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The object of this study is hydrostatic processes in the sliding
bearings of gear-type aviation fuel pumps.

The problem of the influence of the design parameters of the fuel
pump bearing on its static characteristics was solved. Load-bearing
capacity, lubricant consumption, and operating temperature con-
ditions were considered as static characteristics. The determina-
tion of these characteristics was based on the pressure distribution
function in the working fluid layer. An option was adopted with two
load-bearing chambers located on the working surface of the hydro-
static bearing. Three options for the circumferential arrangement
of chambers relative to the line of action of the external load were
studied. A quantitative assessment of the effect of increasing the
temperature of the working fluid on the consumption of lubricant and
bearing capacity is given.

It has been established that with an increase in the angle of posi-
tion of chambers relative to the line of action of the external load,
the flow rate of the working fluid in the bearing increases, and its
load-bearing capacity decreases. With a clearance in the bearing
of 0.0225 mm, with an increase in the angle of the chambers from
30° to 40°, the flow of working fluid through the bearing increases
by approximately 1.64 times. When the gap increases to 0.0425 mm
and the angle of the chambers changes from 30° to 40°, the flow
rate of the working fluid increases by approximately 1.2 times.
The load-bearing capacity of the bearing with an increase in the
chamber position angle from 30° to 40° decreases with a gap of
0.0225 mm by approximately 1.6 times, and with a gap of 0.0425 mm
by approximately 1.93 times.

An increase in the temperature of the working fluid leads to a
decrease in the load-bearing capacity of the bearing by 2.5 % and an
increase in the flow rate of the working fluid in the bearing by 4.6 %.

The results allow for more rational design of hydrostatic bear-
ings for fuel gear pumps

Keywords: hydrostatic bearing, gear pump, load-bearing capa-
city, flow balance, temperature regime

u] =,

Received date 18.08.2023
Accepted date 20.10.2023

Published date 30.10.2023 doi: https://doi.org/10.15587/1729-4061.2023.289426

UDC 621.822.5.032:532.517.4

DOI: 10.15587,/1729-4061.2023.289426

IDENTIFYING

THE INFLUENCE

OF DESIGN
PARAMETERS OF

A HYDROSTATIC
BEARING IN AN
AIRCRAFT FUEL
PUMP ON ITS STATIC
CHARACTERISTICS

Vliadimir Nazin

Doctor of Technical Sciences

Department of Theoretical Mechanics,
Mechanical Engineering

and Robotic Mechanical Systems

National Aerospace University

«Kharkiv Aviation Institute»

Chkalova str., 17, Kharkiv, Ukraine, 61070
E-mail: nazin.vlad 11@gmail.com

How to Cite: Nazin, V. (2023). Identifying the influence of design parameters of a hydrostatic bearing in an air-
craft fuel pump on its static characteristics. Eastern-European Journal of Enterprise Technologies, 5 (1 (125)), 28-34.

1. Introduction

One of the important units ensuring reliable operation of an
aircraft engine is the fuel pump. Due to a number of advantages,
gear-type pumps are now widely used in fuel systems. Rolling
bearings are most widely used as shaft supports for gear-type
fuel pumps. However, due to changing operating conditions,
plain bearings are becoming increasingly common. Pratt Whit-
ney developed a geared motor. Sliding bearings are used as bear-
ings for internal gears. In the classification of sliding bearings,
hydrostatic bearings occupy an important place. These bearings
are able to withstand heavy loads and have a very long service
life at high rotation speeds. One of the main advantages of hy-
drostatic bearings is the ability to use the working fluid of the
machine, in this case, kerosene, as a lubricant. Kerosene is under
high pressure in the pump, which also indicates the possibility
of using hydrostatic bearings. The operation of these bearings
involves the use of both hydrostatic and hydrodynamic effects.
They provide guaranteed fluid friction. The main criterion for
the performance of these bearings is the minimum thickness
of the working fluid layer separating the rubbing surfaces.

The practical design of hydrostatic friction bearings re-
quires extensive theoretical and experimental studies of the

characteristics of these bearings. The lack of information on
the design of hydrostatic bearings for gear-type fuel pumps
makes research on this problem relevant.

2. Literature review and problem statement

Paper [1] discusses the characteristics of lead-bismuth
bearings with internal feedback in the main pumping system of
anuclear power plant. Lead-bismuth pumps use high-tempera-
ture liquid lead-bismuth as a lubricant in internal dynamic and
hydrostatic bearings. In the cited work, the lubrication feasi-
bility of a lead-bismuth bearing is investigated through nume-
rical simulation. The pressure distribution, load carrying capa-
city, minimum film thickness, and power loss of a lead bismuth
bearing are evaluated by rotation speed, eccentricity, and
pressure drop. The findings show that the load-bearing capa-
city of the lead-bismuth hybrid bearing is mainly dependent
on static pressure, with some support from dynamic pressure.
Throttling is carried out through a feedback groove. The pecu-
liarity of lead-bismuth grease is that it has low dynamic visco-
sity and high density. However, the work does not pay atten-
tion to thermal processes in the bearing, which, due to the




characteristics of the lubricant used, can have a significant
impact on the characteristics of the bearing. In [2], an elas-
tic-hydrodynamic model of a hybrid sliding bearing for gear
fuel pumps of aircraft engines is considered. The radial load
applied to the gears due to increased pressure in the pump is
fully absorbed by the hybrid plain bearing. Low viscosity avia-
tion fuel is used to lubricate the bearings, making the design
and analysis of sliding bearings particularly challenging.
A numerical model was built to analyze the future design of
hybrid plain bearings for fuel pumps. The main task was to
determine the equilibrium position of the neck during statio-
nary operation at partial and full load. A simple and reliable
methodology has been devised to determine the pressure dis-
tribution in the lubricant for various bearing designs and ope-
rating conditions. However, the cited work does not pay atten-
tion to the turbulent flow of lubricant, which is typical for
low-viscosity fluids and can have a significant impact on the
characteristics of the bearing. Paper [3] discusses a new me-
thod for optimizing hydrostatic porous plain bearings used in
hydraulic turbomachines. The hydraulic turbine machine uses
a hydrostatic plain bearing equipped with a porous car-
bon-based bushing reinforced with carbon fiber. The bearing
exhibits high load-carrying capacity but consumes excessive
lubricant under pressure. The study focuses on maximizing the
load capacity and minimizing the feeding power. The theoret-
ical model is based on the Reynolds lubrication equation and
the Darcy equation. A new numerical method based on the fi-
nite difference method is proposed to calculate bearing charac-
teristics accurately and quickly. However, the cited work does
not pay attention to the joint solution of the Reynolds equa-
tions and the balance of flow through the bearing, and the lu-
bricant consumption for the considered bearing design will be
significant. Study [4] discusses the optimization of the surface
texture of the shoe and swashplate in EHA pumps. Well-de-
signed surface textures have improved the tribological proper-
ties and efficiency of the electrohydrostatic drive pump under
high speed and high-pressure conditions. The study proposes
a multi-objective optimization model to obtain a design with
arbitrary surface textures to improve the mechanical and vo-
lumetric efficiency of an EHA pump. The model consists of
a lubricant film model, a dynamic component model that takes
into account rotational motion. Experimental results showed
a reduction in wear and an improvement in mechanical and
volumetric efficiency by 1.4 % and 0.8 %. However, the work
does not pay attention to the use of methods to significantly
reduce wear on working surfaces through the use of hydrosta-
tic effects in the lubricant layer. Paper [5] considers the prob-
lem of reducing friction losses in hydrodynamic bearings, the
adjustable design of which provides additional opportunities
for improving their dynamic and tribological properties. Vis-
cous friction in bearings with active lubrication is reduced by
adjusting the rotor position. The cited work provides a theo-
retical justification for the mechanism of this effect for cases of
purely laminar lubricant flows in plain bearings. Conditions
that ensure minimization of friction losses in hydrodynamic
and hybrid bearings are determined on the basis of equations
describing viscous friction in a liquid film. Adjusting the posi-
tion of the shaft made it possible to optimize the distribution
of tangential stresses in the liquid film. In addition, it is pro-
posed to reduce the reduction in total friction losses by reduc-
ing lubricant consumption and power losses for its pumping.
However, the work does not pay any attention to the turbulent
flow of the lubricant, and the turbulent flow of the lubricant
has a significant impact on the total power loss. Paper [6] dis-

cusses the development and application of a numerical analysis
method for studying the hydrostatic and hydrodynamic cha-
racteristics of rotor systems with sleeve bearings. The bearing
journal has a non-uniform geometry with pockets and grooves.
The pressure of the fluid supplied to the pockets is a quadratic
function of the shaft speed. An effective solution strategy in-
volving both analytical and numerical methods was applied.
A study was conducted on a bearing assembly commonly used
in sodium-cooled fast reactor coolant pumps. As a result of the
study, some specific dynamic characteristics of such bearings
were identified. Based on such a parametric study, a rotor dy-
namic stability diagram was constructed for practical applica-
tion. However, the work does not pay attention to the consid-
eration of the equation of motion of the rotor inside the
bearing, taking into account the unbalance of the rotor. This
would make it possible to determine the dynamic characteris-
tics of the bearing more accurately. Study [7] examines the
influence of the morphology of a worn surface on the adaptive
friction characteristics of a sliding pair in a hydraulic pump.
The hydraulic pump hydrostatic bearing shoe pair has better
friction reduction and anti-wear ability than ordinary sliding
friction pair. Based on fractal theory, a model has been built to
mathematically characterize the morphology of the shoe
surface. Using the numerical analysis method, the influence of
various fractal parameters on the friction coefficient and other
operating parameters of the shoe was obtained. However, the
work does not pay attention to the use of hydrostatic pressure
to significantly reduce wear and total friction losses in the
bearing. Paper [8] discusses the developed counter-rotat-
ing (CR) axial pump-turbine (RPT) unit. The paper proposes
a power take-off (BOM) design in which the electrical ma-
chines and bearings are integrated into the CRRPT rim. In
addition, active hydrostatic bearings are offered due to their
longer service life compared to roller bearings and better start-
ing and stopping behavior compared to hydrodynamic bear-
ings. However, the work does not pay attention to the use of
more efficient segmented designs of hydrostatic bearings,
which provide a wider range of stable operation compared to
conventional sleeve hydrostatic bearings. In [9], non-contact
seals are considered as hydrostatic-dynamic bearings capable
of effectively damping rotor vibrations. Models of the rotor
and seal support systems of a shaftless pump were studied to
assess the influence of these systems on the oscillatory charac-
teristics of the rotor. Analytical dependences were derived to
calculate the dynamic characteristics and stability limits of the
rotor. However, the work does not pay attention to taking into
account additional significant factors, such as rotor imbalance,
which significantly affect the dynamics of the rotor and its
stability of movement. Work [10] examines the influence of the
design and operational parameters of the hydrostatic bearing
of a gear-type fuel pump on its main characteristics. Determi-
nation of bearing characteristics was based on the pressure
distribution function in the lubricant layer. It was determined
from the joint solution of the Reynolds equations and the cost
balance. The load-bearing capacity was determined by nume-
rical integration of the pressure distribution function in the
lubricating layer. Lubricant consumption was determined by
calculated pressures in the chambers. Calculations showed
that the fuel extraction for the operation of the hydrostatic
support amounted to 1 % of the fuel pumped by the pump.
However, the work does not pay attention to the analysis of the
influence of the position angles of the load-bearing chambers
and the increase in the temperature of the working fluid on the
main characteristics of the bearing. Study [11] considers the



operating conditions of an aircraft engine gear pump. It is em-
phasized that it operates in a wide temperature range, at high
speeds, under heavy loads on shafts and supports, and other
harsh conditions. This leads to a difficult lubrication condition
for its plain bearing. In the paper, a typical static and dynamic
sleeve bearing design was used for a gear pump. It has been
established that the lubricant temperature and shaft rotation
speed have a significant effect on the load-bearing capacity of
the bearing. However, the work does not pay attention to the
influence of lubricant flow turbulence on the bearing capacity.
In [12], the characteristics of a hydrostatic bearing with an
annular throttle damper in a spherical pump are considered.
The article solves the basic Reynolds equation in spherical
coordinates and studies the characteristics of a hydrostatic
bearing. Load capacity, pressure drop coefficient, and lubricant
film hardness variations are discussed in detail. The findings
make it possible to design highly efficient spherical pumps.
However, the work does not pay attention to the consider-
ation of more efficient designs of the working surfaces of the
hydrostatic bearing, taking into account the specifics of the
pump’s operation. Paper [13] considers the problem of in-
creasing the productivity and energy efficiency of a machine
tool using hydrostatic linear guides with a small liquid film
thickness. For the new modern operating conditions of ma-
chine tools, it is proposed to switch from conventional roller
bearings to hydrostatic guides. The use of hydrostatics made
it possible to increase the rigidity and damping of the sup-
ports. The problem of losses in the pump, which consist of
pressure and fluid flow, is considered. However, the work does
not pay attention to the analysis of various designs when
moving from roller bearings to hydrostatic bearings. In [14],
the hydrodynamic reliability of lubrication of sliding bearings
of gear aircraft pumps operating at high speeds is considered.
An elastohydrodynamic lubrication model was established to
take into account the elastic deformation of the bearing bushing
by combining the Reynolds lubrication equations with an influ-
ence matrix. The peak pressure of hydrodynamic lubrication
was taken as a reliability criterion. The peak pressure of bearings
with an elastic bearing sleeve was found to be lower than that of
rigid bearings. However, the work does not pay attention to
a very important reliability criterion — the minimum clearance
in the bearing. Study [15] discusses online monitoring of the
thickness of the oil film of a plain bearing in an aircraft gear fuel
pump. It is noted that bearings in aircraft fuel pumps operate
under extreme conditions of high temperature and high pres-
sure. Lubricant film breakdown is the main cause of lubrication
failure and abnormal wear. However, the work does not pay at-
tention to the analysis of hydrostatic effects in the lubricant
layer, which exclude rupture of the lubricant film.

In the literature [1-15], there is no information on the
study of the influence of the circumferential arrangement of
load-bearing chambers on the working surface of a bearing
on its load-bearing capacity and flow of working fluid. The
influence of changes in the temperature of the working fluid
at different positions of the load-bearing chambers in the
bearing on its load-bearing capacity and fluid flow has also
not been considered.

3. The aim and objectives of the study

The purpose of this work is to identify the influence of the
design and operational parameters of the hydrostatic bearing
of a fuel gear pump on its static characteristics. This makes it

possible to establish acceptable limits for the design parame-
ters of the bearing to ensure its performance.

To achieve the goal, the following tasks were set:

— to identify the influence of the angles of the circum-
ferential arrangement of the load-bearing chambers on the
working surface of the hydrostatic bearing on the flow rate of
the working fluid and its load-bearing capacity;

— to establish the magnitude of the increase in the tem-
perature of the working fluid in a hydrostatic bearing and
identify its effect on the flow of working fluid and the bear-
ing capacity.

4. The study materials and methods

The object of the study is hydrostatic processes in the
sliding bearings of gear-type fuel pumps. For a hydrostatic
bearing with two load-bearing chambers, it is proposed to
study the effect of different circumferential arrangements
of the chambers on the flow rate of the working fluid and
the load-bearing capacity of the bearing. The increase in the
temperature of the working fluid in a hydrostatic bearing was
determined and its effect on the flow rate of the working fluid
and the bearing capacity was studied.

When constructing mathematical dependences, the as-
sumption was adopted that the pressure gradient across
the thickness of the lubricant is small in comparison with
pressure gradients in other directions. The inertial terms
in the Navier-Stokes equations were assumed to be small in
comparison with the viscous ones. The external load on the
bearing was assumed to be constant. When deriving theore-
tical dependences for calculating the characteristics of a hy-
drostatic bearing, methods of fluid mechanics were used. The
bearing characteristics were determined based on the pres-
sure distribution function in the lubricant layer. An iterative
method was used to determine the pressures in the chambers.
The calculation continued until the specified accuracy was
achieved. The pressures on the interchamber bridges were
determined numerically using the finite difference method.

The numerical implementation of the constructed ma-
thematical dependences was carried out in the Excel soft-
ware (developed by Microsoft, USA). Drawings of the results
were prepared in the graphic editor «Compass» (russia).

The diagram of the hydrostatic bearing of a gear-type fuel
pump under consideration is shown in Fig. 1, 2.

Fig. 1. Diagram of a hydrostatic bearing
with two carrier chambers
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Fig. 2. Sweep of the working surface of a hydrostatic bearing

In the above diagram of hydrostatic bearing 1, there are
two supporting chambers on the working surface, the pressure
in which is indicated by Pj. Shaft 2 rotates inside the bearing
with angular velocity o. The working fluid is supplied to the
supporting chambers under high pressure P;. At the entrance
to the chambers, inlet pressure compensators with a small
diameter dk are installed. The working fluid located inside
the pump, in this case kerosene, is used as the working fluid.
Having passed through the slot path of the bearing, the work-
ing fluid enters the drain through the ends of the bearing.

Angle @y shows the circumferential position of the sup-
porting chambers on the working surface of the hydrostatic
bearing. The magnitude of this angle affects the flow of work-
ing fluid through the bearing and its load-bearing capacity.
Determination of the load-bearing capacity and flow rate of
the working fluid is related to the pressure distribution func-
tion inside the working fluid. The pressure distribution func-
tion in the working fluid layer was determined from the joint
solution of the Reynolds equations and the flow balance.

The mathematical dependences necessary to calculate
the load-bearing capacity and flow rate of the working fluid
of the hydrostatic bearing of the fuel pump are given in [10].

Thermal calculation of a hydrostatic bearing makes it pos-
sible to quantify the increase in the temperature of the work-
ing fluid and evaluate its effect on the change in the bearing
capacity and the flow of working fluid through its slot path.

The determination of the increase in the temperature of
the working fluid was calculated using the following rela-
tionship [16]:
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where Q is the flow rate of the working fluid; p — density of
the working fluid; C — heat capacity of the working fluid,;
N¢ — total power loss due to friction and lubricant pumping.

The flow rate of the working fluid was determined by
formula (7).

Power loss for pumping N,,, was determined by the flow
rate of the working fluid Q and the supply pressure of the
working fluid to the supporting chambers P;:

N, =QP, @)

Frictional power losses were estimated as follows:
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where p is the dynamic viscosity of the lubricant; ® — angular

speed of shaft rotation; R, — bearing radius; L, — bearing length;

do=R,—R; — radial clearance in the bearing; R, — shaft radius.
Total power losses due to friction and pumping:

N,=N,+N,,. (4)

The above formulas make it possible to estimate the ther-
mal mode of operation of the fuel pump bearing,

5. Identification of the influence of bearing parameters
on its load-bearing capacity, lubricant consumption,
and heating

5. 1. Identification of the influence of the circumferen-
tial arrangement of load-bearing chambers on the charac-
teristics of a hydrostatic bearing

The study of the bearing capacity and flow rate of the
working fluid of a hydrostatic bearing was carried out based
on solving the flow balance and Reynolds equations. The
pressure distribution function in the working fluid layer was
determined by numerical solution of these equations. The
numerical implementation of the flow balance equation makes
it possible to determine the pressures in the load-bearing
chambers in an iterative manner. Given the initial values of
pressure in the chambers, the following values of pressure in
the chambers were determined, which were used as initial
values for the next iterations. The initial pressure values in
the chambers were assigned based on experience in the design
of hydrostatic bearings. They must be less than the supply
pressure due to hydraulic losses in the channels in front of
the chamber. When setting the initial pressure values in the
load-bearing chambers, it is necessary to set larger values in
the lower, more loaded chambers, and smaller values in the
upper ones. Depending on the position of the shaft in the
bearing, this difference can be significant, especially if the cal-
culation is performed at large eccentricities. The more accu-
rately the initial pressure values in the chambers were set, the
fewer number of iterations the required result was obtained.

When determining pressures on the interchamber bridges,
the boundary pressures were the pressures in the chambers and
the pressure drop across the drain at the ends of the bearing.
The pressures on the interchamber bridges were determined
from the solution of the Reynolds equation. This equation was
solved numerically using the finite difference method. When
writing the Reynolds equation in finite-difference form, the
surface between the chambers was covered with a regular grid.
Partial derivatives in the Reynolds equation were written as
finite differences using a five-point template. By specifying
the initial values at the grid nodes and using the method of
longitudinal-transverse sweep along the rows and along the
columns, the pressures at the grid nodes were determined at
the next step. The initial values at the grid nodes were set to
be identical and equal to half the average pressure value in
neighboring chambers. The obtained pressure values at the
grid nodes at the first iteration were used as initial ones for
the next iteration. The iteration process continued until the
specified accuracy was obtained at all grid nodes.



After determining pressures in the chambers and on the
interchamber bridges, the bearing capacity was calculated.
It was defined as the sum of the load-bearing capacities of
the chambers, inter-chamber, and end bridges of the bear-
ing in projections on the vertical and horizontal axes. The
pressure on the surface of the chambers was assumed to be
constant. When determining the load-bearing capacities
of inter-chamber jumpers, the Simpson method was used.
The flow rate of working fluid through the bearing was
determined by a formula based on the calculated pressures
in the chambers.

Calculation of the load-bearing capacity and flow rate of
working fluid for hydrostatic bearings with two load-bearing
chambers was carried out at the following values of design
and operational parameters:

1. Bearing diameter D,=14.5 mm.

2. Shaft rotation frequency ®=855s".

3. Bearing supply pressure P{=8 MPa.

4. Bearing length L,=13 mm.

5. Working fluid kerosene TC—1 at a temperature of 100 °C.

6. Chamber length /,=9 mm.

7. Chamber width b,=4 mm.

The results of calculating the flow rate of the working
fluid and the load-bearing capacity of the hydrostatic bearing
of the fuel pump at various angular positions of the support-
ing chambers and various clearances are shown in Fig. 3, 4.

From Fig. 3, 4 it is clear that with an increase in the angle
of the chambers relative to the line of action of the external
load, the flow rate of the working fluid in the bearing increa-
ses, and its load-bearing capacity decreases. With a clearance
in the bearing of 0.0225 mm, with an increase in the angle
of the chambers from 30° to 40°, the flow of working fluid
through the bearing increases by approximately 1.64 times.
When the gap increases to 0.0425 mm and the angle of
the chambers changes from 30° to 40°, the flow rate of the
working fluid increases by approximately 1.2 times. The
bearing capacity with an increase in the chamber position
angle from 30° to 40° decreases with a gap of 0.0225 mm by
approximately 1.16 times, and with a gap of 0.0425 mm by
approximately 1.93 times.

The above analysis reveals that the angle of the chambers
relative to the line of action of the external load significantly
affects the static characteristics of the bearing.
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Fig. 3. Dependence of fuel consumption through the bearing
on the angle of position of the chambers on the working
surface: 1 — clearance in the bearing 8;=0.0225 mm;

2 — clearance in the bearing 8;=0.0325 mm;

3 — bearing clearance 8;=0.0425 mm
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Fig. 4. Dependence of the load-bearing capacity of the fuel
pump bearing on the angle of the chambers on the working
surface: 1 — clearance in the bearing §;=0.0225 mm;

2 — clearance in the bearing 8p=0.0325 mm;

3 — bearing clearance 8p=0.0425 mm

5. 2. Identification of the influence of increasing the
temperature of the working fluid on the characteristics of
a hydrostatic bearing

The results of temperature change in the bearing are
shown in Fig. 5.
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Fig. 5. Dependence of change in the temperature of
the working fluid in the bearing on the angle of position
of the chambers on the working surface:
1 — clearance in the bearing 8;=0.0225 mm; 2 — clearance

in the bearing 8;=0.0325 mm; 3 — bearing clearance
8p=0.0425 mm

Fig. 5 shows that the temperature of the working fluid
when passing through the slot path of the bearing changes
slightly. With increasing angles of the chambers on the bear-
ing surface, the temperature of the working fluid tends to
decrease. An increase in the clearance in the bearing leads to
a decrease in the increase in the temperature of the working
fluid as it passes through the slot path of the bearing. The
calculation results showed that changing the temperature of
the working fluid in a hydrostatic bearing has a minor effect
on its static characteristics. An increase in the temperature of
the working fluid in the studied range of parameters leads to
a decrease in the bearing capacity by 2.5 % and an increase in
the flow rate of the working fluid by 4.6 %.



The above analysis allows for a more rational design of
hydrostatic bearings and shows that they can be recom-
mended as supports for fuel pump shafts.

6. Discussion of results of investigating
the static characteristics of a hydrostatic bearing
with two carrier chambers

A feature of the proposed method is associated with as-
sessing the possibility of using hydrostatic bearings operating
on fuel pumped by the pump as shaft supports for gear-type
pumps. An unconventional arrangement of load-bearing
chambers on the working surface of a hydrostatic bearing is
proposed. The above analysis of the influence of design pa-
rameters on the static characteristics of a hydrostatic bearing
was not considered in [1-16]. The results allow for a more ra-
tional design of hydrostatic bearings and show the possibility
of their use in aircraft fuel pumps. The results of calculating
the load-bearing capacity, flow rate of working fluid, and
thermal operating conditions are shown in Fig. 3-5.

From Fig. 3 it can be seen that for all considered gaps in
the bearing, with an increase in the angle of the chambers
on the working surface, the flow rate of the working fluid
increases. With a clearance in the bearing of 0.0225 mm, with
an increase in the angle of the chambers from 30 °C to 40 °C,
the flow of working fluid through the bearing increases by ap-
proximately 1.64 times. When the gap increases to 0.0425 mm
and the position angle changes from 30 °C to 40 °C, the flow
rate of the working fluid increases by approximately 1.2 times.
This is due to the fact that as the angle of position of the
chambers increases, they enter the area of large gaps in the
bearing and the resistance to lubricant leakage decreases.

From Fig. 4 it can be seen that the load-bearing capacity
of the bearing with increasing angle of the chambers decrea-
ses with a gap of 0.0225 mm by approximately 1.16 times, and
with a gap of 0.0425 mm by approximately 1.93 times. This
is due to the fact that as the angle of the chambers increases,
the gap in the chamber area increases, and the pressure in the
lubricant layer decreases.

Fig. 5 demonstrates that with an increase in the angle of
the chambers, the temperature of the working fluid decreases
slightly. This is due to the fact that the consumption of work-
ing fluid increases and it heats up less. When the working
fluid is heated, its viscosity decreases and therefore a decrease
in load-bearing capacity of approximately 2.5 % was found.

The proposed solutions and the reported results make it
possible to design hydrostatic bearings more rationally and
recommend them for use in fuel pumps.

The advantage of this study is an integrated approach
associated with solving a complex hydrodynamic problem.
The proposed method allows for practical calculations of
hydrostatic bearings for gear-type fuel pumps.

A limitation inherent in this study is the need for thor-
ough cleaning of the working fluid to avoid clogging of the
nozzles installed at the inlet to the chambers.

The disadvantage of this study is the lack of experimental
data confirming the results of theoretical studies.

The development of this research may consist in conduct-
ing dynamic studies of the operation of the bearing as part of
a gear-type fuel pump.

7. Conclusions

1. It has been established that when the chamber position
angle increases from 30° to 40°, the flow rate of the working
fluid increases from 1.64 times with a gap of 0.0225 mm and
by 1.2 times with a gap in the bearing of 0.0425 mm. The
bearing capacity with an increase in the chamber position
angle from 30° to 40° decreases by 1.6 times with a gap
in the bearing of 0.0225 mm, and by 1.93 times with a gap
of 0.0425 mm.

2. It has been established that the increase in the tem-
perature of the working fluid, depending on the angle of
the chambers and the clearance in the bearing, ranges from
4.568 °C to 4.605 °C. An increase in the temperature of the
working fluid in the studied range of parameters leads to
a decrease in the bearing capacity by 2.5 % and an increase
in the flow rate of the working fluid by 4.6 %.

Conflicts of interest

The author declares that he has no conflicts of interest
in relation to the current study, including financial, personal,
authorship, or any other, that could affect the study and the
results reported in this paper.

Funding

The study was conducted without financial support.

Data availability

All data are available in the main text of the manuscript.

References

1. Huang, B, Yun, Y, Pu, K., Zhao, B., Wu, K. (2023). Lubrication performance analysis of Lead-Bismuth Internal-Feedback bearings
in the nuclear main pump system. Annals of Nuclear Energy, 192, 109936. doi: https://doi.org/10.1016/j.anucene.2023.109936

2. Tacconi, J., Shahpar, S., King, A., Olufeagba, J. P, Khan, R., Sant, I, Yates, M. (2021). Elasto-Hydrodynamic Model of Hybrid Jour-
nal Bearings for Aero-Engine Gear Fuel Pump Applications. Journal of Tribology, 144 (3). doi: https://doi.org/10.1115/1.4052479

3. Gu, Y, Wang, D., Cheng, L., Schimpf, A., Béhle, M. (2023). A Novel Method to Achieve Fast Multi-Objective Optimization of Hy-
drostatic Porous Journal Bearings Used in Hydraulic Turbomachine. Journal of Fluids Engineering, 145 (5). doi: https://doi.org/

10.1115/1.4057003

4. Zhang, J., Shen, Y., Gan, M., Su, Q., Lyu, F, Xu, B., Chen, Y. (2022). Multi-objective optimization of surface texture for the
slipper/swash plate interface in EHA pumps. Frontiers of Mechanical Engineering, 17 (4). doi: https://doi.org/10.1007/

$11465-022-0704-4



5. Shutin, D., Kazakov, Y. (2023). Theoretical and Numerical Investigation of Reduction of Viscous Friction in Circular and Non-Cir-
cular Journal Bearings Using Active Lubrication. Lubricants, 11 (5), 218. doi: https://doi.org/10.3390/lubricants11050218
6. Chellapandi, P, Rao, C. L. (2022). Development and application of a numerical analysis method for investigating hydro static
and hydrodynamic responses of pocket bearing rotor systems. Journal of Fluids and Structures, 109, 103484. doi: https://doi.org/
10.1016/j.jfluidstructs.2021.103484
7. Liy, S, Yu, C, Ai, C., Zhang, W, Li, Z., Zhang, Y., Jiang, W. (2023). Impact Analysis of Worn Surface Morphology on Adaptive Fric-
tion Characteristics of the Slipper Pair in Hydraulic Pump. Micromachines, 14 (3), 682. doi: https://doi.org/10.3390,/mi14030682
8. Truijen, D. P. K., De Kooning, J. D. M., Fauconnier, D., Vansompel, H., Sergeant, P., Stockman, K. (2022). Axial Flux PMSM Power
Take-Off for a Rim-Driven Contra-Rotating Pump-Turbine. 2022 TEEE PES 14th Asia-Pacific Power and Energy Engineering
Conference (APPEEC). doi: https://doi.org/10.1109/appeec53445.2022.10072056
9. Yu, Z,, Shevchenko, S., Radchenko, M., Shevchenko, O., Radchenko, A. (2022). Methodology of Designing Sealing Systems for
Highly Loaded Rotary Machines. Sustainability, 14 (23), 15828. doi: https://doi.org/10.3390/su142315828
10. Nazin, V. (2023). Revealing the influence of structural and operational parameters of a hydrostatic bearing in a gear-type fuel
pump on its main characteristics. Eastern-European Journal of Enterprise Technologies, 2 (1 (122)), 92-98. doi: https://doi.org/
10.15587/1729-4061.2023.277755
11. Wang, K, Fu, J., Wei, S., Wei, P, Li, T, Jiang, Y. (2022). Lubrication Performance Analysis of Fuel Gear Pump Sliding Bearing
under High Speed and Wide Temperature Range. 2022 13th International Conference on Mechanical and Aerospace Engineering
(ICMAE). doi: https://doi.org/10.1109/icmae56000.2022.9852503
12.  Guan, D., Zhou, Z., Zhang, C. (2021). Hydrostatic Bearing Characteristics Investigation of a Spherical Piston Pair with an Annular
Orifice Damper in Spherical Pump. Coatings, 11 (8), 1007. doi: https://doi.org/10.3390/coatings11081007
13.  Fritz, M., Groeb, M. (2021). Increasing performance and energy efficency of a machine tool through hydrostatic linear guideways
with single digit micrometre fluid film thickness. MM Science Journal, 2021 (5), 5241-5246. doi: https://doi.org/10.17973/
mmsj.2021 11 2021175
14.  Gao, N, Li, H,, Hong, L., Cao, R., Fu, J. (2022). Reliability analysis of journal bearings inside aero-gear pump based on AK-IS method.
Journal of Beijing University of Aeronautics and Astronautics, 48 (6), 1057—1064.
15. Wei, S., Wang, J., Cui, J., Song, S., Li, H., Fu, J. (2022). Online monitoring of oil film thickness of journal bearing in aviation fuel
gear pump. Measurement, 204, 112050. doi: https://doi.org/10.1016 /j.measurement.2022.112050
16.  Bogdanov, O. N., D’yachenko, S. K. (1966). Raschet opor skol’zheniya. Kyiv: Tekhnika, 242.



