WO 2011/ 161517PCT/ 1 B2011/001391 1 Differential pressure controlled notor
and punp barrier fluids pressure regulation system TECHNI CAL FI ELD OF THE
| NVENTI ON 5 The present invention relates generally to subsea equi prment

i nvolved in the transport of process fluids generated in subsea

hydr ocar bon production. Mre specifically, the present invention is
concerned with a systemthat is designed for managenent of barrier and

| ubrication fluid pressures in a subsea notor and punp nodule. 10
BACKGROUND ¥BMPRITDR ART A process fluid in subsea Moammarioest producti on
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punpi ng ampdilei phase fluid in 25 subsea production. The screw rotor punp
Is a ppsitive displacenent type of punp having two screws that are driven

inrotatig ears, between which a specific volune of
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fluid is ace ax|i al dlrectlon of the screws froma suction
side of t ?%&ﬁ?&%%lwbﬁ%wmﬁwnmﬁwwowe@ww apglipgesefiid punp. The
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drive- Cor\ﬂﬁﬁ}ﬁguﬁd)regervoir. A motor/pump module is arranged on the sea floor and

15 configured for transport of the process fluid from the reservoir to a surface or land
based host facility. The motor/pump module is frequently subjected to substantial
variations in pressure in the pumped medium, as well as substantial transitional
loads during pump start and stop sequences, €.g. The medium pressure at the
suction side of the pump may be in the order of hundreds of bar, requiring

20 corresponding measures in the motor/pump module to prevent process fluid and
particulate matter from immigration from the pump interior into a motor housing
via bearings and seals in the motor/pump module.

Screw rotor pumps are often used for the purpose of pumping a multiphase fluid in
25 subsea production. The screw rotor pump is a positive displacement type of pump
having two screws that are driven in rotation with intermeshing gears, between
which a specific volume of fluid is displaced in the axial direction of the screws from
a suction side of the pump to be discharged on the pressure side of the pump. The
screws are journalled in bearings in a pump housing, and are drive-connected to a
30 motor arranged in a motor housing. In case of a twin rotor screw pump,
intermeshing timing gears carried on the screw shafts provide synchronization of
the rotary motion. The motor housing is hydraulically separated from the pump by a
seal arrangement, where the drive shaft is journalled to extend for connection with
the pump rotor shaft. The pump bearings are separated from the pump medium by
35 seal arrangements at both ends of the pump.

For purposes of lubrication and cooling, as well as for preventing intrusion of sea
water and pumped medium into the structures of a subsea motor and pump



30 notor arranged in a notor housing. In case of a twin rotor screw punp,
intermeshing timng gears carried on the screw shafts provide

synchroni zation of the rotary notion. The notor housing is hydraulically
separated fromthe punp by a seal arrangenent, where the drive shaft is
journalled to extend for connection with the punp rotor shaft. The punp
bearings are separated fromthe punp nedium by 35 seal arrangenents at
both ends of the punp. For purposes of lubrication and cooling, as well as
for preventWagui/mFidsi on of sea water and punped nedk@mBionto1dhe
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In still other designs, the motor and pump 1s drive-connected by means of a

coupling located in a coupling chamber defined between the motor housing and the

pump. However, in all alternatives it is desirable to maintain at all times a pressure

30  difference over the interfaces, i.e. between the motor housing, the coupling chamber
when present, and the pump lubrication system and the pumped medium,

respectively,

Conventionally, motor barrier fluid and pump barrier fluid is supplied via the

35 umbilical, and leakage compensation and pressure control is managed through
directional control valves located at the topside facility. As subsea hydrocarbon
production sites are increasingly installed and operated at increasing depths and
step-out distances, the response times and control requirements in lubrication and



directional control valves located at the topside facility. As subsea

hydr ocar bon production sites are increasingly installed and operated at

i ncreasi ng depths and step-out distances, the response tinmes and control
requirenments in lubrication and WO 2011/161517PCT/ 1B2011/001391 3 cooling
fluid systens increase correspondingly. As a consequence, there is a
rising need for a notor and punp barrier fluids pressure regulation system
that operates with instant response to a change in pressures in the notor
and punp nowokeransi7whi ch provi des increased reliabijddaohfpoRPer ation. 5
SUMVARY OF THE | NVENTI ON The present3invention thus ainms at providing a
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first caV|t inth r an
ponents and ow nes which are mvoIVed for controlling the fluid pressure in

the motor housing cavity. Correspondingly, the pump barrier fluid circuit shall be
understood at least to include the fluid volumes in the connection chamber cavity

25  andits associated components and flow lines which are involved for controlling the
fluid pressure in the connection chamber cavity. In a more general meaning, the
pump barrier fluid circuit may also include fluid volumes in other cavities or
passages in the pump.

30  The object of the present invention is achieved through the provision of a motor and
a pump barrier fluids pressure regulation system for a subsea motor and pump
module as defined in the accompanying claims.

Briefly, a pressure regulation system for the management of motor and pump
35  barrier fluids in a subsea motor/pump application comprises:

¢ a barrier fluid circuit providing fluid' flow communication from a hydraulic
fluid supply to a first cavity in the motor and pump module,



WO 2011/ 161517PCT/ 1112011/ 001391 4 a pressure controlled flow control
val ve controlling the supply of hydraulic fluid to the barrier fluid
circuit, a second cavity arranged to receive hydraulic fluid fromthe
hydraulic fluid supply via the first cavity, and 5 a pilot pressure
circuit conprising neans for detecting and returning to the pressure
controlled flow control valve a differential pressure over a flow
restriction connecting the first and second cavities. An aut omati c
pressure cowbrmbissstemis in this way provided | ocatdiysatymita subsea 10
not or and punp nodul e, and character4zed by a fast response and high
reliability. The systemnay be nultiplied-to nmaintain, independently,

constant di Pf erriatsEs cqstroled fev condtalerye fomiroliag the suplypf hyd@plihousi ng
cavity (first fmayiottyy banidr udasmictiyy/ passage (second cavity) in a punp

structure; ,a LM QM RGNS tobeibd hiErhumamlil ¥bmARL nfu-saNd dnd (second
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An automatic pressure control system is in this way provided locally at the subsea
10  motor and pump module, and characterized by a fast response and high reliability.

The system may be multiplied to maintain, independently, constant differentiai

pressures between fluids in:

15 + a motor housing cavity (first cavity) and a cavity/passage {second cavity) in a
pump structure;
s amotor housing cavity (first cavity) and a cavity (second cavity} in a
connection chamber;
s a cavity (first cavity) in a connectidn chamber and a cavity/passage (second
20 cavity) in the pump structure; or
¢ a cavity/passage (first cavity) in the pump structure and the cavity (second
* cavity) in the pump through which the pumped medium is displaced in

operation.

25 In other words, with respect to the first recited implementation, a flow control valvé
is used to supply fluid to the motor housing in order to maintain a constant
differential pressure across a restriction, this way maintaining a constant over-
pressure in the motor barrier circuit relative to the pump barrier circuit, and thus
across the motor shaft seal. The flow rate through the flow control valve is controlled

30 by the differential pressure over a restriction. In result, the supply fluid flow rate is
always identical to the leakage rate at the defined differential pressure, regardless of
system pressure variations. If the seal leakage rate should increase due to wear,
e.g., the valve will automatically increase the flow rate as required to maintain the
differential pressure across the se¢al. When the pump pressure increases during

35 normal operations, the valve will automatically adjust the flow rate to maintain a
constant differential pressure across the seal. When the pump pressure is reduced
during normal operations, the valve will automatically adjust the flow rate as
required to maintain a constant differential pressure across the seal.



25 In other words, with respect to the first recited inplenentation, a
flow control valve is used to supply fluid to the notor housing in order
to maintain a constant differential pressure across a restriction, this
way naintaining a constant overpressure in the notor barrier circuit
relative to the punp barrier circuit, and thus across the notor shaft
seal. The flow rate through the flow control valve is controlled 30 by the
differential pressure over a restriction. In result, the supply fluid flow
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a second predefined differential pressure lower than the first predefined differential

25 pressure.

In many applications for subsea hydrocarbon production the first predefined
differential pressure may be set to about 5 bar, and the second predefined
differential pressure can be set to about 4.5 bar.
30
In the set of first and second pressure controlled flow control valves arranged in -
parallel to feed hydraulic fluid into the motor barrier fluid circuit, the first valve can
be sized for lower flow rates and the second valve be sized for higher flow rates. For
example, the first valve may be sized for flow rates ranging down to about 0.3 1/min,
35 and the second valve may be sized for flow rates ranging up to about 100 1/min or

above.



20 preferably set to open for hydraulic fluid flowinto the notor barrier
fluid circuit inresult of a differential pressure at or below a first
predefined differential pressure at the flow restriction, and the second
valve is preferably set to open for hydraulic fluid flowinto the notor
barrier fluid circuit in result of a differential pressure at or below a
second predefined differential pressure |ower than the first predefined
differential 25 pressure. In many applications for subsea hydrocarbon
producti on wbeotingist predefined differential pressurmmmiigset to about
5 bar, and the second predefined difderential pressure can be set to about
4.5 bar. 30 In the set of first and second pressure controlled flow
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DESCRI PTI ON OF THE
SHORT DESCRIPTION OF THE DRAWINGS
20 Embodiments of the invention will be more closely described below with reference
made to the drawings. In the drawings, -

Fig. 1 is a diagram illustrating the motor and a pump barrier fluids pressure
regulation system in a first embodiment, and

25 _
Fig. 2 is a corresponding diagram illustrating a second embodiment of the pressure

regulations system.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

30 In the drawings, d subsea motor and pump module comprises a motor/pump
assembly generally denoted 1 te which motor barrier fluid and pump barrier fluid is
supplied from an external hydraulic fluid supply.

Since the invention is not limited to any specific type or model of motor/pump

35 assembly, but indeed can be applied to various motor/pump configurations involved
in the transport of a process fluid from subsea hydrocarbon production, and which
are familiar to the skilled person, the internals of the motor/pump assembly 1 need
not be discussed in detail. In general, the motor/pump assembly comprises a motor



20 Enbodi nents of the invention will be nore closely described below w th
reference made to the drawings. In the drawings, Fig. 1 is a diagram
illustrating the notor and a punp barrier fluids pressure regul ation
systemin a first enbodinent, and 25 Fig. 2 is a correspondi ng di agram

Il lustrating a second enbodi ment of the pressure regul ati ons system

DETAI LED DESCRI PTI ON OF PREFERRED EMBODI MENTS 30 In the drawi ngs, a subsea
not or and punp nodul e conprises a notor/punp assenbly generally denoted 1
to whi ch nowotoibansiver fluid and punp barrier fluid scarsippbized from an
external hydraulic fluid supply. Sinte the invention is not Iimted to any
specific type or nodel of motor/punp 35 assenbly, but indeed can be
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Motor barrier fluid and pump barrier fluid is supplied to the subsea motor and
pump module from an external supply (topside offshore or onshore) of hydraulic

20  fluid via hydraulic fluid supply line 8. All other components of the system are
installed subsea. Motor barrier fluid is supplied to the motor housing via a flow
control valve 9 which controls the flow of hydraulic fluid into a motor barrier fluid
circuit 10 that opens into the motor housing. -

25  Pump barrier fluid is received in the connection chamber 6 from the motor housing
2 which communicates with the connection chamber via the seal arrangement 7.
This flow communication over the seal arrangement 7 is a leakage of hydraulic fluid
through the seal, the seal arrangement 7 in this context representing a restriction of
fixed orifice diameter, disregarding wear of seal surfaces over time.

30
In order to compensate for leak flow via the restriction 7, the flow control valve 9 is
pressure controlled and operated in response to the difference in pressure between
the motor barrier fluid on the upstream side of flow restriction 7 and the pump
barrier fluid on the downstrearn side thereof, i.e. the pressure difference between the

35 motor housing and the connection chamber. The differential pressure over the flow
restriction 7 is continuously detected and returned to the flow control valve 9 by
means of a pilot pressure circuit 11. In the drawings, the i:)ilOt pressure circuit 11 is
illustrated by thin and/or broken lines.



15 gears if appropriate, etc., providing also a barrier towards the nmedi um
whi ch passes through the punp. Mtor barrier fluid and punp barrier fluid
is supplied to the subsea notor and punp nodul e from an external supply
(topsi de of fshore or onshore) of hydraulic 20 fluid via hydraulic fluid
supply line 8. Al other conponents of the systemare installed subsea.
Motor barrier fluid is supplied to the notor housing via a fl ow control
valve 9 which controls the flow of hydraulic fluid into a notor barrier
fluid circwd2eilidetsimat opens into the notor housi ng. PRYIERUNGIBArrier fluid
is received in the connection chanb& 6 fromthe notor housing 2 which

comuni cates with the connection chanber via ”LIe se .grran&g nt 7. This
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barrier fiksdifpledrts did mddr vid the metor dairfer elrewin 13 of fixed orifice dianmeter
is arranged in the punp barrier fluid circuit externally of the notor/punp

nodul e and restricts. 5 the flow of h draulgjc f}uid fﬂomagehqn Ot or barri er
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barri®r fThe bweédnaiel valvesiSemelalst drh eadimiespdnisivate the pugspiied thapiiohe not or  vi a
the mot or ptlg@gtfrb €frcfit § £Wslpreviously discussed, the flow control valves 9 and 14 may

be individually responsive to separate ranges of the differential pressure over the

flow restriction, and they may also be sized for different flow rates. If required, a set

of more than two flow control valves may be connected in parallel to supply

25  hydraulic fluid into the motor barrier fluid circuit.

With further reference to the drawing, reference number 15 refers to a pressure
relief valve arranged to permit motor barrier fluid into the pump barrier fluid circuit
via a by-pass line 16 which opens into the pump barrier fluid circuit downstream of

30 the flow restriction 7 or 13. The pressure. relief valve 15 manages and controls
higher differential pressure during start-up and resulting from thermal expansion of
the liquid volumes in the motor and pump. The pressure relief valve 15 also
operates as a safety valve in case of an unexpected rise of the fluid pressure to a too
high level. A one-way valve 17 is preferably arranged to prevent back-flow from the

35 pump into the motor barrier circuit 10. A pressurized accumulator 18 may be
arranged in the supply fluid line to provide adequate supply ﬁgid pressure to the
pressure controlled flow control valve(s) 9, 14 - ‘



15 In ordinary practise and scale it is considered sufficient to cover
flowrates in the order of 0-100 1/mn of supplied hydraulic fluid.
However, in order to manage a w der range of flow rates than a singul ar
valve 9 can provide, at |east one additional pressure controlled flow
control valve 14 may optionally be arranged in parallel with the first
flow control valve 9 to supply fluid into the notor barrier fluid circuit
10, 20 The flow control valves 9 and 14 are each responsive to the
pressure i wdfe/pisiot pressure circuit 11. As previ eusipadbasussed, the
flow control valves 9 and 14 may be% ndividually responsive to separate
ranges of the differential pressure over the flow restriction, and they
may al so e idustestect embadirhérdmensts the ewenose ekthe inveptiqnunpmely tamsittaist nor e
than two f ¢o2tam0 Aiffefntiigi ¥ aard Bitwih SOIRGGHnd datitipawhkchate t 0 supply 25
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The invention is of course not in any way restricted to the enbodi nents
descri bed 20 above. On the contrary, many possibilities to nodifications
thereof will be apparent to a person with ordinary skill in the art

wi t hout departing fromthe basic idea of the invention such as defined in
t he appended clains. WD 2011/161517PCT/1B2011/001391 10 CLAIMS 1. A notor
and a punp barrier fluids pressure regulation systemfor a subsea notor
and punp nodule (1), the pressure regulation system conprising: - a bather
fluid circwé20qd@)siproviding fluid fl ow comuni cati carisomoasyiydr aul i c
fluid supply (8) to a first cavity ih the notor arid punp nodule, 5 - a
pressure controlled flow control valve (9) controlling the supply of

hydr aul i cCEAIMISd t o the barri er fluid circuit (10); a second cavity

arranged 0, receiv uI|c idfromth ul ly via
the first &N’PE‘" gﬁ" aéner 4“6# ® DFESEurt gaiuPXg){S?en( i‘iasluﬂ.lse%rrlﬁéé‘.lgﬁg means
for det ech‘iCm}“a]h@Oﬂekdl)nﬂwg)rfséutqfég‘-ﬂetl%%?&F Bl | ed fl ow control

val ve (9)- @béélnfeli% e ircait (107 pﬁﬁqu liry, DA Aoa cfnhﬁf\u‘ni’(:;alﬁdﬁ frat :aond(amlc 13) f
connect i ngik e {6t ARASEGG bisk 6ia puskp e €9ul ati on system o
claim1 nt%wr it fg arr erf'l?%)[1 circ rra receive
hydlrauL:h c & PRI FB‘E‘F‘Q\PW‘SFL%‘? 1vpiee ?%) Flfﬁtﬁolﬂi'fgrtg‘ﬁis%m(lﬁﬁﬁ‘yﬁ%{gﬁ%}dgw 15 '

restrictitworh¢ h&)neoﬂulﬂlcnedltm,fl ce dianeter arranged externally of the

mot or  and. PRy ARty en(aiiged RBReeRN & dMilis huidtandidelsasntit ahidpugsrure is
detected an%&}er ur n the pressure controlled flow control valve (9)

that feed$ Siﬁﬁvb ’fa\nw dinto the notor_ and punp bather fluid circuits
in r esponsepies paesFEstdisRiS () spmariypemert B deterding A IgIHEURg Iodhgi f f er ence.
20 310 Thgres®g@el taiticlisd 8y8 baitradivaled @) mdiffeeantid] pressaredver g pd pressure

control | ed.fl.Q 8hd st hsd Seendlavitieset of val ves, including at
| east first gn}cﬂiyi?gcon és (9, 14), whi cah are arranged in parallel to

feed hydraulic fluid i nto t he notor bather fluid circuit ?10) and whi ch
are each ?&$pormilatentsystetreofdlaith dr wheteinl a pries barier Byidicirewie (12515f | ow
restricti :Qﬁu’(g@d tJ-é%:):ew@-Hjihr&l!klfctfhﬁd frofel btdr Sadridr Abidlceasit (10ywiapriRasur e

contr I ed fl t e ik d LESD A S par at e
range U FRLD e SRR B0, b ey LR AR i
module (l) and over which the differential pressure 18 detecte returned to the

pressure controlled flow control valve (9) that feeds hydraulic fluid into the motor
and pump barrier fluid circuits in response to deviations from a predefined, desired
pressure difference.
20
3. The regulation system of claim 1 or 2, wherein said pressure controlled flow
control valve (9) is one of a set of valves, including at least first and second valves (9,
14}, which are arranged in parallel to feed hydraulic fluid into the motor barrier
fluid circuit (10), and which are each responsive to the differential pressure over the
25 flow restriction (7; 13), and further wherein said at least two pressure controlled
flow control valves are individually responsive to separate ranges of the differential

pressure over the flow restriction.

4, The regulation system of claim 3, wherein in a set of first and second pressure
30 controlled flow control valves the first valve (9) is set to open for hydraulic fluid flow
into the motor barrier fluid circuit (10) in result of a differential pressure at or below
a first predefined differential pressure at the flow restriction (7; 13), and the second
valve (14) is set to open for hydraulic fluid flow into the motor barrier fluid circuit
(10} in result of a differential pressure at or below a second predefined differential
35 pressure lower than the first predefined differential pressure.



4. The regul ation systemof claim3, wherein in a set of first and second
pressure 30 controlled flow control valves the first valve (9) is set to
open for hydraulic fluid flowinto the notor barrier fluid circuit (10) in
result of a differential pressure at or below a first predefined
differential pressure at the flowrestriction (7; 13), and the second
valve (14) is set to open for hydraulic fluid flowinto the notor barrier
fluid circuit (10) in result of a differential pressure at or below a
second predadronedisadi f ferential 35 pressure | ower thanrikefhosat predefi ned
differential pressure. WO 2011/161%17PCT/rB2011/001391 11 5. The
regul ati on systemof claim4, wherein the first predefned differential
pressure $-Fhapegationsystemapd dleim &, whersindhe fesh gradgineddifforettidht i al  pressure
i s about prefsudéis.abouts bdand gglieadridatedafined diffefentidyprefsuc inabait2-%, wherein
ina set of first and second pressure. controlled flow control valves the
first valve (9) is sized for lower flow rates and the second valve (14) is
si zed for higher flow rates. 7. The regul ati on system of claim6,
wher eith tédhkiregiationl systef@f ang ofsilamg 2f b rwheteimin aisad of it prthgricard down to
about Ob%réédﬂégcoln;%fwle& h&w s,ﬁﬁﬂﬂldam%l € fifst 4ilvé ®) ﬁs: ZRE fdr ewer Iflow rﬁi?ﬁ es r a?gi ng
up to about 0 ove, . gul ation system of any o
claims 3-24 gggpgkg?e N méﬁfd&gfwggf§£ggﬁ%§cted in series with the
second pressure controlled flow control valve (14) of 15 higher flow rate.
9. The r eguhdirefitatynSeenal claily 6pwharkinitbe Gtsaivalye @hisrsged fa fpwesisar e
contrgy | egngagaaw%% £k B 1Y AlY St 1) sccSn 1900 biechBf b Rl (1 t e
tron (7, h

flow  restri 13 draulic fluid fromthe notor barrier

. dunp
fluid ci refiePeppds abetdOP Henmg %0
8. The regulation system of any of claims 3-7, wherein an ON/OFF valve is

connected in series with the second pressure controlled flow control valve (14) of

15 higher flow rate.

9. The regulation system of any previous claim, wheréin a pressure controlled
pressure relief valve (15) is arranged in parallel with the flow restriction (7; 13) to
dump hydraulic fluid from the motor barrier fluid circuit (10) into the pump.

20 '



