ACTI VE COCLI NG OF MEDI UM VOLTAGE POAER UMBI LI CALS | nventor: Andre Joseph
Chartier RELATION TO OTHER APPLI CATIONS [0001] This application relates to
and clains the benefit of United States Provisional Application 61/697,727
tiled on Septenber 06, 2012. BACKGROUND [ 0002] The increased use of subsea
systens that require large levels of electrical power used to support the
functionality of subsea equi pnent of various types requires the

i ncorporation or large diameter electrical conductois within subsea

unbi licals. These conductors invaliably dom nate the design and
manuf act uri ng processes of the unbilical in which they are required and as
a result the | cigahviayooicaor sesiuefvohese: Povatr onILEIdent S i nvari ably
dom nates the economcs of this type of unbilical assenbly. [0003] The

el ectrical mpmemfoar manadreobscptheagict ypes of unmbilicals is significantly

i nfluenced by the overall operatlng tenperature of the unbilical as this

i npacts the STKINFQ O THER A b voltage conductors and this in turn
affects the electrlcal | osses in the cabl es. 0004b Al t hou h t hese
unbilicals [QQQJJ]typl Clais|appliveiiop redaiesdprpidectadms e pagelitiofh Enitegj Stes fpveﬁfonm ch
operating in a subsea environnent surrounded by seawater that keeps the

cabl e oper atPHigriar SYETdeT Ved 9 LBBP ¥ &gt at ures, their design is frequently
limted by 8 é§r¥ ﬁEﬁrp length that is either |ocated in an T-tabe | ocated

on the sid ing production storage and of floading vessel (Fli SO)

or inalar @E Zﬁiynam et%r%? aseﬁtugcea‘bpsurbseelgleestems tiu?%?ug&egqn fe\$els (?feeqiec{r%alpr ot ect

t he pomer i cal rom bei ng over nlcal connection with

the Fps. "phRP R \ﬁ!ﬂ%@gor@ mgﬁ&&m@l@@gge@élﬂ&n{ &%ﬁ@llswemqmre@tﬂe Tube t hat

is Iocated e si e EPS rating tenperature wll

further i npae&sd;iaday drhged @Mﬁn’ctcpEle&ﬁ’daﬁ(:orfd@c%r@-tv\htﬁﬁl a6dch NEhbARalt. ermgset er nal
surfaces of the Uube and the overall anbient tenperature. [0005]The

desi st of negiwmryvaldiage ReMRS the alli@ Sy shammuanepbiegyenhd ymelna hat ed

which they are required and as a result the total fabricated cost of these functional elements
invariably dominates the economics of this type of umbilical assembly.

[0003] The electrical performance of these types of umbilicals is significantly
influenced by the overall operating temperature of the umbilical as this impacts the resistance
of these medium voltage conductors and this in turn affects the electrical losses in the cables.
[0004] Although these umbilicals are typically many kilometers long, the majority of
which operating in a subsea environment surrounded by seawater that keeps the cable
operating at relatively cool temperatures, their design is frequently limited by a very short
length that is either located in an I-tube located on the side of a floating production storage
and offloading vessel (FPSO) or in a large dynamic bend strain relicver (BSR) that is used to
protect the power umbilical from being over-bent at the mechanical connection with the
FPSO. In cases where the power umbilical is routed through a I-Tube that is located on the
side of the FPSO, its operating temperature will be further impacted by the level of solar

radiation acting on the cxternal surfaces of the I-tube and the overall ambient temperature.
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by the operating tenperature of a very short section of the overall length
of the system | eading the use of |arger conductors than woul d ot herw se be
needed or the use of higher transm ssion voltages and subsea transforners.
in the past, people have used |arger, nore expensive conductors and/or an
expensi ve transformer. [0006] The various enbodi nents descri bed herein | ower
the operating tenperature of a short length of an unbilical that previously
dom nated the system design such that its operating | enperature is no

| onger as much of a factor in the overall systemdesign. In typical

desi gns, the maxi mum operating tenperatures cannot exceed 90 C. One net hod
by whi ch thjososhas be@pd@ge ompkdisheshagspover dabis kpase athieqenBsensaeti onal area
of the conductors in the unbilical, thereby reducing their electrical

resi st ance. byl spadils tSipgnifd efantdry siict Pctop @€ thecost lapdl df nhenwmymcases
results in additional conplications associated with the need to splice
conduct or s dudiiigriae tshef &sse nddyctas thith golDESGRVVORN: OFIFHE thDRAW NEBr [ 0007] The
figures supplied herein disclose various erabodirnenis of t clained

i nvention. [OO0S G yltages pngl sgpped (rangBenpesy 1o thegrstapegple daves Ipge, BPa fir st
enbodi nent of the invention; [0009]Fig. 2 is an lustration of a

cross- sect i BRESTE Pt BB GHARTBYOPHe i nvention; [0010]Fig. 3 is a

di agrammati ¢ _vi ew of _a - i i :
9 ﬁ)OO The Va(.:r!Ol?SS e:emq)O(lii?ng ts gegg%gd lgreeri};[ lov(s)/gr tﬁeho%erlatri]n\/gef‘enr;tlﬂe%pme of

a short length of an umbilical that previously dominated the system design such that its
operating temperature is no longer as much of a factor in the overall system design. In typical
designs, the maximum operating temperatures cannot exceed 90° C. One method by which
this has been accomplished is to increase the cross-sectional area of the conductors in the
umbilical, thereby reducing their electrical resistance. This adds significantly to project costs
and in many cases results in additional complications associated with the need to splice

conductors during the assembly of the umbilical.

DESCRIPTION OF THE DRAWINGS

[0007] The figures supplied herein disclose various embodiments of the claimed
invention,

[0008] Fig. 1 is an illustration of a cross-scction of a first embodiment of the
invention;

[0009] Fig. 2 is an illustration of a cross-scction of a second ecmbodiment of the
invention;

[0010] Fig. 3 is a diagrammatic view of a closed-loop embodiment of the invention;
[0011] Fig. 4 is a diagrammatic view of an open-loop embodiment of the invention;
[0012] Fig. § is a diagrammatic view of a open-loop embodiment of the invention;
and
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[Got!]Fig. 4 is a diagrammtic view of an open-|oop enbodi nent of the
invention; [0012]Fig. 5 is a diagrammtic view of a open-|loop enbodi nent of
the invention; and invention. pbscRiniincifEyol opimn [0014] Referring
generally to Fig. 1, an advantage of the enbodi nents of the invention
described herein is that cooling circuits may be placed in a topside
portion of unmbilical 1 and enable smaller power conductors to be used for
the supply of the reouired | evel of power for the subsea systemin nany
cases this wll allow subsea electrical systens to avoid the use of
expensi ve subsea transforners and hi gh vol tage connectors significantly

i nprovi ng tespr oj edtg. &CONANMIGSatioh M L5¢rRefsexion B0 aIhitd bmiodinfehgof the unbi | i cal
| conprises outer sheath 2 defining an interior void 3; one or nore power
cores 20 diisposed within interior void 3; and one or nore forced convection
cooling circuit 10 disposed within interior void 3 proximte one nore power
cores 20. In typical enbodinents, there is one forced convection cooling
circuit 10 for each power core 20, each forced convection cooling circuU 10
typically disposed at location within interior void 3 as close as possible
) its respectlve Pomer cor e 20 at a distance that provides an efficient
evacuat i on B¥ESGH MBI -rfr code 20 to aid in maxim zing an

el ectrical t f t det d
operating t UNaer at U errﬁ%gg%ﬁ‘??@bff% R GEnabafied 1 PR B %5 °1 Mand
Fig. 2, pov‘ﬁvenﬁc%r &%cri%gd K@é{n l?s thﬁrcroglﬂi% c(ﬂcults may be placed in a topside portion of

umbilical 1 and enable smaller power conductors to be used for the supply of the required

level of power for the subsea system. In many cases this will allow subsea electrical systems
to avoid the use of expensive subsea transformers and high voltage connectors significantly
improving the project economics.

[0015] Referring still to Fig, 1, umbilical 1 comprises outer sheath 2 defining an
interior void 3; one or more power cores 20 disposed within interior void 3; and one or more
forced convection cooling circuit 10 disposed within interior void 3 proximate one more
power cores 20. In typical embodiments, there is onc forced convection cooling circuit 10 for
each power core 20, each forced convection cooling circuit 10 typically disposed at location
within interior void 3 as close as possible to its respective power core 20 at a distance that
provides an efficient evacuation of heat energy from power core 20 to aid in maximizing an
clectrical power transfer capacity of power corc 20 within a predetermined operating
temperature range.

[0016] As generally illustrated in Fig. 1 and Fig. 2, power cores 20 may be arranged
in various ways where at least one power core 20 is paired with one or more forced
convection cooling circuits 10.

[0017] Referring additionally to Fig. 3 and Fig. 4, forced convection cooling circuit

10 may be configured as a closed loop (Fig. 3) system or as an open loop (Fig. 4) system.
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in various ways where at |east one power core 20 is paired with one or nore
forced convection cooling circuits 10. [00171Referring additionally to Fig.
3 and Fig. 4, forced convection cooling circuit 10 may be configured as a
closed loop (Fig. 3) systemor as an open loop (Fig. 4) system Page 3

[ 0018] Forced convection cooling circuit 10 conprises one or nore heal
exchange delivery fluid conduits 11 and one or nore heat exchange return
fluid conduits 12 arranged in pairs, i.e. a heat exchange delivery fluid
conduit t I in fluid conunication is paired with a correspondi ng heat
exchange delivery fluid conduit 12, [0019]1n certain enbodinents, forced
convection [o@e] i Ng Chkaiiohveexdneofal cGOmdL domblsee ¥hceftdsorahauathageh heat
exchange delivery fluid conduit 11 and heat exchange return fluid conduit
12 pairs. Tapiepafidid/conduis Cledhd oo @ote lom egxbalge mgure flwid cuntluieX? erangdd icondui t 18
conprises plastic coating adapted to all ow conveni ent handling of the heat
exchange deghiryeée.\a Heftlendhange delaiytfluld comdvd 1hémfluié xetmaumigetionat paired Wituk d condui t
12 pair as a sub-astenbly. Mreover, it is advantageous to use a plastic or
ot her suita@F@pWﬂ@@hwéwwéﬁavkbﬁrbﬂﬂ%“@%ﬂéﬂnaI surfaces of heat exchange
delivery fluid conduit 11 and heat exchange return fluid conduit_ 12 from
corrosi ve JAMRht er fbCeHrBPBEYIIRHESECEGTAVCER cogue it PSP A&t ure of

t i t i | t b h | { ti | t
e corii®shnng b bR Ak G DS et P nR B Binen ok SR Lt
fluid duj t d h t . flLui Lt i |
TS Cons S0, AL pSEIENaR LECR, L ORI A% G | 60
juncture 13plés§c gdaﬂ??da&@@g) élgwax!oh\%‘ﬁ\feﬁtl Hdh(ﬁiné Qf %%at%&h\ﬁﬁg%rhe fg¥change

delivery flurd condurt” 11 and heat exchange relurn fluid conduit 12. The

predet er m n@dqit@N hdhehSexdtRicGdhrh Yiuidouk O£ i 298 splbsdetBiye Mokdsvdrameved nom an
el evated tenperature region of unbilical 1 such that an additional |ength

of forced caRM@EEUOD ROODIdlg of bih& Wiilabld ChafFifl\hatl @Secl B@x fetnblt sheiceOgfarat i onal
heat exchange benefit, [0021] Forced conveciion cooling circuit 10 is
typi cal |y confangpuetebnt tuidianept 11fahdihat exchange return fluid conduit 12 from corrosive
seawater to protect these conduits, as the corrosive nature of seawater is typically
exaggerated by the elevated operating temperature of power cores 20.
{0020] In certain cmbodiments, heat exchange delivery fluid conduit 11 and heat
exchange return fluid conduit 12 comprise loop juncture 13 (Fig. 3) at a predetermined length
of umbilical 1, where loop juncture 13 is dimensioned to allow fluid to pass between heat
exchange delivery fluid conduit 11 and heat exchange return fluid conduit 12. The
predetermined length is typically at a location sufficiently removed from an elevated
temperature region of umbilical 1 such that an additional length of forced convection cooling
circuit 10 provides no further operational heat exchange benefit.
[0021] Forced convection cooling circuit 10 is typically configured to accept fluid
cooling fluid 40 (Fig. 5), which can be fresh water, filtered seawater, a fluid that is alrecady
being delivered as an existing hydraulic function within the umbilical 1, or the like, or a

combination thereof. In closed loop cmbodiments, fluid cooling fluid 40 may be introduced

into forced convection cooling circuit 10 which is then sealed.
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cooling fluid 40 (Fig, 5), which can be fresh water, filtered seawater, a
fluid that is already being delivered as an existing hydraulic function
within the unmbilical 1, or the like, or a conbination thereof in dosed |oop
enbodi ments, :fluid cooling fluid 40 may be introduced into forced
convection cooling circuit 10 which is then seal ed. Page 4 [0022]In sone
configurations, such as an open |loop system (R g, 4), ibrced convection
cooling circuit 10 further conprises inlet 15 dinmensioned and adapted to
receive a suitable cooling fluid where inlet 15 is in fluid conmmrunication

wi th heat exchange delivery fluid conduit 11. Inlet 15 is typically |ocated
at a topsi deoarechanii€abmé ebitigh@tidn®Nsuol abindi dpef aboplsystein @lhd. ennadde e

enbodi ments, | breed convection cooling circuit 10 may conprise inlet 15 and
outl et 16 (dehgctich)coshp cikruit$0 tehdricguriad itla 1§ éntenstomed and gdaptediiodedtBe ¢ Fi g. 5)
into a body of water at a |l ocation along a length of unbilical 1 beyond

VWi ch addi tsuisséd coclongl flunigvliess inlett 15rie guiuicegdmniunication avith beat pxphenat ddinery cool i ng
fluid 40 may conprise an environnentally suitable fluid. In certain of

t hese conf i ¢ @nfwind, Inleh® ipgpiedly dfcateb dipsideBeRriickicrimtionsldRalg del i very
fluid conduits Il . [002:3]Referring additionally to Fig. 5, .in

confi gur at i bri 2iGreHve sabagimens, fueadroevegfion CgYPE GigeUH lﬂin&wgmm 4 13r esent  and
in fluid co nicatiqQn with inlet 15. For these .confi.gurations ource of
cooling fl u‘ir‘I‘H%H t%@?’a&t‘“&f@ B uiregeto 44 F%Oélfl%gmﬁ g? F‘?‘gg) ae e § ?J‘B’p(isfy and renm
system 43 where I cat refri t. : ! S IS
configured Y%ﬂﬁ?%égﬁéx?$%¥61%%%??%gﬂ??%#ggﬁ%nfﬁg?ﬁg%ﬁ%&?éééhgq%gﬁrigerant

[ 0024] Ref er foh R i ﬂmfégﬁaﬁ%ﬂ, Rollnd "hulielo Ayt ShBAke] ¥ &n GARRLE Mhieokdi 1ical 1

conprises outer sheat efining interior void 3; one or nbre power cores
20; and one@d. Mo&RinfPiHERAFRIMESGE, I hatORobiAgit EdnpEith He cRBarkle 3RS W t hi n
interior void 3 proximate power cores 20. In typical enbodi nents of this

al t er nati vefuit braesils one forced convection cooling circuit 50 for each
power core 20, each forced convection cooling circuit 50 typically disposed
at | ocati on[003f hi n iRafeefrigoarddivigiatly 8 B@. & ioenfasrapans syithl ielet ©F, istwcer @spect i ve
power core 20 at a distance that provides an efficient evacuation of heat
ener gy fronvoebnveefluid @7 ena@Obet mresaitchnil rin dwidi epimziupigatian véthelalker it alFopd@isr t r ansf er
capacity of power core 20 within a predeterm ned operating tenperature
range. [ 0025fipmicessetsaeeelisluidt] payfudicr eamprisetydicsidriieedt 4Rt £ ui d

conduit 51 conprising first diameter. 53 (hot shown in the figures) and
second fl ui §dd lﬁ}’sfe%‘sﬁ Vi C@Fﬁedcr(i{‘r‘ﬁﬂ?ﬂt g‘&’?fy&ﬁd W‘F%SYF‘F?‘s“s ¥ 708# regiondui t 51,
second quig coqp it q% hﬁvé4 hﬁecond,duq?eger 55 (not shown in the
figures) snﬁﬁF%%eﬁH%ﬁ° % S AT SHSt RS 3 ' iese enbodi nents, second fluid
conduit 52 | i spo rtkald Y oMb SiRenk kS hich b ubfg@ndui t  Si .
in certain gﬁ%@dineﬁ%%ﬁ fégg“¥¥dﬁ%“%%ﬁﬁh%¥e B@%ﬂ%?ié@%c%gggghggvjse

defines an &ﬁ&@l@e@ﬂ% Jeﬁﬁigg iﬂtef‘i&r%ﬁi 3¢ Qtﬂzqy in]:orea;BQIeISc%FeQ Q@!_afni bﬂe%r ﬁ@f&%&béd 52

conprises or otherw se heat exchange delivery fluid conduit.

convection cooling circuits 50 disposed within interior void 3 proximate power cores 20. In
typical embodiments of this alternative, there is one forced convection cooling circuit 50 for
each power core 20, cach forced convection cooling circuit 50 typically disposed at location
within interior void 3 as close as possible to its respective power core 20 at a distance that
provides an efficient evacuation of heat energy from power core 20 to aid in maximizing an
electrical power transfer capacity of power core 20 within a predetermined operating

temperature range.
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[0026] I n the operation of preferred enbodi nents, referring generally to
Fig. 1 and Fig. 6, to achieve the desired heat renoval fromunbilical 1,
unbilical 1 is provided, which conprises outer sheath 2 defining interior
void 3 and one or nore power cores 20. Unbilical 1 conprises one or nore
forced convection cooling circuits 10 or 50, described above, which may be
fabricated as a pre-fabricated sub-assenbly and pulled in a parall el
arrangenent through an extrusion process and encapsul ated together to for a
single elenment. Loop juncture 13 is incorporated within the assenbly at the
required length, detailed below The conpleted forced convection cooling
circuits 10 [@2550 nmayoriehetonixtionntsdithl Gaclitaso aompfreaIuemliy commltdsl it () the
| arger assenbly process of unibilleal I. in certain enbodinents, forced
convecti on couoirising fict diewéttrss3 Libt eirowbn i yigbhe) reipkaod fuid rondnipt2 incalid |, e. g.
in a crossseciion, with sinple polyneric fillers at the point in the length
of unbi | i calcommyiigatien withnigretcfluidosppdittt Sl osecend dluidragndsit 5@ dptisg seepnddiaB@tei s no
| onger required. [0027&The l ength of forced convection cooling circuits 10
or 50 is detefivf Hean byheEearniralpghar fredimetend3. dpticsq edrdipent. 6¢tgndani ch a
pr edet er mi ned. heat .exchange is to be effected _and a desired efficient
evacuat i on g]flldhcéﬁ‘[““esry‘?elf 3{?8‘?513"0%'&8‘%@(’ gl evithn first Byif goulyit o JE KEFAM se
det erm ned “Q&?%wgJ%r€HH£“’§w sired chaggcteriﬁtic of an el ectrjcal power
RS MO ORGP LAHTRTE R CHERIE TR0t REHE BB %r mi ned

transfer ca5a0|
operating t Somet AldluenlAAA Shaufi 39 98Gnprl URSIEY EAALAGE LRLL TRY
conprise maxi m zation of the electrical power transfer é%paC| y of the
power core Wiqk n the predeterm ned operating tenperature range [0028] A

| ength of forced convection cooling circuit 10 or 50 is determ ned which

wi Il be suffacsent tm akfpahtich sieselendd BABSiIRXRNANGEN Benaell BVBgthe desired
efficient evacuation of heat energy from power core 50 along a

pr edet er m nedd Fign@tihachievd the desirdd hda€@nolal fréfisbliengt bmbificad oncgdvig@nvect i on
cooling circuit 10 or 50 nay be determ ned by determning a | ocation

suf fi ci ent | yhick vov@desf euensizath €l @deine thtdrienped Akt encree giognpoofer cmdi 20 cal 1
such that an additional |ength of forced convection cooling circuit 10 or
50 provi des Uspilicgrlt ¢pewrissp encatri enafordsé aenvesich sevdjes piesniest 10t or SPhéesatived r ed

| ength of forced convection cooling circuit 10 or 50 is then di sposed

Wi t hi n i nt ePPWF Vo™ b5 Bicaat & paRdTLriEsHesubassemitle prd poiet Bg? E%H@bct i on
cooling circuit 10 qu EO are as descri bed herei£.£%8029]gbolin fluid. 40
i s introduc8dEHEG" { W@_dmdﬁﬁV%%kP%ﬂm%B%ﬁPﬁ&”@ﬁ? N0 P B E, S'85Y her

before fabrigatijon, durin hbr.icalion, .or .in cettain enbodinents as
descri bed hgl%%lgdﬁ', q‘c?ﬁ? i’uﬁlétu%pfe?’r at'ron’s Q Vé‘%ét% the a?ﬁselcl)%lénat Iq%)corﬁql’sf%g%%ﬁl’ As not ed

above, cool id&ﬁ]e lbgfog. ?%yco%mlaifﬁlge({ go%géati&fi&o fi g (ti}.cllilisefoec()jr SCA &l pe @

refrigerant, a flui at I's already being deld vered as an existing

hydraul i ¢ f gRekicod adhh ki RscHER) Jvcinﬁ@-lntolth@%réé?%_ssgxln&{% Groclts dhgnlibda, pr a
conbi nati on thereof As described above, cooling fluid 40 into forced

convection caalid egbodintetibli forcd cOivedBn \tb@ink NMilits 1B &NSH miaf b6 BEFIRLM in _
configurations, vented through owet 16 int() a body of water at a | ocation
al ong t he untbilicat &lc.g inlsetrgishedney, ovid sipieqllyaddi filicornathe paind ih thg ldngth ROt
required, e.g. where cooling fluid 40 conprises an environnentally suitable
fluid, umbilical 1 where forced convection cooling circuits 10 or 50 is no longer required.

[0027] The length of forced convection cooling circuits 10 or 50 is determined by

determining a length of umbilical 1 along which a predetermined heat exchange is to be

effected and a desired efficient evacuation of heat energy from power core is calculated or

otherwisc determined which will allow a desired characteristic of an electrical power transfer

capacity of power core 20 to be achicved within a predetermined opcrating temperature
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[ 0030] The foregoing disclosure and description of the inventions are
illustrative and explanatory. Various changes in the size, shape, and
materials, as well as in the details of the illustrative construction
and/or an illustrative nmethod may he nmade w thout departing fromthe spirit
of the invention, CLAIMS -Wat is clainmed is; I.An unbilical (1),
conprising: a. an outer sheath (2) defining an interior void (3); -ft a
power core (20); and c. an open |oop forced convection cooling circuit (10)
di sposed within the interimvoid (3) proximate the power core (20), the
forced convection cooling circuit (10) conprising: i. a heat exchange
delivery fluhdd cRN@ieH clakdofsistitimai cdi@aite BAGHMGE of (B dkdchickllpive re@fdui t  (12)

in fluid communi cation with the heat exchange delivery fluid conduit 0 I);
capacity of the power core within the predetermined operating temperature range.
[0028] A length of forced convection cooling circuit 10 or 50 is determined which
will be sufficient to effect a desired heat exchange to achieve the desired cfficient evacuation
of heat energy from power core 50 along a predetermined length of the umbilical 1. This
length of forced convection cooling circuit 10 or 50 may be determined by determining a
location sufficiently removed from an elevated temperature region of umbilical 1 such that an
additional length of forced convection cooling circuit 10 or 50 provides no further operational
heat exchange benefit. The desired length of forced convection cooling circuit 10 or 50 is
then disposed within interior void 3 proximate power core 20, where forced convection
cooling circuit 10 and S0 are as described herein.
[0029] Cooling fluid 40 is introduced into forced convection cooling circuit 10 or 50,
either before fabrication, during fabrication, or, in certain embodiments as described herein,
during operation of, ¢.g., an open loop system. As noted above, cooling fluid may comprise
fresh water, filtered seawater, a refrigerant, a fluid that is already being delivered as an
existing hydraulic function within umbilical 1 as the fluid, or the like, or a combination
thereof. As described above, cooling fluid 40 into forced convection cooling circuit 10 or 50
via inlet 15 and, in certain configurations, vented through outlet 16 into a body of water at a
location along the umbilical 1 length beyond which additional cooling is not required, e.g.
where cooling fluid 40 comprises an environmentally suitable fluid.
[0030] The foregoing disclosure and description of the inventions are illustrative and
explanatory. Various changes in the size, shape, and materials, as well as in the details of the
illustrative construction and/or an illustrative method may be made without departing from

the spirit of the invention.
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an inlet (15) configured to receive a cooling fluid 0101 the inlet (15) in
fluid conmuni cation with the heat exchange delivery fluid conduit (11); and
iv an outlet (16) configured to vent the cooling fluid (40) into a body or
water at a location along the unbilical |ength beyond which additional
cooling is not required, the outlet. (16) in fluid conmunication with the
heat exchange return fluid conduit (12). 2. The unmbilical of Caiml,
wherein the cooling fluid (40) conprising at |east one of fresh water,
filtered seawater, or a fluid that is already being delivered as an

exi sting hydraulic function within the unbilical. 3. The unbilical of
Caiml, whergivmg the forced convection cooling circuit (10) is disposed at
location within the interior void (3) as close as possible to the power
core (20) awnhaiscthisddagice t hat provides an efficient evacuation of heat
energy fromthe power core (20) to aid in maxim zing an electrical power
transfer capaci tyuobilitah@),poweisingore (20) within a predeterm ned operating
tenperature range. 1. The unbilical of Caim/, wherein the heat exchange
delivery fluid cond@ﬂ?mvﬁmyméﬁhkﬁmﬁﬁmeﬁﬁwfé%%@énge return fluid conduit

(12) conprise a loop juncture (13) at a predeterm ned |l ength of-the
unbi i cal, the | o8p #ramecerr 0428 di mensi oned to allom/fIU|d to pass

bet ween the heat exchan dellver fluid conduit ié %I PW% eat
exchange return fFui®d @ Hﬁ?to?%b%m“”§m n%ﬁﬁwp( I‘%?“ Ky ° wherein

the predeterm ned | errllgr 101 vmg (32Progiﬁllat% at Iootl;]r core (% icﬁleefnltc%&/%oquﬁe@ necgolg%lo[nl gzal

ei eval ed tenperature regi on at an a

length of the :forc coollng elrcun (10) provides no farther
oper at i onal heat ex?ﬁéﬁgg%ggﬁ%gﬂg 6. The unbilical of Caiml. wherein

the inlet (15) is |ocafeghatexhatRRSIES ARGCDARIEA); term nation of the
unbilical (1). 7. The unbilical of Caims§6, further conprising a source of
cooling fluid (40) in ifluhed semmianteativarcondutn ) hemiidb@imupkbion with
the heat exchange delivery fluid conduit (11);
iii. an inlet (15) configured to receive a cooling fluid (40), the inlet (15) in
fluid communication with the heat exchange delivery fluid conduit
(11); and
iv. an outlet (16) configured to vent the cooling fluid (40) into a body of
water at a location along the umbilical length beyond which additional
cooling is not required, the outlet (16) in fluid communication with the
heat exchange return fluid conduit (12).
2. The umbilical of Claim 1, wherein the cooling fluid (40) comprising at least one of
fresh water, filtered scawater, or a fluid that is alrcady being delivercd as an existing
hydraulic function within the umbilical.
3. The umbilical of Claim 1, wherein the forced convection cooling circuit (10) is
disposed at location within the interior void (3) as close as possible to the power core (20) at

a distance that provides an efficient evacuation of heat encrgy from the power core (20) to aid
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8. The unbilical of Caim?7, wherein the source of cooling fluid (40) is
configured to provide a fluid cooling fluid (40) conprising at |east one of
fresh water, Bored seawater, or a fluid that is already being delivered as
an existing hydraulic function within the unbilical (1). 9. The unbili cal
of CaimnmLavin, the source of cooling fluid (40) conprises a dedicated
refrigerant supply and return system and b. the dedicated refrigerant
supply and return systemis configured to provide a fluid cooling fluid
(40) that conprises a refrigerant.

in maximizing an electrical power transfer capacity of the power core (20) within a
predetermined operating temperature range.
4, The umbilical of Claim 1, wherein the heat exchange delivery fluid conduit (11) and
the heat exchange return fluid conduit (12) comprise a loop juncture (13) at a predetermined
length of the umbilical, the loop juncture (13) dimensioned to allow fluid to pass between the
heat exchange delivery fluid conduit (11) and the heat exchange return fluid conduit (12).
5. The umbilical of Claim 4, wherein the predetermined length is at a location
sufficiently removed from an elevated temperature region of the umbilical (1) such that an
additional length of the forced convection cooling circuit (10) provides no further operational
heat exchange benefit.
6. The umbilical of Claim 1, wherein the inlet (15) is located at a topside mechanical
termination of the umbilical (1).
7. The umbilical of Claim 6, further comprising a source of cooling fluid (40) in fluid
communication with the inlet (15).
3. The umbilical of Claim 7, wherein the source of cooling fluid (40) is configured to
provide a fluid cooling fluid (40) comprising at least one of fresh water, filtered seawater, or
a fluid that is already being delivered as an existing hydraulic function within the umbilical
(D).
9. The umbilical of Claim 8, wherein:

a. the source of cooling fluid (40) compriscs a dedicated refrigerant supply and

return system; and
b. the dedicated refrigerant supply and return system is configured to provide a

fluid cooling fluid (40) that comprises a refrigerant.
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