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Pressure distributions in oil film in the front gap
of a hydrostatic thrust bearing
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Summary. The paper presents pressure distributions in
oil film in a front variable-height gap of a hydrostatic thrust
bearing. On the basis of the Navier-Stokes equations and the
continuity equation a formula was found describing the pres-
sure in the gap. The influence was analyzed of geometrical di-
mensions and exploitation parameters of thrust bearings on cir-
cumferential pressure distribution near the smallest gap height.
The numerical results of pressure values take into account the
effects of oil viscosity, the smallest gap height, the inclination
angle and angular velocity of the upper wall of the bearing, the
pressure feeding the bearing and the ratio of the external to the
internal bearing radius.
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INTRODUCTION

Hydrostatic thrust bearings support load distributed
axially with respect to the shaft. Processes occurring in
hydrostatic thrust bearings depend on the kind of gap.
Typically, the front gap height is variable [13,20]. The
gap shape can be confusor, diffuser or parallel and the
pressure distribution varies accordingly (Fig.1) [9].
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Fig. 1. Pressure distributions in the front gap: a) confusor,
b) parallel, c) diffuser [9]

The operation of the valve plate - cylinder block system
or of the slipper - swashplate system in an axial pump is anal-
ogous to the operation of a hydrostatic thrust bearing [6,7].

Complex phenomena occurring in gaps of hydro-
static bearings affect the efficiency of hydraulic machines

[1,2,5,7,11,12,15,16,17,18,19] and devices and are therefore
in the centre of interest of designers and development
units.

Fig. 2 presents a general diagram of a hydrostatic
thrust bearing with the front variable-height gap. The
upper wall rotates with the angular velocity w around its
axis and is typically inclined by the angle ¢ with respect
to the lower wall. Oil flows out of the central chamber
of the upper wall to the outside of the gap.
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Fig. 2. Hydrostatic thrust bearing with a front variable-height
gap
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In a confusor gap an over- pressure peak occurs next
to the smallest gap height whereas in a diffuser gap there is
negative pressure limited by cavitation, which complicates
the analytical description of the phenomenon. Cavitation also
results in damages to the material in the form of crevasses [10].

APPLICATION OF THE NAVIER-STOKES
EQUATIONS FOR DETERMINING OIL PRESSURE
DISTRIBUTIONS IN A FRONT GAP

Pressure changes in the front gap can be described
on the basis of the Navier-Stokes equations and the flow
continuity equation represented in the cylindrical coor-
dinate system r, ¢, z [3,4,8,14,21]:

avr 8V,v ) GV, GV, v
— 4V, — Lty — =

o8 "o r e Toz v
ov. lov. 1dv &v v, 20v,) 1
=v et |-
or ror r Op oz r-r° op p or
ov ov vV ov ov 2v.v
Lpy L+t Ly —L+ =
ot o r Op 0z r

ov._ ov, V,0v, ov.
+V, —+——+ =
ot or r Op oz
v, lov, 18v, &v. ) lép
=V 2 te——t—5 2 2 T (3)
or ror r op 0z p Oz
ov. 1ov, ov. v
L ——C+—=+—L=0. ()

It was assumed that oil is incompressible, the flow
is laminar and isothermal, liquid motion is steady and
uniform. The gap is completely filled with oil and tangent
stress is Newtonian. Liquid particles directly adjacent
to the moving surface retain their velocity. Besides, the
surfaces limiting the gap are rigid and inertia forces are
negligible. If v.=v (r, z) and v, = 0, Egs. (1 + 4) become:
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Introducing the dynamic viscosity coefficient i = vp
turns Eq. () into
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After double integrating Eq. (9) becomes:
1 ¢
v, =——pz2 +Cz+C,. (10)
24 Or

The integration constants C, and C, are determined
on the basis of the following boundary conditions:

forz=0,v =0and forz=h,v =0,

The integration constants are, respectively:

1
C = ——a—ph, (11)
2u Or
C,=0. (12)
Substituting (11) and (12) into Eq. (10):
1 g
v, =—2(2 - hz), (13)
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After integrating Eq. (6) twice with respect to the
variable z:

v,=Cz+C, (14)

The integration constants C, and C, are obtained on
the basis of the following boundary conditions

forz=0,v¢=0andforz=h,v¢=m-r,
The integrations constants are, respectively:

(13
C,=0. (16)

Substituting the constants C, and C, into Eq. (14)
leads to:
wr

vV =—2Z.

17
= (17)

When (13) and (17) are taken into account, Eq. (8)
becomes:

(22 -hz)- (19)

After integrating Eq. (18) with respect to the vari-
able z within the limits from 0 to /# and with subsequent
transformations:
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Then, integrating Eq. (19) twice with respect to the
variable r
3 1 dh
p=——,ua)r2—3—+C5 Inr+C, (20)
2 h do
The integration constants C, and C, are obtained on
the basis of the following boundary conditions

forr=r,p=p andforr=r,p=p,=0

The integration constants are, respectively
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Substituting the integration constants C; and C, to
Eq. (20) leads to the following formula for the pressure
p in the front gap
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RESULTS OF SIMULATION EXPERIMENTS
ON PRESURE DISTRIBUTION NEXT
TO THE SMALLEST HEIGHT OF THE FRONT GAP

The simulation experiments were carried out by
means of software. The gap height was obtained from [22]

h=-rsinpcosStane —rcosgsindtane +r, tane + A, (24)

The following parameters were assumed in the com-

putations:

— pressure at the gap entrance p, = 20 [MPa],

— pressure at the gap exit p, = 0 [MPa],

— bearing internal radius », = 0.004 [m] and bearing
external radius », = 0.012 [m],

— dynamic viscosity coefficient x within the range 0.0122
- 0.0616 [Pas],

— angular velocity o of the upper wall within the range
100 - 200 [rad/s],

— inclination angle ¢ of the upper wall within the range
0.01 - 0.03 [°],

— angle 3 = 45 [°] of the smallest gap height /2 with
respect to the axis x.

Fig. 3 presents the circumferential pressure distribu-
tion on the radius r=0.011 [m] next to the smallest front gap
height. As the smallest gap is approached along the circum-
ference in a confusor gap, an over-pressure peak is encoun-

tered. At the other side, when moving away from the small-
est gap a negative pressure occurs, limited by cavitation.
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Fig. 3. Distribution of circumferential oil pressure next to the
smallest gap height on the radius r = 0.011 [m] (¢ = 0.02 [°],
h,=0.5 [um], £ = 0.0253 [Pas], w = 150 [rad/s], p, = 20 [MPa],
r/r, =3)

Fig. 4 presents oil pressure distributions in a confusor
gap of a thrust bearing depending on the inclination angle
of the upper wall. As the angle decreases, the maximum
pressure increases.

240

& [°]
[—%—0.01
200 -H—o—0.02|
[——0.03|

160

120

80 W %
e

0 T T
85 95 105 115 125 135

®l°]

Fig. 4. Distributions of circumferential oil pressure on the ra-
dius » = 0.011 [m] in a confusor gap depending on the angle ¢
of the upper wall inclination (2, = 0.5 [um], # = 0.0253 [Pas],
o = 150 [rad/s], p, = 20 [MPa], r,r, = 3)

Fig. 5 presents oil pressure distributions in a confusor
gap of a thrust bearing depending on the smallest gap
height. Similarly as above, as the minimum gap height
decreases, the maximum pressure increases.
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Fig. 5. Oil pressure distributions on the radius » = 0.011 [m] in
a front confusor gap depending on the smallest gap height 7,
(=0.02[°],4=0.0253 [Pas],w=150[rad/s],p, =20 [MPa],r,r, =3)
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Fig. 6 shows oil pressure distributions in a confusor gap
of a thrust bearing depending on oil viscosity. With increase
in oil viscosity, the maximum pressure also increases.
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Fig. 6. Distributions of circumferential oil pressure on the radius
r=0.011 [m] in a front confusor gap depending on the oil vis-
cosity coefficient u (¢ =0.02 [°], 2, = 0.5 [um], @ = 150 [rad/s],
p, =20 [MPa], r,r, = 3)

In Fig. 7 oil pressure distributions can be seen in
a confusor gap of a thrust bearing depending on the an-
gular velocity of the bearing upper wall. As the angular
velocity increases, the maximum pressure increases too.
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Fig. 7. Distributions of circumferential oil pressure on the ra-
dius » = 0.011 [m] in a front confusor gap depending on the
angular velocity o of the upper wall (¢ = 0.02 [°], #, = 0.5 [um],
u=0.0253 [Pas], p, = 20 [MPa], r,r, = 3)

Fig. 8 presents oil pressure distributions in a confusor
gap of a thrust bearing depending on the pressure feeding
the bearing. It can be observed that the influence of the
feeding pressure on the maximum pressure value is small.
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Fig. 8. Distributions of circumferential oil pressure on the radi-
us »=0.011 [m] in a front confusor gap depending on the feed-
ing pressure p, of a thrust bearing (¢ = 0.02 [°], #, = 0.5 [uml],
1 =0.0253 [Pas], @ = 150 [rad/s], »,r, = 3)
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Fig. 9 shows distributions of oil hyper-pressure in
a confusor gap of a thrust bearing depending on the
ratio of the external to internal bearing radius. As the
ratio increases, the maximum pressure in the gap also
increases.
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Fig. 9. Distributions of circumferential oil pressure on the radi-
us 7=0.011 [m] in a front confusor gap depending on the bear-
ing dimensions (¢ = 0.02 [°], 2, = 0.5 [um], x = 0.0253 [Pas],
o = 150 [rad/s], p, = 20 [MPa])

CONCLUSIONS

The study leads to the following conclusions:

1. The computation model adopted in this paper enables
determining pressure distributions in front gaps of
hydrostatic thrust bearings.

2. The occurrence of pressure peaks in a front confusor
gap depends on a number of geometrical and exploita-
tion parameters of the thrust bearing.

3. Alocal increase of pressure in a front confusor gap can
contribute to additional relief of the hydrostatic thrust
bearing, whereas a pressure drop in a front diffuser
gap is disadvantageous, since it causes cavitation and,
consequently, material damage.
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ROZKEADY CISNIENIA W FILMIE OLEJOWYM
SZCZELINY CZOLOWEJ LOZYSKA
HYDROSTATYCZNEGO WZDLUZNEGO

Streszczenie. W artykule przedstawiono rozktady ci-
$nienia w filmie olejowym szczeliny czotowej o zmiennej wy-
sokosci w tozysku hydrostatycznym wzdtuznym. W oparciu
o rownania Naviera-Stokesa i rownanie ciggltosci wyznaczono
zalezno$¢ okreslajaca cisnienie panujace w szczelinie. W pracy
analizowano wplyw parametrow geometryczno-eksploatacyj-
nych tozysk wzdhuznych na rozktady cisnienia obwodowego
W otoczeniu najmniejszej wysokosci szczeliny. Przedstawio-
no rezultaty obliczen wartosci ci$nienia z uwzglednieniem
wplywu lepkosci oleju, najmniejszej wysokosci szczeliny, kata
pochylenia i predkosci katowej gornej Scianki tozyska, cisnie-
nia zasilajacego tozysko oraz ilorazu promienia zewnetrznego
1 wewnetrznego lozyska.

Stowa kluczowe: lozysko hydrostatyczne wzdluzne,
rozklady cisnienia, szczelina czotowa.



