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(6biBLaa DBGP)

ABTop: PeHe Bapbapyno, komnanma “lOHuoH Mamn”

Multiphase:
from

Rene Barbarulo — Union Pump (formerly DBGP)

B HacToAwee BpemAa HedbTerasoBble KOMNaHUM
€XXErofiHO CXXMratoT MuniMapabl KybomeTpoB
nobbiBaeMoro BMecTe ¢ He(pTbio NOMyTHOro rasa.

B OCHOBHOM 3TO NPOMCXOAUT N3-3a OTCYTCTBMA
rasopacnpeaenuTernbHbIX ceTen n NoTpebuTenen B
MecTax, rae HaxoaATcA HedpTAHbIE MECTOPOXAEHUA, a
Tak>ke 1M3-3a HEBO3MOXXHOCTY NMpogasaTh ras. CxkuraHue
rasa AaenAeTcA 6ecrnonesHon TpaTon SHeprnm, n 3To
NpU3HaeTcA BO MHOIMX CTpaHax.

CoBcem HepgaBHO MuHucTepcTBo NprpoaHbIx Pecypcos
Poccuiickon ®epepaunm 06bABMINO O NOATOTOBKE
NPOEKTOB NPEANOXEHWIN MO CO3AaHMI0 ANA HEPTAHbBIX
KOMMaHWA CTUMYJIOB, MOTUBUPYIOLLMX UX NPEKPATUTD
CXKMUraHne UMEKOLLErocA y HUX NornyTHOro rasa. BmecTo
3TOro, NMOMYTHbIV ra3 A0/MKeH 6yaeT B MPUOPUTETHOM
nopAAKe AOMYCKaTbCA B ra30TPaHCNOPTHYIO CUCTEMY
KOMMaHuu “la3npom”. ATOT rocynapCTBEHHbIA OpraH y>xe
nonyyun ot “lasnpom” npegBapuTenbHOE cornacoBaHme
Ha NPUHATNE TaKoro NMooXKeHUA.

YT106bI NOAABaTh NPUPOAHBIN ra3 (rnaBHbIM 06pa3oM
MeTaH) B TPaHCMOPTHYIO 1 pacrnpefenuTenbHy0 CUCTEMY,
CbIpOVi ra3 HeobXxoAMMO OHYULLATL/OCYLLATb Ha YCTaHOBKE
MoAroTOBKM ra3a v NogHMMAaTh A0 OnpeaeneHHoro ypoBHA
AaBneHuwe rasa. Vicnonb3oBaHue anA 3Tux uenen
MHOropasHbIX HACOCOB B COYETaHUN C YCTAaHOBKaMM
MOArOTOBKM ra3a MOXeT NpeacTaBnATb cCoboM MHTepecHoe
TEXHUYECKOE 1 IKOHOMMYECKOEe pelueHune. B camom
Aene, 3a nocnegHue 20 neT UcTowweHne HepTAHbIX
MEeCTOPOXKAEHWIN, CONPOBOXAAIOLEeCH yBeNIMYEHNEM
BbIX0OAa rasa, U3aMeHeHve yCroBui aKcnyaraumm
CKBaXXVH U CTPEMSIEHVEe 3anpeTuTb CXXuraHue rasa

Ha thakenax 1 NPUHATL NPOrpamMy, MPUHYXAAOLLYHO
KOMMaHM1 UCMONb30BaTh MOMYTHBIN ra3 OTKPbIA LWMPOKME
nepcneKTMBbl AN1A NPUMEHEHUA MHOrohas3HbIX HACOCOB
Ha OrpOMHOM KONMYeCcTBE HEPTAHBIX MECTOPOXKAEHWIN.
Heckonbko MHOrohasHbIX HACOCOB YCTaHOBMEHbI U
3KCMnyaTupyoTcA B MecTax gobbi4m Hecptn B CHI
(hanpumep, B Poccun, KasaxctaHe, TypkmeHncTaHe)
ANA NoAaYvn NPoayKLUMM CKBaXKMH Ha Bnmkaniuyo
cenapaunoHHyHo YCTaHOBKY HedbTu U rasa.
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Currently oil and gas companies flare annually billions
of cubic meters of associated gas which is produced
jointly with oil. This is mainly caused by the absence of
gas distribution network/customers where the oil fields
are located and the inability to sell the gas. Gas flaring
is energy wasteful and this is being recognized by many
countries.

Very recently, the Ministry of Natural Resources of the
Russian Federation announced that it is drafting proposals
that would encourage oil firms not to flare their associated
gas. Rather, the associated gas should be given priority
access rights to Gazprom’s gas transportation system.
The government body has already gained preliminary
approval for this measure from Gazprom.

To be able to feed natural gas (mainly methane) into a
transportation/distribution network the raw gas needs

to be cleaned/dried in a gas processing facility and its
pressure raised to the required levels. Here multiphase
pumps used in conjunction with gas processing facilities
can offer a technically and economically interesting
solution. Indeed ageing oilfields with an increasing gas
output, changing well conditions as well as the desire to
ban gas flaring and enforce gas reutilization programme
have opened applications to multiphase pumping on a
vast number of oil fields over the past 20 years. Several
multiphase pumps have been installed on oil production
sites and are in operation in the CIS (e.g. Russia,
Kazakhstan, Turkmenistan) to boost the well products to a
near-by gas oil separation plant.

In remote locations multiphase boosting allows the
elimination of separators, compressors, individual
pumping equipment, heaters, gas flares, tanks and
separate flow lines, thus improving production at lower
costs. An additional benefit is the reduced environmental
impact for onshore installations. The small footprints
requiring only a fraction of the space conventional
equipment needs and the ability to handle gas in a
closed system instead of venting and flaring guarantees

i low emissions and contributes to the increasing



Ha oTpaneHHbIx nnowaakax cosgaHne nognopa

C NMOMOLLBIO MHOTOYa3HbIX HACOCOB NO3BOMAET
obonTnch 6€e3 cenaparopoB, KOMMPECCOPOB,
WHOVMBUAYaNbHOMO NepeKavmsatoLero obopynqosaHma,
oborpeBaTtenen, ra3oBbix hakenos, EMKOCTEN U
pasaenbHbIX NPOMBICOBbBIX TPYOONPOBOAOB, YTO
ynydwaeT apPeKTUBHOCTb MPOM3BOACTBA U CHUXAET
3arpartbl. JonoAHUTEbHLIM MPEMMYLLECTBOM
ABNAETCA CHWKEHNE BO3AENCTBUA 6EeperoBbIxX
YCTAHOBOK Ha OKpy»><atoLlyto cpegy. Manaa nnowanp
COOpPY>KEHM, COCTaBMAKOLWAA NNLWb Manyto QOO OT
nnowaau, 3aHMMaemMon 06bI4HBbIMM COOPY>XKEHUAMMN

N BO3MOXXHOCTb 06pabaTtbiBaTh ra3 B 3aKpbITON
cMcTeme, BMECTO TOro, YTobbl CTpaBnMBaTh €ro B
aTMocepy nnm cxxuratb Ha (hakene rapaHTUpyoT
HN3KNIA 06bEM BbIBPOCOB M COOTBETCTBYHOT
COBPEMEHHbIM MOHAbHBIM NPUPOAOOXPAHHBIM
TeHaeHumAM. VIx cnocobHOCTb co3aaBaTb Noanop
AaBfIeHNA 1N NepeKavmBaTh NPOAYKLUMIO CKBaXKUH Ha
LeHTpanu3oBaHHble nepepabarbiBatolume 3aBoabl,

a TaKxke paboTaTb B YCIIOBUAX HU3KUX AaBIIEHNI

Ha npveme npespaLLaloT MHOrodasHble HacoChl

B MAeasbHbI MHCTPYMEHT AJ1A OCBOEHWNA ManblxX
MeCTOpPOXAeHMN. Ha cTapbix MECTOPOXKAEHMNAX 0ObEM
[06bIl4M NagaeT, yBennunBaeTcA 06BOAHEHHOCTb.
[a30BbI aKTOp Tak>XKe MMeeT TEHOEHUMIO K POCTY.
Ecnv npy TpaanumMoHHON TEXHONOrMK [0ObIYN B
TaKuWX Cry4yaAax HeobxoaMmMo NOCTOAHHO MEHATb
obopynoBaHme, NpucnocabnmBanchb K M3MeHaAWmMmea
YyCNOBWAM (OaBfieHNE Ha Npueme, NoBbILLEHNE ra3oBoro
dhakTopa, yBenuyeHne gonvn nobbiBaemon Boabl), TO
LUMPOKMIA paboymin guanas3oH MHOrodasHbIX HACOCOB
NO3BOMAET, HECMOTPA Ha M3MEHAIOLLNECA YCIIOBMA

B CKBa>XKVMHax, BECTU SKCNslyaTaumto HEMpepbIBHO,

6€3 TEXHNYECKNX N3MEHEHNN. MHOrogasHbIn Hacoc
NO3BOMUT CHN3UTb YCTLEBOE AABMEHNE (2 3HAUMT,
[0nbLUe 9KCMTyaTMpoBaTh CKBAaXMHY), & NOBbILLEHHOE
AaBlieHne Ha BbIKMAe Hacoca — nogaBartb He(pTb BMecTe
C MONYTHbIM ra3om Ha nepepabaTbiBaloLLuii 3aBOS,

CerogHA nopLiHEBbIE U AMaroHanbHO-0CEBLIE

HaCOChbl y>k€ YCMELHO UCMONb3YHTCA ANA NepeKaYvkn
MHOroga3Hon NPoayKLMM Ha CyLue, Ha MOpe 1 Nog
Bogon. Cpeam NopLUHEBbLIX HACOCOB B OCHOBHOM
NCMOSb3yl0TCA ABYXLWHEKOBbIE (Hanpumep,
npon3BoacTBa komnaHum “Leistritz”), B To BpemAa Kak
AVaroHanbHO-0CeBble (Hanpumep, N3rotTaBnnBaemMble
KoMnaHuen “Sulzer”) hakTmdeckn ABNAOTCA
LIEHTPOBEXXHbIMM Hacocamm, KOTopble MOryT paboTaTb
MpM BbICOKMX 3HAYEHMAX pacxofa v AaBMeHud, co
cpefamu, cogep>alummm 6onblune KonuyecTea rasa

N NepeHocAT KonebaHnA cogepkaHna razoson asbl.
O6bI4HO Ha Npueme copepykaHne razoBon asbl MOXKET
6bI1Tb 95...98 %. Kpome Toro, B yCnoBMAX MUHUMAanbHO
3(hpheKTUBHBIX MECTOPOXKAEHMI MOXKHO OXXMAATb
NOCTYNMEHNA NPOAOIIKNUTENbHbBIX Fa30BbIX NAYeK.
YT106bI NOAAEPXKNBATE BOSMOXHOCTb KOMMPUMMPOBAHMA
razoBou pasbl B TeHEHME BCEro nepmoaa aKcnnyarauum
Heo6Xx0aMMO NOCTYMEHNEe HEOONBLLOro KonnyecTea

consciousness for our environment. Their ability to
pressure boost the well flow to centralized processing
facilities and to handle low inlet pressures make
multiphase pumps an ideal tool to develop smaller fields.
In older fields the oil production drops and the water cut
and GF(Gas Factor) tend to increase. While conventional
production technology requires a constant modification
of the field equipment to cope with the changing process
conditions (inlet pressure, increased GF, increased
water production), the large operating envelope of
multiphase pumps offers continuous operation without
technical changes, despite changing well conditions.
The multiphase pump will permit to reduce the well head
pressure (allowing the well to keep producing longer)
while the increased pressure (at pump discharge) allows
the oil to be fed, together with the associated gas, to the
processing plant.

Today, both positive displacement pumps and helicoaxial
pumps have been successfully used in multiphase
applications onshore, offshore and sub-sea. Among

the positive displacement pumps, twin screw pumps
(e.g. manufcatured by Leistritz) are mostly used, while
helicoaxial pumps (e.g. manufactured by Sulzer) are in
fact centrifugal pumps which can handle considerably
high flow rates and pressures at a high GVF (Gas Volume
Fraction) and tolerate GVF fluctuations. Usually, the
GVF can be as high as 95...98 % at inlet conditions.
Additionally, longer gas slugs can be expected with
marginal field applications. In order to maintain the
capability to compress the gas phase, a small quantity
of liquid must be provided during the entire operation.
This can be achieved by either an internal system

which tolerates short gas slugs only or an external liquid
management system which can be sized for gas slugs
of 30 minutes or more. External liquid management
systems are located downstream the pump discharge
within the skid limits. Beside their ability to cope with long
gas slugs, external liquid management systems usually
operate without additional cooling requirements and can
be cleaned from solids sediments without disassembling
the pump.

Here one can state that in the presence of sand or other
abrasive particles a centrifugal helico-axial pump would be
a better choice than a positive displacement twin-screw
pump. Indeed the tolerances inside the pump are smaller
within a twin-screw pump than in helico-axial pump (API
610 clearances or larger). Also the performance (pressure
and flow) of the helico-axail pump which by its principle
does not rely on tight clearances to generate pressure will
be less impaired. Therefore it has a longer life and a better
performance than a twin-screw pump with regards to sand
presence

Again, due to their operating principle, twin screw (positive
displacement) pumps are better to handle a wide variety
of viscous well fluids (such as emulsions, waxy crudes,
bitumen and sand laden extra heavy crude) than helico
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>XKMIOKOCTU. OTOr0 MOXXHO A06UTHCA NMMOO C NOMOLLBIO
BHYTPEHHEN CUCTEMBI, KOTOPaA NEPEHOCUT NULLIb
KpaTKOBPEMEHHbIE MaYvyku rasa, NMbo NyTeM NpMMEHEHNA
BHELLHEN CUCTEMbI YNPaBIEHNA XXNOKOCTHIO,

KOTOpaA MOXeET ObITb paccynTaHa Ha Naykuy rasa
NPOAOMKNTENBHOCTBIO 30 MUHYT 1 6onee. BHewHwe
CMCTEMbI yNpaBneHna XXUAKOCTBIO pasMeLLatoTca nocne
BblKMAa Hacoca B npegenax 6no4Horo moayna. Nommmo
CMOCOBHOCTY CNPaBAATLCA C ANMUMTENbHBIMY NaYKaMm
rasa, BHELHME CUCTEMbI YMPaBEHUA XXNAKOCTbIO
06bI4HO 3KCMTyaTnpytoTcA 6e3 AOMONHUTENbHbIX
TpeboBaHMN K OXJTaXKAEHUIO U MOTYT o4MWaTbCA OT
TBepabIx ocankoB 6e3 pa3bopku Hacoca.

30ecb HEOHXOAUMO OTMETUTB, YTO B NMPUCYTCTBUN NECKA U
MHbIX abpasnBHbIX YacTUL, LEHTPOBEXXHbIE ANArOHaJ1bHO-
OCeBble HaCOChI MOTYT ObITb NPEANOYTUTESNIBHEE, YEM
[ABYXLIHEKOBbIE MOpLUHEBbLIE. [1eNCTBUTENBHO, AOMYCKM

B ABYXLUHEKOBOM MOPLUHEBOM HacoCe MeHbLUE, YEM B
OnaroHanbHo-0ceBoM (3a3opbl no API 610 n 6onee). Kpome
TOro, paboune XxapaKTepucTKKX (4aBMNEHNE U pacxom)
ANaroHaJIbHO-0CEBOI0 Hacoca, KOTOPLIM B CUNY NpUHUMNa
CBOEI0 YCTPOCTBA Af1A CO34aHVA AABMIEHNA HE Hy>KOAETCA
B MaJibIX AOMYCKaXx MOATOHKY AETarnen, MeHbLUe CTpadatoT
OT NPUCYTCTBUA TBEPAON dasbl. [o3ToMy B NpUcyTCTBUM
necka y Hux rnomny4daetca 60o5nee onMTenbHbIN CPOK
3KCnyaraumm v niydwme pabodne nokasarenu, Yem y
[ABYXLIHEKOBbIX HACOCOB.

B 10 e BpemA, bnarogapA MCNonb3yemMomMy NpuHUMNY
paboTbl, OBYXLIHEKOBbIE (MOPLUHEBLIE) HACOCHI
npeanoYTUTENbHEE AJ1A NePEKAYKN LLIMPOKOIo CrnekTpa
BA3KUX CKBaXKMHHbIX XXMAKOCTEN (TAKUX KaK 3MysbCum,
napadMHUCTbIE copTa Cbipor HedhTn, cBepxTAXenan
cblpaA HepTb, cogep>kallanA CMOofbl 1 NECOK), YeM
AnaroHanbHO-0ceBble (LEHTPOBEXXHbIE) HACOChl. JTO
CYLLECTBEHHO Ba>XHOE CBOWCTBO, B 0COOEHHOCTM B
YCNOBMAX yXyALEeHNA Ka4yecTBa A406bIBaeMO Cbipom
HedTU. B permoHax ¢ HU3KUMM 3UMHUMW TemnepaTypamm
MHOrogpasHble HacOoChbl MOTyT UCMONb30BaTbCA AJ1A 60PLObI
C obpa3oBaHMeM rmaparoB 1 NO3BONAT HE OCTaHaBNMBAaTb
[00bl4Hy HAa MECTOPOXAEHWN B 3TOT NEpUOA.

Kpome Toro, BbIGOp TOW Ui APYroin TEXHOMOTMW [OMKEH
3aBMCETb OT TpeboBaHU K pacxody v aaBrneHnto. Kak
npaBuso, NPY BbICOKNX NMPOEKTHbIX 3HAYEHMAX pacxoaa
(cBbiwe 1000 M3/4 Ha Npreme Hacoca) 1 napameTpax
3MEKTPONUTaHNA (CEerogHA 3To 40 6 MmeraBarT) Nny4lue
NPUMEHATD AVAroHaNbHO-0CEBbIE HACOCHI, YEM MOPLLHEBLIE.

B AHHOTauuA

Mocne peanusaumm COBMECTHOM Nporpammbl pa3paboTku
AByxha3HOoro AvaroHanbHO-0CEBOro Hacoca,
®paHuy3ckuin MHctutyT Hedbtu (IFP) n komnanna DBGP
NPUCTYNUNM K NPOrpaMMe Hay4YHO-UCCnenoBaTesibCKUX
paboT No TeMe AnaroHanbHO-0CEBbIX TYPOUH.

Takme Typ6VHbI MOrYT NMPUMEHATLCA BMECTO KlarnaHoB
BO MHOTMVX TEXHOMOMMYECKMX NpoLeccax, NpuyemM He
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axial (centrifugal) pumps. This is an especially important
feature when the quality of the produced crude oil
decreases. In areas with low temperatures in the winter
months, multiphase pumps can be used for hydrate
control and prevent a field shut-in during this period.
Also, depending on the flow rate of the pressure
requirement, one or the other technology may be more
suitable. Typically, helico-axial pumps target higher flow
(above 1’000 m3/h at pump inlet) and higher power
applications (today up to 6 MW) than twin-screw pumps.

Bl Different technologies

After a joint development program for a two phase
helicon-axial pump, IFP and DBGP launched an R&D
program for two-phase helico-axial turbines.

These turbines may be used in place of valves in many
process applications, not only for energy recovery, but
also to increase liquid production.

We will first look at the development stage, based on
former multiphase pumping technology knowledge,

flow simulation and tests conducted at the IFP facility in
Solaize with liquid and two-phase medium (nitrogen and
fuel mixture).

Following this, we will consider the benefits of multiphase
turbines in specific potential applications, which represent
a broad range of flows, pressures, temperatures, and gas
fractions, with various design consequences.

M Introduction

Cooperation on multiphase pump technology started
between IFP and Pompes Guinard at the end of the
seventies with the aim of increasing oil-well life using
electro-pumps. Because of the necessity to fit standard
borehole diameters, pumps were designed with a huge
number of stages.

In the mid-eighties, multiphase pumping extended to
production transport from sub-sea satellites. With this

in mind, bigger diameters hydraulics, which can also be
used for on-shore applications, were developed.
Consequently, Hydraulic Recovery Turbines were also
used as drivers instead of submersible electric motors.
Turbine fluid is clean Injection water, which is also used
for lubricating Hydrostatic Radial Bearings and Tilting
pads axial thrust bearings. Such a system was delivered,
for example, to a field in Norway, which had 10 stages at
5500RPM.

B Basics of helico-axial hydraulic cells

Two phase helico-axial pumps and turbines are multistage
machines: one impeller and one diffuser per stage for
pumps, one distributor and one impeller for turbines.

With compressible fluids, pressure break-down through
the turbine creates a reduction in temperature, which
doesn’t occur with incompressible fluids. Other specific
differences between single and two phases handling can
be considered, like mixture compressibility and centrifugal



TONbKO ANA pekynepaunn aHeprun, HO U C Lenbto
yBenndeHnA Bbixoaa >XUOKOCTU.

CHadarna, Ha OCHOBE y>Xe UMEIOLLUMXCA 3HAHWUN O
TEXHOMOrMKN PaboTbl MHOrOgasHbIX HACOCOB, Mbl
KOCHeMcA cTaaun pa3paboTky, MOAENMPOBAHMA pacxoaa
n yctaHoBku IFP B Cones, paboTatowen ¢ XXUAKON 1
AByxcha3HoW cpeaon (a30TOM U TOMIIMBHOW CMECHIO).
3arem Mbl pacCMOTPMM NPENMYLLECTBA MHOrO(asHbIX
TYPOVH B X BO3MOXHbIX KOHKPETHbIX cchepax
NCMonb30BaHWA, B LUMPOKOM AnanasoHe 3Ha4YeHun
pacxoaa, AaBneHus, TemnepaTypbl, U coaepXaHus
ra3oBbIX hpakunii, a Takxke BMAHNE 3TUX 3HAYEHNI Ha
OCOBEHHOCTN KOHCTPYKLMN.

Bl BsepaeHwue

CoTpyaHn4ecTBO B 0611aCTN TEXHONOrMN MHOFOa3HbIX
HacocoB Ha4vanocb mexay IFP n komnaHuen “Pompes
Guinard” B KOHLE CEeMMAECATbIX C Lenbio yBeNMynTb
CPOK 9KCNyaTauum aNeKTpUHecKMx HacocoB B
HedPTAHbIX CKBaXXNHax. Beuay HeobxoonmocTu
NOACTPOUTLCA NOA CTaHAAPTHbIE AMamMeTpbl CTBOMA
CKBaXXWMH, HACOCbl KOHCTPYMPOBANMCH C 60MbLUMM
KONMMYECTBOM CTYMNeHen

B cepeaunHe BoCcbMNAECATLIX MHOroga3Hble HacoChl
CTanu UCnonb30BaTbCA B HOBOW chepe — anA
nepekaykm NpoayKuum OT NOABOAHbBIX 3aMEPHbIX
rpynnoBbIX YCTAHOBOK. B ¢BA3U ¢ 3TMm, 6bina
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170 net 8 mawmHocTpoeHuu! _
Bonee 15 ner BmecTe C HepTrerazosbiM Komrnekcom CHI!

Npov3BOACTED W NOCTaBKa HACOCHOro (BKNIOYaA MHOrogasHbIe
HacoCckl] W TEXHONOrM4eckoro o6opyAoBaHMA MUPOBOro Knacca anga
nobkIHK, NOAroTOBKW, TPAHonopTa v rnyGokon nepepaboTki Hedimk 1
raza. TexHW4eCcKWin CepEMC CNOXHOro TYPBUHHOrO, HACOCHOTO W
KOMNpeccopHoro oBopynoBaHWA; TEXHONOr WU NOBEPXHOCTHOM
o6paboTky 1 NPoOANEHMA Cpoka CryXBel ANA AETaNen C UHTEHCUBHLIM

MEXaHWHECKMM W KOPRO3WOHHBIM M3HOCOM.
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allero crnoKencTBNs

forces, leading to a separation of the density phases.

Resulting dissipation losses, which reduce hydraulic
efficiency, depend mainly upon the Gas Liquid volumetric
flow Ratio (GLR).

Even in these conditions however, the pressure decrease
through the turbine, closer to isentropic process, allows
energy recovery from the mixture, which is not the case
with a valve (pressure breakdown without enthalpy
variation), as illustrated in Fig.1.1.

Fig. 1.1: Thermodynamic behaviour
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paspaboTaHa rugpasnuyeckan annaparypa 6onbLero
AnamMeTpa, KoTopana Tak>Ke MOXET UCNOoNb30BaTheA

1 Ha cywe. Bnocneactsuum, HapAay C NOrpy>XHbIMU
aMeKTpoaBuraTenAamMu, B Ka4ecTse npusoaa ctanu
NPUMEHATLCA rmapaBnmMyeckme TypbrHbl BO3BPATHOIO
TMna. XKnakocTblo TypbuHbl ABMAETCA YncTan
3aKauvBaeman Bofa, KoTopas Takxke Ucrosb3yeTcA AnA
CMa3KM rMapoCTaTUHECKMX paanasnbHbIX NOAWNMHUKOB
1 OCEBbIX YMOPHbIX NOALMMHUKOB C LUAPHWUPHO-
3aKpeneHHbIM CErMEHTOM MoANATHMKA.

Takaa cuctema 6bina NocTaBeHa, HanpyuMep, Ha OOHO
13 mectopoxaeHun Hopeernn. B Hen 661510 10 cTyneHen,
paccYiTaHHbIX Ha 4acToTy BpaLleHmA 5500 060pOTOB B MUHYTY.

OcHoOBbI AnaroHasibHO-0CeBbIX
rugpaBsiM4ecKux ayieMeHToB
[ByxcasHble AmaroHanbHO-0CEBbIE HACOChI U TYPOUHBI
NpeacTaBnAlT cOOOW MHOTOCTYMNeHYaTble MEXaHU3MBbI:
O[HO NIONacTHOE KOMeco U OAvH paccenBaTenb B
Hacocax ¥ OfMH HanpaBnALKMIA annaparT U 0gHO
NoNacTHOE Komneco — B TypbuHax.

Mpun paboTe co cXXumMaeMbIMU XXUAKOCTAMMU,

nageHne gaBfeHnA Ha TypobuHe co3agaeT NoHWXEHue
Temneparypbl, Yero He MPoUCXoauT npu paboTe ¢
HEC)KMMAEMbIMU XUAKOCTAMU.MOXHO OTMETUTH U
Apyrue oTAenbHble pasnuuna mexxay ogHodasHbIM U
AByxda3HbIM PEXMMOM, TaKne Kak CXXMMAeMOCTb CMECH
N LEHTPOBEXKHbIE CUSlbl, Bbi3blBalOLWWE pasaeneHue
pasnnyHbIX NO CBOEW NIOTHOCTU (ha3.BosHukatowme
B pesynbTare auccunaTuBHbIE NOTEPU, CHUXKaOLWME
rngpasnuyeckui KM, saBucAT rnasHbiM 06pa3om oT
rasoxxmakoctHoro pakTtopa (GLR).

OpHako gake B 3TMX YC/OBMAX, NaAeHne AaBfeHnA
Ha TypbuHe, bnmnxe K N303HTPOMMYECKOMY NPOLIECCY,
JonyckKaeT peKynepaumio 3Heprum n3 CMecu, 4ero He
NPOVCXOAMT B Cyyae NpUMEHEHUA KnanaHa (nageHvne
AaBneHnA 6e3 U3MeHeHNA TensI0coaepXXaHnaA) — CM.
puc. 1.1. PesynsTtaTom aToro ABnAeTcA 6onee HU3KanA
Temneparypa Ha Bbixode 1 6onee BbICOKWIN pacxos

Puc. 1.1: TepmoaMHaMU4ECKNIA PeXXIM

KpuBaa rpaHuupbl
NaBnenne | | Pasaena gas

KpvBaAa To4Ku

pocki
Kunkan ReyxchasHan | \ [ msoo6pasHan
¢hasa cmechb thasa
4
< —
Tennocoaepxaxue } >

@ [lageHvie LaBMeHUA Ha TypbuHe
e [la[l€HVE [JABNEHUA HA KJ1AMNAHE
A Y BEMNYEHNE NOJAYM KUOKOCTN
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Bl Design and test of helico axial turbine

While the impeller is the most important pump component
for performance, the distributor is the most critical one for
turbines, especially at its outlet.

An extensive CFD simulation was carried out with CFX
- Tasc Flow. (Fig. 1.2) which resulted in an improved
hydraulic profile (Fig. 1.3)

puc. 1.2: MogenuposaHue NoToka B TypbuHe
Fig. 1.2: Turbine flow simulation

SPEED
4.661E+01
4.428E+01
4.195E+01
3.962E+01
3.729E+01
3.496E+01
3.263E+01
3.030E+01
2.796E+01
2.563E+01
2.330E+01
2.097E+01
1.864E+01
1.631E+01
1.398E+01
1.165E+01
9.323E+00
6.992E+00
4.661E+00
2.330E+00
0.000E+00

puc. 1.3: podnnb anemeHTa TypouHbI
Fig. 1.3: Turbine cell profile




KOHCTpYKLUMA 1 UCnbITaHUA
AvaroHasibHO-0CeBOMN TYpPOUHbI
B TO BpemA Kak Hanbonee BaXkHbIM B 3(phEKTUBHOCTHU
paboTbl Hacoca ABMAETCA TIONacTHOe Komneco, AMA
TypbuvHbI BaXkKHEe BCErO HanpaBnAoLWMiA annapart, B
OCOB6EHHOCTU Ha BbIXoAe U3 Hee.

C nomolwubto nporpammHbix cpeacts CFX - Tasc Flow
6bI510 BbINOSIHEHO TLLATENbHOE MOAENNPOBaHNe
rmapoanHamMmmnyeckmx ycnosum (puc. 1.2), B pesynbrate
Yero NnosyynscA yNny4LeHHbIA rmapaBanyecKui
npodunb (puc. 1.3).

Ha ocHoBe pesynbTaToB MOAENNPOBaHWA Obin
N3roTOBMEH OMNbITHbIN 0bpasel, C pac4eToM Ha
BO3MOXHOE nocneayioLlee ncnosib3osaHme Ha
AencTeyowem npeanpuatuu. (puc. 1.4)

TexHnyeckre xapaKTepucTUKN KOHCTPYKLUN

onbITHOro obpasua:

NaBneHune Ha Bxoge: 6 Mlla

YacTtoTta BpaweHua: 6500 06/MUH. Npy MOLLHOCTH
600 kBT

3areM onbITHbIV 06paseL 6bi/1 UCMbITaH Ha MNOSINroHe
IFP B Cones, ®paHumA.

WcnbiTbiBancA rnasHbIM 06pa3oM AByXdasHbin
nuTaTenbHbIN HACOC C MPUBOAOM OT 3fIEKTpPOoABUraTena
C perynvpyemMon 4acToTon BpalleHna, a aAByxdasHas
TypbuHa 6blna cnapeHa ¢ MHAYKUMOHHBIM TOPMO30M,
npu4em oauH AByxdasHbI cenapaTop obecnevmsan
nony4eHve Ha BbIXxoAe pacxoaa pasaeneHHbIx das
(>knaKocCTb 1 ras), nsmepaemMbIx ogHOdasHbLIMK
pacxofomepamMu.

3TU UCMbITaHWA NOATBEPANIIV BbICOKYIO HaAEXHOCTb
onbITHOro o6pasua 1 He TONbKO NO3BONWUAY HaM
NPOBEpPUTL rMAapaBMyeckue nokasartenu TypouHbI,

HO Tak>ke W oNpeaenuTb AnanasoH pacxona/qacToThl
BpaLleHnA TYp6UHbI, KOTOPLI OrpaHMYnBanca
CYLLECTBYIOWMMM paboynmMm napameTpamm
MMTaTesIbHOro Hacoca U NOTepAMU TPEHWA B 3aMKHYTOM
cucteme.

OT onbITHOro obpasua -

K MpakKTUu4ecKomy npuMeHeHuto
Mocne npoBeAeHNA AaHHbIX NCCNEeAOBaHWI 1 cTaann
pa3paboTku AnA AEMOHCTPaUMM S3KOHOMUYECKNX
NPeuMyLLECTB ONMUCAHHOIO Bbille 0bpasua Heobxoanmbl
NCMbITaHNA B peasibHbIX MPOMbILLSIEHHBIX YCIIOBUAX.
MpenmyluecTBa He OrpaHNYMBaIOTCA NPOCTO BO3BPATOM
3Heprum, Kak B ogHoasHon TypbuHe. BoamoxHa
ee nepegaya oT ra3oobpasHom K Xnakom gase, u
Haob0opoT.

MocKornbKy noTeHumarnbHble cdepbl MPUMEHEHNA
OXBaTbIBaOT OYEHb LUMPOKUIA CMIEKTP YCIOBWUM
aKcnnyaTauuv no AaBneHuio, Temnepartype, BenuymHe

Accordingly a prototype was built, with the idea that it could
potentially be used on real installation. (Fig. 1.6)

Prototype design specifications:
Inlet pressure: 6 MPa
Speed: 6500 rpm for 600 kW

The experimental machine was therefore built with tilting
pads,radial and axial bearings and double mechanical
seals lubricated by external oil.

puvc. 1.4: OnbITHBLIN 06paseL; MHOrohasHon TypOUHbI
Fig. 1.4 : Multiphase Turbine Prototype

The prototype was then tested at an IFP test-field in
Solaize, France.

The test included mainly the two-phase feed-pump driven
by a variable speed electric motor, the two-phase turbine
being coupled to an eddy-current brake, and one two-
phase separator providing at outlets single phase flows
(liquid and gas) measured by single phase flow-meters.
These tests confirmed the high reliability of the

prototype and not only allowed us to check the hydraulic
performances in the turbine, but also tested flow/speed
range of the turbine that was limited by existing feed-pump
performances and loop friction losses.

Bl From prototype to applications

After this research and development phase, a test in real
industrial conditions is necessary to demonstrate the
economical benefits of the above prototype.

The benefits are not restricted to just energy recovery as
with a single phase turbine, but some transfers may occur
between the gas and liquid phases.

As potential applications cover a very broad range of

operating conditions in terms of pressure, temperature,
flow-rates, gas fraction and density and machine design
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MapTHepcTBO Ha HedhTAHOM NpOMBICHE

Hawa cvna - B MHHOBaLWAX

Bonee 50 neT ™Mbl co3faem, NPOMIBOOMM M
peanWayem no BCEMY MHUPY 3IKCUEHTPWKOBBIE
WwHekoBke Hacockel NEMO® gna Bawwx npoueccos.
MpuoGpeTeHHbIE HOY-Xay NpW ONTMMW3ALUMK W
paspaboTke HOBLIX W CYLGCTBYIOWMX NPOAYKTOR
ACNONHAKTCA  NAPTHEPCTBOM © HEMEUKMMH M
sapyBeMHbBIMM KNWEHTaAMW W3 BCex
NPOMBILNEHHEIX OTPAcNEA.

YCcTpOWCTBO 3HCLEHTPHKOBLIX LUHEKOBbLIX
HacOCOB Ha npumepe BnovHoro Hacoca
NEMO® npomMbILUNEHHOro MCNONHEeHWS

Mepenaiowuii Ban
Topuesoe ynnoTHeHwWe Bana
B BxoaHoit u BbIKMaHOI Kopnyc
BNo4HOE UCTIONHEHWe

Komnanwa NETZSCH OILFIELD
PRODUCTS GMBH sensertcs

OOHEPHWUM NPEONPUATHEM FPYNNLI
NETZSCH e Mepmannm.

C 2000 ropa Ml NOCTABMNAEM
HedgTenpomecnoBo e
obopypoBaHWe, KOTOpoe Ml
NpoOM3BOAMM Ha 3aBofax B
MepMadvn W Bpasunuuw, an\
HedTenobLBaWLEen

NPOMBILLNEHHOCTH,

Hawa npogykuma v ycnyru

MocTaEka W NYCK B 3KCNNyaTauuio:

* BUHTOBBIX Hacocos PCP

* HACOCOB C NOrPY#HEIM Npueogom NSPCP
* HCNBITATENEHBIX CTEHO0B

* NEPeKaYMBaLLIWE HACOCoB

= apyroro oBopyaosaHuA

Mil npoBogum:
* TEXHUUECKWE KOHCYNETALMM
- oByqeHne

* MHHCTPYKTaK NepcoHana

Partnership in the Oilfield

Innovation is our strength

For over five decades, NETZSCH has developed,
manufactured and marketed NEMO® Progressing
Cavity Pumps worldwide. These accumulated
capabilities are supplemented by partnerships with
our national and international customers from all
types of industries. In cooperation with them we
optimise existing models and develop new
products.

Typical Components ofthe NEMO®
Progressing Cavity Pump e.g. the NEMO®
Block Construction Pump inindustrial design

Stator

Drive Chain

El Shaft Seal

Suction and Pressure Housing
[A Block Construction Design

METZSCH OILFIELD PRODUCTS
GMEH is a subsidiary company of
the group NETZSCH residing in
Germany.

Since 2000 we have supplied oil
industry equipment produced in
our own works in Germany and
Brasilia for the oil-producing

industry.

Qur products and services
Delivery and start-up:
«PCP

- NSPCP*

* Pump test benches

* Transfer pumps

+ Other equipment

We provide:

+ Consultation in technology

+ Training

+ Course of instruction for personnel



Cihepa npUMaHEHWA Wide scops of Applications

Hacoce npumenHATeA AnA paboTsl ¢ chniouaamu creayowms The pumps are able to handle fluids with the following

XapaKkTepucTH: properties:

* NErkan W TRMENAA CLIPanA HediTs = lightand heavy crude oil

« afipasuensie U HeabpasneHue = high content of solids and free of solids
* BLICOKOE cogBp¥aHMe napatuHa » high content of paraffin

* BBICOKOE COfePMAHKE ra3a « high content of gas

* BLICOKOE COOEPMaHNE BOAL = high content of water

Winporwi GUaNaloH MOWHOCTW W QaBneHnA Large range of Capacities and Pressures

* MpoKU3IBoaUTENLHOCT OT 1 M3/cyT. go 500 m3lcyT. * flow rates of 6 bpd up 1o 3.100 bpd

« naanedwe go 240 Gap « pressures up to 3.500 psi

« rnyGuxa cnycka ao 2200 m « Installation depth up to 7.000 ft

MNpeumyuiecTea cHCTEMLI System advantages

* OTCYTCTEWE WTAHT W Maroca HKT B creammuHax ¢ * no rod and no tubing wear in directional wells
OTHNOHEHWEM = pump size is not limited by the tubing size

* NPOW3BOACTBEHHLIE NADAMETPL HACOCA He * no environmental impaction on the surface
orpanu-ens pasmepamn HKT = no gas-lock associated with ESP

= OTCYTCTEWE BAMAHKA HE HAJEMHYIO OKDYMAIOWYIO cpeay
* OTCYTCTEME rasoBkix npobox B otnu4ve or ESP

NETZSCH

—

AzGemeft Joint Venture
NETZSCH OQilfield Products GmbH Ul A.Bagirova7
Gebriider-Metzsch-Str. 19 Poselok Ramana
D-95100 Selb 370037 Baku
Phone: +49 9287 75-424 Aserbaidschanische Republik
Fax: +49 9287 75-427 Tel.00994124513604,-05
E-mail: info@nop.netzsch.com Fax00994124930328

www.oil.netzsch.com e-mail: azgerneft@azeurotel.com



pacxofa, coaepyKaHuto rasa, NoTHOCTU NoAaBaeEMON
Cpeabl U MEXaHWYECKOWN KOHCTPYKUMM (TnapaBnn4eckni
3NIEMEHT, MEeXaHN4yecKana KOHCTPYyKUMA U

KOpMyc), 3TN NPenMyLecTsa B CyLLECTBEHHOWN

CTeneHn onpeaenaATcA BblIBOPOM KOHKPETHOIO
TEXHOMOrMYeCKoro npoLecca.

PaccmoTpum BO3MOXXHbIE chepbl
npumeHeHuA aaHHoro obopyaosaHuA B
HecTerasoBom oTpacsiv, Ha Bcex aTanax
TEXHOJIOrM4YEeCKOM Lieno4vKu

1. PasBegka n nobbiya

¢ VYnpaBreHne CKBaXKMHON C MOMOLLbIO ABYyXtha3Hom
TYPOUHbI 1 LUTYLEPHOM 3a4BUXKKU

[ebut Ha yCcTbe CKBa)XKMHbI 06bIYHO perynmpyeTca ¢
MOMOLLBHO LUTYLIEPHON 3a4BUXXKM, HO MOXET TakxXe
perynmpoBaTtbcA NOCPeACTBOM U3MEHEHUA YACTOThI
BpaLLeHna aByxdasHon TypOurHbl, C SOMNONHUTENBEHON
perynnpoBKON WTYyLEPHON 3aaBuxXKon. Kpome Toro,
AByxdasHble TypbuHbl 06ecneynBaloT yBenmyeHme
BO3BpaTa SHEPTUN M NOAAYMN XXUAKOCTU.

OTa BO3BpaLleHHanA SHepPrmA MOXET UCNOMb30BaTbCA
ANA npuBoaa MHOroasdHblX HACOCOB MK BoO6LLE
nobon Bpalatowenca mawmvHel. B cnydae ecnn 370
NPWBOA, Hacoca, B OAMH KOPMNYC U Ha OAMH Ban MOXHO
yCcTaHaBNMBaTh ABE MalWHbl, MUHUMU3UPYA TaknM
06pa3omM KONMUYECTBO MEXAHUYECKMX YNNIOTHEHUNA U
MOALMMHUKOB, C COOTBETCTBYHOLUMM YMEHbBLUEHNEM
MeXaHU4ECKUX MOTEPb U MOSIOMOK.

OTu npeumyLecTsa NPoABAAIOTCA B Pa3fIMYHON
CTeneHu, B 3aBMCUMOCTM OT cocTaBa dntonga (nobblva
rasokoHAeHcaTa unm HeT ¢ NONYTHbLIM ra3om)

(hydraulic cell, mechanical design and casing) the benefits
are highly influenced by process choice.

Potential applications in the Oil and Gas
industry, both upstream and downstream
1. Upstream Applications

e Well control with two-phase turbine and choke valve

Wellhead flow is usually controlled by a choke valve, but
can also be controlled by speed adjustment of a two-phase
(TP) turbine, with further choke valve adjustments.

In addition, TP turbines provide an increase in energy
recovery and liquid production.

This recovered energy may be used for driving multiphase
pumps or any rotating machine for that matter. In the case
of pump driving, the two machines can be mounted in
one single casing and on one single shaft, minimizeing
the number of mechanical seals and bearings, with

an associated reduction of mechanical losses and
breakdowns.

The benefits are variable with fluid composition
(condensate gas or oil production with associate gas) and
temperature. From experience, efficiency reduction vs. GLR
is lower the higher the pressure.

Few MPa are sufficient to reach very low reduction, related
to single-phase. For example, with a pressure reduction
from 20 to 10 MPa at 40°C and a flow-rate 30t/hr, power
recovery would be around 150 kW. (Fig. 2.1)

¢ High pressure and temperature wells

High pressure and temperature (for instance 100 MPa

Puc. 2.1: YnpaBneHne CKBaXXMHON C NMOMOLLBbIO ABYX(DA3HON TYPOUHBI U LUTYLIEPHOW 3a4BUXKKM YBENIMYUBAET BbIXOL

XXNOKOCTK 1 obecrneynsaeT BO3BpaT 3Heprun

Fig. 2.1: Well control with two-phase turbine and choke valve increases liquid production and provides energy recovery

Well: 20 MPa,
400C, 32 t/hr
Gas & condensate

CkBa)xuHa: 20 MMa,
400C, 32 1/yac
[a3 n KoHoeHcaT

LLTyuepHaa 3agBuxKKa:
OrpaHun4eHHoe
ApoccenupoBaHne

Choke valve:

\ limited throttling

TypbuHa: 160 kBT
+ 7% yBenn4yeHue
nebvta XXnakocTu

Turbine: 160kW

\

O6paboTka nopn
AaBJieHuemM meHee

10 MNa +7% increase in
liquid flow
Treatment below
10 MPa
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J[lobblya rasa n KoHAaeHcaTa, CHUXXeHue
AaBneHuA BABOe

Case of Gas & Condensate flow & pressure
reduction by 2

KMNAO typ6urbl
Turbine efficiency

50% | 40%

YBenunyeHune
nebuta XXnakoctu
Liquid flow increase

50% | 4%

BoaspaTt aHeprum
(kBT Ha T/4ac) 7 5
Energy recovery
(kW per t/hr)
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1 Temnepartypbl. Ha npakTuke yCcTaHOBIEHO, YTO
cHmxkeHne Kl B 3aBUCUMOCTU OT ra3oXXKnaKoCTHOro
hakTOpa No Mepe pocTa AaBEHVA YyMEHbLUAeTCA.

Mpwn paboTe ¢ ogHoM chal3on, AnA AOCTMXKEHNA OYEHDb
MaJoro CHUXeHUA AOCTaTO4HO HecKonbkux MMa.
Hanpumep, npu cHuxeHun gasnexma ¢ 20 go 10
Ma npu 40°C n pacxoge, paBHom 30 T/4ac, Bo3BpaT
3Heprum coctaenaeT okono 150 kBT (puc. 2.1).

e CKBaXXVMHbI C BbICOKUM LaBIEHUEM U TeMMNepaTypomn

Bbicokoe gaBneHue n temnepatypa (Hanpumep, 100
MIMa n 200°C) Ha yCTbAX CKBa>XWH NPENATCTBYIOT
OCBOEHMIO MECTOPOXAEHMIN. YTOObI NOMy4nTb
BO3MOXHOCTb 0O6paboTKM ra3a n >XUAKOCTEN, AaBreHne
4acTo cHKalT oo meHee 4yem 10 Mla. [JnAa cHuXeHuA
Temneparypbl nepen NOArOTOBKOW U 9KCMOPTOM MOTyT
Tak>Xe NPUMEHATLCA oxnaguTenu.

3ameHa 3a4BMKeEK Ha ABa KOMMNEKTa NocneaoBaTensHoO
PacnonoXXeHHbIX TYpOuH NO3BOSAET Nony4Yarb
YBEJIMYEHHbI BO3BPAT SHEPIUN 1 3HAYUTENBHO CHUXAET
Temnepartypy cronga. Hanpumep, npyn gebute
KoHAeHcaTa B 06beme 32 TOHHbI B 4ac Npu Temneparype
200°C v cHwxeHun gasneHua ¢ 80MIMa go 7MlMa
nonyyaetcA 1000 kBT Ha Bany TypbuvHbI, 8 MOLHOCTb
oxnaguTtenen bnarogapa CHYDKEHUIO TeMnepaTypbl Ha
50°C MOXXHO YMEHbBLUNTL BABOE.

e TpelmHoBaTbIE KOMNEKTOPbI

OuyeHb 4acTo B TpeLwmHoBaTbIX KoneKkTopax HedpTb
1 ra3 no6biBaloT B PasnMyHbIX pexnMax AaBneHns,
npu4em nNnbo BbICOKOE NNIAaCcTOBOE AABEHME
CHMWXXaeTcA (becrnonesHanA TpaTa aHeprum) nNnbo
CKB@XXMHbI C HU3KUM AaBfIEHMEM HE UCMONb3ytoTCA.

MHorogasHble Hacocbl MOrnM Bbl NPUMEHATLCA Os1A
yBEeNMYEeHNA A06bIYM N3 CKBaXKMH C CaMbIM HU3KUM
AasneHvem. TypbuHbl, NPUBOAVMbIE BbICOKMM OABIIEHNEM,
MOryT UCMONb30BaTLCA B Ka4eCcTBe NpuBoda AA
HacocoB. C Lenbio NPoCTOTbI KOMMOHOBKW, ANA ABYX
rMOpaBNYeCKUX CEKUMA MOXET MCMOMNb30BaTbCA OOVH
KOpMyC 1 OAVH BaJl, CO CTOPOHbI TYPOUHbI B CKBaXKMHAX
BbICOKOIO AABJIEHUA U CO CTOPOHbI HACOCA — B CKBaXKMHAX
HM3KOro AasneHua (puc. 2.2).

Monyyatowleeca B pesynbTate NPOMEXYTOYHOE
nnactoBsoe gaenexHne (MP) 3aBucuT OT cocTtasa u
TemnepaTypbl XXMOKOCTU, a TakKXXe OT Aebuta Kaxaomn
CKBa2XXUHbI.

e CTabunusaumsa XXUOKUX YrNeBoaopoaoB
Ha nocnegyowmx atanax TeXHOMOrMYEeCKOW LIENMoYKy,
KOrfla OCHOBHaA 4acTb rasa U3 XWaKoCTu yaansaeTcs,

JaBrieHne B cMecn HepTu 1 rasa cHmxkaeTca. [Nocne
OTAEeNeHnA, ra3 obbl4HO CXKMMAIOT — ANA OTrPy3KU Unm
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and 200°C) at wellheads will be detrimental to the fields
development. The pressure will often be reduced below 10
MPa for allowing gas and liquid treatment. Coolers can also be
used for temperature reduction before treatment and export.

Valve replacement by two sets of TP turbines in series
brings enhanced energy recovery and reduces significantly
fluid temperature. For example with a condensate flow of 32th
at 200°C, and a pressure reduction from 80MPa to 7MPa
provides 1000kW at the turbine shatft, and allows half-size
coolers, thanks to 50°C fluid temperature reduction.

e Fractured reservoirs

Very often in fractured reservoirs, oil and gas is produced
at various pressure levels, either high production pressure
is decreased (energy waste) or low pressure wells are

not used.

Multiphase pumps might be used for boosting production
from the lowest pressure wells. Turbines, driven by HP
(high pressure) medium, can be used as a pump driver. For
arrangement simplification, single casing and single shaft
can be used for the two hydraulic sections, turbine side for
HP wells, and pump side for LP wells (Figure 2.2).

Resulting intermediate production pressure (MP) is
depending upon fluid composition and temperature,
as well as flow at each well.

pvic 2.2: [IByxchasHbii HAcoC 1 TypbuHa AnA TPELUMHOBATbIX
KOMJEKTOPOB. Takoe coveTaHve yBenmumBaeT Oo0bIHy
HedpTM (CKBaXKMHbI BbICOKOTO AaBNeHUA) 1 fobblby HEhTU 1
rasa (CKBa>KUHbI HA3KOrO AaBIeHNA)

Fig. 2.2: Two-phase pump and turbine for fractured reservoirs.
Combination enhances oil (HP well) and oil & gas (LP well)
production

CekuuA TypOUHbI
Turbine section

CekuuAa Hacoca
Pump section

Bbic. Hm3
,D,aBJ'I QHP ﬂaBn_ QLP

HP LP
P=15 MfMa Cp. =75 MMa
THP = 40 um 160°C  Haen. o "7 600
fas u koHgeHcar ~ MP P 7 MPa
P =15 MPa Tip = 40°C

THP =40 or 160°C
Gas % Conadensate

¢ Liquid Hydrocarbon stabilisation
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3aKadku B NacT, a XNAKOCTb OTIpy>KaloT noTpebuTento
WM 3aKaumBearoT B XpaHunuwe. [nA yBenu4eHna Boixoaa
>KMAKOCTU U SKOHOMUM SHEPIU Ha CXXaTue rasa, 3ToT
npouecc cenapauum 4acTo NpPoM3BOANTCA B HECKONBKO
aTanoB. B cnyyae npumeHeHua aByxdasHbiX TypouH
MOXXHO 6bI1510 6bl UCKIOYNTL OAMH UK ABa 3Tana
cenapauun, yBENUYUTb pacxod XXnakoctu n 6onee
3(pheKTMBHO MCMONB30BATL IHEPTUIO.

* BbipaboTka aHepruu B oTAaneHHbIX permoHax

[ByxdasHble TypbuHbl Mornn 6bl ycTaHaBNMBaTbCA Ha
PaCMoNOXEHHBIX B YAaNEHHbIX pervoHax nnargopmax
ANA NpUBOAA 3NEKTPOreHepaTopoB, paboTanA 3a cyeT
OBYyX(ha3HON NpoayKLmM, MOCTYNaloLLEN Nnog AOCTaToO4HO
BbICOKMM dasneHnem. O6bem Bo3Bpara aHeprum bygeT
npu 3TOM B OCHOBHOM 32BWCETb OT AebuTa, BENMUYMHbI
noTepun AaBneHnA, cogepxaHna razoobpasHon asbl B
cMecu, cocTaBa 1 TemnepaTypbl rasa.

2. MepepaboTKa U TpaHCNOPTUPOBKA
e XonogunbHble UMKIbI

B OCHOBHOW XONMOAUIbHBIN LMK BXOAUT KOMMPECCOoP,
KOHAEHCAUMOHHbIM cenapaTop, KnanaH afa CHUKEHWA
AaBneHna n oxnaxkgarowmn annapat. KMNQ uvkna
MOXHO YNyYLWNTb 32 CHET NMPUMEHEHUA HE OOHOrO 3Tana
KOMMPYMMPOBaHUA, & HECKOSbKUX.

Yauwe Bcero, KOHAEHCNPOBAHHLIA XnagareHT
pacwmpAeTcA OT TemnepaTypbl Ha4ana KMneHus,
NOMIHOCTBLIO B ABYX(ha3HOM NOTOKeE. BbinonHANMCch
CPaBHEHUA XONOAMNIIbHBIX LMKIOB C KONIMYECTBOM
3TanoB KOMMNPUMUPOBAHNA A0 TPEX, C UMKnamu, B
KOTOPbIX MPUMEHANUCH KanaHbl AJ1A CHUKEHNA
AaBreHna n AByxdasHble TYPOUHbI.

M3 npmBeaeHHbIX NPUMEPOB creayeT, YTo 3adhdeKT oT
npuMeHeHna OByxdasHon TypburHbl Bo3pacTaeT no
Mepe pocTa TeMnepaTypbl KOHAEHcCauMn u Hambornee
OLLYTMM B YNPOLUEHHbIX uMKnax (puc. 2.3). [iByxdasHble
TYPOVHBI 3KOHOMAT 3HEPI M0, MOTYT COKPaTUTb
KOMUYECTBO 3TaN0B KOMMPUMUPOBaHNA 1 3a CHET 3TOr0
YMEHbLIMTL BEC 060PYA0BaHNA 1 3aHUMAEMYHO Mowab.

e [Tpoussoacteo CII

Mepen cbpocom paBneHna 0o ypoBHA, HEOOXO4MMOTO
ANA XpaHeHuA, ra3 npu BbICOKOM AABIEHUN MOXET
nepeoxna)aarbCA, UM OXNaXkaarbeA NoYTn Ao
KpuTHMyeckon Temnepartypbl. B cucteme oxnaxageHua
MOFYT UCMOMb30BaTbCA OT OAHOMO A0 TPEX XONOAUSbHbIX
LUMKIIOB, HO Tak>X€ N YUCTblE UMM CMELLAHHbIe
KOMMOHEHTHI. Mpn ntobon KoHpurypaumm, Ha OgHOM
N3 3TanoB HEOOXOAMMO CHUXEHUE ABYX(A3HOro
AaBneHnsa. B HacToAwee BpemA Ha NpeanpuATUAX BCe
aKTMBHee naeT 3ameHa knanaHos [xoynA-TomncoHa
Ha ogHodasHble ([0 Tex Nop, MoKa He NPoON3onaeT

92 | ROGTEC

Downstream, The pressure of the oil and gas mixture

is reduced when most of the gasis from the liquid. After
separation, gas is generally compressed for export or re-
injection, while liquid is exported or pumped to storage.
The process is often carried out with several separation
stages for increasing liquid production and for reducing the
energy required by gas compression.

TP turbines could spare one or two separation stages,
with a liquid flow increase and better energy recovery.

¢ Energy production in remote areas

TP Turbines might be installed on remote platforms for
electricity generator drive, using a two-phase fluid with
sufficient pressure. Energy recovery will vary mostly with
the flow rate, pressure break down magnitude, mixture gas
fraction, gas composition and temperature.

2. Downstream Applications
¢ Refrigeration cycles

Basic refrigeration cycle includes compressor, condenser,
pressure-breakdown valve and chiller, however cycle
efficiency may be improved by using more than one stage
of compression.

In most cases, condensed refrigerant is expanded from the

bubble point, entirely in two-phase flow. Comparisons have

been made, in refrigeration cycles with up to three stages of
compression, between cycles using breakdown valves and

TP turbines.

From these examples, the benefit of a two-phase turbine
increases with the condensing temperature and is greater
with simplified cycles (Fig. 2.3).

TP turbines save energy, can reduce the number of
compression stages and therefore reduce space and weight.

¢ NG production

Gas may be super cooled at high pressure, before
depressurisation to storage conditions, or cooled near
critical point. The cooling system may use one to three
refrigeration cycles but also pure or mixed components.in
any configuration, there is, at some stage, a requirement
for a two-phase pressure decrease. Installations are now
progressively replacing J.T. valves with single phase (until
gas vaporisation occurs) turbines providing, in some cases,
an increase in production of about 5%.

If TP turbine were used, an additional increase of 0.5 to 1%
could be obtained.

e Other potential uses

Solvent cooling with energy recovery in Solvent
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puc. 2.3: [ByxdasHaA TypbvHa B XONOAWUbHOM UMKIe
Fig. 2.3: TP turbine in refrigeration cycle

Liuknbl ¢ KoniM4ecTBOM 3Tarnos KOMMPUMUPOBaHUA OT OAHOrO A0 Tpex
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Cycles with 1 to 3 compression stages
Condensing temperature: 10 to 60°C - Gas: Propane
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ucnapeHua rasa) TypbuHbl, 4TO B OTAEMbHbIX CyYaAx
naet okono 5% npupocTa npoaykumu. B cnyyae
npuMeHeHna AByxdasHblX TYPOUH, MOXHO 6bIno Obl
nony4nTb AononHuTensHoe ysenuyeHue ot 0,5 0o 1%.

e [lpyrne Bo3mMoXHble cdhepbl MPUMEHEHUA

OxnaxeHne pacTBOpUTENA C BO3BPATOM SHEPTUM
Ha UMKNax pereHepaummn pacTBOPUTENA UMW OCYLLKM

Crude Oil
Matural Gas

Water
Produced Solids

regeneration cycles or Gas drying wit theh replacement of
separator and expander are examples of other potential
applications which could be considered for TP Turbine
installation.

Bl Conclusion

Potential use of TP turbines has been shown in Upstream
applications (Association with choke valve, HP/HT
reservoirs, fractured reservoirs, oil stabilisation or remote
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rasa c 3aMeHomn cenapaTopa 1 pacLuMpuUTena — TakXe
NpUMepPbI BO3MOXHbIX cchep NprMeHeHna AByXdasHbIX
TYPOUH, KOTOPbIE MOXXHO 6bIST0 6bl PACCMOTPETD.

B 3akniouyeHue

Mbl nokasanu BO3MOXHOCTU NPUMEHeHUA ABYyXdasHbIX
TYpPOUH Ha 3Tane fobblumM yrneBoaopoaoB (codeTaHme
CO WTYLEPHOMN 3a4BMXXKON, KONNEKTOPbI C BbICOKUM
AaBfieHNeM 1 TemnepaTypoin, TpewwmHoBaTble
KONNEeKTOpbI, cTabunusauma HeddTn UNn yaaneHHble
PEervoHbl), a TakXe Ha aTarne ux nepepaboTku n
TpaHcnopTMpoBKu (NponssogcTeo CI1I, xonoavnbHble
UMKIbl, rnapoobpaboTKa, ocyllKa rasa v pereHepauua
pacTeBopuTena).

Bce 3T1 BO3MOXHOCTU NpUMEHeHUA ABYyXdasHbIX
TYPOVH B yKa3aHHbIX TEXHONOrMYEeCcKMX rnpoueccax
peannsyembl B LUIMPOKOM AMana3oHe YCNoBuUii
akcnnyaraumu.

e [a30>XKMAKOCTHOWN (haKTOp MOXET BapbnpoBaTb OT
0 (cHWXKeHWe aaBneHnsa XMAKOCTU Npu TemnepaType
KUMNeHna) 0o 6ECKOHEYHbIX 3HaYeHn (BapnaHT
pacwmpeHna ra3a B TOHMKe pochl), Korga ypoBeHb
rasoXXnaKocTHoro hakTopa npubnuxaetca K 10.

e Pacxog moxeT BapbupoBaTtb 0T 100mM3/4ac npu
[obblye go 20000m3/4ac npu nepepaboTke n
TpaHCNoOpPTUPOBKE.

e [laBneHve maxeT BapbMpoBaTh B AnanasoHe
oT aTmocdpepHoro (B nponssoacTee CIIN go 100
MIa (CKBaXXuHbI BbICOKOTO AaBfIEHUA) C BbICOKOM
KOHUeHTpauwnen npu 10 MlMa.

¢ Temnepartypa MOXeT BapbuMpoBaTb B npeaenax ot
muHyc 160°C (B nponssoacTtee CIMIN go nntoc 250°C
(CKBa>XMHbI C BbICOKOM TeMMepaTypom) C BbICOKON
KOHUeHTpaunen npu Temnepatype 50°C.

Takon WNpPOKMI AnanasoH yCcoBui aKcnyaTaumm
oTpaXkaeTcA Ha TepPMOANHAMMYECKUX XapaKTepucTmKax
1 Ha rMApaB/IMYECKOM 3NIEMEHTE, Kopnyce TypObuHbl 1
€€ MEXaHN4YeCcKon KOHCTPYKUMM.

Ha npakTuke yBenu4yeHue pacxoga yepes oaHy
rMapaBfMyecKyto CTyneHb OOMKHO 6bITb okomno 1,1 anA
npvMeHeHnA B [obblde 1 OKOSOo 2 — ANnA NPUMEHEHNA B
nepepaboTke.

Oco6eHHO UHTEPECHBIMU NPEACTaBNATCA Te cdepbl
NpYMEHEHWA, rae Hacoc 1 TypbrHa MOryT pa3MeLLaTbea
B OJHOM 1 TOM Xe€ KOpryce, Ha OQHOM 1 TOM Xe Barny.

Mocne NpoeKTNPOBaHNA U UCMbITAHWA ONbITHOIO
obpasua Heo6xoaMM 3Tan OMbITHO-MPOMbILLIEHHON
3Kcnayataumm B YCroBMAX AEUCTBYIOLErO
npeanpuaTtuA. No pesynbTatam aToro atana bynet
CKOHCTPYMPOBaH, M3roTOBJIEH N UCMbITAH OMbITHbIN
obpaseL AnA NocneayoWero NCMbITaHNA B paMKax
COBMECTHOr0 0TpacneBoro NPoeKTa ¢ y4actnem
3anHTepecoBaHHOro nonb3osartena, IFP 1 komnaHum
“KOHWoH Mamn’.
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areas) as well as in Downstream (LNG production,
refrigeration cycles, hydro-treatments, gas drying or solvent
regeneration).

Considered Process applications provide a broad range of

operating data.

e GLR may vary from O (liquid pressure reduction at
bubble point) till an infinite value (case of a gas
expansion at dew point), with high concentration of GLR
around 10.

e Flow may vary from around 100m3/hr for upstream to
20000m3/hr for downstream.

¢ Pressure may vary from atmospheric pressure (LNG
application) to 100 MPa (High pressure wells) with high
concentration at 10 MPa

e Temperature may vary from —160°C (LNG application) to
250°C (High temperature wells) with high concentration
at 50°C.

This wide range of operating conditions has consequences
on thermodynamic properties and on hydraulic cell, turbine
casing and mechanical design.

In practice, volume flow expansion through one hydraulic
stage should be around 1.1 for upstream applications and
around 2 for downstream applications.

Particular interest should be given to applications where
pump and turbine would be combined in the same casing,
on a single shaft.

After Prototype design and testing, pilot phase in true
industrial conditions is needed. Resulting pilot will be
designed, manufactured and tested in JIP frame, including
interested User, IFP and Union Pump.

KoHTakTHaA uidopmaums:
Contacts Information:
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Uncompromising in our commitment to safety and the environment
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