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connected to the liquid outlet of the flow separator; and a punp for

punpi ng lwquwbds34€li sposed bel ow t he separator and i ncl udi ngc2Qsa1/prdng | i quid
inlet connected to the liquid transfer cgnduit and through which liquid
separated in the separator is received, and a punped liquid outlet through

the’ separ at openytle e fertdh il AR Roblefdo3Faeh i troble® bads

axi al w th titecelbcitis nmuor ambipamp dbj thhave tartgeregiaspd,sequitieg whatiis khewhasa ng

pace bet we i HseeiRABRE THRTolBE OB i EREMG Rt phaleaR BB o

«mxture i s aad$iesk-consunsg operatidnowhichp slauts dgwa poodudtivh for ansighifficant patter ofThe

t it i ncl. hor i t al | |iguid i d ted
"ol ar 30" PPt T URunRS A8 Rudb ool Bug st PE ot e dtepiasfing,
“liquid fl owaAnig Lttielv\problelnt hesdsoip cb?ndling‘ t_hbl‘mln’_rmh?.ﬁﬁlsehéiﬁvegl[neaﬁjﬂnbf'@stehh%

t f t t. t _—

di Sposed | it dp Puligh e nufe. & GRLET ads b AR e GBI ne
upper si Fl_e @én&b\?wbbiagitiesiabor_bki&mmﬁd.he u]Pp;ar si de oftthe gui Fle alnpllfor]c
assin iquid igterna i,nto the bore o e separator.. ura .0
Dpeni ngs. my. be THETSIaaeeH thifeloss ol 3 Sss prision 5 G Sfcieston o iptid

adj acent0o t oseparatigrect i ve radial |iquid guide and the upper side of the

helical fl t he. ide of th i de. and f [ | i quid out of
the separator. AASHIGNY Bahe biesent pyeaiorotiete s prouded, adiBen teraatinant ©
central bor éhserable Wt®aldaisafodr itbe Jo¥epatdhing liquid Gibth &M epwardifdwingf liquiRgas
central bore ui?ﬁ%aoyen downwgr dl ¥|L_' to direct liquid downwardly in use al ong

the inside 8t ESHEAH] 38 CRMPIYAYi t udi nal |y extending |iquid gui des are

preferably nount acentriftidee flowtimiucad liquid sémeatof havieg housi ng and positi oned
adj acen% the radial i oitu g gui d%s tgg g rect liquid 5 towards the radial
gui des. "Furt her r adPAPUPHRSHIFTIWESNEL L be di sposed on the underside of
the helical flange hdigueiesutiehantiousi ng and the central bore and each
connected to the top of res c}.i ve extending liquid guide to direct any
liquid bl own up on I Lf‘?f&@%‘?"@g'of the helical flange or forced up al ong

the extending |i quigdidaringfer cafduBvanheded ethe HQuip oailétds the fov Supafmors ang .,
each di sposed i medi atfel\rl) adj a(i.ent .0 a rgsgg&bi ve radi al liﬁ]“gid gui de and
the undersi de of 3PHEREr PLAPIng liguigedishpser De P sepyatosand isluding; 51 gui de
for pasggng |iquid agunyliquitEinietgorhedted to ths kjuid Gahsfer cdnaiit sndcthiotigh whR@s ed
adj acent each opfni.ag in {ﬁf&e ﬂ%\ﬁyﬁ on the. o tsidge of the housing and open
downwar dly, to df'fit¥4¢epargiadn NS 16¢eYES A%ng the outside of the
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35 housing each disposed immediately adjacent to a respective radial liquid guide and the
upper side of the helical flange on the upper side of the guide and for passing liquid out
of the separator. A shroud can be disposed adjacent each opening in the central bore on
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{two as shown) centrifugal flowinduced |iquid separator or separators 21,
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outl et i ngough the central tubular bore of the separator.
The pump preferably includes a gas driven pump which comprises a housing; a
liquid inlet, an external line pressure closing check valve to receive liquid from the liquid
30 transfer conduit into the interior of the pump housing; means for injecting gas into the top
of the pump housing through a liquid closing check valve; a line back pressure check
valve disposed in the bottom of the pump housing; and an outlet line connected through
the bottom of a pump housing to the line back pressure check valve.
The invention also includes a method of removing liquid from an upward flowing
35 liquid/gas multi-phase stream in a caisson or tube, including:
separating liquid from the multi-phase liquid/gas stream centrifugally in a flow

separator and passing it fo an outlet;
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an outlet 25 into a pump 26, which is a gas injection pump, and, under the pressure of gas
fed to the pump from a gas operation line 27, liquid is removed through a liquid outlet line
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the controls to open the gas inlet valve 37 after closing the vent valve 36 and liquid is then
caused to flow through the outlet check valve 33 and the liquid outlet line 28 to the tree
4 . Once the pump is empty and gas enters line 28. A sensor in the control unit senses
25  thedrop in supply gas pressure due to the reduced head in return line 28 as shown in the
central figure, and closes the inlet valve 37 and opens the vent valve 36 to end the
pumping phase and allow gas to be vented from the pump 36. Filling of the pump 26 then
recommences as shown on the right hand side of the figure.
Figs. 11 to 15 show various stages of the pumping cycle, the gas valves 36, 37
30  being shown as a single shuttle valve with a controller 38. Fig. 11 shows the liquid in the
pump 26 at its full level as indicated by the dotted line 39, the float valve 34 being shown
in its closed position and line 27 pressured down. At this point pumping commences by
operating valves 36, 37 and Fig. 12 shows the approximate mid point of the pumping
stage with the liquid level 39 having been lowered to the position shown under the action
35 of high-pressure gas from the operational gas line 27. The check valve 33 is open and
liquid is pumped to the tree through the outlet line 28, the float valve 34 is open as

indicated. The check valve 32 remains closed. At the end of the pumping stage as shown
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closes the float check valve 34 as shown in Step XV.
35 Step XV illustrates the full pump with the closed check valve 34, but as the gas
operating line is now venting to the gas export line, the gas operating line is subjected to

a notable drop in pressure which the controller can detect as P2. The controller then
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a gas stream oultlet;
a liquid transfer conduit connected to the liquid outlet of the flow separator; and
10 a pump for pumping liquid, disposed below the separator and including
a pump liquid inlet connected to the liquid transfer conduit and through which
liquid separated in the separator is received, and
a pumped liquid outlet through which separated liquid is, in use, caused to

flow selectively.

15 2. A separation unit according to claim 1 wherein the separator comprises
a tubutar housing;
a central tubular bore co-axial with the housing; and
a helical flange disposed between the housing and the bore, the multi-phase
gas/liquid inlet opening into the annular space between the housing and the bore so that
20 the multi-phase gas/liquid mixture is caused, in use, to flow upwardly around the annular
space.

3. A separator unit according to claim 2, further including horizontal radial liquid
guides mounted at regular intervals on the top face of the helical flange to direct any liquid
flowing down on the top face of the helical flange.

25 4. A separation unit according to claim 3, further including a plurality of openings in
the central bore each disposed immediately adjacent to a respective radial liquid guide
and the upper side of the helical flange on the upper side of the guide and for passing
liquid internally into the bore of the separator.

5. A separation unit according to claim 3, further including a plurality of openings in

30 the housing each disposed immediately adjacent to a respective radial liquid guide and
the upper side of the helical flange on the upper side of the guide and for passing liquid
out of the separator.
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8. A separator unit according to claim 7, further including a plurality of further radial
liquid guides disposed on the underside of the helical flange between the housing and the
central bore and each connected to the top of a respective extending liquid guide to direct
10  anyliquid blown up on the underside of the helical flange or forced up along the extending
liquid guide.

9. A separator unit according to claim 8, further including a plurality of openings in

the housing each disposed immediately adjacent to a respective radial liquid guide and

the underside of the helical flange on the lower side of the radial guide for passing liquid
15  out of the separator.

10. A separation unit according to claim 5 or claim 8, further including a shroud
disposed adjacent each opening in the housing on the outside of the housing and open
downwardly, to direct liquid downwardly in use along the outside of the housing.

11.  Aseparation unit according to any of claims 2 to 10, further including, immediately
20 adjacentto the upper surface of said helical flange at its lower end, one or more openings

through the housing radially aligned with corresponding openings in the central bore, and

an annular seal externally of the housing disposed in use between the housing and

caisson or tube in which the housing is disposed, and whereby, in use, liquid between the

housing and the caisson or tube is caused to be directed through the housing, across the
25  annular space and into the central bore.

12. A separation unit according to any of claims 2 to 11, wherein the central tubular
bore also provides the liquid transfer conduit.

13. A separation unit according to any of claims 2 to 12, wherein the central tubular
bore is connected with a tubular conduit above the separator into which the gas stream
30 outlet opens to allow outlet gas flow.
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6. A separation unit according to any of claims 1 to 15, wherein the pump includes

a gas driven pump.

17. A separation unit according to any of claim 1 to 16, wherein the gas driven pump
comprises:
10 a housing;
a liquid inlet, an external line pressure closing check valve to receive liquid from
the liquid transfer conduit into the interior of the pump housing;
means for injecting gas into the top of the pump housing through a liquid closing
check valve;
15 a line back pressure check valve disposed in the bottom of the pump housing; and
an outlet line connected through the bottom of a pump housing to the line back
pressure check valve.

18. A separation unit according to claim 16 or claim 17, the unit having an external
operating system for controlling and monitoring the operation of the unit.

20 19.  Amethod of removing liquid from an upward flowing liquid/gas multi-phase stream
in a caisson or tube, including:
separating liquid from the multi-phase liquid/gas stream centrifugally in a flow
separator and passing it to an outlet;
transferring the liquid through a conduit connected to the outlet of the flow
25  separator to a pump disposed below the separator; and
pumping liquid to a liquid outlet through which separated liquid is removed.

20. A method according to claim 19, wherein the multi-phase liquid/gas stream flows
substantially helically within the separator.

21. A method according to claim 19, for handling a low to medium velocity liquid/gas
30 multi-phase stream, wherein the separated liquid flows downwardly along an inside
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