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TI TLE OF THE | NVENTI ON: GAS COVPRESSOR BACKGROUND OF
THE | NVENTI ON The production of |iquefied natural gas

wQ kNGp1038y be achi eved by cooling and condensi PQT/zB20era2422

gas stream against nmultiple rdfrigerant streans

provi ded by recirculating refrigerant systens. Cooling
of the natural gas feef Qﬁﬂﬁﬂ5$5hed by vari ous
cooling process cycles such as the wel'l -known cascade
cycle in which refrigerat n, i ded by three

di fferent refrigerant Ioé%% ggé%§% cascade cycle

uses met hane, ethylene, and propane cycles in sequence
to produce refrigeration at three different

tenperature | evel gacRags DW+HI§W€ ﬁr\ri geration
m xed re

cycle uses a propane pre-cooled rigerant
(GMR) cycle in which a nulticonponent refri gerant

Tn uffle (BBERNSE 165 EbIRRY R (NET may BE LBGEES! by eqpiing and

W@e%gg Bcﬁei?mir ga:ftr%m :®imrir£$mi,ltipa refrigeranp siogeme proxidedd by
Rl 98P SRRSO ool PSR BsiBL Sty og ageompished
QLG@ﬂIOLISI cogling popeasatcycigs, lshich ps tnetveellsknowndcastadevaycledn which
r-égﬁ%?at%ﬂ% @IOOBE @i‘ﬁ?le g ri;feFe% Fefr%er%é&ﬂ)sp '& Cessu%ﬁséaggarde cycle
useb rmegbarwnetiwmmr asd propank cyolss ninyeq;mce to imodeee refrigeration at

ibge%e%eréﬁtgéﬁige%tml e?sn S’iégt%?g’gﬁ Z(a @Eejpgegr\é nbcey% LliJsSé%%

ose.
m‘bpax’rwprge:oeieeinmixedrrefrigerapt (E3MR) ayelerin yhrcaratmtiiﬂmmmdeyit

i S. st em st be si

PR PR plee MR s SRR ReRfrSiAhGe. he

raixed refriJérentanay santaindydtocarbosy suchres methehie qﬂrar@r piaapbne and
. [ C re_discussed below The .term

PRGBS s BEE T coR i Airodslt  Yeiehs SRR rSfiGeraton

dyaten ateyuseddt maop bpenating LMGiadsiseand trguweddded nat ur al

gas via refrigeration fromat |east one of the many

cooling process cycles known in the art. The facility

may bEnhese Iaad d)ti‘rmSﬁJéssdf tefrigetiaﬂdnqnbctesge&fo@ datiral @ﬁs liquefaction

'Wﬁ’?‘(ﬁa‘gﬁ u§ {ﬁﬁrgﬁd Iog'gaéésgggsg iveq g% gas ﬁ.ﬁiiﬁeé R e&ent years,
siclershaft @aistecbuseesmam HeeB4dsed for FHRSCUrpose Dirdrig a Blocked

c%rr]ncprr]gsrs%gdilsgharge event, the compressed refrigerant typically is discharged to a

flare system, which must be sized to handle anticipated relief flows during such an
event. There also are other systems in the prior art, some of which are discussed

below.

The term “baseload LNG plant” as used herein is intended to mean a facility that
continuously produces liquefied natural gas via refrigeration from at least one of the
many cooling process cycles known in the art. The facility may be a land-based site, a
floating production, storage, and offloading (FPSO) facility to recover natural gas from
the sea/ocean floor, or a gravity-based system (GBS), a FPSO site that is anchored to

the sea floor in a particular location.
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the sea floor in a particular |ocation.Persons skilled
inthe art will understand that the net power

wa@r@slaidi® froma gas turbine used to drive a PCT/IB2004/002422
refrigerant conpressor in a badseload LNG plant is a
function of several variables, including but not

L m tedgsdiy é!@l’réhffrﬁ‘theté?f‘ﬂ?ﬁhﬁaété%nﬁttm tHE’n?ét p%Wé?événl%ble from a gas
avai |l abl e at. cold tenperatures), inlet/outlet

tydineasedre deye 6ﬁ%irlg¢ra@t§@mpr%ﬁsar DenpselosdNG allanhlg ao‘veetuon of
delv8®y) varabRs4inéRAind Ut adiFRed o Qr‘nﬁ@lnpt%ﬁﬁ)e?atﬁrrey(gﬁerﬂbﬁ power is

refrlgeratlon conpressor contal ning an ext er nal

ayajlabie alrold teannesatutes), jletinatigkdist losses trmpﬂ@ajé@ses Vand

Bt RbeRui oldigindiction lines. This allows cryogenic
flurd to flow fromthe conpressor discharge to the

suction |ine when the discharge pressure exceeds a set

val ugys WS, PodaSORNEH d%H@%%Q Qté/ﬁgérﬂg @@ﬁt%@%#ﬁ

process wt
ceatainindapexternally sdjpstable selict aalée aetween tlmg/ccanrg’agsor discharge and

th&! 5HBA indY. fﬁlgﬁﬁ%\&%?r&éqgn AL to‘?f&mtﬁé)ébnpﬁeégb‘? discharge to

conpressors at t t'ur bl ne power

tig swstivadine whan fendischarge pmaswrg exceaess arset vape. emant s the
power generated by the turbine of the second | oop.

WO A- 88/ 06674 di scl oses a process, applicable to FPSO
and d4SA-bdeR,§8p(Haakpdiselosasm iqlefastien piogaspwils by goggailoop

rgﬁléggﬂéﬂ%&& tlh% Eg%hg’r gortrﬁ%s&%‘%rgaﬁéeq{ ﬁgéé’fumme At

. ssure gas 1S I a conve
tifnesraf Jowrmw,errcmauresthﬂw the cemgmsyorauaattmfest loond turbimgtpower is

d@&e}rt%ﬁ 807% @%ﬁ%fﬁﬁ.t 3@ glgesrgto?’ Eh%dtﬁp%gtieaéaﬁeélgenerated by the turbine

optrecsend lsapact eri zed by cool ant | oop conpressors
bei ng nechanically interconnected and driven by a
si ngl eshaft gas turbine. Also disclosed is a bypass
val v&VOeA-88/0a6Thdistinsasta pnodessu applicable te BEB Ocandostationary
. I o =
PletartiE s "B PiBiuRe SRR adikcithe tiTndeds 0 209 low apgior
mediune peassuref gasdé disgearged tbmoug'hr&mrtvemwmabﬂafss Uihis, redtmes the

negégsagfélgﬁgt r%ﬁ&%ngﬂ?&%ﬁ@ﬁar%@&%‘ﬁ%lgﬁ {t‘nﬁ?actg)rrr% relief

'S col l'ecte n a vesse
vented to the atnosphere US- A- 5, 319, 945 (Bartlett)

di sc lWéelf’ 97384 Q‘F @gfﬁo S anlfqueh@d Egtﬁra? é%?{)ro%ss[ %haracterlzed by

. over pressure,
coelfini Igep ammpnesscnre ;betng reedhahidallygnieeconeécted Bed driven by a single-

shaft gas turbine. Also disclosed is a bypass valve between the inlet and outlet of each

compressor for use during process start-up.

US-A-5,408,840 (Talley) discloses a refrigerant recovery process. In the event
of refrigeration circuit overpressure, the refrigerant, after passing through the pressure
relief valve, is collected in a vessel rather than being vented to the atmosphere.

US-A-5,319,945 (Bartlett) discloses a process where, in the event of
overpressure, refrigerant is diverted from the refrigeration loop to a holding vessel. The
volume of the holding vessel must be large enough to reduce the overpressure before a

relief vent set pressure is reached.
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s dhelspmay R deshad

vol une of the holding vessel nust be | arge enough to
reduce the overpressure before a relief vent set

w@e@ssuses i s reached. - - US- A-3, 855, 810 ( Si nONPET/EB20)4/002422

di scloses the insertion of a sufficient buffer vol une
on the | ow pressure side of a refrigeration circuit to
accommodate the build-up in pressure when the

conpr esspr, J toff Lim atesthe ne to

PP B A i SRt ) i Soadh B8 kR ron Sy AR Hiclepguter
gkﬂsmléldnetﬁe aiwmessumstderéfarre@lge@ﬂbn Clmmltﬁésgmrﬁmdﬁﬁd thebuild-up in
asel oa ants are as tyrbines

RaRSira sthendse RoRreSedtic pd et S YiudRtes Hlanabidp saretrigerant
iAGUGRl preddige gsisf Yaddl ne and one or nore conpressors or

conpressor stages are nounted on a single shaft. If
the conpressor discharge is bl ocked by an unexpected

pr oceas deycibled abbee, AEuEp Fetsge anticBimbraieb@Niset VP b&sddad LNG plants

di scharged t and flare tem Wwhich nust be
e a0 87 Ran BBy Pl g b e ol e S HE sy Used

WRereIrEthk gab turbide @8 diohaldk ok® carhpriesdcte ot étﬁn;sfeg@r%&agtee Qre
uired to handl e such flo

Pobapd ohrragnalt Shet ) § 5 conpssDEdRetres Rriocked by an unexpected
Era¥edsOsVERN iRl cArRHS O refigltdht fbrally i RlistABigRH t&h ;ﬂﬁﬁg and flare
flared duri ngt@er ocess upsets or caonpressor disch

PistrRYuCRUAL ke siesthigdhandieantigipated &elisf ﬂ%‘%ﬁ?“”ﬂﬂ/@lﬂ‘@@rﬁve“t It
ladj@&i?&ﬁe Id‘rﬂﬁfﬁhﬁé‘ﬁ@s@é‘df thé %id&%rﬁi‘”ﬂa?@@%é?&h lr'éq@ﬂé@ to handle such

d for mnimz g relief flows in sel oad pl ants

foriesqBPMIEANH SPMFANMeHR r@@q@y to minimize the

&Rb@itiongas Raa dulify pRtesPufRtARRBFMISE 0PNIScHIRGE BB ckage events.
whi ch take advantage of the bogdown characteristics of

singl e-shaft gas turbines used to drive refrigerant

conpr embedifents &rtw@brets@nm\ranﬂb@ sdérbﬁ meééﬁééd&armhbm&e an
a bl ocked conpressor djsch awge event

ann@ratwmmkhqdﬁ%mfmm@tngag dews ﬂ*@ssbég @#ﬁnts i@mﬁwr@ﬁucﬂon of

Iﬁfu@ﬁédjﬁ&u?al as LNG‘PF&'&%'QQIH‘ %9@5%% é“p%%tus%rﬂﬂmeﬂno@%mh take
nmpr essor aV| inlet and a gas outlet; a

%ﬁmo@gedaf tRA l?@dpwa C@ﬁ@ct?ﬂﬁ‘ﬁﬁség §t@sle-5§@ﬁ@aa tyrpiaes siseshiorgyive
r@ﬁl@érdbﬁ%mel"é%s&%\w6rde€§BerrﬁﬁE€?lar‘éfloéd°ﬁb 8@ goéaeaﬁwmpressor

exceeds the maxi num power he driver
discharge event.

BRIEF SUMMARY OF THE INVENTlON

In afirst aspect, the present invention provides a gas compression apparatus
comprising:

a gas compressor having a gas inlet and a gas outlet;

a driver driving the gas compressor, said driver slowing down when the power
requirement of the gas compressor exceeds the maximum power of the driver and
having a low speed trip;

a recycle pressure relief device in fluid communication with the gas outlet to
receive a stream of a compressed gas and opening when the discharge pressure from
the gas outlet reaches a designated pressure and

conduit means in fluid communication between the gas inlet and the recycle
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having a | ow speed trip; a recycle pressure relief
device in fluid comunication with the gas outlet to
WO e@siovs7a stream of a conpressed gas and openPCUIBYE002422
the discharge pressure fromt#e gas outlet reaches a
desi gnated pressure and conduit neans in fluid

gressuse ratiaf dclmlbdfoed YRl foltee gasinlettahpreesed G ffcﬁﬁl’h‘é ®bycle
ressur I, evjce,.t
e el fol® whgH et Padirhestyiedeatlios e cb b ated prassure,
mb@byﬁrlweaiirﬁﬁhemmS Plogaater terougia tHeesdnighessde ahd Fefulfling the driver.
pressure, thereby increasing the nass flow rate
t hrough the conpressor and regulating the driver. In

an ot hiaranatiee aspect, ke pregartihventivieplovidas BIrAsthe@ 8f Rgulating a driver
a driver driving a gas, conpressor

t hod of requl atin
QoS P Rt NG opes UFi AT AG4S Qi Seid BT Siowing down
Wihethe @od@ﬁ%qwfﬂ@rﬂem’ftﬂ tiﬁ@g@a’ cdnﬁﬁé’ésbﬁgﬁdéfedgihet R8xign power of the
Yol eeds the ower of the driver and
CﬁygF ﬁ@ds %aw'w E%%ftﬁefirtwb %Fé’i’ N iR discharge dressHe e
8388 gab fr@ﬂﬂﬂhé@%%%@tléi&éaéﬂe@@deb@nﬁ@& predsufd; af %%che?ﬁortlon of
ressure, east a rtion of the

d
o priSees gabisreyiice NiraneHBelY cpasing hereass flow rate

thiubR &% dinpgrBssdiass flow rate through the conpressor.
In a further aspect, the present invention provides a

method of Iimting flare |oading during a bl ocked

Conpflﬁ%%fthéi" S3pER! B Ryt invéntdn PRSEd R metNEdRf ﬁﬁmmg flare
npri sing %?s conpressor having a _gas inlet and

'@%ﬂ%@wr@ta %Jﬁ ed QfW"Rf@?SOa disgharge eYRNt fba basalpatiNG rplant
c%whsm@lavgea"s cOnPrESDr Hamg %@Q inld1@n@ QWRis duﬁgtvérroeéramer @fiving the

€ gas conpressor exceeds the maxi mum power of
L AR drjensiPwRIsiueahen the pw@rr@nwrerwm@f Hragas

c@hﬁﬁé@w@xd@%ﬁw rﬂaﬂﬁuﬁPWW&%% dier érfcpﬁ%\ﬁrﬂﬁa Wspeed trip,
outl et reaches a designated pressure |ower t

viieseiswiergihe\dinchargel Ripesuny of coaissed ges fregsthe gap @wfﬂetwaches a

dé%lghgt%d‘iﬁé'géﬁ?esf%%r #72p the pfeBSrE LERNER flé\h‘.aeofgé‘&uké1 l2€feast a portion
hereby i ncreasing the mass flow rate through the

o FpIERRTBTSesPeds CRAYAIEC Khibeap Rt tharRbYInETasng 'ine mass flow rate
tRISRGH HEMmprbssor aRARINEthE @Fivdregul ating a dri ver

driving a gas conpressor having a gas inlet and a gas
outlet, the driver having a maxi mum power, includes

. ﬁ \glo| g? ‘égﬂgf/lfez%bo;ﬁgﬁeﬁt' t:hétapSér%fﬂé%r rb§ul§t|r¥ge§ W dalifg eyt
compressor having a gas inlet and a gas outlet, the driver having a maximum power,
includes two elements. The first element is a recycle pressure relief device in fluid
communication with the gas outlet, the recycle pressure relief device adapted to receive
a stream of a compressed gas having a discharge pressure from the gas outlet. The
second element is a conduit in fluid communication with the gas inlet, whereby the gas
inlet receives at least a portion of the stream of the compressed gas transmitted to the
conduit from the recycle pressure relief device when the discharge pressure reaches a

designated pressure.

The driver can be a gas turbine and at least a portion of the compressed gas is a
refrigerant. Preferably, the driver is a single-shaft gas turbine and the compressor s a
refrigerant compressor. Suitably, the recycle pressure relief device is a valve.
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conmuni cation with the gas outlet, the recycle
pressure relief device adapted to receive a stream of

wa2esopressed gas having a di scharge pressure PCDIB264002422

gas outlet. The second el enentSis a conduit in fluid
communi cation with the gas inlet, whereby the gas
inlet receives at | east a portion of the stream of t he
corrpressed gas trans e conduit fromt

r ecycl&S35088 SMboding T@% 518@998@*%% ﬁ'“?'ﬁét%tlhg R P@@Od'me”t but

pm@mraa/erseelqh ﬁﬂld&:oﬁﬁﬁurﬁmﬂb@dntﬁ KIRSEONRit aﬁb Qhéjgas\/iﬁlét CAkhird
ortlon of

be a ast%l bi ne and at
anparafus |§1smu§é? %P@fb@ﬂﬁﬁﬂ"v butlﬁgudes at least one
cbrduwaﬁanréc)@lespregéme sdliaf devitiesin tﬂuwvonﬁn@ﬂ&at'bh ith the gas outlet, the

ressor arefr rant co ressor. Suitab
oliora ToveleRrPes e f4 B Cdliks: SRS 1 ressi AR RIS of the
*BRPHdEBA §adfroitRe 999 8Lt UShé 8t I8hsTid ;%rtlérpoﬁthé slrédrfilof the
enbodi nent but jncludes a vessel in ui d

COMPIRTSEE ORS AAMPE HapsTRitted iifie Condit ffCHE ﬂgea@cvw Bfessie relief
tdalice wheh itk amdr réfchb§8 fiddtBasignatsd bercehtalyb af th‘é%é)hﬂum power,

first enbodi nent but includes at | east one additi ona

2B \A¢ [eastA 6%@9? &f ihe|additioprl wireamiof the Qﬂ”épfé%?ﬁﬁ’&%séf@ﬂ%‘ﬁted to the

Wohduif ffsin BRSaddiidraf recydle prddirkirORRdeli6E WRES tHY @RBHFRiches a
relief device adapted to recejve an additional stream

@PCQW@WF%’S%BE@%G?ﬁWW@‘%EO‘M%ﬁI et. The at
[ east a portion of the stream of the conpressed gas

can be transmtted to the conduit fromthe recycle
pr ess Ui & fousth embediveple anaRpArARE f%rrrﬁg‘é!?“ﬂ%%idﬁ% ope flfiyasdriving at

‘?@a%'t gﬁ@ﬁﬁﬁn&%&&& @tﬂﬁpr@gsdr 'ﬂ@vnﬂ@é'p’immw BME?ef%ébaQtlnlet for each

| east a portlon ditional streamo ] .
clager exdagay agﬂﬁttrf%rrﬁsaﬁ‘rhtsta@a ipgluderstwootiementss Thanfirshelement is at

fl’é!ﬂ't Bhé’%&/clé Sl RIGIRVIE i Rlid §$mﬁﬁﬁicﬁﬁoﬁ“®ﬁ?e£3ﬁas outlet, the

driver reaches a second designated percentage of

mpmwmfehei devicerasiaptad te fessineratinast ane aipeam af agompressed
a5 héﬁﬁ?‘%%ﬁécﬂgrg%tpré%% fr&ﬂ?héjééé’&ftlef”ﬂ’{é Q&:oﬁﬁ eie?ﬁe?ﬁ s at least

one nulli-stage gas conpressor aV|n gtura It of

WQQQ@U'%W EL qomr@ﬂnwailpné\@ibr@t leagiyane @?ﬁdn g\é@rﬁmth%at least one
895 iR GEcshieads Ieés?ﬁ'pHH%ﬁ of M a@'l%?@ﬁéstrgal?ﬁ of the %Bmpressed gas

'ement 1s at | east one recyc pressure relief device

itransmiied te tieral ieashene sonsuit fﬁroghfeﬁ rgca@ledemfaevw@ Méen the discharge

rp?é‘s\éﬁuleqeﬁér?e?ﬁéiﬁ@s@r?étédeﬁregﬁ}fé Chh GARbEHith the &ﬁ@ﬂ &fibciiments, it is
'east one streamof a conpressed gas-having a

arefened Eﬁ‘ét heckivar is arsingle-6 %Uﬁmq and theieemperssatis a refrigerant
%bﬁ'ﬁ%& oS at least one conduit in fluid conmunication

' | east one gas inlet, whereby the at |east one

gas inlet receives at |least a portion of the at |east

one sty @RMBRbodiMEntc A MY SraesludRSimilar to the fourth embodiment but
includes at least one vessel in fluid communication with the at least one conduit and at
least one gas inlet.

In a sixth embodiment, an apparatus for regulating a single-shaft gas turbine
driving a refrigerant compressor having a gas inlet and a gas outlet, the gas inlet
optionally being in fluid communication with at least one vessel, includes two elements.
The first element is at least one recycle pressure relief valve in fluid communication with
the gas outlet of the refrigerant compressor, each recycle pressure relief valve adapted
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transmtted to the at [ east one conduit fromthe
recycle relief device when the discharge pressure
w0 e@sihes7a desi gnated pressure. | n comopn w t hP€TYEB2004/002422
ot her enbodinents, it is preférred that the driver is
a single-shaft gas turbine and the conpressor is a

tb@ééél\gaeé 88baraRIENaRSETa cofprédsel gﬁﬁ’ﬁ@ﬂh@@@scﬁérg@hﬁessure from the
paratus is simlar to the fourth errbodl ment but

q&'ab%f the refigrrantgomnressor| Thesacpnd glemsntisHt deast gpe conduit in
ﬂ/Mnd Borhih@nRhtidrewRst th‘é%s GREcHHdtopBshIRtwith QRS bt ieaﬁ dSessel,

inlet. In a _sixth di ment, an appar at us

yisgabwinedssdn'st AgH eptianaly e@ﬁisve@ﬁﬁlbreﬁ@vgq ?Vﬁ?fé agportion of the

dtebhi mﬁ@ebmsw@é@§Mamﬂm°%@weéﬂIoﬁte c@ﬂ&:ﬁr&ﬁ%e recycle
out | et asmetotlonaly being in fluid

REBSRHIRA it Y%YP Whemtherd '#@8&9 REpESU{ReaEes 3 desigipied pragsure.

el enents. The first elenent is at | east one recycle
pressure relief valve in fluid comunication with the

gas odatler aspeetnd thednygnijen isa bessipaddNG plankbging pe @pparatus as
H%ﬁ§ offhe e’n%do%em%?f %@Iéﬁ% ﬁ@Fe,%f b&he EFSax%t@%u@é&i herein.
stream of a conrpresse gas having a dlscharge pressure
fromthe gas outlet of the refrigerant conpressor. The

secondrirk 8ABBYIncht 8ia MeADH fGegAHIH driveR dfi l/1|=i%; d gas compressor

comunication wth the gas inlet and optiona
haisgea 93scialet apha oee Sytat, thasEvetipvinge maxymum mwerawgludes

ﬁ\mj;ﬁg 3l rlea{y&@sﬂésmﬁﬁ $&les dé\ﬁé‘ee.h\fﬁ@ Rmh&asdtiod mmrtﬁé gas g{met, the

ream of he conpr essed gas transmtted .
rle@\a%q Pr@ﬁé‘lfédﬂtm devieg adapterbtoreesiva @ sisears ofia @omérQS(éed gas having

avawfarg@sré 5&}% fFHn?EH@ 28Ul tesiagsfgnafe%%sés@e AR HamelRige

ressu her aspect o nvention Is

masﬁelr@mﬁs@m;sfpﬁthﬁtcondwwg flaiel eoppaunication avthithe gaﬁllnbﬁ ig previded,
Al Sbéfc fedtra 6rtf6"n of %Hé s"’h‘éaﬁf”&f tﬁﬁg&rﬁ&fesﬁd d%é‘%s ?ran@rﬁ.aga o the conduit

herel n. i ment ©

frasg thearecyrle aregsmreéeheél dewmyh%n thaglisshaigedqiesaurg ieaches te

(ﬂg@@{gd Glredlifle@ gas outlet, the driver having a
I mum power, includes providing a recycle pressure

relief device in fluid communication with the gas

out | efnard BR SRR kl?l’l?ﬂlbﬁ§ 8%@ fiff eﬂfo bdb%é%a@ﬁ 8He U&xiation,

recelve a streamo ressed gas navi ng
tu«e daveiigya gps dybine @nd nabheasimap@'a@w ofibe é@mpwsaa,g@mlataerefrlgerant

g F@arfa‘ﬁﬁw tHE 0250 le%%ﬁ%‘é& %rbﬁg%ﬁh@t‘i’é bftﬂ@@ss& isa

conmuni cdt i on as in
rpirlgeraméqomamsm I getsaanothep yangtion, the rqqyelesnre@am wiiefdryice is a
vRgpressed gas is transmitted to the conduit fromthe
recycle pressure relief device when the discharge
pressure reaches the

A second method embodiment is similar to the first method embodiment and
further includes providing a vessel in fluid communication with the conduit and the gas
inlet and transmitting at least a portion of the at least a portion of the stream of the
compressed gas from the conduit to the vessel.

A third method embodiment is similar to the first method embodiment and further
includes providing at least one additional recycle pressure relief device in fluid
communication with the gas outlet, the additional recycle pressure relief device adapted
to receive an additional stream of the compressed gas from the gas outlet. At leasta
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desi gnated pressure. There are several variations of
the first nmethod enbodinent. In one variation, the

wa@lriogmL037s a gas turbine and at | east a porti oPCDIB26002422

conpressed gas is a refrigerant’ In another variation,
the driver is a single-shaft gas turbine and the

q:mnﬁmedstbe additienal efréarg of thatcorprayses §os is tfafhsmﬁteoetﬁ%@@éndmt

0 the recycle pressure relief device is
i4yhe RfkentiE pres e BaBhe b henbate bressys, Tn g vadation of the
fth|r<$ meﬂ’ﬁidmnbcﬂfﬂeﬁtl trerdt IR tla bortibh ef thie RErbHFEST tHY ébfhﬁb&‘éhd gasin
SS, { nté 9{}{@”3 mr@nl cat on W t tcéhe conduit and
Ao O iclsPrats U reliet devisgrwhaning river
trb@clws d f&atsdesﬁgrﬁwdt ;ié?ébrﬁ’é%d srehs méﬁxmmwﬁ%\hé}e aﬁ@ﬂﬂé@ﬁ%%rtlon of
ves ird

S Eén hecofr{wttot
356 aarhEt aeeeT ST chimblassehass o iensmielGuthe aspebiiom the
arditibnaltrbeycld prebsuhe selief axvich Wherptheldrids re@Bifesalsh doh@RRkignated
rec%cl e prg,isure relief device in fluid comruni cation

© BEKTAM PPWR- addi ti onal recycle pressure
relief deV| ce adapted to receive an additional stream
of the conpresse s fromthe gas outlet. At |east
apor t |‘%€? gF ”E%'éo‘gﬁfg ‘Pq"@ﬁﬁi fogfqgggﬁﬁlg)ﬁt leadt apedversdriving at least
@A8 mlﬂuisfa@@@@htcbmérés@oﬁ Wil Bl lityVii 8thgeb € GhSHRAFHRach stage,

ssure reafc t he desi gnat ed pressure, 1n a

@95@&%8&9“8? of ﬁ%C'l $199%1 heq method iRsdisleswreviding at Igestioaggecycle

Prévukd @ﬂefoevtc@f?n filii @8AnRInidahién Wﬂrﬁ"@é&ﬁé@éﬂolﬂ% thé"recycle pressure
transmtted to the conduit fromthe recycle pressure

Felief devige adaptediiisceine atiepstane skgamas agompressed gas having a

G%&hgr@ét;ﬁ@%slﬁﬁé ﬁ@rﬁttlﬁé}ﬁaﬁf)utleh €A @Bé?ﬁ%{&‘j BF&&%{me i§B&aBished for the
| east a portion of e anot her stream of

isePRres PERFSYER af leaphonesanduibls W%V'@Q@”élél%ﬁﬂmmtm'@ﬁﬁoﬂ ivéth at least

afdight H&! anEadIEAR aPoRiohbiend &Y b4t ofE \YireSm \WPER éoﬂ?pressed gasis
drlver reaches a second desi gnat ed percent age of

itted jo therat least gpg pcppqygtfrpguthg reRygierelig’ deyice when the discharge

bﬁé!s'éhl%t reBéhedithé Géﬁbné&@@ pFHsbNr%r whEeN) 1 eﬁﬁeés@éﬁé ?é’é‘ﬁlet receives
I ti-sta npressor_havi ng a pl ur al

3 legEiPar Lol dat ) IRPEE RSHOrERIdhe 3tIage onastieam s hectmasessed gas.
froEorfimeh \Aﬁﬂ\@ﬂﬁ?er métBodBinBedimeAs! it'i%%‘-‘reﬂ%ﬁ@& 'tﬁjelt'ﬂ% @vel R3PEingle-

one rec e pressure relief device in ui d
ShRfhouRs g'atfm%ﬁnwnewmw@w Ppigtrigerant fsp.@pfe@égru e

pressure relief device adapted to receive at |east one
stream of a conpressed as havi ng1 a di scharge pressure

f r om fHéthgaethged embedimengissigitaste edewdt methodembodiment and
peluaiel ipPdRfing 8%Vedd®in fluid communication with the at least one conduit and the

gas inlet and transmitting at least a portion of the at least a portion of the stream of the

compressed gas from the at least one conduit to the vessel.

A sixth method embodiment is a method for regulating a single-shaft gas turbine
driving a refrigerant compressor having a gas inlet and a gas outlet, the gas inlet
optionally being in fluid communication with at least one vessel. The method includes
providing at least one recycle pressure relief valve in fluid communication with the gas
outlet of the refrigerant compressor, each recycle pressure relief valve adapted to
receive a separate stream of a compressed gas having a discharge pressure from the
gas outlet of the refrigerant compressor. A designated pressure is established for the
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di scharge pressure, at |east one conduit is provided
in fluid communication with at | east one gas inlet,

wap@satosreast a portion of the at | east one stPEHIB2064/002422

the conpressed gas is transmitfed to the at |east one
conduit fromthe recycle relief device when the

cu:@hhajeqaewe ahd at |ee§tcdnes;ohdn§t ;d @ﬁjvwéatueﬂuua fc@ﬁﬁﬁmﬁcatlon with the
eas

t:r‘ﬁgt\f/ aq«ﬂcgotﬁ%ua ‘ye\@} th ag@ggtl el's vgﬁsetlh g\% Ella\s/ e% ggétlo% ﬁgthe stream of

shé eanpu@ésédwga&e mheﬁﬂ&i@d t@8e. cohBuICRE B Mic g&le BFdi8lre rehef valve
S preferredthat t driver

ienGe GEREATD0 pHesSiis RS eI YRR hpPasrB whareby the gas inft,

radropgenaipteac mﬁ y6deived ot idabla pEi6Per BERGLLARR tthé c°0mpressed
simlar o th rth met hod enbodi nent and i ncl ud
6teg t?/@lt?s%

0 EL Ve e3shone coniUult FRMIRE FeaYClerPrassURe few@f \ealve when
|tﬁ@§'fscm§e ﬁﬁe@GWetremSttﬁ@d&e@gﬁwalté& fbsdipgl transmtting

at least a portion of the at” |least a portion of the
stream of the conpressed gas fromthe at |east one

condui t SRJEFTES/@RWION/MSSEVERKEVMSW?WEE@RAWM%G@

nmet hod for regulating a single-shaft gas tu

driving a refrigerant conpressor having a gas inlet

and a TgavolRMingk.a ddsRrigtivh byWway otehPabhly aF& 'vﬂﬁ réfBrence to the

fluid copmmuni cation with at” | east one vesse

REEABRANYHI dAWEIgB cbRiesely Rieferred smbegimentscgidheinvention. In the
Rreeasy:e relief valve in fluid conmunication with the

gas outI et of the refrigerant conpressor, each recycle

pr essFidIe dis aschematis f@Wéh@@émt"&nE@W@ Qne embediment of the present
$iveR@dn:of a conpressed gas having a discharge pressure
from the gas outlet of the refrigerant conpressor. A

desi giUEd2 by @ §ehareaticdlowcdiagiamdlivstrating - anatiessiesaegingent of the
Praehtihfertiod; at | east one conduit is provided in fluid
comuni cation with the ?as iniet and optionally with

t he afiguERdis ageaphdiisiplingsg simatasion sesyrof begdyfn efiresingle-stage
ghé RABhe arldhe conpressed gas is transmitted to the

conduit fromthe recycle pressure relief valve when

t he dFigsrt gﬁegrspa§@aﬁ¥@lrlﬂéla%ﬁlé@}1atrwﬁepr@é§urg i@ compressor during a
BloBRSY/iSchatbe EGEN irl ngaé}ﬁ ubib %le péa&t?r%hﬁml l'y each

vessel, receives at least a portion of the stream of

t he corrpressed gas transmtted to the at |east one

condui t from therAIEEPDESERIBTION OF BUE ﬁﬁvyﬁ*rgm when

"the discharge pressure reaches the designate

pressure. BRI EF DESCRI PTI ON OF SEVERAL VI EWs OF THE
DRAW NEBodiftserit@bt tAWipRsehfinferi6s Félét@tt?] AR aBYardRis a‘?fd method to

exanpl e only and with reference to the acconpanyi ng

BYRRPS]Y SaTe raligarantcoppegsepr usgddmivediradyntion of L ﬁéo consume all
tHRVRRNASE polver éM¥single-shaft gas turbines (SSGT) driving the refrigerant
compressor during a blocked discharge event. The goal is to bog down the SSGT and
trip it off on a low speed warning before the mechanical design pressure (flare relief

setting) is reached.

The primary benefit of the invention is reduced capital costs for the LNG plant.
For example, the diameter and length of the cryogenic piping used in the flare system of
the LNG plant may be reduced, and the height of the flare stack may be shortened. In
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drawi ngs: Figure 1 is a schematic flow diagram
i I'lustrating one enbodi ment of the present invention;

wo2@ane32si s a schematic flow diagramill ustrapCTgB2004/002422

anot her enbodi ment of the pres%nt invention; Figure 3
is a graph illustrating a sinulation result of bogdown

aﬂdnaorﬁ itgaraoshtag gag fsret widy ieeredadtd, fhiefibyQediiziry &HoRBhic and
[, ustra ?!he di schar ge pressure froma conpr essor

SUYWOW@"‘GQ %B%Q B3 di scharge event in a system using the

present invention. DETAILED DESCRI PTI ON OF THE

I NVENT| resent invention rel ate

to an HgFat s H@'W?&%é% PUPBEERNG TEA 3 being used to drive

Festi gergﬁroaﬁtpréssb’tylﬁ%iﬁf n%—'%ldaﬂ L‘N@pl@ﬁt@%@tdr@ Beiﬁé cbﬁ@ered for
a singl e-

%fetpfﬂf@? 3‘?@ : t?c\é& ithg gagif H%thﬁb*F F'pué Aawp o¢ Brgs 6@@,@m

8o 18 J&&@f@ﬂbﬂbﬁﬁtﬁt@@erﬁh@%ﬁallﬁ@pcﬂﬂ#'d te drft $R%he power
down Be SSGT and it off on a |ow speed warning
[f@f’ﬁ?‘i Y K& RFReSSSniT 3|b°a<é<§fvrgﬁf HPesd ig wniqye iarteatyitip |aéTOSItIV€

feetibadk®Bvehs WRAES HRthadHi® l%qlri?tb)boﬁ QBRA ﬂ1e %fr c.tohﬁor?ssor delivering
|nvent| on i s reduced capital costs for

FYPDUsKanAir éOtHGrG@SdWQW@taéﬁo Hes AemysiRceit 'St%thérsﬁﬂ‘@eﬁhaﬁ Thus,

RsPLoEbuktiof airlis h\libﬂablle% theSyasttaminel whies lééﬂ@t@ie%@tdef%\fed power,
be reduced, and the height of the flare stack may

anrbiheenert PfPP%R%#St#fB*hfhetQ@é tRibaHIPSIN Iguspeedr ed rray “be
reduced, thereby realizing econonic and enV| ronmsnt al
beneflts Si ngl e-shaft gas turbines (SSGI) GE

Fr amelnMisxy obthis hogdayn GB%’éCtﬁBSt@r th@éwy@ferrﬁtg@‘rsuﬁﬁem of the present

RASHIOR S8R efminateX bf%Ekéth&?ﬁﬁS&éb@Gthﬁ\Q%@ bﬁmesc&ﬂ%mﬂ{; Bvent that

bei ng considered for future plants ar act er
féﬁd'tmé'hsg@s the flarpseader for avvﬁttt!élmsaﬂum@@nmm This is  often
SSRRANPSs the MaAWRrefrigBRhBMGE rdeinRE stt,t%ﬁ O?W?Hhrham‘n%m

lgower of the unit and the power requiTe

FyigBRY Of FeCORRYBRARA (tBP stpngwaipgiat. )uﬁhtag@s bwasn/a@cyple stream
rﬂo‘ﬁé%sthé bH&aﬁﬁ@ Séiﬁpé'f tRy Q%pre%@o Héengﬁ?%]/l/é’r nfc);tiﬁg E&FpreSsion

bog down, the air essor delivering ustion air
f?BO t hiee ggdiop @fQﬁSH@ r@aa%ﬂ flansraipotan ke rﬁ@@dumtli tye amprassor is

SRRing b the Bidtewall point.

A first embodiment of the invention is illustrated in Figure 1. In each stage, a
fixed recycle pressure safety valve (PSV) (102, 202, 3.02), which may be located at the
discharge of the compressor (104, 204, 304) or downstream of the aftercooler (106,
206, 306), pipes compressed gas back to an optional suction drum (108, 208, 308). In
Figure 1, a recycle PSV is located downstream of the aftercooler in each stage, and
compressed refrigerant is transmitted to the optional suction drum. Each recycle PSV
has a lower set point than the relief PSV (110, 210, 310) which is open during a blocked
discharge event.

Embodiments of the present invention may utilize one or more stages, although
it is illustrated in embodiments having three stages in Figures 1 and 2. Also, some of
the elements in the embodiments shown in Figures 1 and 2 are optional, including the
aftercooler (106, 206, 306), the suction drum (108, 208, 308), the relief PSV (110, 210,
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| ess conbustion air is available to the gas turbine,
which |l eads to | ess delivered power, and the event

wee@pagsres until the gas turbine trips on | owcpeRe04/002422

In view of this bogdown characf@ristic, the recycle
relief systemof the present invention can elimnate a

b8tk Higuoarp aed s satond bastgfse@serit l’&ycle rpfrés%hl'é Meﬁ}é‘%‘s (122, 222

th
+ 32 4 PR 2.8l el 57 ond arlaiBh RngrertiPire o Suction drum, the
EE‘CW*BPSN/ (621203, GaR) pipes matbrialgireaiitbdck 3tHeahRt bitht BSmpressor
s%ﬁge&‘pﬁg&ge maxi mum t hr oughput of the conpressor

poi nt.) The gas bypass/recycle stream
noves the operating point of the conpressor to the

i ght, Al ession ratio. The suction
D Sos P b o g fin: e frass flow sl of (germit through the
Ommmremlﬁms 204 es(m) mgea@sgrthmmnsamm@vmﬂe PRt wn%n the power
he invention is illustrated

refhes 8RR Rra o SBnregss ucpecs By avalaple pouecor the gas
staftﬁ’:@/%ncﬂit)pt@ﬁéﬂaﬁtﬁer(rﬁ&&/sté’é}ﬂ ttuhrgﬂgénot\régg\glgr W%Jée(urbme will begin
e disc 0
48 BPh GPuloahBreSiai BV e’ 202 cebbiden siewe, < sied satis} the gas
numaa OWhSa'ﬂii@%o@Wsﬁe@d%@fdﬁ@iHe@é@bre%ﬁGﬂe‘tS%éjfréll ystem

0 a recycle PSV is
A8z PedimR et Tl einalesthe Gaiiosisges Tamsystom in
cespunes s&d blozked gar@enéntl o%nfpf@iééﬂéﬁefnﬁ dTRrdch8e PRA iR ré%l:h stage
suction drum PSV has a | ower”set poin
TR A RV BFko fohd S0 sirge vaives (i £H. 3 4bpar
during a bl ocked discharge event. Enbodinents of t he

til re sta
D hod YR e byt st e e e
?pﬁ’@@eﬁe éﬁWfﬁtmtﬂie&écﬂeleaPQV 210202692, 30§?H|?er%far¢drh%n?dr§é§%8tg%s is
r{b i ments. shown in Fi gures

Breafin o i e Lot Rg Campresadl e, 204084)2 66t Smee, during a
1bltﬁ:kédl Gi;sblﬁé‘rgé 'éUth( ’éh@&ecy%(éa?sﬁﬂ’%}l betdb%né@stﬁés ﬁ"’é\éoﬁp}&sor enters

and the second or subsequent

rSH'?,chI t?ﬁ 8% esufgﬁ thersyslem,wl hayea certain pregspye that is a function of

Sbwstakyatiables mﬁtmmtfédff& AR eV 'LNG BBt JaREHIEs are th
|s%r{o sulgtl " theI rgc cee ég 5 203, y3\%a§ s arethe

GPHBESSRAT R QéimaB‘Fer eHves Sb%ten@ Vpbmeh ang gafely esnsiraiats. ‘Alternatively,

. ﬂfé’fﬁéb%ié Qalvé Hidy, be’dibned @fta pré@b)urbﬂﬂat%o@% %Wre‘?étﬁ mﬁrﬂgéesurge

the mass flow rate of refrigerant
WBP"e@% GPMPIasFOr. oY mey by “ieﬂ@?%fe@@retthatsthe Qﬁ% tHibing trips off on

rﬂw @péé@\/b%‘fore\év@kdtétﬁséf@tvf%bnstramt is reached. Such a safety constraint may
be, for example, that the maximum pressure attained during the event cannot exceed
92% of the flare relief mechanical design pressure. The selected safety constraint or
constraints will differ on a case-by-case basis. For example, in the Example discussed
below, there is a safety constraint that the final circuit pressure must be less than 95%
of the flare relief pressure, as shown in Figure 4.

Existing anti-surge valves may not be suitable for relief recycle applications
because the anti-surge valves are sized specifically to handle flow rates necessary to
keep the compressor away from the surge limit (low flow). Similarly, the anti-surge
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required by the refrigeration conpressors exceeds the
avai | abl e power of the gas turbine and optional hel per

woreasoisream t ur bi ne (not shown), the gas tur bPEEIBR004/002422

begin to bog down. The recycl'é1PSV (102, 202, 302) in
each stage is sized so that the gas turbine bogs down
awrurctlleismre ofteh tuved pe kekibk abmptdieorsdit opé@?ﬁ LR A nkB&ssarily to

E{)g?‘{h%rﬁ (gvanlz 212, 312) is reached. This

n1na e fieed to size the flare systemin
response to a bl ocked refrigerant conpressor event.

The r RC PSV. |.n ch .st.age can al so serv

back- g?%%(t'ﬁ@ ogh\telflrgmé)d Frferach fagycle Ay ?@94?02 302) can be

r'EIptat:ed a\nte asrembwradatlcmyﬁaﬁual edritioV ealvd (GV) deeh %}%SGame function as
ressure at whi ch

@%c@%ﬁ%c?epé%{/(sﬁjg\gn% rsot%gjbp 6’5‘&5@ and corrpressed gas

is transmitted to the gas inlet of the conpressor
(104, ,2 304 For during a bl ocked
di sch’%’?%ﬁé KR d'm?'ljlté:’fﬁe‘*c@g‘?rg'%@”%?t%“(ﬁ!ﬂé-lﬁ@é’ jAssthows, a
dehies ©b mma&el swycm’ﬁres&ré religevalvils (12 2291 8d2 Qﬁs@utgeor a

St egnre Eve a peéaal n pressure that 'S
?Oﬂ?el%'i‘ it 8%%’? P used insised of 2 winotervalier Thisesaiesfobvalies may
berrstag@f 10 dﬁHﬁaﬁbétfﬁercéHﬂﬁgééQif th&hb%bﬁﬁa@ﬂ@olé@ﬁs turblne power (e.g.,

t
R 774 el el Poieeniagmc W fyre ol pressyts & owple, the

ﬂmyebycleapeﬁﬁﬁe aéneavm@ﬁeyroeeﬁ BAEn ﬂféeé%srfgrtblrfeq’eéajlé%t ﬁ% of
he sur of the conpressor. This
’ﬂ%’%’&&ﬁ‘ RQYVe; @E PECQ ECYgRPigssure ielisl waive mayopen wvh@n th\eog\as

tsmweokebaiesr 85% ofmbRfiufth&adreand HeMSid _REMe Pl%sél?récrgfeq valve may
Such aﬁl]stgf et constrajnt _nmay be, for exanmp

SRR WHe d{yaine fqashre 8o Magimume pevenMglipiastaged recycle
peésse@re%f’/@allfestdﬂﬁwfa'néefx&a ghtedlof IBGHIAY ahd safd®PicKhsure that, during
The sel ected safety constraint or
IR omPEsSRpT fisgare the eslUdiRB b Iated OB Ao, areidrip off on
I®x8pPdEhefbre thé faferaliBihvalveicpesssed bel ow, there is a
safety constraint that the final circuit pressure nust

be less than 95% of the flare relief pressure, as

s hovvnn et eﬁiomﬂr@mbodﬁ%@rﬁbf fhg uﬁ)éhhorﬁ ehEIRg e &itts @Pé’mgl%ﬁed in
or relief recycle ap |caP|ons becaus

e?ﬁ'é "%‘EHF'P?'QE FQQCKF&F%QW:&’P@S' - ZIdip | '§Ef§é$¢ﬁ *Bamqssﬁbwrfawcth@ugh

tifd eomnprasss, BBy $ansLrifg be@@bre%mféia o aiiekly 2vay from
the surge Iimt (lowflow. Simlarly, th
anti-surgecontrollers are often tuned to keep t he

Cg”prﬂh&Wseﬂﬂhv@ﬁtnoﬁ%ﬂﬁca@@?é&ﬁc@WQN@sfalérﬁ iR ning at

. In a variation of

H‘E‘PM’ nEﬁtrE’ °°gﬁ‘é RomBEpEPissherae ryent gugprs al dpyerpaeduséion levels,
the invention will trigger a less severe relief situation, such as, for example, a shell relief
scenario that occurs when the outlet of the main LNG heat exchanger is blocked.

The present invention also may be used with a multistage compressor. For a
n-stage compressor housed within a single casing (e.g., propane compressor in a
C3MR liquefaction cycle), the recycle pressure relief valve downstream of the
compressor can pipe discharge gas back to any of the suction drums, individually or in
combination. Itis preferable to recycle the discharge gas to the first stage suction drum
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replaced with an automatic or manual control valve
(CV) sized for the sane function as each recycle PSV

wa@baa163ms t he first enbodi nent . Anot her enbodi PENYIB2064/002422

the invention is illustrated'n Fi gure 2. As shown, a

series of parallel recycle pressure relief valves

s6 12 the2gss mGR2aveREMLGN theoentize o-otdgeratripressbheénereby casuming
e used instead of a single valve. This series of

ML Y8¥ymy be staged to open at set percentages of the
maxi mum avai | abl e gas turbine power (e.g., design

val u and/ or. at set_  percenta e. r.elief.

or 5 9p 2roseBl s A rAErRRE e Rausrdl of [BaBid Besio when

theetdotihg waler & loBtyto dineproplendédupedastet i the B3 MR Aquetsctiéh Yycle.

of maxi mum power; the second recycle pressure relief

val ve may open when the gas turbine reaches 85% of

maxi mum power; and the thigxaAmeilycl e pressure relief

val ve may open when the gas turbine reaches 95% of

maxi mum power. Miltiple staged recycle pressure relief

val vag eshboaliment of e iavettion ae opérafddeadcbidmgt ty Rigqde 9d$ mtlycrated

risigaton oot Pr8e K P GO e e TP RIoB Bcess

stepw ospged before the flare relief valve opens In yet
anot her enbodi vent.i, on

e WA decc O OB Htrer € Binckasd ot P wiaSiaes BERENRgaRt 104 s

sHeskly. This increases the mass fl ow rate t hrough the

conpr essor consumni n I L ahl

qui cKPWAL s B Zgﬁ‘f’ursn%ﬂ‘?rﬁ ﬁ V\'ﬁ%rrfé"ﬂ?%i Rgcycle
P@\Iﬁmzeodelﬁgiaah@ampr@ssw gas Aewsbadkud adawn dnh:ﬁ 1@8b| ocked
conpr essor di s at ovver duct

| e event .0cc
ovel S Adime T SR Powrenacro0 FefiGeraat matt B SitSAck W ne
sﬁ@tianfruﬁl'einﬁﬁa?ctr@@sm@th@hhr@&ghﬁlm bf @Wf@és&}r 1 te?] %bﬁédmds@lll teé
scenari o a occur 0 e
anaiipdlepurps oG the gas t 51%6& 2‘319 gﬁ%éu 5 gins; t%@m’rﬁgéb @V@o

may bg Atk 2010088 haulst th%tg%@%rﬁmﬁ'lﬁémg lits spedifieal low speed trip
n- st age conpressor housed Within a sin

WRETIRg SSRGS BIOBS S G B9 LITRSEDP DY oY SRgcipore the flare
rélbé’f' Fé%surbh@réa%ﬁé@'aﬁdﬂﬁ@féh’éf@%i jedoesalot epelawnst r eam
he conpressor can pipe discharge gas back to any
of the suction drunms, individually or in conbination.

It i Figur&Bewnioh & & Sinfukiva resultio b@@mmf@esses $howshie power

- first stage suctio t.hat he t trav
comaRgo amaAesdra 1 sHAR0 i BE SoRT: sy S e gas

tGBIMRUSRd BRI tHEOYEY turbine. As shown in Flgure 3, the speed drops off very
rapidly when all the available power of the gas turbine has been consumed. The data
ends at the point the gas turbine reaches its low speed trip, prompting a shutdown of the
gas turbine to begin. In order to achieve this result, the dedicated recycle PSV must be

sized properly.

Figure 4 shows the discharge pressure of compressor 104 during a blocked
discharge event. Without using the present invention, the pressure would have
continued to rise at 0.0045 hours toward the relief pressure to flare set at a pressure
represented by the dashed line in Figure 4, thereby requiring PSV 110 to be opened. In
this scenario, the flare system would have to be sized to handle the total compressor



The present invention also may reduce the severity of
the relief scenario when the cooling water is lost to
wo b@sprspane desuperheater in the C3MR | i quef aRCT/tBR004/002422
cycl e. EXAMPLE An enbodi ment of!3the invention as
operated according to Figure 1 is illustrated for a

sidisghargeriloivmn Usdiigothe prdsentinveyetion ghonkevad 4 i§ pbdsiblé @ force the

0 ol.] ow [rQces teps occur:. (1) At

© BiliBbfp of 1 Jatstutle Hrh i Rl e e oot in P aegrand PSV 110

(r:]ismpeeledo Figl®el4 isbowéo gnl méssglre ifl&i%ally%se{sieﬂﬁ tﬁerpdéﬁ?éRéses as the recycle

pEY V119778 SBRIEE Ad T Ry le 0l Up\agaisaRue? fies Hawayar, as the
5 dpresst@8eb(i itAthe_tdirlttBi]E, l(bo@@cﬁlﬂn bedkSand mﬁ)g‘éb itiBine reaches its low

- SePd AT e Teter BSY P oRnnagh e 68,

consunes all the avail abl e power of the gas turbine.

Th i, beg; I b d . (4) At ti

TG, 8o auhaisn Lsafe 455 deBhshictoia shih astorense &heariain sppeiic

| emvbedierats!, tHePpragdrt inventidids hBeerfHelddk abt iﬁfénfalé@ BSbe I[fifed to the

are relie

gas, turbine trjps on | ow speed before the. eliet

10 pa%teiﬁféowrg et uetious pdiiraionsanei be made in thegiséaiismiin the
Oogeupe dnidgange o equivalents &F tife ShY aHd vatholE&edrtiny from the scope and
bogdo of a SSGI, shows the power consuned by
cﬂﬂﬁyﬁgﬁ%wga¥ﬁﬂ'and 204 during the sinulation, the
power of the gas turbine, and speed of the ‘gas
turbine. As shown in Figure 3, the speed drops off
very rapidly when all the avail abl e power of the gas
turbi ne has been consuned. The data ends at the point
the gas turbine reaches its | ow speed trip, pronpting
a shutdown of the gas turbine to begin. In order to
achieve this result, the dedicated recycle PSV nust be
sized properly. Figure 4 shows the discharge pressure
of conpressor 104 during a bl ocked di scharge event.
W thout using the present invention, the pressure
woul d have continued to rise at 0.0045 hours toward
the relief pressure to flare set at a pressure

- represented by the dashed line in Figure 4, thereby
requiring PSV 110 to be opened. In
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this scenario, the flare system woul d have to be sized
to handl e the total conpressordi scharge flow. Using

wo b@spressent i nvention, however, it i s possi bl BCT/1B2004/002422

force the shutdown of the gasl4turbine before the
relief pressure to flare is reached and PSV 110 is
opened. Figure 4 shows the quagmisure initially rises
and then decreases as the recycle PSV 102 is opened,
and the pressure does build up again over tine.

Howewver , &Sgé$&:rﬁﬂ5r§§§b’rﬁ Bppfius bethprighg:he ci rcwt
bogdown occurs and turbine reaches its

speed 38t QOMHYCK[{N h@fh 29‘%@0%"‘?"@’@ JaRp iNled apg @rﬂaﬁd’“fl%t and
flare sxat am. the PAistddfipadssbt, khigidriaéeflodiRg d8@A HeRaRe power

herein with reference to certain specific enbodi nents,
reqiéregiest ahipe |9ﬁ§@ﬂmpmswse&qswthﬁmaéwrﬂ@pwrehPfethaéaV%r@nd

HRQingidbiv@feé®triphe details shown. Rather, various
nmodi'fications % te made in the details within the
f

scopeharagterigadin Bat g @PIaPRIKCOMBIse%e clai ms and
Wi t hQiacftgd Cﬁfe%émﬁ rélféf@bmla@(mom 308 812k phd; TP irfRiid

i nvention. as conpressi on_appar at us
C@mﬂpﬁﬂlcﬁﬂﬁ@ witg ﬂ@%ﬁa%@‘ﬁi?? EPS!@@?'V% 3 glearp oha coppyessgd gag) and
%@ﬁm Wh%h 1 diseh 4188 pRisklRfrof e al bbN&rreQéHe‘é'aersﬁdh@ted

orrpressor sai d driver slowi ng down when the
H@@ﬁﬁ@lfeéﬁ ui rement of the gas conpressor exceeds the

Maxi %Hﬁlﬂpﬁﬁénéﬁn ﬂuhfcdi'ﬁMMﬁEat%ﬂ%eﬂ@é‘nrtﬁe Bas MetERa sk recycle
trip, characterized in that the apparatus conprises:

nressycs kelighdeyiegr o supplyde thegasdalel compresaes:-gagdrem f_mzecycle
p%@gsureg?e@f dé@lcfalvbﬂé?'\ the m%ﬁ‘érﬁébfééguﬁé"ré&rfeg%Qéés@#gté@bressure
to recelve a stream of onpressed gas and openi ng
thgreby ingesagingdhermges ﬂe\eﬁta rt@OFQ'bWﬁtcﬁ@p%%%ﬂq kegulating the driver.
reaches a designated pressure and conduit neans in
fluid conmuni cati on between the gas inlet and the
recyd e pridsapesatie ps elirprdinCdaitg!, vhepisy thegdrivee isggas turbine
dnﬁltﬁéc mﬁ%&&ﬁ'ﬁ@Q r&R§erbhOEBrigissorCyCl € pressure rel i ef
devi ce en the discharge pressure reaches the
desi gnat ed pressure, thereby increasing the mass fl ow
rate 4 hr O‘Nhaﬁﬂé‘?atﬁgﬁﬁ’%%ﬁﬁéﬁ m"l‘ﬂé*mr EYHAih B dfiRr i%ré ¥iRgle-shaft
2. An "apparatus as clained in Qaim1, wherein t
a#sityidinei s a gas turbine and the conpressor is a

refrigerant conpressor.

4, An apparatus as claimed in any one of the preceding claims, wherein the
recycle pressure relief device is a valve.

5. An apparatus as claimed in any one of the preceding claims, wherein
said conduit means comprises a vesse! in fluid communication with the gas inlet.

6. An apparatus as claimed in any one of the preceding claims, further
comprising at least one additional recycle pressure relief device (122; 222; 322) in fluid
communication with the gas outlet to receive an additional stream of the compressed
gas and opening when the discharge pressure from the gas outlet reaches a respective
designated pressure and wherein the conduit means is in fluid communication between
the gas inlet and said additional recycle pressure relief device(s) to supply to the gas



3. An apparatus as clained in Claim2, wherein the
driver is a single-shaft gas turbine. 4. An apparatus

wa@soosloaizned i n any one of the precedi ng cl ai NTEPCTHBE20@1/002422
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the recycle pressure relief devi%e is a valve. 5. An
apparatus as clained in any one of the preceding
clinletrsompiessed gasstaord tioadtiicnahreaycie prRERre 3611 ev@s8RVhen the

i Ny [ i [ ith the gas inlet. 6. An . .
S SRR e 85l S oy crsig e
clraasssflow rate leoughothprcosipregsat. | east one addi ti onal

recycle pressure relief device (122; 222; 322) in

fluid conmuni cation with the gas outlet to receive an

addi ti ohal sAm epparefustaselaimep nesyethe DR thePEcaREIRiths, wherein the
ressure fror[bt he gas outl et

when t he di schar n . )

r BT Beh i N FoleciREsrish vt e ddilerchea aviRgresive designated

t perceotahs of the avasiniuim bowéd ofitite @@aruNi cati on bet ween

the gas inlet and said additional recycle pressure

relief device(s) to supply to the gasinlet conpressed

gas frd@n t heAmdphdratasab cla@tfeCin@nh'0As RH drédddig claims wherein:

devi Ce(tﬁ% when the dis {Jaége pressure reaches the

respect']' v ECHRESHN AP 8&"‘8 -8@06 gas ComREERRr hanibp &gasalet fee each

metegjefdraha gad eutleh fapegbh stage,conpr essor. 7. An appar at us
recedi ng cl ai ns, wherein

as claigred.in any one of th | B,V o
Che'r olJRPE BreReaie s recyCaBiArede 4 R Senca g sRmmunication
dwithesach gas lbatietpati€espect i ve desi gnat ed percent age of

t he maz,%rrum wer of, H}E@jriver._ 8. An apparatus as

cl ai med™§ ﬁ°'}ﬂ?&'j AT Nl cramieatign belyean atirastppe of the gas

t rdets @ ties RBpettvededidld presdupgrliBRgeviREPr €ssor  havi ng

a gas inlet for each stage and a gas outlet for each

stage; there is a respective said recycle pressure

relief glevi gg appatdtus 8s ElaABYTH OMin®) wiekdin #RdnE&Bmeans provides
ogt.let' and the conduit Heanslsmflwd_ )
c B Femmainicatiop be eqch gas et Gpd thsr repprotiya seqyalerressure relief
adevitd fedeRAesImplesseas rdnPhesarkatddel | ef devices. 9.

An apparatus as clained in Caim 8, erein the

conduit nmeans provides fluid comunication between

-each gae. i niaptapparhtides EI8RIRRAGH CYEmIES GHEleh PRDAYiEmeans provides

rel.ief devi.c?. r%ct%l,w QPC\J conpressed gas fromthe sane
Sﬁlgag_ommumca ton between the gas inlet of an infermediate stage and at least some of

the respective recycle pressure relief device receiving compressed gas from the later
stage(s). '

11.  An apparatus as claimed in any one of the preceding claims, further
comprising at least one relief pressure safety device in fluid communication with the gas
outlet to receive an additional stream of the compressed gas and opening to vent
compressed gas when the discharge pressure from the gas outlet reaches a designated
pressure above the pressure at which all recycle pressure relief devices receiving
compressed gas from said outlet open.

12. An apparatus as claimed in any one of the preceding claims, wherein the
conduit means comprises cooling means to increase the fiuid density of the recycled
compressed gas.
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10. An apparatus as clainmed in Gaim8, wherein the
conduit neans provides fluid conmuni cati on between the

w@amsionizes of an i nternedi ate stage and at | eaBCT/BEE20®4/002422

of the respective recycle pred6ure relief device

recei ving conpressed gas fromthe |later stage(s). 11.

An apparatus as clainmed in any one of the preceding

clainms, further sing at | east one relief

pr essipe ngt@syloag%plpﬁt qonpriging GMARRREMS amclaimed in vy one of
gRSpressd di@imsecei ve an additional stream of the

conpressed gas and opening to vent conpressed gas when

the di scharge pressure fromthe gas outl et reaches a

desi gnat edAﬁﬁ&ﬁ§@bﬁre§Q@Hn§geé Bﬁvé}fo%ﬁgfaegaétco\‘\gﬂrsékoﬁyog 204; 304)

recycle pressure relief devices recéiving c

hR4Ra 7 gas it ang ar9astoudee Raid Thveriowing dewn when dhe pawersd
FeyuRBMe Y R g EormMBrBERH R RS MdMaxitif! Fovler e driver and
condui t neans conprl ses cooling means 1o 1Ncrease the
haingia iunenesd taP. the recycl ed conpressed gas.13. A

basel Q?é?aé{éﬁé@ |ﬁmat GORBN the 'dfl:gh?rge &%Q%t &f}o?@{%sgb g?g from the

in ané‘ one of preceeding c
gayeutiet rasghes @ﬂwgaata@ PrEShifeaatderst amepionsf die ¢dropressed gas is
?e‘é?cle@%e laay irfiet tﬁ‘er@%m’c@a@ﬁg Fm3s IS Path Iﬂ'ﬁ't)l%lgl‘?@l Q‘ﬁmpressor.
driver slow ng down en the~ power requitement”of the
gas conpressor exceeds the nmaxi num power of the driver
and hayi ngagndtRyd §§9§ﬂ1édrlhl?>la! h@r @/ﬁéfé‘l‘d éﬁﬁtldrﬁl {:&'%n f the
when the di scharge pressure esse $7e
Grampr Q%ﬁqdéiasraé%t&ﬁy?;led t@l g ggsamlefcﬂqih@dmhage mes!seeesneaahes one or
,p,gei,lg &l g’ﬁ s recycled to the gas
ete t er%g cre SI ng tﬁﬁﬁnéass flow rate through
the conpressor. 15. A nethod as claimed in Caim 14,
wher 975‘ a QHéhl%@és HQlFrfédQH\%la‘% 1t5h§h§|%i?§a?§ﬁe% edfiR fRsfgnated
recycled to the gas In as the'di scharge pressure
preawiels daterminedhisere ardesigasted\perdentagerof thesingxiatuatipower of the
vessures. 16. A nethod as clained in Caiml5,
erein said respective designated pressure is
deternmi ned from a desi gnated percentage of the nmaxi mum

pover10f  tAgdiidd'&iimiting flare loading during a blocked compressor discharge
event in a baseload LNG plant comprising a gas compressor (104; 204; 304) having a

_gas inlet and a gas outlet and a driver driving the gas compressor, said driver slowing

down when the power requirement of the gas compressor exceeds the maximum power
of the driver and having a low speed trip,

characterized in that, when the discharge pressure of compressed gas from the
gas outlet reaches a designated pressure lower than the pressure at which flare-off
occurs, at least a portion of the compressed gas is recycled to the gas inlet thereby
increasing the mass flow rate through the compressor and slowing the driver.

18. A method as claimed in Claim 17, wherein additional portions of the
compressed gas are recycled to the gas inlet as the discharge pressure reaches one or
more respective higher designated pressures lower than the pressure at which flare-off

OCcCurs.



17. A nmethod of limting flare |oading during a

bl ocked conpressor discharge event in a basel oad LNG
W@bk@an1sehpri sing a gas conpressor (104; 204; BOW)IB2004/002422

having a gas inlet and a gas oUrlet and a driver

driving the gas conpressor, said driver slow ng down

when t18e poAdvenethicebpd clsimedtin Ofairh 8, Whereawdtl @spedtive designated

exceeds. t maxi um power of the driver and having a
LS s ete Pl e it B Rhndik bhitefiag Sf tRdRaipm Bbier of he
dirisehar ge pressure of conpressed gas fromthe gas
outl et reaches a designated pressure |ower than the
pressure at which flare-off occurs, at |east a portion
of the conpressed gas is recycled to the gas inlet
thereby increasing the mass flow rate through the
conpressor and slowing the driver. 18. A nethod as
claimed in daim17, wherein additional portions of
the conpressed gas are recycled to the gas inlet as

t he di scharge pressure reaches one or nore respective
hi gher desi gnated pressures |ower than the pressure at
whi ch flare-off occurs.- - 19. A nethod as clained in
Claim 18, wherein said respective designated pressure
is determned froma designated percentage of the
maxi mum power of the driver.



