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COMPRESSORS, PUMPS,
REFRIGERATION ENGINEERING

TWIN-SCREW PUMPS FOR TRANSFERRING
PETROLEUM-WATER-GAS MULTIPHASE
MIXTURE OR DIESEL FUEL

V. M. Ryazantsev, V. V. Plyasov,
and N. D. Shumakov

The successive stages in the development of multiphase pumps were reflected in [1-8]. The A1 2VV 15/40 pump
(Fig. 1a) was designed for low outputs (8—1§/h) at a differential pressupe< 4 MPa. The A8 2VV 22/40 pump (FigbjL
was designed on the basis of a modernized A9 2VV 16/25 pump [9] in which the pressure was paiséd/if®a, and face
seals with a pressureless buffer system were used. Both pumps have an intake pressure of up to 2.5 MPa. When the intaki
a multiphase mixture, a 100% water content is possible, but the screws are not allowed to touch the housing because of tl
poor lubricating qualities. Tolerances (in mm) were assigned since the screws bend during operatiorf] =41 :8‘%8
for the external screw diameter aDg= 6291 for the internal screw diameter. The dimension of the hole in the housing is
112(H7) mm, the center-to-center distancA 8793 mm, the lead (pitcl®) of the single-threaded screwtis S= 25 mm
and the drum length Is= 125 mm. The actual side clearance between the screws and the ho8sm@.i53-0.16 mm, the
side clearance between the side profiles of the screfys59.1-0.125 mm, and the clearance between the crest of the thread
of one screw and the root of the othejs= 0.09-0.12 mm. The relative clearances@i®, = (1.16-1.43)-10, /D, =
= (0.89-1.12)-1T°, andS,/D, = (0.8-1.07)-10".

The pump was tested with oil, water, and diesel fuel. The experimental characteristics of the pemgzQ@ rpm
and various values of the vacuum héggdare given in Fig. 2.

In the designation Al 2VV 15/40-8/30 the first fraction, 15/40, denotes a pump output capacity3th abapres-
sure of 4 MPa when pumping an oil with a kinematic viscosity 74 cSt (74 mrﬁsec), and the second fraction, 8/30,
denotes a pump output capacity of §mat a pressure of 3 MPa when pumping water. The operation of the A1 2VV
15/40-8/30 multiphase pump when pumping only water for a prolonged time is guaranteed for a differential pressure of nc
more than 3 MPa, and when pumping a mixture containing olil, for a differential pressure no higher than 4 MPa. The cavita-
tion characteristic of the pump was taken at a pressure of 4 MPa and an oil kinematic viscosity aﬁmmmh =8m,
the output capacity was 3.6% lower and the operation of the pump was stable.

When pumping a water/air mixture with a high air content, the pump operated vibration-free in various modes. At
a screw speed = 1450 rpm and absolute inlet and outlet presspyes 0.2 MPa ang, = 2.2 MPa. i.e., at a pressure
increase rati@ = p,,/ P, = 11, maximum gas content in mixtuxe= 100Q,/Qy,) = 86%, whereQ, = Q, + Qjjq = 11.65 +
+1.9 = 13.55 rth; Qm: Qg andQyq are the deliveries of the mixture, gas, and water, respectively.

The profile of the screws and the number of enclosed chambers are of great importance for the leak-tightness of th
working member (WM) of the pump. A UE + OG + EV + UKE + OE profile was chosen for the WM of that pump [6]. The
number of enclosed chambers in one drum of a single-thread screw can be calculalted frid8a- 0.5 = 125/25 — 0.5 = 4.5.

The geometric output of the pumpret 1450 rpm is 25.14 h.
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Fig. 1. Twin-screw pumps: a) A1 2VV 15/40; b) A8 2VV 22/40.
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Fig. 2. Chaacteistics of theAl 2VV 15/40-8/30 rltiphase pumpli, = 11295 mm,D; = 62>t mm, S, = 0.1-0.125 mm,
n= 1450 pm); a) I-40 oil,v = 90 mnf/seg Hy, = 2.5 m; b) water, H, = 2.7 m;c) diesel fuely = 3.6 mnf/seg Hy, = 0.
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Fig. 3. Chaacteistics of theAl 2VV 15/40-12/35 D fuel pumm(, = 11291 mm,
D; =62+ 0.05 mm,S; = 0.1-0.125 mmn = 1450 pm,H,,= 0.5 myv = 3.6 mnf/sec).

TheAl 2VV 15/40 pump can be used to deli diesel fuel to boiler nozzles. Since the ilcdting propeties of the
diesel fuel allev the scews to be in contact with the housing (tiiehawv triple-scew diesel fuel pumps ark [8]), we can
improve the pump ltaacteistics consideably by reducing the leaance of theVM. The Pllowing deamnces (mm) were
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Fig. 4. Chaacteistics of theA8 2VV 22/40-10/30 naltiphase pumpl, = 1339 mm,D; = 715%C. mm, s, = 0.125-0.15 mm,
n = 1450 pm: a) 1-40 oil, v = 36 mnf/seg Hy, = 4 m; b) water, H,, = 2 m;c) diesel fuely = 3.6 mnt/seg Hp,=2m.

assignedD, = 112_8%5 D; + 0.05; the emaining dimensionsewe untianged The tue dearances (mm) wre: §, = 0.05-0.065,
S, = 0.1-0.125,S, = 0.02-0.025; theelaive deamnces were S)/D, = (0.45-0.58)-10, S,/D, = (0.89-1.12) 1T,
S,/Dg = (0.18-0.22)-10°

We note thaGeman frms moe frequenty useS,/Dg = 0.5-10° as vell as \ery small dearancesS, in the “chok-
ing” patt of theWM. All of this improves the pump pametes when tansemring diesel fuelfor example at a pessue of
4 MPa the output in@ased 12.14/5.6 = 2.17 timéda version of theAl 2VV 15/40 pump has been named #&ie2VV
15/40-12/35 D fuel pump. Itharmcteistics ae shevn in FHg. 3.

The dimensions andeamnces of the single-thad scew of theA8 2VV 22/40-10/30 naltiphase pump ar(mm):
Do = 13395 D, = 71105, t = S= 25,L = 150; the diameter of the hole in the housing is 133(H7); the dertenter distance
is A= 102003 The actuatieamnces (mm) &$)=0.2,5, = 0.125-0.155, = 0.12; the eldive dearmnces & S,/Dy= 15-10°
S,/Dg = (0.94—1.13)-16’, S,/Dg = 0.9-103 The pump \vas tested with oil to a dérential pessue p = 5 MPa, with water to
p = 3.5MPaand with diesel fuel tp = 3.5 MR. The xpelimental hamacteistics of the pump a&rshaevn in FHg. 4.

The opestion of the nultiphaseA8 2VV 22/40-10/30 pumpof a polonged time is guamteed wen weter is
pumped aa differential pessue of up to 3 ME and when a mixtue containing oil is pumped a diferential pessue up
to 4 MPa.

When a veter/air mixtue is pumped taabsolute pessuesp, = 1.1 MR & the outlet angy;, = 0.25 MR & the
inlet, i.e., at € = 4.4,the maxinum pecentae of cas in the mixtug isa = 100Qg/Qm) = 93%,wher Q,, = Qg + an =
=21.85 + 1.56 = 23.4 Ph.

To ched the dility of the pump to dissige gas slugswe shut of the water intale & absolute and intak outlet
pressuesp,, ;= 2.2 MRa andp,, = 0.2-0.25 MR (pressue oscilldions). The pump opeted for roughly 3-5 min pumping
only air. The pessue diopped to 1.5-1.8 MiPand the pump opated stbly without inceasing the noise and viion level.

The pofile UE + OG + EV + UKE + OE as useddr theWM of tha pump.The rumber of tosed tilambes in
one dum of a single thead soew is N = L/S— 0.5 = 150/25 — 0.5 = 5.5he geometic output of pump tan = 1450 pm is
35.34 ni/h.

Working membes with small teamances (mmp, = 13:{8_115and D; = 71+ 0.05 were pepared for theA8 2VV 22/40
pump,the emaining dimensions eve untianged The eal dearances (mm) wre §; = 0.08,S; = 0.15,andS, = 0.09; the
relative deamnces \ere S,/D, = 0.6-10%, S;/D, = 1.13-10% andS,/D, = 0.68-10° The decease in théworking” clear
ance§, and the earanceS, at the“blocking” point of the WM substantialy improved the pump liamacteistics. The pump
was tested with diesel fuel to aepsue of 4.5 MR (Hg. 5).At 3.5 MPa the output inerased ¥ a factor of 17.15/8.55,e.,
douHled. Tha version of theA8 2VV 22/40 pump \as designiad theA8 2VV 22/40-16/35 D fuel pum@he caitation char
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Fig. 5. Chaacteistics ofA8 2VV 22/40-16/35 D fuel pum = 13390 mm,
D; = 71£ 0.05 mm,S; = 0.15 mmpn = 1450 pm,H, = 0.5 m,v = 3.6 mnf/sec).

acteistic of the pump s talen a a pessue of 2.5 MR and a diesel fuel kinertia viscosity of 3.6 mrfisec The output
remained constant up td, = 6 m and deeased ¥ 8.8% & H, = 8 m,but the delery was not cut df

In condusion we note thawhen deeloping a methodadir calculding the hamacteistics of rultiphase twin-saw

pumps [10]along with d& from Bomemann and Fleseine, we also useddpetimental dga from Livgidromash @O [1, 9],
which deally agree with those of theofeign frms. This is indiect evidence thathe poposed testing methods and theaie
acterstics obtaineddr twin-scew multiphase pumps arcorect.
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