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Wooden bearings, lubricated with water and other low-vis-
cosity lubricants, have been used for centuries. In steamship
engines, turbines of hydroelectric power plants and propellers
of submarines, it is proposed to use wooden hydrostatic bear-
ings, which are guaranteed to provide liquid friction and have
high reliability.

The object of this study is hydrostatic and thermal pro-
cesses in sliding supports with wooden hydrostatic bearings.
The influence of the design and operational parameters of
a wooden hydrostatic bearing on its performance was tackled.
Theoretical dependences are given, making it possible to deter-
mine the bearing capacity and temperature increase in the
hydrostatic bearing. Quantitative values of specific pressures
on the working surface of the bearing and an increase in the
temperature of the working fluid due to friction and pumping
losses were established.

It was found that the specific pressures of the liquid do not
exceed the tensile strength of the bearing material. The reduc-
tion in load capacity due to an increase in the temperature of
the working fluid was 10.95 %, owing to the small change in
the temperature of the working fluid in hydrostatic bearings.
The results of the study make it possible to establish the permis-
sible boundaries for the purpose of the design and operational
parameters of the hydrostatic bearing ensuring its operability.

For the effective use of hydrostatic wooden bearings at the
listed facilities, it is necessary to have a system for supplying
lubricant to the bearing under high pressure. The system should
include filters to clean the lubricant from impurities. The theo-
retical dependences built allow designers of hydrostatic bear-
ings to use them in practical calculations
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1. Introduction

The performance of any machine is influenced by a large
number of factors. One of them is the reliability and durabi-
lity of the supports of the rotors of the machines. There are
a large number of types of bearings that are used depending
on the operating conditions, the nature of the load, and other
factors. The work considers the analysis of the operability of
wooden hydrostatic bearings. Wooden bearings have been
used for centuries and are applied in machines in which it
was desirable or inevitable to use water as a lubricant. They
successfully compete with metal bearings. The durability of
a wooden bearing is 4 to10 times that of a bronze bearing.
A wooden part is 8 to 10 times lighter than an iron bearing.
Wooden bearings made of lignum vitae emit natural grease
for 20 years. Not every metal bearing will be able to have
such a resource. On the world’s first nuclear submarine, USS
Nautilus (SSN-571) wooden assemblies were used in the
bearings. The turbine bearings of the Conowingo hydroelec-
tric power plant on the Susquehanna River were also made
of lignum vitae.

The cost of lignum vitae is high from 30 to 80 thousand
dollars per cubic meter. Therefore, compacted wood of pop-
lar, aspen, alder is widely used, which, after pressing, has
a strength of 8—10 times higher compared to natural. The ma-

nufacture of bushings and liners of plain bearings is one of the
uses of wood modified by a seal. The liners of plain bearings
made of modified wood work reliably in abrasive, aqueous,
and aggressive environments. The cost of compacted wood
as a material for the manufacture of wood bushings of fric-
tion units are 5 times lower than the cost of steel, bronze —
20 times. Oil-soaked compacted wood makes it difficult for
moisture to penetrate it.

A number of advantages of wooden bearings, combined
with the advantages of hydrostatics, indicate the need for
their use as shaft supports of various machines.

The lack of information on the design of these bearings
renders relevance to research into this area.

2. Literature review and problem statement

Paper [1] examines the wear resistance of a wooden plain
bearing. To assess wear resistance, a test bench based on
a microcontroller was designed and manufactured. Bearings
manufactured along the tangential orientation of wood have
been found to have better wear resistance than bearings from
other orientations. The rate of wear was nonlinear. However,
that study did not look at ways to more significantly reduce
the wear resistance and improve the reliability and durability




of a wooden plain bearing. The tests were limited. Widely
used compacted woods of poplar, aspen, alder were not tested.
Work [2] examines in historical terms the different types of
bridge bearings. The article points out that wooden bushings
were used in bridge bearings. In the historical analysis of
bearing types, the designs of wearless hydrostatic wooden
bearings, which can significantly increase the reliability and
durability of machine support units, were not considered.
The issues of force interaction of the working fluid and the
bearing support surface were not considered. The various ma-
terials used in the construction of wooden bearings were not
analyzed. Paper [3] discusses the dynamic characteristics of
multilayer plain bearings lubricated with silicone lubricants.
It is noted that the wooden house, which weighs 40 tons, is
supported by 16 plain bearings. By August 2002, 500 homes
had been built in Japan using this system. A limitation of
the considered calculation methodology is the consider-
ation of one of the varieties of silicone oils. Silicones include
a whole class of organosilicon compounds. Silicone has good
anti-wear properties and can be used in a wide range of tem-
peratures. However, it is used for lightly loaded bearings, and
the above study looks at wooden houses that weigh 40 tons.
Paper [4] describes the design of a self-lubricating plain
bearing made of modified wood for heavily loaded friction
units and the technology of its manufacture. A method for
determining the coefficient of friction of wood on steel has
been developed and the MI-1M friction machine has been
modernized. The sliding friction coefficient varies between
0.06 and 0.11 depending on the magnitude of the load. The
above design of the self-lubricating bearing has a short
service life and complex manufacturing technology. Most
often self-lubricating sliding supports with porous bearings
impregnated with oil are used. The amount of oil in the sup-
ports of such bearings, as a rule, is not replenished during the
entire period of operation of the product. In existing designs
of self-lubricating supports the efficiency of the lubrication
system is not yet great. The paper does not consider more
efficient hydrostatic bearings that provide guaranteed liquid
friction. In work [5], plain bearings made of modified pressed
wood were experimentally tested, showing that a high proba-
bility of their failure occurs when the surface hardness of the
counter-body is less than 50 HRC. Rollers made of steel 45,
45 X, 18 X GT were used as a counter-body. However, in that
study, metal-ceramic hard alloys with significant advantages
were not considered as a counter-body material although
they have advantages in strength and wear resistance. It con-
sidered only the contact of solids of wood and steel and did
not take into account the influence of the lubricant on the
friction process in the bearing. When the shaft rotates in
the bearing, hydrodynamic phenomena also occur in the
wedge space. In work [6] thermally softened wood was stu-
died under the influence of combined stresses. The bearing
was tested using a thermohygrostat test machine. Crumple
strength and stiffness decreased with increasing temperature
and thermal softening. The reduction in both strength and
stiffness in the longitudinal direction was greater than in the
transverse direction. The tests simulated operating condi-
tions, such as the presence of abrasive dust. However, that
study did not take into account the change in bearing dimen-
sions with increasing temperature and the effect of changing
bearing dimensions on bearing capacity. The change in the
characteristics of the lubricant with increasing temperature
and the impact of this change on the bearing characteristics
were not taken into account. Work [7] analyzes the strength

of wooden elements. The article presents the possibility of
increasing the bearing capacity of wooden structures due to
special methods of wood modification or layer-by-layer rein-
forcement. The amorphous part of the cellulose structure pro-
vides the plastic character of the compression deformation.
The article discusses various ways to modify wood. The con-
sidered method of increasing the bearing capacity of a wooden
bearing is ineffective. More effective is the use of hydrostatic
wooden bearings, which use both hydrostatic and hydrody-
namic effects to significantly increase the bearing capacity
of the bearing. Work [8] considers the improvement of the
work of wooden plain bearings. That pilot study examined
anumber of factors that influence the characteristics of wooden
bearings, including wood properties, manufacturing methods,
and operating conditions. A wooden bearing test procedure
was developed, and a testing machine was manufactured. The
results of the study showed that the characteristics of the
lubricants, the speed of the workload, as well as the density
and permeability of the wood can have a significant impact
on the operation of the bearing. However, that study did not
take into account the effect of shaft rotation speed on the ap-
pearance of hydrodynamic phenomena in the lubricant layer,
which significantly affect the characteristics of the bearing.
Operating conditions were selective and limited.

Work [9] considers the influence of lignum vitae anisot-
ropy on its tribological properties. The wear process went
through two stages due to the anisotropy of the lignum vitae
cell fibers. The fibers of the cells were first subjected to the
process of separation, and then to the processes of impact
and bending. Due to the low mechanical properties of lignum
vitae in the vertical direction of the fibers, the fibers and cells
were easily destroyed, which led to severe wear, higher coef-
ficients of friction and wear rate. In that study, a very limited
number of factors affecting the wear rate and friction coeffi-
cient were considered. No attention is paid to the influence of
different types of lubricant on the wear process. During the
wear process, the temperature in the friction zone increases,
the influence of which was also not taken into account when
analyzing the operation of the bearing. Work [10] shows the
use of wood as a material for automotive spare parts. The
low strength of wood was a limitation of its application for
plain bearings. In that work, the wood was impregnated with
polyethylene glycol, lubricating oil, and epoxy to improve me-
chanical properties and tribological characteristics. Based on
the results of the tests, it was found that polyethylene glycol
is a promising material for improving the physical properties
of wood for plain bearings. The above study does not pay
attention to the automatic supply of lubricant from the pore
channels and its effect on the tribological characteristics of
the bearing. The polyethylene glycol recommended in ope-
ration as a promising material for plain bearings is question-
able since its fluidity properties are significantly dependent
on temperature. In work [11], the bearing malfunctions are
analyzed. The vibration signal contains information about the
state of rotating mechanisms and makes it possible to analyze
the intensity of noise. An effective strategy for diagnosing
bearing failures is proposed, involving three tests. The pro-
posed strategy for detecting bearing faults proved to be more
effective than existing techniques. However, the proposed
technique for diagnosing bearing failures is very limited and
can only be applied to certain types of plain bearings. When
diagnosing the operation of the bearing, no attention is paid
to the dynamic phenomena that occur during the operation of
the bearing due to the presence of an imbalance in the rotor.



Without dynamic evaluation, modern high-speed machines
cannot be recognized as fully operational. In work [12], on the
basis of experimental results, the influence of the anatomical
properties of wood on its tribological properties is analyzed
in detail. The results showed that the tribological properties
of wood are greatly influenced by its anatomical properties.
A sufficient amount of extract substances can significantly
improve the tribological properties of wood by reducing the
coefficient of friction and improving the washing capacity.
The above study does not pay attention to the different types
of extract substances and their various lubricating properties.
Friction between the lubrication layers during shaft rotation
inside the bearing, which can be significant at high rotational
speeds, is also not taken into account. The paper does not offer
a cardinal way to solve the problem of wear and tear.

In works [1—12] there is no information on the design of
wooden bearings of hydrostatic type and no determination of
specific pressures of the working fluid on the surface of the
bearing, and there is no thermal analysis of wooden hydro-
static bearings.

3. The aim and objectives of the study

The purpose of this work is to identify the impact of
changes in the operating parameters of a wooden hydrostatic
bearing on its performance. This makes it possible to establish
permissible boundaries for the purpose of the structural and
operational parameters of the bearing ensuring its operability.

To accomplish the aim, the following tasks have been set:

— to identify the magnitude of the effect of the supply
pressure of the working fluid on the specific pressure of this
liquid on the working surface of the wooden bearing;

— to establish the effect of increasing the temperature of
the working fluid, as a result of friction and pumping losses,
on the bearing capacity of a wooden hydrostatic bearing.

4. The study materials and methods

The object of this study is hydrostatic and thermal pro-
cesses in sliding supports with wooden hydrostatic bearings.
It is planned to construct a mathematical model that makes
it possible to study the pressure of the working fluid on the
surface of the bearing and its thermal regime. Assumptions
were accepted that the pressure gradient in terms of the
thickness of the working fluid is small in comparison with the
pressure gradient in other directions and the inertial terms
of the Navier-Stokes equations are small in comparison with
viscous ones. The external load acting on the bearing was
taken to be constant.

In the development of theoretical dependences, hydro-
mechanics methods were used to calculate the characteris-
tics of a wooden hydrostatic bearing. The characteristics of
the bearing were determined on the basis of the function of
pressure distribution in the working fluid layer, the loss was
calculated from the joint solution of the Reynolds equations
and the balance of working fluid flows. When determining
the pressures in the chambers, an iterative method was used
until the specified accuracy was obtained. The pressure of the
working fluid on the inter-chamber lintels was determined
using the Reynolds equation, which was solved numerically
using the method of finite differences in combination with
the method of longitudinal-transverse sweep. The carrying

capacity of the bearing was determined using the trapezoi-
dal method. When determining the specific pressures of the
working fluid on the working surface of the bearing, material
resistance methods were used. To assess the thermal mode
of operation of the bearing, an increase in the lubrication
temperature as a result of friction losses and pumping of the
working fluid was determined.

The numerical implementation of the built mathematical
dependences was performed in the software «Excel» (deve-
loper «Microsoft», USA). Drawings of the results obtained
were performed in the graphic editor «Compass».

The diagram of the wooden hydrostatic bearing in ques-
tion is shown in Fig. 1.

x @
Ip ©
Imk |
o
Q4 | Qs hs,i
< > h2,i

e
va h
| — 0 —
b

Fig. 1. Diagram of a wooden hydrostatic bearing:
a — general view of the bearing; b — working surface with
rectangular bearing chambers

On the working surface of bearing 1 there are four rect-
angular bearing chambers into which the working fluid is
supplied under high pressure P;. Shaft 2 rotates inside the
bearing with an angular velocity . To ensure the required
bearing capacity, the pressure value P; is determined by cal-
culation. Hydrostatic pressure occurs between the bearing
working surfaces and the shaft surface, which provides the
necessary bearing capacity and causes specific pressure in the
bearing material.

To determine the bearing capacity of a wooden hydro-
static bearing, it is necessary to have a pressure distribution
function in the working fluid layer. Its determination is asso-
ciated with the joint solution of the Reynolds equations and
the balance of flow of the working fluid. The pressures in the



chambers are determined from the solution of the flow ba-
lance equation of the working fluid. The balance of working
fluid costs is recorded from the condition of equality of costs
through input compensating devices (nozzles) and costs
along the contour of the i-th chamber (Fig. 1).

Let’s record the balance of the working fluid for the i-th
chamber:

Q11:Q1+Q2+Q3+Q4r 1)

where Qq; is the flow rate of the working fluid through the
inlet compensating device; Qy, Qs, Q3, Q4 are the flow rates
of the working fluid along the contour of the i-th chamber.

The flow rate through the input compensating device
will be recorded using the well-known formula of hydrau-
lies [13, 14]:

2
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where y; — an input coefficient of 0.62...0.82; r; — nozzle ra-
dius; p — density of the working fluid; Py is the supply pres-
sure at the inlet to the nozzle; Py, is the pressure in the i-th
bearing chamber.

When recording flow rates along the contour of the i-th
chamber, both the portable and gradient flow of the working
fluid were taken into account.

Let’s write down the expression for the balance of the
working fluid in a dimensionless form:
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where ® — the angular velocity of rotation of the shaft;
R — radius of the working surface of the bearing; ki, ha,
hs; — clearances in the bearing; b, — the width of the cham-
bers; [, — length of the end partitions of the chambers; /;, — the
length of the inter-chamber partitions of the bearing; pu — dy-
namic viscosity of the working fluid; [, — length of chambers;
Py is the pressure of the working fluid on the drain.

Setting the initial values of the pressures in the chambers
using (3), I obtain the pressure in the chambers at n+1 step.

The iterative process continues until the specified accu-
racy is obtained.

To obtain the pressures on the inter-chamber partitions,
the Reynolds equation was applied [15]:
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where x, z are the circumferential and axial coordinate axes in
the bearing; & — current gap on the inter-chamber partitions;
u — the circumferential velocity of the shaft; P — current
pressures on the inter-chamber partitions; p is the dynamic
viscosity of the working fluid.

The current clearance in the bearing /4 is determined by
the dependence:

h=50—e~cos((p—[50), ©))

where 8p=R;—Rj is the radial clearance in the bearing;
Ry — bearing radius; R, — shaft radius; e — eccentricity cha-
racterizing the distance between the centers of the shaft and
bearing; ¢ — current circumferential angular coordinate; By is
the angle of position of the shaft in the bearing.

Approximate numerical methods were used to solve the
Reynolds equation. One such method is the finite difference
method, which was used in conjunction with the longitudi-
nal-transverse sweep method.

By setting the initial values of the pressures in the grid
nodes, the longitudinal-transverse sweep was used to deter-
mine the pressure values in the grid nodes, in the next step.
The iterative process continued until the specified accuracy
was obtained.

The bearing capacity of the bearing was determined from
the known pressure values in the chambers and inter-cham-
ber partition assemblies.

Carrying capacity of a bearing was defined as the sum of
the bearing capacity of the chambers, inter-chamber and end
partitions of the bearing, in projections onto the line of action
of the external force and the direction perpendicular to it.

Let’s write the expressions for the vertical W, and W,
horizontal components of the carrying capacity of the bear-
ing as a whole:

WV = WVkam + WVtk + WVpkp + WVp’ (6)
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where Wygum and Wy, are the bearing capacities of the
chambers in vertical and horizontal axis projections; Wy, and
Wy — bearing capacities of inter-chamber partitions in
projections onto the vertical and horizontal axes; Wy, and
Wiy — bearing capacities of the ends of inter-chamber par-
titions in projections onto the vertical and horizontal axe=s;
Wy, and Wy, are the bearing capacities of the ends of chamber
partitions in projections onto the vertical and horizontal axes.

According to the calculated carrying capacity of the bear-
ing and its geometric size, the specific pressure of the liquid
on the working surface of the bearing was determined:
b= LWD ’ @
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where L, is the length of the bearing; D, — bearing diameter.

The calculation of the wooden hydrostatic bearing was
carried out at the following values of geometric and operat-
ing parameters:

1. Bearing diameter D,=0.33 m.

2. Shaft speed ®=314s.



3. Bearing power pressure Py=5; 20; 50 M Pa.

4. Bearing length L,=0.14 m.

5. Working fluid water at a temperature of 25 °C.

6. The radial clearance in the bearing 8,=0.00009 m.

7. Chamber length /,=0.1 m.

8. Chamber width 5,=0.02 m.

9. Number of chambers K=4.

10. Shaft eccentricity in bearing e=0.00009 m.

The thermal calculation of a wooden hydrostatic bearing
makes it possible to quantify the increase in the temperature
of the working fluid and assess its effect on the change in the
carrying capacity of the bearing. The determination of the in-
crease in the temperature of the working fluid was calculated
from the following dependence [16]:

T = L’ ®)
QCop

where Q is the flow rate of the working fluid; p is the density

of the working fluid; C — heat capacity of the working fluid;

N¢ — total power loss for friction and lubrication pumping.

The flow rate of the working fluid was determined by the
known pressures in the carrying bearing chambers:
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where m is the number of chambers on the working surface
of the bearing; y;=0.62...0.82 — entry coefficient; ; is the
radius of the nozzle; Py; is the pressure of the working fluid
in the i-th chamber; Py is the pressure of the working fluid
into the bearing.

The power loss for pumping N, was determined by the
flow rate of the working fluid Q and the pressure of the work-
ing fluid supply to the chambers P;:

N, =Q-P. (10)

Friction power losses are estimated by the following
dependence:

N, - wo-R-L-2w
8
where p is the dynamic viscosity of the lubricant; o is the
angular velocity of the shaft; R, — bearing radius; L, — bearing
length; 80=R.—R;, — radial clearance in the bearing; R;, is the
radius of the shaft.
Total power losses for friction and pumping:

, (11

N.=N,+N,. (12)
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5. Investigation of pressures on the working surface
of a hydrostatic bearing and analysis of its thermal state

5. 1. Research results and analysis of specific pressures
of the working fluid on the working surface of a wooden
hydrostatic bearing

The main characteristics of hydrostatic bearings are load
capacity, lubricant consumption, and power loss for friction

and pumping. The basis for determining these characteristics
is the function of pressure distribution in the lubricant layer,
which is determined from the joint solution of the Reynolds
equations (4) and the flow rate balance (1). For the numerical
realization of the flow rate balance, its dimensionless record-
ing (3) was used, which makes it possible to determine the
pressures in the bearing chambers by an iterative method.
Previously, the gaps in the locations of the chambers were
calculated by expression (5). Using the specified geometric
dimensions of the bearing and the calculated clearances, the
auxiliary coefficients a; used in the flow balance equation (3)
were determined. The process of determining the pressures
in the chambers is iterative. Setting the initial values of the
pressures in the chambers by expression (3) determined the
following values of the pressures in the chambers, which
were used for the next iteration as initial. The initial values
of the pressures in the chambers were determined from the
design experience of hydrostatic bearings. They should be
less than the power pressures. This is due to the fact that the
working fluid passes through the inlet pressure compensator
of the liquid nozzle installed at the inlet to the load-bearing
chambers. In the lower carrying chambers, large initial pres-
sure values were set, and in the upper ones, smaller values
were set. The more precisely the initial pressures were set,
the fewer iterations produced the desired result. The right
lower chamber was taken as the first chamber (Fig. 1), and
the rest were numbered in a circumferential counterclockwise
direction. At a supply pressure of 5 MPa, the initial dimen-
sionless values of the pressures in the chambers were taken as
follows: Pg1=0.9; Pxs=0.24; Px3=0.23; Pxs=0.8. The iterative
process continued until the specified accuracy was obtained
|Px i+1—Px 4<0.0005. To obtain a given accuracy, it was neces-
sary to perform 7 iterations. After 7 iterations, the pressures
in the bearing’s chambers were obtained with the speci-
fied accuracy: Pg1=0.91792; Pgy=0.20384; Pg3=0.1883467;
P,=0.84179.

The resulting chamber pressures and the discharge pres-
sure drop at the bearing ends, taken to be zero, were used
as boundary values to determine the pressures on the in-
ter-chamber partitions. The pressures on the inter-chamber
partitions were determined from the solution to the Reynolds
equation (4). This equation does not have an exact analytical
solution and was solved numerically using the finite difference
method. To record the Reynolds equation in finite difference
form, the surface between the chambers was covered with
aregular grid with 5 mm steps in the circumferential and axial
directions. Partial derivatives in equation (4) were written in
finite difference form using a five-point pattern.

By setting the initial pressure values in the grid nodes,
using the method of longitudinal-transverse sweep along
the rows and along the columns, the pressures in the grid
nodes were determined in the next step. The initial values of
the pressures in the grid nodes were set the same and equal
to half the average value of the pressures in the adjacent
chambers. The resulting pressure values in the grid nodes in
the first iteration were used as the initial ones for the next ite-
ration. The iteration process continued until a predetermined
accuracy of 0.0005 was obtained in all corners of the grid.

After determining the pressures in the chambers and on
the inter-chamber partitions, the carrying capacity of the
bearing was calculated using expression (6). The carrying
capacity of a bearing was defined as the sum of the carrying
capacity of the chambers, inter-chamber and end partitions
of the bearing in projections onto the line of action of the



external force and its direction perpendicular. On the surface
of the chambers, the pressure was taken to be constant and, af-
ter multiplying them by the area of the chambers, the carrying
capacity of the chambers was determined. When determining
the carrying capacity of inter-chamber partitions, the trape-
zoid method was used. Knowing the carrying capacity of the
bearing, the specific pressure of the lubricant on the working
surface of the bearing was determined by expression (7).

Setting different values of power pressures and repeating
the described calculation algorithm, specific pressures of the
working fluid on the working surface of the bearing were
obtained at other values. The results of the calculations are
shown in Fig. 2.
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Fig. 2. Dependence of the specific pressure of the working
fluid on the working surface of the bearing on the supply
pressure P,

The nature of the change in specific pressure on the work-
ing surface of the bearing from the liquid side is linear. With
an increase in the supply pressure of the working fluid from
5MPa to 50 MPa, the specific pressure will increase from
2.3 MPa to 16.65 MPa, that is, approximately 7.2 times.

Quantification of the specific pressure on the working
surface of the bearing on the fluid side makes it possible to
establish the permissible limits for choosing the geometric
and operating parameters of the bearing and is a novelty.

5. 2. Determination of the effect of temperature increase
on the carrying capacity of a wooden hydrostatic bearing

According to the accepted geometric and operating pa-
rameters, I evaluate the thermal regime of a wooden hydro-
static bearing.

To determine the increase in the temperature of the
working fluid, expression (8) was used. The flow rate of the
working fluid required for the calculation was calculated by
expression (9). When calculating the flow rate of the work-
ing fluid, the pressure values in the chambers Pg;, obtained
according to the calculation algorithm already described,
were used. The loss of friction and pumping power losses
were calculated using formulas (10) and (11). Setting dif-
ferent values of the supply pressures and using the described
calculation algorithm, the increase in the temperature of the
working fluid in the bearing was determined. The results of
the calculation are shown in Fig. 3.

At a supply pressure of the working fluid of 5 MPa, the
increase in the temperature of the working fluid as a result of
friction and pumping is 3 °C. With an increase in the supply
pressure, the heating of the working fluid increases and at
a supply pressure of 50 MPa, the temperature increase of the
working fluid is 12.46 °C.
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Fig. 3. Determination of the effect of power pressure on
increasing the temperature of the working fluid in a wooden
hydrostatic bearing

In order to assess the effect of increasing the temperature
of the working fluid on the characteristics of the bearing, the
carrying capacity of the bearing was calculated taking into
account the increase in the temperature of the working fluid.

To identify the effect of increasing the temperature of
the working fluid on the carrying capacity of the bearing,
according to the described calculation algorithm, the equa-
tion of the flow balance (3) and Reynolds (4) was jointly
solved. The resulting pressure diagram in the working fluid
layer was numerically integrated over the working surface of
the bearing and thus its carrying capacity was determined.
To quantify the effect of increasing the temperature of the
working fluid, two design options were considered. In the
first embodiment, the carrying capacity was determined for
different values of the supply pressure at a constant tem-
perature of the working fluid. In the second embodiment,
the carrying capacity for different values of power pressures
was determined at a variable temperature of the working
fluid using the results of the calculation shown in Fig. 3.
The temperature variability of the working fluid was taken
into account using different values of the viscosity of the
working fluid. The results of the bearing’s carrying capacity
calculation are shown in Fig. 4: for the first option, curve 1;
and for the second option, curve 2.
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Fig. 4. Determination of the effect of temperature increase
on the carrying capacity of a wooden hydrostatic bearing:
1 — at the temperature of the working fluid =25 °C;

2 — taking into account the heating of the working fluid
as a result of friction and pumping losses

With a bearing power pressure of 20 MPa, the bearing
load capacity reduction was 4.19 %. With increasing power
pressure, the reduction in carrying capacity due to the heat-



ing of the working fluid increases. At a supply pressure of
50 MPa, the carrying capacity reduction due to the heating
of the working fluid was 10.95 %.

Analysis of the thermal mode of operation of a wooden
hydrostatic bearing showed that the increase in the tempera-
ture of the working fluid in such bearings is insignificant.

6. Discussion of results of the study of specific pressures
on the working surface of the bearing and its thermal
mode of operation

The peculiarity of the proposed method is associated
with the proposed type of wooden bearing, which provides
guaranteed liquid friction. In a wooden hydrostatic bearing,
both hydrostatic and hydrodynamic effects are used and
there is a need to jointly solve the Reynolds equations and
the flow rate balance. The flow rate balance equation takes
into account both the gradient and portable flow of the
working fluid. In this formulation, the calculation method in
works [1-12] was not considered. The results obtained make
it possible to estimate the specific pressures of the working
fluid on the working surface of the bearing and to establish
their effect on the strength of the bearing material. Analysis
of the thermal mode of operation of the bearing makes it pos-
sible to assess the change in the bearing carrying capacity by
increasing the temperature of the working fluid.

The obtained results of the calculation of specific pres-
sures on the working surface of the bearing and its thermal
mode of operation are given in Fig. 2—4.

Fig. 2 shows that as the bearing supply pressure increa-
ses, the specific pressures on its working surface increase.
When the bearing supply pressure increases from 5 MPa to
50 MPa, the specific pressure on the working surface of the
bearing increases by about 7.5 times. This is due to the fact
that with an increase in power pressure, the pressures in the
chambers and on the inter-chamber partitions increase. At
the same time, the pressure in the lower chambers increases
more significantly than in the upper chambers. The obtained
results make it possible to establish permissible limits for the
purpose of the structural and operational parameters of the
bearing ensuring its operability.

Fig. 3 shows that as the bearing supply pressure increases,
the heating of the working fluid due to friction losses and
pumping increases. When the bearing supply pressure in-
creases from 5 MPa to 50 MPa, the additional heating of the
working fluid changes from 3 °C to 12.46 °C. This is due to
the fact that friction between the layers of lubricant increases
and power losses for pumping increase. Moreover, with an
increase in power pressure, pumping losses increase signifi-
cantly. If at a pressure of 5 MPa pumping losses amounted
to 39 % of the total power loss, then at a pressure of 20 MPa
they accounted for 85 % of the total power loss.

Fig. 4 quantifies the effect of increasing the temperature
of the working fluid on the carrying capacity of a hydrostatic
wooden bearing. Fig. 4 shows that at a bearing supply pres-
sure of 20 MPa, the bearing load capacity reduction is 4.19 %.
At a supply pressure of 50 MPa, the carrying capacity reduc-
tion due to the heating of the working fluid was 10.95 %. This
is due to the fact that with an increase in power pressure,
power losses increase, the temperature of the working fluid
increases, and its viscosity decreases. Reducing the viscosity
of the lubricant leads to a decrease in the carrying capacity
of the bearing.

Analysis of the temperature regime of the hydrostatic
bearing showed that the increase in the temperature of the
working fluid in such bearings is significantly less in compa-
rison with other types of plain bearings.

This is due to the fact that in hydrostatic bearings, the lubri-
cant is supplied under high pressure. A large consumption of lu-
bricant does not allow a significant increase in its temperature.

It is established that the value of the bearing supply pres-
sure affects the specific pressures of the working fluid on the
bearing surface.

Analysis of the specific pressures of the liquid on the
working surface of the bearing showed that they do not ex-
ceed the tensile strength of the bearing material. In the cal-
culations, the maximum value of the specific pressure on the
bearing surface of 16 MPa was obtained while the strength
limit of lignum vitae is 86 MPa.

Determination of specific pressures on the working surface
of the bearing and analysis of its thermal mode of operation
makes it possible to design hydrostatic bearings more rationally.

The proposed solutions make it possible to solve the
problem of the influence of specific pressures of the working
fluid on the strength of the working surface of the bearing
in a calculated way that was absent in existing studies. De-
termination of the change in the temperature of the working
fluid in the hydrostatic bearing showed its slight increase.

The advantage of this study is an integrated approach re-
lated to solving a complex hydrodynamic problem, addressing
the strength issues of the working surface of the bearing and
the analysis of the thermal mode of operation of the bearing.

The obtained results make it possible to recommend
wooden hydrostatic bearings in the shaft supports of steam-
ship engines, turbines of hydroelectric power plants, sub-
marine shafts, and contribute to improving the reliability
and durability of various machines. The derived theoretical
dependences make it possible to design wooden hydrostatic
bearings taking into account the pressures of the working flu-
id and the thermal mode of operation, as well as to use them
in practical calculations.

The limitations inherent in this study are primarily due
to the change in the geometric dimensions of the bearing due
to changes in the temperature of the working fluid.

The disadvantage of this study is the lack of quantitative
experimental confirmation of the results obtained.

The development of this study may involve improving
the mathematical model that takes into account the turbu-
lent flow of the working fluid. Complex experimental studies
are required to confirm the results of the calculations.

7. Conclusions

1.1t has been established that the magnitude of the
bearing supply pressure significantly affects the specific
pressures of the working fluid on the bearing surface. When
the supply pressure changes from 5 MPa to 50 MPa, the
specific pressure of the working fluid on the working surface
of the bearing increases from 2.3 MPa to 16.65 MPa, that is,
approximately 7.2 times. In the considered range of bearing
power pressures, the specific pressures of the liquid do not
exceed the strength limits of the bearing material.

2. It has been found that with an increase in the bearing
supply pressure, the heating of the working fluid due to fric-
tion and pumping losses increases. When the bearing supply
pressure is increased from 5 MPa to 50 MPa, the additional



heating of the working fluid increases from 3 °C to 12.46 °C.
The reduction in carrying capacity due to an increase in
the temperature of the working fluid is not significant. At
a bearing power pressure of 20 MPa, the reduction in carry-
ing capacity is 4.19 %, and at a power pressure of 50 MPa, the
reduction in carrying capacity is 10.95 %.
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