pawar euisatangra seqend r%wsb(s*agh

i n tenperatgyper plisé REthBPakictstebagmt ter; and (vii) fluid conduit
di scharge pressure. 30 16. A breather outlet as clained in any

precedi Ag claim further conprising a safety interlock which prevents

the laser and/ oy prRbfek bmggﬂduﬁew @Iaﬂ?g%ﬁ’ér@ﬂh tﬁé ﬂf@t 99@5?& h peeHeht bfiSe

breather outlet is not assenble IS msassenb
and the second pulse mduces mcandescence in the part:culate matter

11. A breather outlet as claimed in claim 9 or 10, wherein the same laser provides

10  both the first and second pulses.

12. A breather outlet as claimed in any of claims 1 to 8, wherein the laser is a

continuous wave laser.

15 13. A breather outlet as claimed in any preceding claim, further comprising a second

laser, wherein the lasers intersect one another inside the fluid conduit.

14. A breather outlet as claimed in claim 13, wherein the lasers are diametrically
opposed.
20
15. A breather outlet as claimed in any preceding claim, wherein the characteristic of
the dispersion include one or more of:
(i) composition;
(ii} size of the particulate matter,;
25 (iii) volume fraction of particulate matter;
(iv} flow rate of the dispersion;
(v) flight time of the particulate matter;
(vi) increase in temperature of the particulate matter; and
(vii) fluid condulit discharge pressure.
30
16. A breather outlet as claimed in any preceding claim, further comprising a safety
interlock which prevents the laser andf/or electromagnetic wave generator from

operating if the breather outlet is not assembled or is misassembled.

35 17. A breather outlet substantially as described herein with reference to and as

shown in the accompanying drawing.



18. A gas turbine engine conprising a breather outlet as clainmed in
any preceding claim 519. A nethod of using a breather outlet
conprising: passing a dispersion containing particulate matter
through a fluid conduit; passi ng qhectronagnetic waves t hrough
the dispersion to performa scattering neasurenent; heating the
particulate mailer with laser light to generate incandescence,;
10detecting the incandescence of the particulate mailer to determ ne
a charact erigst izc gad turbie dingPer sonftisindg bhilRr| ciitlB0asiblaln®b in @hyPprebédifg
of the dispersion using el ectromagnetic waves. 20. A fluid
managenent hod as clainmed in claim19, wherein a single

15el ectronagneti ¢ wave generator provides the el ectromagneti c waves
bot h upstream and downstream of the | aser |jght. 21. A fluid
managengnt et nodeded of 4piRga brepterAuichePniristd: wherein the

particul ate mathesing & dipaisish MWntdiniAg bhrtiellafedhaftdrifodgh 8WuRQWRHUIBUI Se
of laser light and a second 20rel atively hltglgnsgower, pul se of | aser

light. 22. A P89 W@%ﬁ@?ﬁ“%ﬁ"fﬁﬁ‘d"h&@%l sParsion It ipsform apratiering
the first padssardnfer pPreheat pul se and the second pul se induces

i ncandescence in the partjculate matter. 2523. A fluid nmanagenent

net hod subst antFalingthg Pagisuiets matenutdasenlipbhiogepeiaimingandssesnce:

acconpapyi ng didawichily the incandescence of the particulate matter to determine a
characteristic of the dispersion; and

vaporising at least a portion of the dispersion using electromagnetic waves.

20. A fluid management method as claimed in claim 19, wherein a single
15  electromagnetic wave generator provides the electromagnetic waves both upstream

and downstream of the laser light.

21. A fluid management method as claimed in claim 19 or 20, wherein the particulate
matter is heated with a first relatively low power pulse of laser light and a second

20 relatively high power pulse of laser light.

22. A fluid management method as claimed in claim 21, wherein the first pulse is a

preheat pulse and the second pulse induces incandescence in the particulate matter.

25 23. A fluid management method substantially as described herein with reference to

the accompanying drawing.



