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Analysis of lubrication characteristics of plunger pair of

pressure compensation pump in deep water
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Abstract; The pressure-compensated plunger pump can better adapt to the extreme deep water
environment, but the extreme deep water environment will change the lubrication characteristics of the
plunger pair, affecting its underwater working performance and application. Taking the lubrication
characteristics of the auxiliary oil film of the pressure compensated pump as the research object, and
considering the influence of environmental factors, such as deep water temperature and pressure, on the
viscosity, density and other properties of the medium, a numerical model of the auxiliary oil film of the

plunger in the deep water environment is established. The parameters that characterize the lubrication
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features, such as the thickness, pressure, leakage and axial friction of the plunger pair, are obtained by
combining coordinate rotation optimization and finite difference discretization in the eccentric direction. The
results show that when the water depth is 1 000 m and the rotation angle of the main shaft is about 90°, the
auxiliary oil film of the plunger appears in an extremely thin area less than 1 pm, and the pressure
difference reaches 80 MPa. When changing the spindle speed and the inclination angle of the swash plate,
the leakage and axial friction changes more significantly under air conditions. Under different water depths,
there is a positive correlation between the axial {riction and the water depth, but the change in leakage is
the opposite. This study can provide a useful reference for the design and development of pump plunger
pairs in deep water environments.

Keywords: deep water environment; pressure compensated pump; piston pumps; piston/cylinder pair;

working medium attributes; lubricant films
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Fig. 1 Schematic diagram of pressure compensation of plunger pump in deep water environment
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Fig. 2 Schematic diagram of plunger force
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Fig. 3 Inclined posture of plunger in cylinder bore
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Fig. 4 Dynamic change curve of pressure and temperature in deep water environment
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Table 1 Parameters of oil viscosity formula in deep sea environment!'”

%% K/(mPa-s) B/C c/C a,/bar a,/(bar-"C" ") b, /C " 10"6,/°C!
VG32 0.014 1712 182.7 717.4 4.453 0.015 3.17
VG64 0.032 1311 146.1 387.2 3.891 0.016 2.24
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Table 2 Density equation parameters of pure oil’'”

%i& a /) C al K p>z|\
VG32 0.4369 4 3.057 3X10°* 904.315 5 —1.212 24 1.4 0.2
VG46 0.500 37 3.316X10" 1024.392 2 —1.166 71 1.4 0.2
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Fig. 5 Single angular position eccentricity Fig. 6 The solution process of the plunger pair oil film
optimization solution process in the full cycle in the deep sea environment
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Fig. 9 Comparison of the solution results of oil film pressure

4.2 BESWH
4.2.1 RAKRT 6942 K 8 B A 54T

AR TET 6 7 19 e Jo] 40 PRl I V52 T SR 070 A P 2 5 A I A 1 o 240 45 SR M 30 2% R R8T i R 8 L
SERY AT H o e B g R KGR BRRE ZE R A T 0 R D6 T S Bk 3 s o B A g Bl 1)
1z B 9 B B 32 A AR AR A 10 BIR



%104 G, R ORIRIE T R ) AME R AR K &) 09 18 B 4 o AT 71
®3 HERHEXSH
Table 3 Related parameters of plunger pair
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Fig. 10 The changes of the axial movement speed of the plunger
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Fig. 11 Distribution of oil film thickness of plunger pair at different turning angles at a water depth of 1 000 m
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Fig. 12 Oil film pressure distribution of plunger pair at different rotation angles at a water depth of 1 000 m
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Table 4 Variations of the oil film pressure and thickness of the plunger pair at different rotation angles

at a water depth of 1 000 m
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Fig. 13 Variation curve of oil film thickness range under different water depths
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Fig. 16 Piston pair leakage and axial friction at different speeds
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Fig. 17 Leakage and axial friction of the plunger pair at different swashplate inclination angles

A 17 Ca) Bt s o 78 e FRHE T DX A 0, A 2 I T O R /0N o A AR IS XD AH S A 17 (b) FIF
A ZE Tl ) JEE 4 ) A Ak 5 R A0 AR A8 b S22 TE AH DG 5 3k 2 DR M ARk 2R A R o A S B 1 4 42 A8 sl AT AR L Y Y
TN 0 YR A R s B 94 K YVl e R B ] R AT S 3 KL AR R A 0 A A ke T U R e 0N L
Al i) PR A 2K B O 1 38 KT 1 K

A KRB M, BE B 1 500 r/min, TAEME J7 16 MPa, £ 12°0F . 24 T 4E K R 4> 5
291 .000,2 000,3 000 m B, — A J& 13 P A 2 ) aoi 8 Tt Jl ek 60 2l ) JEE 488 ) A9 A28 AR AN 181 18 Cad (B T/



% 10 9 &, R KIRIE T R S AME R AR E 8] 69 HE B4R AT 75

100
~
0.06 - o, 1000 m
g o/ Ny — = —2000m
0.04 R — — =3000m
P . 8
g 002 % 0
|
£ 0.00 \'~ -
S -50 - ~ S
-0.02 g
et — — —3000m
—-0.04 1 1 1 1 1 1 1 | -100 1 1 1 1 1 1 1 1
0 45 90 135 180 225 270 315 360 0 45 90 135 180 225 270 315 360
EHHEMIC) FHFAC)
(a) MW EAEL (b) Rl EEHR AR

B 18 RE KR THZE it 0= EEH

Fig. 18 Leakage and axial friction in different water depths
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