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A non-central feeding hydrostatic thrust bearing
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Department of Aerospace Engineering Sciences, University of Colorado, Boulder
(Received 15 July 1974)

In a conventional hydrostatic thrust bearing, the lubricant is supplied from the
centre and flows radially outwards. It has been found that the load capacity of
such a bearing decreases with increasing angular speed of the rotor. The bearing
fails when a critical rotor speed is reached at which the load capacity becomes
zero. In this paper a modified feeding system is suggested in which the lubricant
is supplied from a ring-shaped groove situated between the exits at the centre
and the edge of the bearing. Analysis shows that, by reversing the flow direction
near the centre, the load capacity of a bearing of proper geometry can be made to
decrease at a much slower rate than that of a conventional bearing as the rotor
speed increases. The non-central feeding system might be considered for use in
high-speed thrust bearings.

1. Introduction

In a conventional hydrostatic thrust bearing, shown in figure 1, lubricant is
supplied at a pressure Fj and flows radially outwards from a central plenum recess
to the atmosphere, at an exhaust pressure P,, through a thin gap of thickness 25.
The load W applied on the upper disk is supported by the excess pressure P — P,
in the lubrication film. When the upper disk rotates at a constant speed w, viscous
forces cause the fluid to move with the disk and a fluid particle follows a spiral
path through the gap. Taking into consideration the fluid inertia due to its
circumferential motion, Osterle & Hughes (1958) found that disk rotation
reduces the load capacity of the bearing by an amount proportional to the
dimensionless parameter pb%w?[(F,— P,), where p is the lubricant density and
b the radius of the bearing disks. Significant reduction in load capacity may result
even at normal operating rotor speeds if a heavy lubricant is used or the pumping
pressure is not much higher than the atmospheric pressure. This reduction
increases quadratically with @, and when a critical angular speed is reached the
bearing can no longer carry any load.

In the present work it is shown that the decrease in load capacity due to disk
rotation can be greatly reduced by modifying the lubricant feeding system. In the
modified design shown in figure 2, a ring-shaped groove is added on the stationary
lower disk. The radii of the inner and outer edges of the groove are respectively
pBb and yb. The central recess, of radius ab, is now used as a lubricant outlet in
addition to the one at the edge of the bearing. Both outlets are kept at the
atmospheric pressure P,, When lubricant is supplied at a pressure Fj from the
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Fiaure 1. Conventional hydrostatic thrust bearing.
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F1cUrE 2. Non-central feeding hydrostatic thrust bearing.

groove, it divides itself into two streams, one flowing radially inwards and the
other outwards. The two flow rates are controlled by the angular speed of the
upper disk. In the following, the performance of this non-central feeding thrust
bearing will be obtained and compared with that of a conventional bearing.
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2. Bearing performance

In our analysis it is assumed that the flow is steady and symmetric about the
bearing axis, that both the fluid density p and coefficient of viscosity x are
constant, that the thickness 27 of the lubrieation film is very small compared with
the bearing radius b, and finally, that the inertial force due to radial fluid motion
is negligibly small compared with both that due to circumferential motion and
the viscous forces. Under these assumptions and in cylindrical co-ordinates
(r, 0, ), the equations of motion for fluid in the lubrication film are

v OP
2 2 —_———— =
pPufo?+p i 0, (1)
pow[e2 =0, 0P[oz=0, (2), (3)

where « and » are respectively the veloeity components in the r and € directions.
The solution of (2) satisfying the boundary conditions » = 0 at z = —h and

v=rwatz=his
v = Jro(l+2z/h). (4)

Equation (3) shows that the pressure is a function of r only, therefore the term
oP/orin (1) can be replaced by an ordinary differential. By substituting » from (4),
(1) becomes '

Pu 1dP pro® z\2?
22 wdr  4u (1 7;) ’ (5)

whose solution is
h? dP 2\?] prhiw? z\ 1 z\4
5z~ [+ [ (45) s () ©
which satisfies the boundary conditions u = O at z = + A.

Let the volumetric flow rate of the lubricant flowing towards the central outlet
be @,. In the region ab < r < $b the continuity equation has the form

Q= —J.:' 2nru dz. (N

Upon substitution of » from (6), it becomes

47h3r dP 27rpr2h3w2

Q= 3u dr by

(8)

Since @, is a constant, (8) can be integrated from r = ab, where the pressure is P,
to r = fBb, where the pressure is F,. The result shows that

3 pb?
Q1=Q0[ 201’2 wP 52— az]ln /ln— (9)
where Qo = 47h3(Fy— P,)[3uIn (10)

is the well-known flow rate in a conventional thrust bearing with stationary disks.
8-2
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Let @, denote the volumetric flow rate of the Iubricant flowing towards the
edge of the bearing. Then in the region yb <7 < b

h
Q2=f 2nrudz, (11)
—h
and after the integration has been performed with the help of (6),
dmh*r dP 27Tpr2h3w2
Integrating (12) from r = yb, where the pressure is Fyy, to » = b, where the pressure
is P,, we obtain
’ 3 pbiw? a1/ 1
0= @[t g5 Hp (1= o2, (13)

Equations (9) and (13) show that the rotational motion of the upper disk
decreases the inward flow rate @, while it increases the outward flow rate @,,
which can be explained by the fact that the centrifugal acceleration caused by the
circamferential fluid motion is always in the outward radial direction. The total
flow rate in the non-central feeding bearing can be computed from the

relationship Q=0Q.+Q, (14)

We denote the flow rate in a conventional thrust bearing by @,, the expression
for which can be obtained by replacing y by a on the right-hand side of (13):

b2 2
Q, = Q0[1+23O£ “’P(l oc2)]. (15)

A comparison of @/@, and @./@, is shown in figure 3 for the values a = 0-1,
B = 0-5 and y = 0-6. For the same film thickness and pressure difference, the
flow rate in a non-central feeding bearing is higher because of the higher pressure
gradients in the lubrication film, and increases more rapidly with w than does that
in a conventional bearing.

The pressure distribution can be obtained by integrating (8) and (12) from
r = ab and yb, respectively, to an arbitrary radius r within their respective
regions of validity. Thus we obtain for ab < » < fb

2
LA 202 2 2 Z o 2
P-P =(P,—P)ln b/ln zopbw[(ﬂ —a?) ab/l (b2 oc)] (16)
and for yb < r <b

= (F—P)ln b/ln +20pb2w2[1 v? ln-—/ln ( )] (17)

The pressure distribution in a non-central feeding bearing is sketched in figure 4
in comparison with that in a conventional one, which is obtained by replacing y
in (17) by .

The load W which a bearing can carry is equal to the total force acting on the
upper disk owing to the excess pressure P — F,. For a non-central feeding bearing,
according to figure 4,

bb b
w =f 2(P — P)mrdr+mb?(1— f?) (R)—R)—f 2(Fy— P)mrdr. (18)
ab ) 124
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FicURE 4. Sketch of pressure distributions for a conventional bearing (dashed curve)
and a non-central feeding bearing (solid curve).

Substituting (16) into the first integral and (17) into the second integral in (18),
we obtain

b2w? Ing-1
W =MW, [fl(cx, B:7) 230 1’3 wsz By ] 1n “az, (19)
where fula, B,y) = (A—yHlny= — (82— o) [In for? (20)

and  fyla, B,7) = 1=y —(1=y*)?*/lny~t+(B*—at) — (F—?)*[In o (21)
are functions determined by the bearing geometry, and
Wo = 4mb*(Fy— F) (1 —a)/ln o (22)

is the load capacity of a conventional bearing in the absence of disk rotation.
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F1aure 5. Comparison of W|W, and W,/W, at various rotor speeds for
a=0-1,0=05andy =06

On the other hand, the load capacity of a conventional bearing having a
rotating disk is

ab

b
W, = wb%(PO—Pe)—f 8(Py— P)mrdr

- m{p%{,’o”i“’;e [(1+a2)ln§—(1—a2)]}, (23)

which is equivalent to the result obtained by Osterle & Hughes.

Figure 5 shows a comparison of W /W, and W,/W, at different angular speeds for
o = 01, # = 0-5 and y = 0-6. For a stationary upper disk, the load capacity of
a non-central feeding bearing is higher than that of a conventional one because
of the larger area of the high pressure region in the new design. A special charac-
teristic of the non-central feeding bearing is that with increasing w its load
capacity decreases at a much slower rate than that of a conventional bearing.
For instance, at [pb2w?/(F,— F,)]} = 2:24, W, becomes zero while the reduction
in W is only about 5-6 %,.

Equations (19) and (23) indicate that a critical angular speed w,, depending
upon the geometry of the stationary lower disk exists for a bearing at which it
cannot carry any load. The non-dimensionalized critical values for a non-central
feeding and a conventional thrust bearing are given, respectively, by

pbzwgr/(Po_Pe) = —2—Qf1(06, /9: 7)/f2(“’ :3’ 7) (24)
and PYAwer)e/(B—F) = 2/[(1+?) Ino — (1 ~a?)]. (25)

For e = 0-1, # = 0-5 and y = 0-6, the ratio w,/(w.,), of the critical angular speeds
is 3-94.
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Ficure 6. Performance of a non-central feeding bearing as a function of # for & = 0-1 and
y=pf=01.Q and W were computed for w = 0.

3. A numerical example

The characteristics of a non-central feeding thrust bearing are functions of the
radius of the central recess, the width of the ring-shaped groove and its location.
A series of curves describing the bearing’s performance can be plotted by fixing
two variables and varying the third. As an illustrative example, we consider
a bearing in which the radius of the central outlet and the groove width are both
one-tenth of the disk radius, i.e. « = 0-1 and y— 8 = 0-1, and plot in figure 6 the
bearing’s performance as a function of £, which is the dimensionless distance of
the inner edge of the groove from the axis. For stationary bearing disks, the
dimensionless load capacity W [W,increases continuously with f because the area
covered by the high pressure region increases. The dimensionless flow rate @/,
has a minimum value of 4:61 at # = 0-30 and increases without bound when
S approaches either 0-1 or 0-9. This phenomenon is explained by the fact that,
when the lubricant inlet is approaching an outlet, the retarding viscous force
within the region in between decreases while the pressure gradient there increases,
so that an extremely high flow rate is produced by the large net resultant force.
For a rotating upper disk, both the flow rate and load capacity are functions of
the angular speed for a specified value of 8. The curves of @/, in figure 3 and
W [W, in figure 5 form one example for § = 0-5. The ratio of the critical speed of
the non-central feeding bearing to that of a conventional bearing, calculated from
(24) and (25), is also plotted in figure 6 as a function of f. This ratio is always
greater than unity and reaches a maximum value of 4-25 at § = 0-58.

More specifically, let us examine a typical hydrostatic thrust bearing of outer
radius 3 in. using a conventional feeding system. A lubricant oil of specific gravity
of 0-9 is pumped through a central recess of radius 0-3in. at a pressure of 200 psi
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over the atmospheric value. According to (25) the critical angular speed of such
a bearing is 10 948r.p.m. Suppose that the operating conditions of the bearing
are changed such that the limiting speed becomes doubled. This requirement can
be met either by reducing the outer radius of the bearing to 1-8in., or by
increasing the pressure difference to 800 psi, or by a proper combination of
changes in both radius and pressure. However, such modifications involve
changes in the load density of the bearing and/or in the size of the pump, which
may result in a major revision of the entire design. To avoid this trouble, one of
the solutions might be to change from the conventional to the non-central feeding
system. Keeping the same bearing dimensions, if the lubricant is pumped in at
the same pressure from a groove 0-3in. wide whose inner edge is at a radial
distance of 0-9in. from the axis, the critical angular speed of the bearing is
increased to 25576 r.p.m. according to (24). The critical speed can be increased
further, to 46 398r.p.m., if the inner edge of the 0-3in. groove is moved outwards
to 1-8in. from the axis. On the other hand, in order for a conventional bearing of
the same size to reach a limiting speed of 46 398 r.p.m., the pressure difference has
to be raised to more than 16 times the original value. The advantage of using the
non-central feeding system to achieve high angular speeds for a hydrostatic
thrust bearing is apparent.

However, changing to a non-central feeding system is by no means the only
method of solving such an engineering problem. For instance, by replacing the
hydrostatic by a hydrodynamic thrust bearing, the angular-speed limitation is
removed. The present work merely suggests a possible improvement on the con-
ventional hydrostatic bearings. Furthermore, for practical applications the
stability characteristics of bearings equipped with central and non-central
feeding systems must be computed and compared. The feasibility of the proposed
feeding system will be determined by further theoretical and experimental
investigations.

REFERENCE
OSTERLE, J. F. & Hucurs, W. F. 1958 Wear, 1, 465.



