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ABSTRACT

This article presents numerical simulations of a porous surface sectorial recess hydrostatic thrust bearing considering the shear-thinning
behavior of a lubricant. The Rabinowitsch fluid model is used to describe the shear-thinning nature of the lubricant. Darcy’s law was
used to describe the flow of a lubricant through a porous surface. Three compensating elements namely capillary, orifice, and constant
flow valves were used to supply lubricant to the bearing. A generalized form of the non-Newtonian Reynolds equation was solved using
the finite element approach. The Newton-Raphson method is used to solve the global system of equations, obtain after finite element
weak formulation. The perturbation technique was used to evaluate the rotor-dynamic parameter, stiffness, and damping parameters.
Effects of the permeability of porous layer, flow coefficient of lubricant, and compensating elements are analyzed on the film pressure,
load-carrying capacity, lubricant flow rate, stiffness, and damping parameters. It was found that the use of a porous layer and shear
thinning of a lubricant adversely affect the abovementioned performance indices. The constant flow valve, as compared to the capillary
and orifice compensators offers more load-carrying capacity, stiffness, and damping parameters. Therefore, a constant flow valve should
be preferred in the hydrostatic thrust bearings to achieve better dynamic performance.

KEYWORDS: Hydrostatic Bearing, Sectorial Recess, Porous Surface, Shear-thinning lubricant, Compensating Elements.

1. INTRODUCTION regulate the supply pressure of the lubricant and flow rate in the

Hydrostatic thrust bearings are extensively used to support
heavily loaded machines/structures operating at relatively low
speed or even zero speed. These bearings offer excellent
stiffness and damping characteristics [ 1], which are essential for
highly precise and accurate machine motion. The operational
performance of a hydrostatic bearing primarily depends on the
selection of the compensating elements, lubricant, and
configuration of the recess. Many researchers have investigated
the use of non-conventional recess configurations such as
annular [2-3], circular [4], elliptical pad [5], rectangular pad [6],
etc., on the performance of hydrostatic thrust bearings. In
addition, the influence of compensating elements on the steady-
state operation of hydrostatic bearings was investigated. A
capillary tube is mostly used as compensating element to
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bearings. Numerical and experimental simulations have been
reported with capillary [1, 6], control flow valve [7], orifice [1],
membrane [4], porous surface in conjunction with capillary
restrictor [6-7], displacement compensator [9], etc., used as a
compensating element in hydrostatic thrust bearings. Hanawa
et al. [6] conducted an experimental simulation to study the
effect of providing a porous surface on the static stiffness of
thrust bearings. The authors suggested a clearance range within
which the porous land bearing would provide a better static
stiffness than conventional porous and pocketed bearings.
Recently, an investigation [9] reported that a displacement
compensator would provide a high stability margin for an
adaptive stepped hydrostatic thrust bearing.

Most commercially available lubricants exhibit shear-thinning
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characteristics during the operation of fluid-film bearings.
Many studies have been reported using different lubricant
models, such as the micropolar model [9], couple-stress model
[3], and Rabinowitsch model [2, 10], to simulate the flow of
non-Newtonian lubricants in fluid-film bearings. Wada and
Hayashi [11] performed experimental studies and observed the
shear-thinning nature of the lubricant in a journal bearing. The
authors found that the Rabinowitsch fluid model closely
approximates the pseudoplastic nature of lubricants. Wu and
Dareing [12] theoretically and experimentally investigated a
control-flow-valve compensated thrust bearing lubricated with
an ecthylene glycol-based oil blended with traces of graphite
powder. The authors used the power law to model the shear-
thinning behavior of the lubricant in the analytical analysis.
Singh et al. [2, 10] performed a numerical simulation of a
hydrostatic thrust bearing considering the inertia effects and
shear-thinning nature of the lubricant. The lubricant was
numerically modelled using the Rabinowitsch fluid model.
Theoretical and experimental studies [13-14] have been
conducted to study the effects of long-chain polymer additives
on the load-carrying capacity and friction coefficient of sliding
surfaces. The viscoelastic Maxwell model, finitely extensible
nonlinear elastic (FENE) model and couple-stress model [13]
were compared in terms of load-carrying capacity in
hydrodynamic lubrication. The Maxwell and FENE models
were found to reduce the load-carrying capacity, whereas the
couple-stress model was found to enhance the load-carrying
capacity. Experimental studies [14] have been reported on the
rheology of SAE 30 engine oil blended with TiO, nanoparticles
with different volume fractions. With advancements in
manufacturing techniques, researchers and bearing designers
are exploring the usefulness of non-conventional recess shapes
such as annular, circular, and elliptical to enhance the
performance of thrust bearings. Advanced manufacturing
techniques [15-17] such as micromachining, stereolithography,
laser surface texturing, etc., can modify the bearing geometry

2. MATHEMATICAL MODEL

The schematic/layout of the hydrostatic thrust bearing
considered for the investigation is depicted in figure 1. A
lubricant was supplied to the bearing through compensating
elements. A porous layer is applied to the land region of the
thrust pad. A sectorial recess with four sectors is provided in the
thrust pad. Unlike hydrodynamic bearings, these bearings can
support and lift the runner even at very low or zero speeds, such
as in telescopes, observatory domes, hydrostatic lift in stadiums
and antenna systems. As illustrated in Figure 1, the bearing and
runner surfaces remain parallel, and no physical wedge is
formed between runner and bearing surfaces. Consequently,
velocity or wedge-effect terms are not considered in the present
analysis. The flow of a non-Newtonian lubricant on the porous
surface of the thrust pad is expressed using the modified non-

dimensional form of the Reynolds equation,

wEE )+ SER T =5 O
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even at the microscale. It has been reported that incorporating
micro-patterns of different shapes and configurations [18-19]
on the bearing surface can significantly improve the load-
carrying capacity and reduce the frictional power loss in thrust
bearings.

Thrust bearings with porous layers are commercially
economical and require less space than conventional
impermeable surfaces. Lubricant flow in porous layers is
generally described wusing the Darcy model. Some
investigations have been performed to compare the operation of
porous surface bearings to that of impermeable surface
bearings. These investigations [20-24] examined the influence
of the permeability of the porous layer on the load-carrying
ability and coefficient of friction. It was reported that an
increase in the permeability of the porous facing slightly
reduced the load-carrying ability and increased the coefficient
of friction. Surface roughness (to a certain degree) is inherent
to all machining processes. When the magnitude of the surface
roughness is of the order of the film thickness, it is essential to
consider the topography of the bearing surface in the analysis.
Patir and Cheng [25] proposed a roughness model based on the
average film thickness between rough bearing surfaces. The
proposed model incorporates pressure and shear flow factors
into the generalized Reynolds equation. Investigations [26-27]
have been conducted to study the effect of the surface roughness
on the load-carrying capacity and squeeze time of parallel
plates. The authors reported that the surface roughness tends to
enhance the load-carrying capacity and squeeze time of plates.
After reviewing the available literature, it was noticed that there
exists a research gap and scope to carry out a comprehensive
investigation on the influence of the permeability of the porous
layer, compensating elements, and shear thinning of the
lubricant for steady-state and the dynamic response of sectorial
recess hydrostatic thrust bearings.

where F, is the cross-viscosity integral and 1 is the

%) of the
runner surface is defined as the rate of change of the film
thickness with time. The squeeze velocity at the pad surface is
described by Darcy’s Law and the continuity equation. The

velocity of the fluid in the porous layer is given by:
" kop )
" om 2)
The shear-thinning nature of the fluid is expressed using the

Rabinowitsch fluid model.

permeability parameter. The squeeze Velocity(

U, =

T+kid= 7 3)
where k is the flow index of a non-Newtonian lubricant. The

numerical value of k=0 describes Newtonian lubricant, and &k =
0.58 describes a pseudoplastic lubricant.
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The numerical simulation of Equation 1 was performed using
the finite-element numerical technique. The land region of the
pad is divided into sub-areas by 4-node quadrilateral elements.
The lubricant pressure was assumed to vary linearly along the
length and width of these elements.

4
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The multi-sectorial recess discretization consists of 933x864,

nodes and elements. The grid size was obtained following the
grid independence test. Applying Galerkin’s weighted residual
approach to Equation 1 yields

ﬂN(MGm+¢g321@wn) = (R +

Y} (B (BiNDY) - 5¢) dFdy = 0 (5)
The 51mp11ﬁcat1on of the above equation leads to,
[Fe1@} = [0¢] + RIRS?] (6)
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Fig. 1. Hydrostatic Thrust Bearing with Porous Surface and Sectorial Recess Design

The nodes lying on the thrust pad outer boundary (R,) were
allocated atmospheric pressure values. The lubricant is fed to
sectorial recess by considering various types of compensating
elements (capillary n=1, orifice n=0.5, and constant-flow valve
n=0). Subsequently, the fluid flow rate through the
compensating elements must be coupled with the fluid flow rate
from the bearing. To do so, the algebraic sum of the flow rate

J. Tribo. Sci. & Tech., Volume 2 (2025), Issue 1, pp. 1-12.

via nodes present on recess boundaries is set equal to the flow
rate via compensating elements (Figure 2). This will ensures
that the lubricant input flow rate is equal to the lubricant flow
rate through restrictor or lubricant leakage rate at the outer
boundary of thrust pad.

Open Access under the terms of Creative Commons



JTST: Journal of Tribology Science and Technology

Lubricant outflow rate from

.

pad boundary (Q) T~

Lubricant outflow rate from
pocket boundary (Qpi) S

Lubricant flow rate from \
compensating element (Qci) ™
N

4

The Newton Raphson method was used to solve the above

Equation (7), to compute steady-state (i? = () film pressure
distribution (p) on the thrust pad. The nodal pressures were
integrated on the pad surface to compute the non-dimensional
load-carrying capacity (W) and lubricant flow rate (g). In the
present work, Equation (7) was first solved under steady-state
(7 =0)
bearing system. The resulting fluid-film pressure values were
then integrated over the bearing domains to evaluate the load
carrying capacity (W). Subsequently, a perturbation was

conditions to obtain the converged solution of the

1 F F Finl o7 T q1 T 7S,
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introduced in the film thickness (Ai_l = 10'04) and the source
code was executed for a single iteration to compute the fluid
film pressure and pressure gradient. The corresponding pressure
distribution obtained from the simulation was again integrated
over the bearing domains to yield the stiffness coefficients as
outlined by Equation (9). Similarly, the damping coefficients
were evaluated by perturbing the runner’s normal velocity

(AiTl = 10_04) in accordance with Equation (10). Pressure

gradients were integrated over the pad surface to compute the
non-dimensional stiffness (K), and damping (D) parameters.

Load-carrying capacity: W = Y2_, {f_+11 _T(Z;*:l ﬁiNi)|j_| dé dn} + ZZZI Apﬁr 8)
Stiffness parameter: K = Ya_; {f_+11 _+11 ( ?:1%1\71') |/ d¢& dn} + Z:Zl A, % )

. ~ 1 1 ap; T - 0pr
Damping parameter: C = Yo, {f_+1 _+1 ( i iTNi) |J1dé& dn} + ZZLAP %

oh
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3. SOLUTION METHODOLOGY

The numerical simulations of the bearing were achieved via a
finite element weak formulation of the modified Reynold’s
equation (1). The effect of the porosity of porous layer of thrust
pad, shear-thinning behavior of lubricant, and compensating
elements is incorporated through various laws and equations as
described in the preceding section. An iterative source code
utilizing the finite element formulation and solution of the
Reynolds equation by the Newton-Raphson method was
developed to simulate the bearing numerically. The
dimensional and operating parameters used to study bearing are
provided in table 1 [6, 23-24]. The sectorial recessed pad
surface was discretized using 4 node quad elements. The
number of nodes and elements used in the discretization of the
pad surface were 933 and 864, respectively. The steps in the
algorithm (Figure 3) used to perform the numerical simulations
of the bearing are as follows,
1. Input bearing geometry and operating parameters.
2. Meshing of the pad using 4 node quad elements.
Initialize parameters, such as viscosity, viscosity

integrals, shear stress, strain rate, voltage, film
pressure, and pressure gradients.

3. Establish gauss points and weights for elements.
Initialize the value of fluid-film thickness.

4. Perform finite element formulation of the Reynolds
equation, Continuous Bingham model, and
compensating element fluid flow equation (Egs. 1-5).

5. Assembly of the weak form of Reynolds equation
(Eq.6).

6. Solve Reynolds equation using Newton Raphson
method for film pressure (Eq.7).

7. Check the convergence of the film pressure values. If
the condition is satisfied, proceed to step 8, otherwise
move back to step 3.

8. Compute lubricant flow rate and load-carrying
capacity (Eq.8)

9. Use perturbation concerning the film thickness and
squeeze velocity to compute the stiffness and damping
parameters (Egs. 9-10).

Table 1: Dimensional and operating parameter of bearing

Parameter Value
Radius of pad (R,) 100 mm
Sectorial recess dimension Ry, =75 mm, Ry =25 mm
Reference film thickness 50 um
Supply pressure 1 MPa
Viscosity of lubricant 34 mPa.s
Permeability parameter 0, 0.05
Lubricant flow index 0, 0.58

Input geometric and
operating parameters

Thrust pad surface
discretization

Finite element
formulation of Reynolds
Equation

Apply boundary
conditions
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Derivation of Reynolds Initializing flow index (k)

Selection of
Compensating element

[y

equation and Permeability

parameter (y)

Establishing fluid film
thickness expression

Not satisfied

satisfied Compute bearing

Check convergence
criterion on pressure

Fig. 3. Solution Scheme
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The iterative solution algorithm was assumed to be converged,
once a convergence of 10% was achieved on film pressure
values between the successive iterations. After achieving the
convergence, the load-carrying capacity, stiffness, and damping
parameters were computed from the film pressure values as
described in the preceding section. Before computing the
numerical results, the solution algorithm (discussed above) was
validated using a reference study [6]. The authors of the
reference study have conducted numerical/experimental
simulations for a rectangular hydrostatic thrust bearing. A

porous facing was provided over the land area of the pad. The
water (lubricant) was fed to the rectangular recess via a
capillary tube. The source code from the present study is used
to regenerate the results of the reference study. A comparison
of the numerical and experimental results between the reference
study and the developed mathematical model is shown in Figure
4. A maximum difference of -5.5 % was observed in the
numerical results. This difference can be attributed to the
solution scheme (FEM versus FDM), convergence criteria, and
grid size adopted in the two studies.

0.7
& Expenimental (Hanawa etal.,2017) [k=2.19x10% m?]

0.6 1 - - = Theoretical (Hanawa et al,2017) . ’
-~ sssssss Prasent work ..":';—" &
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Fig. 4. Lubricant supply pressure (psg) versus lubricant flow rate (Q).

4. RESULTS AND DISCUSSIONS

In this section, the numerical results for a porous surface
sectorial recess thrust bearing employing a non-Newtonian
lubricant are discussed. The influence of porosity, shear-
thinning of the lubricant, and compensating elements are
discussed on the non-dimensional film pressure (p), load-
carrying capacity (W), flow rate (g), stiffness (K), and damping
(C) parameters. The bearing geometric and operating
parameters were used from the available literature. Two values
of the permeability parameter () were used to numerically treat
the impermeable (w=0) and the porous (y=0.05) surfaces.
Similarly, the linear and non-linear nature of the lubricant is
considered by assigning values of 0 and 0.58 to the lubricant
flow index (k). For comparison, impermeable surface sectorial
recess capillary-compensated thrust bearing operating with a
Newtonian lubricant was treated as a base bearing.

Figure 5 illustrates the effects of the permeability parameter ()
and flow index (k) on the film pressure profile for a sectorial
recess thrust bearing. It is visible that the shear-thinning of the
lubricant (k=0.58) adversely affected the film pressure. When a
non-Newtonian lubricant with shear-thinning characteristics is
used, its viscosity decreases with increasing shear rate. In
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hydrostatic thrust bearings, where the lubricant film is
pressurized externally and subjected to shear due to relative
surface motion, this reduction in viscosity lowers the resistance
to flow within the film. As a result, the pressure distribution
within the film generally decreases compared to that with a
Newtonian lubricant of constant viscosity. In addition, the use
of a porous layer (w=0.05) also reduces the pressure values. The
introduction of a porous layer in a hydrostatic thrust bearing
significantly alters the film pressure profile. The porous matrix
allows part of the pressurized lubricant to seep through its
interconnected pores, leading to a reduction in the effective film
pressure within the clearance space. This pressure drop
generally lowers the peak pressure and smoothens the pressure
distribution across the bearing surface. Figure 6 shows the
effect of film thickness on the recessed pressure (p,). It was
found that the recess pressure decreased with a gradual increase
in film thickness. The bearing with a porous layer and shear-
thinning of the lubricant generated lower values of pressure in
the recess. This reduction in pocket pressure is noticed in the
range of -2.1 % to -13.5%. A higher reduction in pocket
pressure was noticed at the low value of film thickness.
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Fig. 5. Film Pressure (p) profile along x-axis (diametrical line: r)
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Fig. 7. Load-carrying capacity (W) vs film thickness (f_l)
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Table 2: Influence of compensating element on bearing performance indices

Steady State Performance Parameters
Compensating Q w
Element k=0, | k=038, | k=0;y | k=038; | k=0;y | k=058; | k=0, | k=0.58;
w =0 w=0 | =005 | w=005| =0 w=0 | =005 | w=0.05
CAP 0.7511 | 0.7633 | 0.7601 | 0.7713 | 0.5437 | 0.5185 | 0.5240 | 0.5010
% 100 | 12.89 | 1251 | 1243 | 1206 | 12.89 | 1095 | 12.43 | 10.65
% 100 | 3313 | 3101 | 3155 | 2966 | 33.13 | 2643 | 31.55 | 2555
Dynamic Performance Parameters
Compensating K 4
Element k=0, k=0.58; k=0; v k=0.58; k=0, v k=0.58; k=0, v k=0.58;
v =0 w=0 | =005 | w=005| =0 w=0 | =005 | =005
CAP 1.2236 | 1.1298 | 1.1367 | 1.0546 | 1.8407 | 1.6358 | 1.7705 | 1.5830
(ORF — CAP)
ORF 100 | 2570 | 2083 | 2483 | 2035 | 944 | 521 | 919 | 527
% 100 | 77.11 | 5561 | 7295 | 53.86 | 2752 | 13.10 | 26.26 | 13.18

Figure 7 depicts the numerical results for the variation in the
load-carrying capacity (W). It can seem that the porosity and
fluid flow index have a negative effect on the load-carrying
capacity. This is because of the lesser magnitude of film
pressure generated on the recess and land area (Figure 5-6) in
the presence of a porous layer and shear-thinning of the
lubricant. The load carrying capacity of a hydrostatic thrust
bearing is strongly influenced by both the rheological behavior
of the lubricant and the use of a porous layer. When a shear-
thinning lubricant is employed, its viscosity decreases with
increasing shear rate. This reduction in effective viscosity
lowers the developed film pressure, thereby reducing the load
carrying capacity compared to a Newtonian lubricant.
Similarly, the presence of a porous layer allows part of the
pressurized lubricant to leak through the pores, which
diminishes the net pressure in the film region and consequently
decreases the bearing’s ability to sustain load. The synergistic
effect of porosity and shear thinning reduces the load-carrying
capacity up to -13.2% as compared to the base configuration of
bearing. The numerical results presented in Table 2, show the
effect of the compensating elements on the load-carrying
capacity, lubricant flow rate, stiffness, and damping parameters
of the sectorial recess bearing. The numerical results are
presented only for sectorial recess capillary (CAP)
compensated thrust bearing (base bearing). The enhancements
in bearing performance indices were illustrated for the orifice
(ORF) and constant flow valve (CFV) compensated bearings. It
can be observed from the table that maximum load-carrying
capacity (25.6% - 33.6%) was obtained using a constant flow
valve followed by an orifice (10.9% — 12.9%) in the bearing
system.
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The numerical results for the lubricant flow rate () are shown
in Figure 8. It was observed that the shear-thinning nature of the
lubricant enhanced the flow rate in the bearing. This could be
due to the abatement in the viscosity of the lubricant because of
the shear-thinning character of the lubricant. The slippage of the
lubricant through the pores of the porous layer further enhanced
the lubricant flow rate. Therefore, the presence of capillary-type
pores in the thrust pad also favours a higher lubricant flow rate.
The lubricant flow rate in a hydrostatic thrust bearing is affected
by both shear-thinning behavior and the use of a porous layer.
For a shear-thinning lubricant, the effective viscosity decreases
with increasing shear rate, which reduces the flow resistance
within the bearing clearance. As a result, the lubricant flow rate
increases compared to that of a Newtonian lubricant under the
same supply pressure. In the case of a porous layer, part of the
lubricant seeps through the porous matrix, creating additional
leakage paths. This also increases the overall flow rate
demanded from the supply system to maintain the same film
thickness and pressure level. Thus, while both shear-thinning
and porosity lead to higher lubricant consumption, they
influence the flow mechanism differently—shear thinning by
reducing viscosity-dependent resistance, and porosity by
providing alternate leakage channels. The combined effect of
shear-thinning and porous layer enhanced the flow rate up to
+69.8%. This enhancement in the lubricant flow rate was
noticed to be profound at lower values of film thickness. The
effect of the compensating elements on the lubricant flow rate
under different operating conditions is presented in Table 2. It
was found that constant flow valve and orifice compensation
require a higher lubricant flow rate than capillary compensation
for a given film thickness. Therefore, the pumping power
requirement for capillary compensation is less than that of other
methods of compensation in a bearing.
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The effects of porosity and the pseudoplastic nature of the
lubricant on the stiffness parameter of the bearing are illustrated
in Figure 9. The stiffness characteristics of the bearing depend
on the film pressure and pressure gradient values across the
recess and land regions. The presence of a porous surface and
shear-thinning of the lubricants reduce the film pressure value
for a given film thickness. The stiffness characteristics of a
hydrostatic thrust bearing depend on the ability of the lubricant
film to resist deformation under applied load. When a shear-

thinning lubricant is used, the effective viscosity decreases with
shear rate, leading to lower film pressure buildup. This
reduction in film pressure weakens the bearing’s load-
deflection response, thereby decreasing the direct stiffness of
the system. Similarly, incorporating a porous layer allows part
of the supply lubricant to leak through the pores, which reduces
the effective pressure in the film region. A significant drop (-
16.7%) has been observed in the stiffness parameters because
of the use of porous facing and shear thinning of lubricant. It
was reported that the stiffness is maximum in a particular range
of film thickness (0.5-0.6).
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Fig. 8. Flow rate (q) vs film thickness (f_l)
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Fig. 9. Stiffness parameter (K) vs film thickness (i_l)
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Fig. 10. Damping parameter (C) vs film thickness (f_l)

In addition, the effect of the porous layer vis-a-vis the shear-
thinning of the lubricant is more domain in the reduction of the
stiffness parameter. Hydrostatic thrust bearings are generally
designed to operate at a specific film thickness, where the
system achieves maximum stiffness [6]. For this reason, the
maximum film stiffness values have been reported within the
film thickness range of 0.5 to 0.6 (25 pm to 30 pum). The
numerical results for the stiffness parameter presented in Table
2, suggest the use of a constant-flow-valve to improve the
stiffness characteristics of the bearing. Figure 10 depicts the
influence of the porosity and shear-thinning on the bearing
damping parameter. The damping parameter was significantly
reduced significantly with an increase in the film thickness. In
addition, the porosity of the layer and the shear-thinning of the
lubricant adversely affect the damping parameter. The damping
characteristics of a hydrostatic thrust bearing are governed by
the squeeze-film action and energy dissipation in the lubricant
film. When a shear-thinning lubricant is used, its effective
viscosity decreases with shear rate, which reduces the viscous
resistance within the film. As a result, the damping coefficient
decreases compared to that obtained with a Newtonian
lubricant. In contrast, the use of a porous layer allows part of
the pressurized lubricant to leak through the porous matrix,
reducing the film pressure and altering the flow dynamics. This
leakage diminishes the fluid film’s ability to resist rapid
squeeze motions, thereby lowering the damping capability of
the bearing. The combined effect of porous facing and shear
thinning of lubricant have reduced the damping parameter by
the range of -2.4% to -32.5 %. Again, this effect is observed to
be profound at of film thickness. A comparison of the various
compensating elements in terms of the damping parameter is
presented in Table 2. Under all operating conditions, the
constant flow valve and orifice compensation offered a higher
damping parameter valve. So, a constant flow valve is preferred
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to achieve a better rotor dynamic response from the hydrostatic
thrust bearing.

5. Conclusions

Numerical simulations of the sectorial recess hydrostatic thrust
bearing were performed. The effects of the porosity of the thrust
pad, shear-thinning of the lubricant, and compensating elements
on the steady-state and rotor-dynamic performance are
investigated. The use of a porous layer significantly reduced the
pressure in the recess and land regions. Due to this, a loss of -
11.2% was reported in the load-carrying capacity of bearing.
The stiffness and damping parameters were also reduced by -
21.2% and -27.1% respectively, due to the use of a porous layer.
The shear-thinning of the lubricant also adversely affected the
load-carrying capacity (-5.7%), stiffness (-7.7%), and damping
(-13.8%) parameters. The influence of shear-thinning of the
lubricant and porous layer on load-carrying capacity, stiffness,
and damping parameters is profound at the low film
thicknesses. In addition, a range of film thickness (0.5 -0.6) was
found at which the stiffness parameter of the bearing achieved
its maximum. The shear-thinning of the lubricant, use of a
porous layer also enhances (+69.8%) the lubricant flow rate.
This can enhance the pumping power of the bearings. The use
of capillary compensation, compared to other compensation
devices, effectively reduces the lubricant flow rate through the
bearing. In practical terms, this implies that when capillaries are
employed, the hydraulic resistance they introduce lowers the
overall flow demand, thereby allowing the system to operate
with a pump of lower power rating. This advantage of capillary
compensation—enhancing energy efficiency by reducing
pumping power requirements. Constant flow valve
compensation as Compared to capillary and orifice
compensation, provides a higher load-carrying capacity and
better rotor-dynamic response from hydrostatic thrust bearings.
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Nomenclature
Ap Area of recess; (mR2), mm?
. A
A, Area of recess; mm?’ (A—b = 4)
P
. . . = Ch}
C Damping coefficient of fluid film, N.s/m; ( == 4;1)
o
) . — w
w Fluid film reaction, N; W = (p RZ)
sto
h Film thickness at any arbitrary point, mm; (h =h/ ho)
: . > __0n
h Runner squeeze/normal velocity, m/s; (h = E)
h, Nominal film thickness, mm
. = _h
K Stiffness parameter, N/mm; (K =3 ;2 K )
sto
p Lubricant pressure, MPa; (}5 = pﬁ)
S
Dr Fluid pressure in recess, MPa; (ﬁr = ?)
N
Rg; Inner radius of recess, mm
Ry, Outer radius of recess, mm
R, Radius of thrust pad, mm
r Radius of any point on thrust pad, mm, (f = RL)
o
X,y,z Cartesian coordinates, mm; (JZ == ;Y = Z 1 Z = l)
RO RO hO
Y Permeability of porous facing, m?
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