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Il KPATKOE N3JI0XKEHUE

VHTEeHCUBHbIE UCMbITaHWA 1 pa3paboTKu,
ocyllecTBNAeMble 3a nocneaHne asa roga,

NPMBENMN K CO34aHNI0 HOBOW KOHLENUMK, yCreLwHo
NPOAEMOHCTPMPOBABLUEN, YTO CEMENCTBO BUHTOBbIX
MHOrog)asHbIX HaCOCOB NMOMOMHUIIOCH U NOABUACH
BO3MOXHOCTb NepekaymBaTtb He TONbKO CMeCcK C
6onbwmm cogepXaHmeM ra3oBov hpakLmnm, HO 1
6onblme 06beMbl ra3a, B TO XXe BpeMmsd, yBenm4msas
CPOK cny>6bl 3TUX MHOrochasHbIX HAacoCcoB. B aaHHoOM
KOHLIeNUMKU UCMOMb3YeTCA CTaTop C paBHOW TOMLLMHON
CTEHKM (B AanbHeunwem — paBHONPOgUIIbHBIA CTaTop).
B oTnnumne oT 06bIYHLIX CTATOPOB, UMEIOLNX OBaSIbHOE
ceyeHue NnonocTn ¢ 06pe3MHEHHON CeKLumMen nepeMeHHoN
TOMNWWHbI, PaBHONPOMUIIBbHBIA CTATOP OCHALLEH
PE3UHOBbIM NMOKPbITUEM, UMEIOLLIMM OANHAKOBYHO
TONWWMHY NO BCeW NonocTn. 31o obecnevmsaeT
YHUKarbHble NPpenMyLLecTBa, a pesynbTaTbl NPeB30LWu
oKmaaHuA. JKCnJyaTauMoHHbIe XapaKTePUCTUKN
MHOro)a3HoOro BUHTOBOIO Hacoca ¢ HOBbIM
paBHONPOMUILHBLIM CTATOPOM TaKOBbI, YTO 3TOT HACOC
Hallen ycrnewHoe NpMMeHeHne B HOBbIX 061acTAX 1

C TakuM 1 TpeboBaHNAMMU, BbINOSIHEHUE KOTOPbIX C
NMOMOLLbIO OBbIMHOM KOHCTPYKUMKM 6b110 661 HEBO3MOXHO.

B pnaHHOM OOKYMEeHTe I'IO,Elp06HO onncbiBaeTcA

HOBbI NOAX0A B UCMOMb30BaHUN paBHOI'IpOCbI/IJ'IbHOFO
pe3nHOoBOro ctaropa B MHOFOd)HSHOM BMHTOBOM Hacoce.
VcnbiTaHnAa nokasanu, 4To cobniogeHne NPeun3nOHHbIX
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B SUMMARY

In the last two years, extensive testing and development
has led to a new concept that has successfully
demonstrated that the operating envelope of the
progressive cavity multiphase pump can be expanded

to handle not only higher gas volume fractions, but

also much larger volumes of gas, and at the same time
increasing the service life of these multiphase pumps.
This new concept utilizes an equal wall stator. Unlike
conventional stators that have an oval shaped cross-
sectional cavity with a rubber section of variable
thickness, the equal wall stator has a uniform thickness
of rubber all around the cavity. This provides unique
advantages and results have exceeded expectations.
The performance of a progressive cavity multiphase pump
with this new equal wall stator has led to the successful
application of such a multiphase pump in new areas and
more demanding applications than was possible with the
conventional design.

This paper describes in detail the novel approach

of using an equal wall rubber stator in a progressive
cavity multiphase pump. Tests have shown that precise
dimensional control of such a stator allows higher
pressures per stage, and the thermal gradients along
the length of the stator dissipate the heat more efficiently
thereby permitting the stator to operate much cooler than
a comparable conventional stator. The lowering of the
operating temperature of the rubber is shown to have a



pa3mepoB cTaTtopa No3BOMAET NOBbICUTL AABNEHNE HA
Ka>kAoMn CTyneHn Hacoca, a TeMneparypHble rpaaveHThbl
BOOMb CTATOPa pacnpeaenanTcA Takum 06pas3om, 4To
Tenno paccenBaeTcA 6onee apPeKTUBHO, TEM CaMbIM
3HaAYMTENBHO CHMXXaA pabo4yto TemnepaTtypy Takoro
cTaTtopa, Mo CpaBHEHMIO € 06bI4HBIM. CHDKEHME paboden
TeMnepaTtypbl PE3UHbI HANPAMYIO BIMAET Ha YBEINYEHNE
Ccpoka cny>6bl Hacoca, CHXaA, TEM CaMbiM,
3KCnJlyaTaumoHHble pacxogpl. JansHenwme ncnoitTaHmA
nokasanu, 4TO KOHCTPYKUMA C paBHOMNPOUIBHBIM
CTaToOpPOM MO3BONAET MHOroasHOMy BUHTOBOMY HACcOCy
paboTaTb nNpu 6onee BbICOKOW CTEMEHN CXATUA U
nepeKkavmBaTb 3HAYUTENMBHO H60MbLIMIA 06BEM ra3a, YTo
0OCOBEHHO YOOOHO MNPV MCMONB30BAHNM HACOCa B KA4ECTBE
KOMMPECCopa >XMPHOTO (HEOTOEH3MHEHHOTO) rasa.

l NPEALICTOPUA

MpuHUMN «nepemeLLalowmxca» nonocten (Progressive
Cavity) 6611 nsobpeteH B 1930 r dopaHUy3CKMM
mMaTemMaTrkoM. [epBoi NONbITKOW MPUMEHEHUA 3TOWN
TexHonoruu bbina paspaboTka TypboHarHeTarena

ANA NOPLUHEBbIX aBMauMOHHbIX asurarenen. OHa

6bina Heyga4yHoW Ha TOT MOMEHT, HO nocreayoLlee
NPVMMEHEHNE YyCTPOMCTBA B KayecTBe Hacoca bbis1o
BECbMa YCrMELIHbIM, @ ocTaslbHble 06/1aCTU NPUMEHEHNA
KaHysiM B UCTOPUIO. TeM HE MeHee, CBOMCTBA CXaTuA

=

Puc 1: MoHTa)x paBHONPOMOUILHOTO MHOFOHa3HOro
Hacoca Ha nnowagke. Mogenb 240-12V.

direct relationship to the longer service life of the pump
thus reducing maintenance costs.

Further testing has proven that the equal wall stator
allows the progressive cavity multiphase pump to
handle significantly higher compression ratios, and
enhances its ability to handle much higher volumes of
gas, thereby making it particularly suitable as a wet
gas compressor.

Il BACKGROUND

The Progressive Cavity principle was developed in the
1930’s by a French mathematician. The first attempt to
apply this technology was in the development of a turbo-
charger for reciprocating aircraft engines. This was not
successful at the time, but subsequent applications as a
pump were met with great success, and the rest is history.
However, the compressor feature of this technology was
always inherent in the Progressive Cavity principle, and it
was not until the 1990’s that it evolved from a pump to a
hybrid version that incorporated the combined features of
the pump and compressor for multiphase applications.
The Progressive Cavity pump always enjoyed unique
design advantages that made it suitable for pumping
liquids and solids. Now with the advent of the multiphase
concept, it became even more appropriate for use

Figure 1: Field installation of an equal wall multiphase

pump Model-240-12V.
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(koMnpeccum) Bcerga 61 NPUCYLUM NPUHUMNY
«nepemellarowmxca nonocrten». OgHaKo aTu
cBomncTBa 6blny ncnonb3oBaHbl NUwWwb B 1990 T, Korga
Hacoc NpeBpaTuiCA B TMOPUOHYIO KOHCTPYKLUMIO,
coyeTawoLwyto B cebe CBONCTBa Hacoca n KoMnpeccopa,
NPUrOLHYIO ANA NepekavnBaHna MHOroasHbIx
cmecein. BuHTOoBOMY Hacocy Bcerga npucyLum
YHUKasbHbI€ KOHCTPYKUMOHHbIE NPEnMYLLECTBA,
NO3BONAKOLWME EMY OCYLLECTBNATL NEPEKAYKY
>XXNOKOCTK 1 TBepaon asbl. B HacToAwee Bpems, ¢
noABfIeHNeM MHOrod)a3HON KOHLENUUN, 3TO CTAHOBMUTCA
ele 6onee npuemnembiM ANA UCTIONb30BaHNA TaKOM
KOHCTPYKUMM NP1 NepekadmMBaHum CMEeCen, COCTOALLMX
13 TBEPAON hasbl, XXMAKOCTU 1 ra3os.

Takum 06pa3om, HACOC CTAHOBUTCA uaeanbHbIM AnA
NCMONb30BaHMA B He(pTErasoBom NPOMbILLIIEHHOCTH, rae
BCTpeyYaroTcA Bce Tpu goasbl dontomaa. BoaMoXXHOCTb
YyBENNYEHMA OABIEHMA N TPAHCMOPTMPOBKM

He cenapupoBaHHO MHOrochasHoOM CMECH No

opHoMy TpybonpoBoay AenaeT BUHTOBOW HAcoC
KOHKYPEHTOCMOCOBHOW anbTepHaTUBON 0ObIYHBIM
MeToAaMm C nNpeaBapuTENbHON cenapaumen nepen
TPaHCNOPTUPOBKOW. 3HAYNTENBbHOE CHXKEHNE AaBNeHnA
Ha YCTbE CKBaXXUHbI C COOTBETCTBYIOLIMM YBENUHEHNEM
nebuta ABNAETCA KNOYEBbIM MPENMYLLECTBOM
MHOrog)a3Horo BUHTOBOIO Hacoca.

MHoroasHbIn Hacoc, NoKasaHHbIN Ha puyc. 1,
akcnnyatnposarncA 6onee roga. Pacxon coctaBnAaeT
6500 Ky6 M B CyTKM npu vactoTe BpaweHmA 300 06/
MWH 1 anddepeHumanbHoM gaBneHnm 24 6ap. O6bem
razoBown thpakumm BapbmpyeTca oT 70% 0o 92%, a
coLep>KaHune rnecka cocTtaBnaeT meHee 2% (06bema).
Takoe npumMeHeHne BecbMa noaxoauT AnAa MHOrogasHoro
Hacoca ¢ paBHOMNPOMUIbHBIM CTATOPOM, MOCKOSIbKY NP
anddepeHumansHoM aaeneHnn 24 6ap anAa ob6bl4HOro
Hacoca notpeboBarcaA 6bl cTaTop NOYTU BABOE
60nbLUeN ONHbI.

MHorogasHbIn BUHTOBOW HACOC C OObIYHBIM CTATOPOM
B T€YEeHMEe MHOIMX feT yCnewHo ucnosb3osanca anAa
nepekayku mHorogasHbix pnrongos. OH NpumeHanca
B LUMPOKOM AunanasoHe paboumx ycroBui, Kak B
KayecTBe OAMHOYHOrO arperarta, Tak u B cxemax

C napannenbHon paboTon HECKONbKNX HACOCHbIX
arperatoB, C 0CObbIM YCNEXOM AS1A yBENN4eHnA
oTAayum Ha cTapbiXx MECTopoXaeHuAx. B HacToAwee
BpeMA crieaytoLiee NoKoneHne MHOrohasHbIX BUHTOBbIX
HaCcoCoB — C paBHOMPOMUSIbHLIM CTATOPOM — HaLENEHO
Ha paclmpeHue cdepbl UCMOMb30BaHUA ANA Nepekaqku
60nbLuero o6bema razoBbiX (PAKLMIA U CHKATOTO XXMPHOIro
rasa, npum KOTopbix TpebyeTcA bonee BbiCOKanA

CTeneHb cXxartua.

Mo cpaBHEHMIO C 6OMBLUMHCTBOM TUMOB HAaCOCOB,
BMHTOBOW HAcoC NpeacTaBnaeT cobon NpocTyo
KOHCTPYKUMIO. TNoBaA KOHCTPYKUMA MHOrohas3Horo
Hacoca € 06bl4HbIM CTaTOPOM NOKa3aHa Ha pucC. 2.
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in pumping mixtures consisting of solids, liquids and
gases. Thus, it was ideal for applications in the oil and
gas industry where all three phases are encountered.
The ability to boost pressure and transport un-separated
multiphase fluids through a single pipeline make

the Progressive Cavity pump a viable alternative to
conventional methods of separation and transportation.
The efficient reduction of well-head pressures to increase
fluid production is a key benefit of the Progressive Cavity
multiphase pump.

The multiphase pump shown above in Figure 1 has
been in operation for more than a year. The flow rate is
6500 cubic metres per day at 300 rpm and a differential
pressure of 24 Bars. Gas Volume Fraction varies between
70% and 92%, and the sand content is less than 2%

by volume. This application was very suitable for an

Equal Wall Stator multiphase pump because the 24 bar
differential pressure would have required a Conventional
Stator almost twice as long as the equal Wall Stator.

The Progressive Cavity multiphase pump with a
Conventional Stator has been successfully applied in
multiphase applications for many years. It has been
widely used in a large spectrum of operating conditions,
both as a single unit and a system consisting of multi-
units in parallel, but its greatest success has been in
enhancing production in older fields. Now the next
generation of Progressive Cavity multiphase pump, with
the Equal Wall stator is poised to extend its application
into higher Gas Volume Fractions and Wet Gas
Compression that requires high compression ratios.

Compared to most types of pumps, a Progressive Cavity
pump is a simple device. A typical version of such a
multiphase pump with a Conventional Stator is shown in
Figure 2.

Puc. 2: TunoBon MHorochasHbI BUHTOBOW Hacoc
Figure 2: A basic Progressive Cavity Multiphase Pump

The rotor and stator set, suction housing, gear reducer
and motor are modular units and can be mixed and
matched to suit the operating conditions. As shown in

Puc. 3: Cxema BHYTPEHHEro CTPOEHUA BUHTOBOMO Hacoca

Figure 3: Internal schematic of a Progressive Cavity Pump
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Y3en potopa-ctaropa, BcacbiBaloLWMn KOPNyc, peaykTop
W 3N1eKTpoABUraTesb ABNAKTCA MOAYbHBIMU y3N1aMm

1 MOTYyT B3aMMHO 3aMeHATLCA, Af1a obecneyveHmA
COOTBETCTBMA pas3nnyHbiM paboymm ycnosuam. Kak
rnoKasaHo Ha puc. 3, «cepaLem» Hacoca ABMAETCA
YHMKanbHaA KOHCTPYKUMA poTopa 1 ctatopa.

OaviHapHbIA BUHTOBOW METaN/IMYECKUIA pOTOP
BpallaeTcA BHYTpU cTaTopa, Mmetowero oopmy
OBOWHOrO BMHTA, 06pasyA 3aMKHYTbIe MOMIOCTU, KOTOPbIE
nepemeLlalnTcA OT BXOA4Aa Hacoca K ero Bbixoay,
3akroyan B cebe TpaHcnopTupyemMbie MHOrogasHble
dnongpl. KnoyeBbiM (hakTOPOM YCrneLHOW paboTbl
MHOrobasHoro BUHTOBOIO Hacoca ABMIAETCA
KOHCTPYKTUBHAA reoMeTpu1A poTopa u ctaTtopa.

Bl TEOMETPUA 06bIYHOI0 CTATOPA

KoHCTpyKunA 0bbIYHOrO cTaTopa npeacTasnAeT

cob0oi OBOVIHYIO BUHTOBYIO Crivpasib, 0bpasyemyto
(POPMOBaHHOM PE3NHON, MPUKPENNIAEMON K BHYTPEHHEN
NMOBEPXHOCTU KPYrNon Tpy6bl. [onepeyHbie ceveHrA B
noboi TOYKe BAOMb OCU NMPEACTaBNAT cobon oBabl
pasnnM4Hon hOpPMbl BCNEACTBUE HEOAVNHAKOBOW TOMLUMHBI
CNOA PE3UHbI.

Pe3nHa nnoxo npoBoauT Tenso, No3Tomy B 6onee
TOHKOM CJ10€ Temnso paccenBaeTcA Mo NOBEPXHOCTH
6onee ahHeEKTUBHO, a B TONICTOM CflI0€ PE3UHBI TEMNSO0
aKKYMYIMpYyeTCA, Bbi3biBasd ee 0TBepAEHUE BCleacTBme
aphbekTa BynKaHu3auum, YTo, B KOHEYHOM cYeTe,
NPVBOAMNT K «IMCTEPE3UCHOMY>» OTKaay (pasnmyHan
YAPYrocTb Pe3uHbI B Pa3HbIX TOYKax).

B HopmanbHOM pexkume paboTbl Mo nepekayke
dnonga (opgHOga3HbIA PEXNM) MMEETCA ABa
WCTOYHMKA reHepPNPOBaHNA Tenna: TpeHne mexxay
NMOBEPXHOCTAMM poTopa M cTatopa n n3rmnbaHne pesmvHbl
npv BpaLleHun poTopa BHyTpu ctatopa. [Mpu paboTe

no nepekayke MHorocpasHoro pnonga, 0cobeHHO

npv 6onblioM o6 beme ra3oBor hpakumm, NoABNAeTcA
OOMONMHUTENbHBIA UCTOYHMK Tenna npu aamabaTtnyeckom
C>XMMaHuu rasa. O4eBuaHoO, 4YTO Yem 6onbLue 06beM
C>XKMMaeMOro ra3a 1 4yem 60orblue CTeneHb CKaTndA, TeM
6onbLUe BblaenAeTcA Tenna.

Il HOBAf KOHLENLUWA CTATOPA

C uenblo pewenna npobnembl paccemsaHna Tenna bbina
NPUMeEHeHa HOBaA KOHCTPYKLUMA CTaTtopa, B KOTOPOM
TOMLUMHA CNOA Pe3MHbI OAMHAKOBA BO BCEX CEYEHMAX,
TO eCTb BMECTO (hOPMOBaHHOIO CTaTopa B KPyriomn
Tpybe ucnonbayetcA paBHonpodunbHbIn ctaTop. Kak
noKasaHo Ha puc. 4, B TaKOM CTaTope UCMonb3yeTcA
Tpyba crneumnansHom opMbl, Hapy>XHaA NOBEPXHOCTb
KOTOPOWN NOBTOPAET (HOPMY BHYTPEHHEN BUHTOBOW
cnuvpanu nonocTum cTaTtopa.

TakaA KOHCTPYKUMA UMEET HECKOMbKO NMPenMyLLecTB.
PaBHanA ToMLMHA CTEHKMN pe3uHbl No3BonsAeT 6onee
3(PPEKTUBHO 1 paBHOMEPHO YAANATb TEMso, NPU 3TOM
B CIloe pe3uHbl He 06pa3yeTcA y4acTKOB Nneperpeea,
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Figure 3, the heart of the pump is the unique design of
the rotor and stator.

The single helix metal rotor turns inside a double helix
stator forming sealed cavities that move from the suction
end to the discharge end transporting the multiphase
fluids. The design of the rotor and stator geometries is a
key factor in the operational success of the Progressive
Cavity multiphase pump.

Il CONVENTIONAL STATOR GEOMETRY

The traditional stator design involved a double helix cavity
formed by moulding rubber inside a round metal tube and
bonded to the inner wall of the tube. At any given cross-
section along its entire length, the oval cavity creates a
non-uniform rubber shape of varying thickness. Rubber

is not a good conductor of heat, so the thinner sections
are able to conduct the heat to the surface and dissipate
it efficiently, but the thicker sections of rubber are less
efficient and the heat accumulates in the rubber hardening
it through additional curing and ultimately leading to
“hysteresis” failure.

In a normal fluid pumping application, the heat is
generated from two sources, friction between the rotor
and stator surface, and the flexing of the rubber as the
rotor turns inside the stator. In multiphase applications,
especially in high gas fractions, there is an additional source
of heat from the adiabatic compression of the gas. Obviously,
there will be more heat generated when larger volumes of
gas are subjected to higher compression ratios.

Il NEW STATOR CONCEPT

In order to alleviate the heat removal issue, a new stator
concept was utilized which involves a stator with a uniform
equal thickness of rubber. Instead of a moulded stator

in a round tube, an equal wall stator is used. As shown

in Figure 4, this type of stator uses a special tube that

is formed with the outer wall shaped in the same spiral
configuration as the inside spiral of the stator cavity.

Puc. 4: PaBHONpOGUIbHbIA CTaTop B paspese.

Figure 4: Cutaway section of an equal wall stator.

This concept has several advantages. The equal wall
thickness of the rubber removes the heat more efficiently
and uniformly so there are no hot spots formed within the
rubber section thus reducing and practically eliminating
the possibility of hysteresis failure within the rubber. The
rubber sections can be maintained to much thinner levels
which allow the heat transfer efficiency to increase and
the rubber stays cooler during operation thus leading to a
significant increase in the service life of the stator.
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TEM CaMbIM, CHMXKaA (a, MPaKTU4eCKK, NCKIo4an)
BO3MOXHOCTb «[MCTEPE3NCHOT0» MOBPEXAEHNA PE3MHDI.
TonwwmHa cnosa pesvHbl MOXET ObITb 3HAYUTENBHO
CHWKeHa, no3eonAA 6bonee ahheKTNBHO NepeaaBaTb
TENnJo 1 CHKaA pabouyto TemnepaTypy pesvHbl, Y4TO
NPMBOAUT K 3HAYUTESIBHOMY YBENTUHEHMIO CPOKA CIY>XObl
craropa.

MockonbKy KO3(OULUMEHT TEMMOBOrO paclMpeHun y
Pe3VHbl 3HAYUTENBHO BOsbLUE, YEM Y CTaNN, TOHKUA
CNOW pe3nHbl He MEHAET CBOM pa3mep Npu U3roTOBIEHUN
1 3KCNslyataumm, T.e. KOHTPOSb pa3mepa CTaHOBUTCA
O4Y€eHb TOYHbIM. TakaA TOYHOCTb 06ecnevmBaeT co3gaHve
YETKO KOHTPONMMPYEMOrO 3a30pa MeXay pOTOPOM 1
CTaTopoM, NO3BONAA MHOrO(ha3HOMY HACOCY AOCTUraTb
6onee BbICOKOIO AaBfieHUA Ha KaXKayto CTyneHb 1 bonee
BbICOKOW CTEMEHMN CXaTUA.

[nAa obbl4HOro cTartopa auddepeHumanbHoe naBneHue
coctaBnAeT 6 6ap Ha cTyneHb. 3a 04Hy CTyneHb
NPVMHMMAETCA LWar BUHTa Ha cTaTtope. OTO 9KBMBANEHTHO
YOBOEHHOW pacHeTHOW ANMHE pOTOpa, MOCKOSbKY BUHT
poTopa ABNAETCA OQHO3ax0AHbIM, @ BUHT cTartopa

— OBYX3axoAHbIM. A cpaBHEHWA: paBHOMPOMUIIBHDIN
cTarop obecneunBaeT gasneHme 12 6ap Ha CTyMeHb.

B WCNbITAHWA B KOJNbLIEBOM KOHTYPE NMOTOKA

[nAa nogTBep>XXAEHUA NPEMMYLLECTB NMPUMEHEHUA
paBHOMPOGUIBHOIO cTaTopa B MHOrOha3HOW Nnepexkadke,
6bInn NpoBeaeHbl 06LWMPHbIE UcnbiTaHnA. MNepBoi
3aga4ven nporpamMmbl UCTIbITAHUA BbINIO CpaBHEHME
pabounx xapaKTepPUCTUK MHOroha3HOro BUHTOBOIO
Hacoca C HOBbIM PaBHOMNPOMUIILHBIM CTATOPOM U

€ 06bl4HbIM CTaTOPOM. BTOpOW 3anaven ABNANOCH
onpeneneHne npegenbHbiX paboynx napameTpos n
NOATBEPXAEHMNE OOMOMHUTENBHBIX MPEMYLLECTB
MHOropasHoro Hacoca ¢ paBHONPOUIILHLIM CTATOPOM.

Puc. 5: MHorohasHbIn KonbLEBOW KOHTYP,
Ncrnonb3yeMblin Af1A NCNbITaHNA PaBHOMPOMUIBHOIO
cTaropa.

KonbueBor KOHTYp NOTOKAa NOKasaH Ha puc. 5.

OnameTp TpybHOM 06BA3KM yBENmnyeH go 10 cm anA
obecneveHnA BO3MOXKHOCTM UCMNbITaHNA HAaCcOCOB
NPOU3BOANTENBHOCTHIO A0 4800 M3/cyT. Takxe
yBenM4eHbl pasMepbl U MOLHOCTb SMeKTpoaBUraTens
npvsoga n KUIN gnAa nposeneHna B byayLiem UCnbiTaHWn
bonee KpynHbIX HACOCOB.

[nAa vcnbiTanuin 661N BbibpaH MHOrogasHbIN Hacoc
koMnaHum «Seepex», mogenb NS 70-12V. B ero coctas
BXOAAT CrieAytoLme KOMMOHEHTbI: KOMMMEKTHBbIN
(KapTPUIKHbIN) y3€n TOPUEBbIX YNTOTHEHUNA
ABOVHOTO AencTemA komnaHum Burgmann Cartex,
cTaTop U3 rmaporeHN3NpPoOBaHHOMO HUTPUIIA, POTOP

CO creumnarnbHbIM NOKPLITUEM M YCTPOUCTBO 3alUMTbI
OT paboThl B «CyxoM» pexxume. B cuctemy Bxoaut
YaCTOTHO-PErynMpyeMbIi NPMBOA, HE NMOKAa3aHHbIN Ha
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Since the coefficient of thermal expansion of the rubber is
much greater than steel, the thin section of rubber does
not change size during manufacturing or operation and
the dimensional control is very precise. This accuracy
provides a very controlled interference between the rotor
and stator allowing the multiphase pump to achieve higher
pressure per stage and higher compression ratios.

A Conventional Stator typically handles a differential
pressure of 6 Bars per stage. The lead of the spiral on the
stator is considered as one stage. This equates to two
pitch lengths of the rotor since the rotor has a single helix
and the stator has two helices. By comparison, the Equal
Wall Stator handles 12 Bars per stage.

Il FLOW LOOP TESTING

In order to validate the advantages of the Equal Wall
stator in multiphase applications, extensive testing was
performed. The first objective of the test program was

to compare the performance of the Progressive Cavity
multiphase pump using the new Equal Wall stator versus
the Conventional Stator. A second objective was to
establish the operational limits and confirm the additional
advantages of the Equal Wall stator multiphase pump.

Puc. 5: MHorochasHbI KOMbLEBOW KOHTYP,
NCMonb3yeMbln A1 UCNbITAHNA PaBHOMPOUIBEHOIO

cTaropa.
Figure 5: Multiphase Flow Loop used for validation
tests of Equal Wall stator.

The flow loop is shown in Figure 5. It was designed with
10 centimetre diameter piping so that pumps with larger
capacity up to 4800 Cubic Metres Per Day could be
tested. Similarly, the electric motor and the controls were
oversized to permit future tests of larger pumps.

The pump selected for testing was a seepex multiphase
pump Model NS 70-12V. It consisted of a Burgmann
Cartex double-acting cartridge unit mechanical seal,
hydrogenated nitrile stator, a rotor with a special coating,
and a dry running protection device. The system included
a Variable Frequency Drive not shown in the picture.
Pressure transducers and thermocouples were used to
monitor and record the data. A separator and secondary



pyCyHKe. [lnA MOHUTOPWHIA 1 perMcTpaunm AaHHbIX
NCMonNb30BasIMCh AATYMKN AaBNeHUA U Tepmonapsl. [na
n3mMeHeHuA obbema razoBon ppakumm UCMoNb30BaUCh
cenapaTop 1 BTOPUYHbINA HAacoc.

[aHHbIN HacoC MMeET HOMUHATbHYO
npoussoautTensHocTb 1600 m3/cyT npn 300 06/MUH

n pudpdbepeHumansHom gasneHmn 24 6ap. [JaHHbI
arperat 6bi51 BblbpaH B KA4ECTBE KOHTPOBbHOIO

NoTOMY, 4TO ero paboyne napameTpbl NOAXOAAT ANA
nepekaykm MHorogasHbIX Cpes, BCTpeYatoLwmxca

Ha CTapbIX MECTOPOXAEHUAX CO CHUXKAOLLMMCA
06bEMOM [00bIYK, TAE TEXHOMOMMA «NepeMeLLatoLmMXca
norocTen» nokasana ceba Hanbonee aPeKTNBHON AN1A
yBenM4eH1A AobbI4M 1 NPOANEHUA CpoKa aKCnyaTaumm
MeCTOPOXAEHNA.

Arperart UcnbITbIBaNICA NPU N3MEHEHUN BXOAHOIO
nasnenuna ot 2 go 10 6ap, n obbema razoBon ppakumm
oT 70 0o 99 %. TemnepaTypa Ha BxoAe MeHAnachb B
onanasoHe 25 + 40°C. CkopoCTb NOTOKA rasa npu
ncnbiTaHnAax gocturana 30 m/c, CKOpOCTb NOTOKA
>XXNOKOCTU — 5 M/C ¢ TeMm, 4TOBbI CO3A4aTb BCE PEXMMbI
NoTOKa: PacCNOEHHbIV NOTOK, MOBYNAPHbIA NOTOK 1
KOMbLIEBON MOTOK.

B paHHOM OOKyMeHTE pacCMOTPEHbI ABa BapuaHTa
pabounx ycrnosui: pabota npy 80% 1 95% (06BEMH.)
razosou (ppakumn. Temnepartypa Ha BXoAe NpuHATa
CcTaHgapTHon, paBHon 40°C, BXogHOE OaBneHne NpuUHATO
paBHbIM 6 6ap.

pump unit was used to vary the Gas Volume Fraction.
This particular pump was rated for 1600 Cubic Metres

Per Day at 300 rpm and differential pressures of 24

Bars. It was selected as a benchmark because its
operating range was suitable for multiphase applications
encountered in older fields with declining production
where the Progressive Cavity multiphase has proven most
successful in increasing production and extending the
useful life of the field.

The test conditions ranged from suction pressures of 2 to
10 Bars, and Gas Volume Fractions from 70 to 99 %. The
inlet temperature ranged from 25 to 40 degrees C. The
tests were conducted with gas velocities up to 30 metres/
sec and liquid velocities up to 5 metres/sec in order to
cover the full range of flow regimes from Stratified Flow to
Slug Flow to Annular Flow.

The two sets of conditions selected for the purpose of this
paper were at 80% Gas Volume Fraction and 95% Gas
Volume Fraction. The inlet temperature was standardized
at 40 degrees C, and the inlet pressure at 6 Bars.

Il SIGNIFICANT RESULTS AND TRENDS

One of the most notable performance improvements in
the Equal Wall stator multiphase pump was the increase in
the total flow rate. It is a fact that due to the compressibility
of the gas, the total flow rate of a Progressive Cavity
multiphase pump is higher than its designed flow rate for
liquids. However, the magnitude of the increase exceeded

i expectations.

O6wana npoussoauTenbHOCTb (80% rasa (06bemH.))
Total Flow (80 GVF)
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OudchepeHumnanbHoe aasneHue (6ap)
Differential Pressure (Bars)

Puc. 6: Obwana npomssoantTenbHOCTb Npy 80%
(06bBbEMH.) razoBon hpakumm

Figure 6: Total Flow Rate at 80% Gas Volume Fraction
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B OCHOBHbBIE PE3YJIbTATbI U TEHAEHLAN

OAHVM 13 3HaYMMbIX YIyyLEeHU paboUnx
XapakTepuCcTUK npu pabote MHoroasHoro Hacoca ¢
paBHOMNPOMUSIbHBIM CTATOPOM 6bINO obLLee yBenMyeHe
nponssBoanTenbHOCTU. I3BECTHO, YTO BCeacTBue
CXXUMaeMocCTy rasa, obLan Npon3BoAUTENbHOCTb
MHOropasHOro BUHTOBOIO HAacoCa Bblle ero pacHeTHOM
NPOV3BOANTENBHOCTU MO XUAKOCTU. TeM He MeHee,
BENNYMHA NOBbILEHNA NPON3BOANTENBHOCTM NPEB3oLWIa
oXuaaHua.

Mpu4mHOM ABNAETCA NPELN3NOHHBIN 3a30p MeXay
poTopoM paBHONPOdUIbHBIM cTaTopoM. bnarogapa
3TOMY OCHOBHOMY 3ch(pekTy 6osblue ra3a 3acacbiBaeTcA
B MOMOCTU BCNEACTBUE YNy4YLIEHHON CTEMNEHN CXXaTunA.

Ha puc. 6 cymmmnpoBaHbl pe3ynbTaTbl UCTbITaHUIA,
npoBoaumMbix Npy 80% (06BEMH.) ra3oBon hpakumn.
CnnowHanA ropnsoHTanbHaA NIMHWA, Ha3biBaeMadA
OMOPHOM, MOKa3blBaeT naeasnbHble YCI0BUA, Koraa
OTCYTCTBYET CABUI MEXAY POTOPOM U CTATOPOM.

Kpueana «100% >XWAKOCTU» NoKasbiBaeT CHUXEHUE
NpoV3BOANTENIBHOCTU NPU 0AHO(A3HOM pexume,

Koraa NoToK NpeacTaBniAeT COH0M YMCTYHO XXUAKOCTb
6e3 npumecu rasa. nAa mHoropasHoro noTtoka
NYHKTUPHOWN NTMHMEN MOKasaHa NPOM3BOANTENIbHOCTb
NPV NCMOMb30BaHMM O6bIYHOTO cTaTtopa (MmeeT
obo3HayeHne CS). Obo3HauveHne EW oTHocuTcA

K paBHOMPOMIIBHOMY CTaTOpy, KpMBasA ero
NPOU3BOAUTENBHOCTU BbIMOMHEHA LUTPUXMTYHKTUPHOM
nvHMen. [nAa obonx crnyyaeB NPUMEHEHMA Kak 06bIYHOTO,
Tak 1 paBHONPOUIBHOIO CTaTopa, MHOrochasHbIi NOTOK

This can be attributed to the precise sealing between the
rotor and the Equal Wall stator. This phenomenon was so
dominant that more gas was being drawn into the cavities
as a result of better compression.

Figure 6 summarizes the results of tests performed at

a Gas Volume Fraction of 80%. The solid horizontal line
referred to as Reference shows the ideal condition when
there is no slip between the rotor and stator. The 100 liquid
curve shows the slippage in flow rate for a single phase
condition when the flow consists entirely of liquid and no
gas is present. For the multiphase flow, the dotted line

in the diagram denotes the flow rate of a Conventional
Stator and is designated by CS. In the legend, EW refers
to the multiphase flow rate of an Equal Wall Stator and is
plotted as a curve consisting of a dashed line. For both,
the Conventional Stator and the Equal Wall Stator, the
multiphase flow rate had a Gas Volume Fraction of 80%.
Data was recorded at Differential Pressures of 6, 12, 18
and 24 Bars.

In the 100% liquid scenario, the slippage is a direct
function of differential pressure across the pump.
Therefore, as the differential pressure is increased the
slippage not only increases, but at higher differential
pressures the rate of increase in slippage is also greater
as a percentage of the total flow. The no-load flow rate was
1600 Cubic Metres Per day. At a differential pressure of 12
Bars the flow rate reduced to 1510 Cubic Metres Per Day,
but at 24 Bars, the flow rate had dropped to 1350 Cubic
Metres Per Day.

O6wan nponsBoauTenbHOCTb (95% rasa (06bLemH.))
Total Flow (95 GVF)
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Puc. 7: Obwwan nponsBoanTenbHOCTb Npu 95%

(06bEeMH.) ra3oBoi chpakumm

Figure 7: Total Flow Rate at 95% Gas Volume Fraction
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copeprkan 80% (06beMH.) razoBon hpakumn. JaHHble
peructTpmpoBanmch Npu augdepeHumnansHoM AaBneHnm
6, 12, 18 n 24 6ap.

B BapmaHTe co 100% NOTOKOM XXNOKOCTH,

CHWXXEHME NPOU3BOANTENBHOCTU MPONOPUMOHANBHO
ondbpepeHumansHOMY AaBneHuo Hacoca. Takum
obpasom, npu yBenmdeHun gudpdepeHumanbHoro
OaBfieHMA UMEET MECTO HE TONbKO CHKEHME
NPOU3BOAUTENBHOCTU, HO U BO3pacTaeT NPOLEHTHOE
3HAYEHNE ITOTO CHMXKEHMA MO OTHOLLEHMIO K 06LLen
Npou3BOAUTENBLHOCTU. [1POU3BOANTENBHOCTL NPU
OTCYTCTBUM Harpy3ku coctasnAna 1600 ky6. m/

cyT. Mpu anddepeHumansHoM gaeneHnm 12 6ap
NpPOM3BOAUTENBHOCTbL CHM3Machb o 1510 m3/cyT,

a npu andogpepeHumansHoM aasneHnn 24 6ap
npon3BoauTENBHOCTL yrana ao 1350 m3/cyT.

Mpu ncnonb3oBaHuM 06bIYHOTO cTaTopa Npu

obbeMe razoBon hpakumm 80%, yBenmyeHme
Npon3BOAUTENBHOCTU NpU nNepenaze 24 6ap
coctaBuno 8% wnu 127 m3/cyT. MNpn Tex xe ycnosuaAx
1 NCMOMb30BaHUM paBHoNpodunbHOro ctaropa, obwan
NPOM3BOAUTENBHOCTb YBeNuuMnach o 1825 kyb. m/cyr,
T.e. No4Tn Ha 15%.

EEx-d lIB/IIC

LTI MYCKATENEN
ONEKTPOLOBUIATENEN
NMOBOPOTHbIE U
MHOTONO3NUMOHHbIE
MNEPEKIOYATENN
CEPUI #EFSC.. N #EFDC

EEx-d 1IB /1IC
COEOVNHUTENDBbHbIE
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QJIEKTPOOCBELLEHWNA
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HALLA NPOAYKLUMNA OBECIIEYNT
BAM BE3Ol1ACHYIO PABOTY

When a Conventional Stator was used, at 80% GVF, the
increase in flow recorded at 24 Bars was an additional
8% or 127 equivalent Cubic Metres Per Day. At the same
conditions, when an Equal Wall Stator was used, the
multiphase pump increased the Total Flow to 1825 Cubic
Metres Per Day, an increase of almost 15%.

Figure 7 uses the same nomenclature as described
above. The notation 100 liquid stands for the curve
showing the flow rate for a 100% liquid condition. The
curves for CS and EW represent the multiphase flow rate
for the Conventional Stator and the Equal Wall Stator
respectively. The Differential Pressure range tested was
the same except that the Gas Volume Fraction was 95%
instead of 80%.

At a Gas Fraction of 95%, the trend was similar but

the increases in Total Flow rate were greater. This is
understandable as more gas is available for compression,
but it was also a result of the gas being compressed more
effectively. With a Conventional Stator, at 24 Bars, the
Total Flow increased to approximately 1780 Cubic Metres
Per Day or an increase of about 12%. For the same

i conditions, the Equal Wall stator showed an increase of
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Mpodunb pacnpeneneHnA TemnepaTtyp pe3vHbl
Rubber Temperature Profile
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Puc. 8 / Figure 8: Rubber Temperature Profiles for Conventional and Equal Wall Stators

Ha puc. 7 ucnonb3oBaHbl Te >e YCNOBHblE 0603HaYeHNs,
4yTO U Ha puc 6. O6o3HaveHne «100% >KMJKoCTn»
NCNonb30BaHO AN1A KpmBown npu pabote co 100%
NOTOKOM XnaKocTn. Kpusble, 0603Ha4eHHble CS 1 EW,
03HavaloT NPOU3BOAUTENBHOCTL NPY paboTe € 06bIYHBLIM
1 paBHOMNPOMUIBbHBIM CTATOPOM COOTBETCTBEHHO.
OnddepeHumansHoe gaBneHne bbio TO Xe camoe, HO
06bem razosoin hpakumm coctaenan He 80 a 95%.

Mpn o6beme razoBou opakumm 95%, obLian

TEHAEeHUMA OcTaBanacb Takom Xe, HO YBesIM4eHne
NPOM3BOAUTENBHOCTU BbINo eLle 6onblnM. ITO
o6bACHAETCA TeM, 4TO 6osbLue rasa 66110 AOCTYMHO

ANA CKaTWA, HO 3TO TaKXXe ABNAETCA U pe3ynbTaToM
bonee achheKkTMBHOro cxxatua rasa. [pu ncnonb3osaHMm
0b6bl4HOro cTartopa un anddepeHumanbHOM AaBneHnn

24 6ap, obLianA NponN3BOAMTENBHOCTL YBENMYNIach

[0 3Ha4yeHmA okono 1780 M3/cyT, T.e. Ha 12%. lNpwu
PaBHbIX YCIOBUAX 1 UCMONb30BaHUN PaBHOMPOGUITBEHOIO
cTaTopa, yBenmyeHne obLuen npon3BoanMTENbHOCTH
coctaBuno 535 m3/cyT, T.e. 34%.

[pyron Ba>kHOW TeHAeHUMen ABnAeTcA 6onee H13KanA
TemnepaTypa pe3unHbl paBHOMPOMUIBHOMO CTaTopa,
HECMOTpPA Ha 60MbLLYIO CTeneHb oxxaTua. [Nposepku
TemnepaTypbl, IPMBEAEHHbIE B JAHHOM AOKYMEHTE, 6binn
BbIMOMHEHbI NPU AaBfeHnn Ha Bxoae 6 6ap n cteneHn
okatumAa 4. BbiIbop MIMEHHO Takoro 3Ha4YeHWA CTENEHN
CXXaTuA Nnpm BbINOSIHEHNM MPOBEPKN OBYCNOBIIEH TEM,
YTO TaKoe 3Ha4eHue 06bIYHO ABNAETCA NpeaesibHbIM AnA
06bl14HOro ctatopa. OaHako Hacoc ¢ PaBHOMPOUIILHBIM
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535 equivalent Cubic Metres Per Day resulting in a Total
Flow increase of 34%.

The other significant trend that was recorded was the
lower rubber temperature in the Equal Wall Stator in
spite of the greater compression. The temperature tests
referenced in this paper were conducted at a Suction
Pressure of 6 Bars and a Compression ratio of 4. The
choice of presenting a comparison at a Compression
Ratio of 4 was based on the fact that this has historically
been the limiting factor for the Conventional Stator. The
pump with the Equal Wall Stator however, was tested at
Compression Ratios as high as 10, and at a GVF of 95%
the maximum rubber temperature recorded was 134 C.
As a reference, the hydrogenated nitrile rubber generally
used for multiphase applications is rated for a maximum
temperature of 150 C.

The temperature changes recorded in the stator rubber
were plotted as shown in Figure 8. The dashed line
noted as EW-80 refers to the temperature of the rubber
in the Equal Wall Stator when operating in a Gas
Volume Fraction of 80%. The dotted line curve EW-95
represents the temperature change in the rubber of the
Equal Wall stator with Gas Volume Fraction of 95%.
The solid line CS-95 refers to the temperature changes
in the rubber of the Conventional Stator also at 95%
Gas Volume Fraction. The temperature of the fluid
standardized for the purpose of the test was 40 degrees
C. The fluid was circulated and the rubber temperature




CTaTopOM BblIn UCMbITaH NPU CTEMEHN CXXaTWuA, paBHOM

10, n o6beme razosom ppakumm 95%, Npu 3TOM
MakcumaribHaA Temneparypa peauHbl coctasmna 134°C.
[nAa cnpaBku yKaxkeMm, 4TO MakcmMarnbHaA paboyan
Temneparypa rmaporeHn3MpPOBaHHON HUTPUITBHON
PE3VHbI, UCMONb3YEMON B Nepekavke MHorohasHbIX Cpea,
coctaenaet 150°C.

Puc. 8: IameHeHunAa B npochune pacnpeneneHuna
Temnepartyp pe3vHbl AnA 06bI4HOro 1
paBHOMPOGOUILHOrO CTAaTOPOB NOKa3aH Ha rpadukax Ha
puc. 8. LTpuxnyHkTupHon nuHmen (EW-80) nokasaHa
Temneparypa pe3uHbl paBHOMPOMUIBLHOMO cTaTopa npu
paboTe ¢ 06bemMOM razoBov opakumum 80%. MNyHKTUPHON
nuHuen (EW-95) nokasaHa Temneparypa pesvHbl
paBHOMNPOGUIBHOrO cTaTopa nNpu paboTe ¢ 06 bEMOM
razoBon ppakumm 95%. CnnowwHon nuHnen (CS-95)
nokasaHa Temneparypa pe3uHbl 06bIYHOMo cTaTopa npu
paboTe ¢ 06beMOM razoBom dpakumm 95%.

Temnepartypa cnionga 6bina cTaHgapTHOM U cocTaBnAna
40°C. dnong, UMpKYynMpoBan B KOHType, a TemnepaTypa
pesuHbl pernctpupoBanack Yyepes 15, 30, 45 n 60 MuH.
Mocne yaca paboTbl Npyu 06beMe ra3oBon dopakumm 95%,
Temnepartypa pe3uHbl 0ObIMHOIo cTaTopa NoBbiCuach

Ha 26 rpagycos. [1py Tom »e 0b6beme razoBon pakumm
Temneparypa pe3uHbl paBHOMPOMUIBLHOIO cTaTopa
noBbicuniach Ha 6 rpagycos. [Npu o6beme razoBom
dpakumm 80% noBbleHNe TemnepaTypbl PE3VHbI
paBHONPOGUIBLHOIO cTaTopa HbINI0 HUHTOXHO MarbIM.

Bl 3AKNOYEHUE

Mpwn ncnonb3oBaHun paBHONPOMILHOIO cTaTopa obLian
NPOU3BOAUTENBHOCTb MHOrOGa3HOro BUHTOBOIO Hacoca
yBENMYMBAETCA BCNEACTBME YMEHbBLUEHMA 3a30P0B

B MONOCTAX. YBENMUYEHNE NPpON3BOANTENBHOCTH NP
NCMOMb30BaHMN PaBHOMPOMUIBHOMO cTaTopa COCTaBUIIo
15% + 34% no cpaBHEHUIO C COOTBETCTBYIOLMM
yBenudeHnem 8% + 12% npun ncnonb3oBaHnn

0b6bI4HOrO cTaTopa.

CHmXeHune TemnepaTypbl pe3vHbl B paBHONPOMUIbHBIM
cTaTope Bcrneacteue 6onee achHeKTUBHOIO
paccenBaHua Tenna obecneynBaeT ANTENbHOE
COXpaHeHne peosiorM4ecKnx CBONCTB PE3NHbI 1
yBENMUMBaET CPOK CNy>bbl ctaTtopa. ObblYHbIE CTAaTOPbI
C yBenu4yeHnem Temnepartypbl B gnanasoHe 20+40°C,
Np1 NCMOMb30BaHMN B MHOrohasHOM nepexkadke,

UMEIOT CPOK cny>bbl B cpeaHem 2 roga. Heobxognmo
OTMETUTb, YTO TeMMepaTypa cama rno cebe He

ABNAETCA AOCTaTOYHbIM MHANKATOPOM CpoKa Cry>bbl,
KOTOpbI 3aBUCUT OT MHOXECTBA (haKTOPOB, BKMOYaA
NpUCyTCTBUE abpasmnBHbIX YacTuL, HaNnpumep, B BUAE
necka. OgHako, Npu NPOYMNX PaBHbIX YCITOBUAX MEHbLLEE
yBenuyeHne Temnepatypbl (MeHee 10°C) Becbma
61aronpUATHO C TOYKU 3PEHNA CHKEHMA OTKA30B B
pesynbTarte TensoBoro Bo3aencTenA. B HacToAwee
BPEMA HACOC MAEHTUYHOW KOHCTPYKLUMM CMOHTMPOBAH
Ha mecTopoxaeHun CesepHaa AnbbepTa, KaHaga, u

was recorded at 15, 30, 45 and 60 minutes. After

an hour of operation the rubber temperature in a
Conventional Stator was 26 degrees higher at a GVF
of 95%. At the same GVF the Equal Wall stator had
a recorded temperature that was 6 degrees higher. At
80% GVF the Equal Wall stator showed a negligible
increase in rubber temperature.

Il CONCLUSIONS

The Equal Wall stator design of the Progressive Cavity
multiphase pump increases the Total Flow rate of the
pump due to precise sealing of the cavities. Increases
in Flow Rate ranging from 15% to 34% were recorded
for the Equal Wall Stator versus 8% to 12% for the
Conventional Stator.

The lower rubber temperatures in Equal Wall stators
due to efficient dissipation of heat are able to retain
the rheological properties of the rubber for longer
durations and therefore it is expected that this will
result in longer stator service life. Conventional Stators
with temperature increases ranging from 20 C to 40

C have reported an average service life of 2 years

in multiphase applications. It should be noted that
temperature alone is not a sufficient indicator of the
stator service life, which depends on many variables
including the presence of abrasives like sand. However,
all conditions being equal, the lower temperature
increase of less than 10 C is favourable from the
standpoint of reducing rubber failures due to heat.

An identical pump has now been installed at a field in
Northern Alberta, Canada, and is being monitored to
further confirm this correlation.

The higher Compression Ratios greater than 4 and

as high as 10 resulting from the Equal Wall stator
multiphase pump now extend the usage of Progressive
Cavity pumps into Wet Gas Compressor applications.

While Flow Loop tests are continuing, with the
installation of these Equal Wall stator multiphase
pumps in the field, new data is becoming available and
the results so far have been very encouraging. These
case studies will be reported in separate technical
papers in the future.

BELETCA ero MOHUTOPVHT C LIeNbio NOATBEP>KAEHUA
3TOM B3aMmMOCBA3U. bonee BbiCOKaA CTeneHb CxxartumA

(oT 4 po 10), cospaBaeman MHOrohasHbIM HACOCOM

C paBHOMPOMUIIBHBIM CTATOPOM, AENAET BO3MOXHbLIM
NPUMEHEHNE BUHTOBOIO HAcoca B Ka4eCTBE KOMMpPeccopa
>KMPHOTO rasa. lNoka NpoaomKatoTCA UCTbITaHUA Hacoca

B KOJTbLIEBOM KOHTYpE, CTAHOBATCA AOCTYMHbLIMW HOBbIE
[AaHHble MHOroha3Horo Hacoca ¢ paBHOMPOGUIIbHBLIM
CTaToOpPOM, CMOHTMPOBaHHOIO HA MECTOPOXAEHUM, KOTOPbIE
noka ABMATCA BeCbMa obHaaexusatoLmmn. Pesynbtathbl
3TUX uccnenoBaHui ByayT NpeacTaBrieHbl B TEXHUHECKNX

i oT4eTax B OyayLlem.
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