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

The problem solved was the influence of the structural and ope
rational parameters of hydrostatic bearings of the fuel pump on 
their static characteristics. The carrying capacity and consump-
tion of the lubricant were considered as static characteristics. The 
characterization was based on the function of distributing the pres-
sure in the lubricant layer. It was determined from the joint solution 
of the Reynolds equations and the balance of costs. The carrying 
capacity of the bearing was determined by the numerical integra-
tion of the pressure distribution function in the lubricant layer. The 
lubricant consumption was determined by the calculated pressures 
in the chambers. Variants of the working surface of the bearing with 
two and three carrying chambers were considered. Due to the fact 
that the load in the pump acts in one direction during operation, 
the scheme of the working surface of the bearing with two carry-
ing chambers was adopted. The fluid consumption of such a bear-
ing was less compared to a bearing with three carrying chambers. 
One of the parameters that significantly affect the carrying capa
city of the bearing is the diameter of the nozzle installed at the inlet 
to the chambers.

It has been established that the dependence of the carrying 
capacity of a hydrostatic bearing on the diameter of the nozzle is 
nonlinear. With an increase in the diameter of the nozzle from 1 mm 
to 2.3 mm, the carrying capacity of the bearing increased by about 
2.83 times. The extraction of fuel for the operation of the hydrosta
tic bearing was 1 % of the fuel pumped by the pump.

The results make it possible to recommend hydrostatic bear-
ings as shaft supports for gear-type fuel pumps and can be used  
for practical calculations
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1. Introduction 

The reliability of any machine is largely determined by the 
operability of the rotor supports of power plant units. One of 
the important units in the system of operation of an aircraft 
engine is a heat pump. Rolling bearings are most widely used 
as shaft supports for gear-type fuel pumps. However, the use 
of rolling bearings has some drawbacks. Due to the heavy 
loads acting on the rolling bearings, they have large radial 
dimensions, often exceeding the dimensions of gears. In addi-
tion, an additional lubrication system is required to lubricate 
the rolling bearings since it is not possible to use the working 
fluids of the machines as a lubricant.

One of the main advantages of hydrostatic bearings is the 
possibility of using kerosene as a lubricant of the working 
fluid of the machine. The kerosene in the pump is under high 
pressure, which also indicates the possibility of using hydro-
static bearings. Hydrostatic bearings refer to plain bearings 
that 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 thickness of the lubricating film should exceed the total 
height of micro-irregularities and deviations from the shape 
of the circles of the working surfaces of the shaft and bearing. 

Thus, for one full revolution of the shaft, there is no contact 
of micro-irregularities of rubbing surfaces. Therefore, these 
bearings are practically wear-free if you do not take into 
account the initial moments of starting and the end of the 
shaft rotation stop.

The use of hydrostatic bearings also expands the range 
of materials used for their manufacture. The diametrical di-
mensions of hydrostatic bearings are also smaller than those 
of rolling bearings.

A number of advantages of hydrostatic bearings indicate 
the need for their use in gear-type aviation fuel pumps. The 
lack of information on the design of these bearings for fuel 
pumps makes research on this problem relevant.

2. Literature review and problem statement

Paper [1] considers a hybrid plain bearing, the radial load 
applied to the gears due to an increase in pressure in the pump 
is fully perceived by hybrid plain bearings. Low viscosity avi-
ation fuel is used to lubricate them, which makes the design 
and analysis of plain bearings particularly challenging. A nu-
merical model has been developed for the analysis of hybrid 
plain bearings for fuel pumps. As a result, a simple and reliable  
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methodology for the characteristics of the pressure distribu-
tion in the lubricant was obtained. However, the cited study 
does not pay attention to assessing the impact of bearing 
operation on pump flow characteristics. Paper [2] reports  
a simulation and experimental verification of the movement of 
a floating bearing sleeve in a gear pump with external gearing. 
The model of connection graphs adopted in theory has been 
tested experimentally. However, the cited study does not pay 
attention to the use of hydrostatic effects that occur in the 
lubricant layer due to the use of load-carrying chambers on 
the bearing surface. Work [3] discusses the design strategy 
and the procedure for calculating a gear-type pump, which 
includes several stages. One of these steps is the design of 
bearings for the pump shafts. The design of the support bear-
ings, in particular the radial clearance, is aimed at achieving 
a satisfactory minimum oil film value under given boundary 
conditions. At this stage of the actual calculation, an iterative 
bearing design procedure was implemented. However, the 
cited study did not pay attention to the use of high-pressure 
pump fluid for bearing operation. In [4], the reverse design 
with liquid lubrication of gear pump bearings is considered. 
Using the minimum thickness of the oil film and the deflection 
of the neck as the objective function, the model is built using 
reverse design thinking. If the carrying capacity coefficient 
is neglected, the probability of bearing tipping becomes less. 
However, the cited study does not consider the possibility of 
using carrying chambers in optimizing the bearing design. Pa-
per [5] considers the solution of the system problem of a gear 
pump with plain bearings based on a new simulation model. 
The developed model consists of a system of modules: a hy-
drodynamic model of the pump, a model of bearing lubrica-
tion, a model for evaluating the movement of the shaft and 
a geometric model. The bearing transition lubrication model 
includes the effect of misalignment and surface roughness. 
Work [6] considers the mobility method proposed by Booker 
to predict the movement of the shaft inside the bearing. The 
cited article presents a hybrid method with the addition of  
a hydrostatic lubrication effect to the original mobility method. 
However, in the cited study, the problem of dynamics is con-
sidered in a simplified linear statement and does not take into 
account the whole complex of forces affecting the trajectory 
of the shaft inside the plain bearing. In [7], the experimental 
conditions of operation of plain bearings of aviation fuel 
pumps are considered: high temperature, high pressure, and 
media with low viscosity. A study of ultrasonic measurement 
of the dynamic thickness of the oil film of the fuel pump is 
reported. However, the cited study does not consider changes 
in bearing dimensions due to high temperature and that affect 
the thickness of the oil film. The viscosity of the lubricant also 
changes under the influence of high temperature. Paper [8] 
presents an approach to the calculation of a one-dimensional 
hybrid pressure distribution. The Reynolds equation with the 
corresponding boundary condition is solved to derive a two- 
dimensional distribution of hydrodynamic pressure using the 
finite difference method. Based on hydrostatic and hydrody-
namic pressure, a one-dimensional total pressure profile can be 
obtained. However, the cited study does not consider a two- 
dimensional model of the oil film, and this can lead to signi
ficant errors in determining the characteristics of the bearing. 
Paper [9] proposes a strategy for optimizing the design of 
bearings, based on CFD modeling and data on lubricant cha
racteristics. Based on the simulation data, the bearing design 
is optimized using a genetic algorithm. The results showed 
that the load capacity error was less than 1 %, with an average 

rise in fuel temperature of 40 °C. However, the cited study did 
not pay attention to dynamic phenomena that can significant-
ly affect bearing optimization. In [10], the dynamic character-
istics of dry screw pumps are simulated, taking into account 
the forces created by gas, gears, bearings, and rotor gravity, 
and the load on the bearing is also considered in detail. The 
throttle force, gear load, bearing load, and bearing power loss 
at different initial pressures were comprehensively discussed. 
However, the cited study does not pay attention to the effect 
of gear shaft speed on power loss in bearings, which can be 
significant. Paper [3] reports a methodology for designing 
multistage pumps with external gearing and a shaft supported 
by hydrodynamic plain bearings. The results underline the 
accuracy of the methodology for estimating the required feed 
rate. In addition to accuracy, this procedure is flexible and 
reliable. However, the cited study did not consider the use of  
a high-pressure pump fluid for the operation of a plain bearing. 
In [11], the use of active magnetic bearings in various devices 
is considered. The finite element method allows for numerical 
analysis of systems of this type. In the cited article, a two-di-
mensional software simulation of the AMP axial system was 
performed. However, the cited study does not consider the 
possibility of investigating the working fluid of the pump for 
the operation of bearings. In [12], the parts of the engine and 
transmission operating under high loads and conditions of 
dry and boundary lubrication are considered. It is shown that 
the coating of tungsten carbide carbide, obtained by chemical 
deposition from the gas phase, prevents abrasion and protects 
important parts from wear and corrosion. A coating with  
a thickness of 50 μm makes it possible to get a hardness close 
to 72 HRC. However, the cited study does not consider the 
possibility of completely eliminating wear through the use of 
hydrostatic bearings.

The closest to the problem considered in the current ar-
ticle is work [13]. Paper [13] discusses the theory and results 
of the calculation of a hydrostatic bearing, in which both 
hydrodynamic and hydrostatic effects are used. The flow of 
the working fluid is generalized to the case of turbulent flow 
of the lubricant.

In works [1–13], the specific design of the working sur-
face of the bearing, which is most suitable for bearings of gear 
fuel pump pumps, is not considered. A comparative analysis 
of various design options for the working surface of the bear-
ing in relation to gear-type fuel pumps is also not considered. 
There is no information on the carrying capacity and flow 
rate of the working fluid (fuel) for the adopted specific design 
of hydrostatic bearings.

3. The aim and objectives of the study 

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

To accomplish the aim, the following tasks have been set:
– to identify the effect of the number of carrying cham-

bers on the working surface of a hydrostatic bearing on its 
carrying capacity and working fluid consumption;

– to establish the diameter of the nozzle that provides the 
predefined carrying capacity of the bearing and to identify 
the effect of fuel extraction for the operation of the hydro-
static bearing on the flow characteristics of the pump.
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4. The study materials and methods

The object of the study is hydrostatic processes in the slid-
ing supports of gear-type fuel pumps. It is planned to construct 
mathematical models of hydrostatic bearings with two and 
three carrying chambers on the working surfaces of the bearing. 
Conducting a comparative analysis of the carrying capacity 
and flow rate of the working fluid. It has been assumed that 
the pressure gradient over the thickness of the working fluid is 
small in comparison with the pressure gradients in other direc-
tions and the inertial terms of the Navier-Stokes equations are 
small in comparison with the viscous ones. The external load 
on the bearing was assumed to be constant.

When establishing theoretical dependences, fluid me-
chanics methods were used to calculate the characteristics 
of a hydrostatic bearing. The characteristics of the bearing 
were determined on the basis of the function of pressure dis-
tribution in the working fluid layer. The Reynolds equations 
and the cost balance equations were generalized to the case 
of turbulent flow of the working fluid. When determining 
the pressures in the chambers, an iterative method was used. 
The calculation continued until the specified accuracy was 
obtained. The pressures on the interchamber bridges were 
determined using the Reynolds equation, which was solved 
numerically by the finite difference method.

The numerical implementation of the derived mathemati-
cal dependences was carried out in the Excel software (develo
ped by Microsoft, USA). Drawings of the results obtained 
were carried out in the graphic editor «Compass».

The layout of the supports of the fuel gear pump is shown 
in Fig. 1.

 
Fig. 1. The layout of the supports of the fuel gear pump: 	

1 – shaft; 2 – hydrostatic bearing; 3 – housing

When designing the structure of a hydrostatic bearing, 
two structural schemes were considered, taking into account 
the features of the gear pump. The traditional design of the 
sleeve hydrostatic bearing has been changed because in the 
gear pump the bearing load acts constantly in one direction. 
Fig. 2 shows diagrams of hydrostatic bearings with two car-
rying chambers (a) and with three carrying chambers (b).

In the above diagrams of hydrostatic bearings, carrying 
chambers are made on the working surfaces, the pressure in 
which is indicated as Pk. The working fluid is supplied to the 
carrying chambers under high pressure P1. At the inlet to the 
chambers, inlet pressure compensators with a small diame-
ter dk are installed.

The main static characteristics of a hydrostatic bearing are 
the load-carrying capacity and flow rate of the working fluid. 
The determination of these characteristics is based on the 
function of pressure distribution in the working fluid layer, 
which was determined from the joint solution of the Rey
nolds equations and the flow balance of the working fluid.  

The pressures in the chambers were determined from the 
solution of the equation of the balance of flow rates of the 
working fluid. The balance of flow rates of the working fluid is 
recorded subject to the condition of equality of costs through 
the inlet compensating devices (nozzles) and flows along the 
contour of the i-th chamber (Fig. 3). 

 

a

b

Fig. 2. Diagrams of hydrostatic bearings: 	
1 – shaft; 2 – hydrostatic bearing

 
Fig. 3. Sweep of the working surface of a hydrostatic bearing 

with two chambers

Let’s write down the balance of consumption of the work-
ing fluid for the i-th chamber:

Q Q Q Q Qin = + + +1 2 3 4,	 (1)

where Qin is the flow rate of the working fluid through the 
inlet compression device; Q1, Q2, Q3, Q4 are flow rates in the 
axial and tangential directions.



Engineering technological systems: Reference for Chief Designer at an industrial enterprise

95

The flow rate through the inlet compression device (noz-
zle) is written using a known hydraulics formula [14] in the 
following form: 

Q r P Pin in ki= ⋅ ⋅ ⋅ −( )ψ π
ρ1

2
1

2
,	 (2)

where ψin is the inlet coefficient equal to 0.62–0.82 [15];  
r1 is the radius of the  nozzle; ρ is the density of the working 
fluid; P1 is the supply pressure at the inlet to the nozzle;  
Pki is the pressure in the i-th carrier chamber.

The flow rates along the contour of the i-th chamber, 
taking into account the portable and gradient flow of the 
working fluid [16], are as follows:
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where h1i is the gap along the left edge of the chamber (Fig. 3); 
h2i is the gap along the right edge of the chamber; h12i – gap 
in the middle of the chamber; μ – dynamic viscosity of the 
working fluid; ω is the angular velocity of rotation of the 
shaft; R is the radius of the working surface of the shaft;  
lk is the length of the chambers; lp is the length of the end 
jumper of the chambers; lmk is the length of the interchamber 
jumper; bk is the width of the chambers; P10 is the pressure of 
the working fluid at the drain from the bearing.

From the equation of the flow balance of the working  
fluid (1), let us write the expression for determining pres-
sures in the chambers:

P a P P

a P a P a

k i n i k i n

i k i n i k i n

, ,

, ,

( ) = ⋅ − ( ) +

+ ⋅( ) + ⋅( ) +
+

− +

1 9 1

11 1 12 1 100i ,	 (4)

where 

a
R h li k

1
1

2
=

⋅ ⋅ ⋅ω
; a

h l
l

i k

mk
2

1
3

12
=

⋅
⋅ ⋅µ

; a
R h li k

3
2

2
=

⋅ ⋅ ⋅ω
;

a
h l

l
i k

mk
4

2
3

12
=

⋅
⋅ ⋅µ

; a
h b

l
i k

p
5

12
3

12
=

⋅
⋅ ⋅µ

; 

a r2E6 1
2 2= ⋅ ⋅ ⋅ψ π ρ/ ;

a a a a8 2 4 52= + + ⋅ ; a a ai9 6 8= / ;

a
a a a P a

ai10
1 3 5 1 6

8

2
=

− + ⋅ ⋅ −
; 

a a ai11 2 8= / ; a a ai12 4 8= / .

Equation (4) is written in a form adapted for carrying out 
an iterative process. Given the initial values of the pressures 
in the chambers, using equation (4) yields the pressures in 
the chambers at n+1 step. The iterative process continues 
until the specified accuracy is obtained.

To determine the pressures on the interchamber bridges, 
let us apply the Reynolds equation [17]:
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where x and y are tangential and axial coordinates; h is the 
current gap at the inter-chamber jumpers; U is the circumfe
rential speed of the shaft; P is the pressure on the intercham-
ber bridges; μ is the dynamic viscosity of the working fluid.

The Reynolds equation is generalized to the case of 
turbulent flow of the working fluid using the turbulence 
coefficients kx and kz, which are determined by the Constan-
tinescu method: 

kx x= + ⋅( )1 0 044 2 0 725
. Re ,

.
σ

kz x= + ⋅( )1 0 0247 2 0 65
. Re ,

.
σ

where σx = 0.125·Re0.07; Re = ⋅( )U h V  – Reynolds number;  
V is the kinematic viscosity of the working fluid.

The current bearing clearance is determined by the fol-
lowing relationship:

h e= − ⋅ −( )δ j β0 0cos ,

where δ0 = R1–R is the radial clearance in the bearing; R1 is the 
radius of the bearing; R is the radius of the shaft; e is the eccen-
tricity characterizing the distance between the centers of the 
shaft and the bearing; j is the current circumferential angular 
coordinate; β0 is the angle of the shaft position in the bearing.

The Reynolds equation was solved numerically using the 
finite difference method in combination with the longitudi-
nal-transverse run method.

Setting the initial values of the pressures in the mesh 
nodes, the pressure values in the mesh nodes were determined 
by the longitudinal-transverse run method at the next step. 
The iterative process continued until the specified accuracy 
was obtained.

According to the known values of pressures in the 
chambers and assemblies of the inter-chamber jumpers, the 
carrying capacity of the bearing was determined. The car-
rying capacity of the bearing was defined as the sum of the 
bearing capacities of the chambers, inter-chamber, and end 
bridges of the bearing in projections onto the line of action of 
an external force and the direction perpendicular to it. Let’s 
write the expressions for the vertical W1 and horizontal W2 
components of the carrying capacity as a whole:

W1 = W11+W12+W13+W14,

W2 = W21+W22+W23+W24,	 (6)

where W11 and W21 – load-bearing capacities of the chambers 
in projections onto the vertical and horizontal axes; W12 and 
W22 – load-bearing capacities of inter-chamber jumpers in 
projections onto the vertical and horizontal axes; W13 and 
W23 – load-bearing capacities of the ends of the inter-cham-
ber jumpers in projections onto the vertical and horizontal 
axes; W14 and W24 are the load-bearing capacities of the ends 
of the chamber jumpers in projections onto the vertical and 
horizontal axes.

The flow rate of the working fluid through the bearing was 
determined by the known values of pressures in the chambers.
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Let’s record the flow rate of the working fluid through 
the hydrostatic bearing

– for a dual-carrier chamber structure:

Q r P Pin ki
i

= ⋅ ⋅ ⋅ ⋅ −
=
∑ψ π

ρ1
2

1
1

22
;	 (7)

– for a three-carrier chamber structure:

Q r P Pin ki
i

= ⋅ ⋅ ⋅ ⋅ −
=
∑ψ π

ρ1
2

1
1

32
.	 (8)

The flow rate of the working fluid was estimated under 
the main mode of operation of the gear pump and under the 
transient mode before entering the main mode.

5. The influence of the structural and performance 
parameters of the hydrostatic bearing of the gear pump 

on its performance

5. 1. Identification of the influence of the number of 
carrying chambers on the carrying capacity and flow rate 
of the working fluid of a hydrostatic bearing

The theoretical study of the carrying capacity and flow 
rate of the working fluid of the hydrostatic bearing was 
carried out on the basis of solving the equations of hydrome-
chanics (4) and (5). Using these equations, the function of 
the pressure distribution in the working fluid layer was de-
termined. The numerical implementation of the flow balance 
equation (4) makes it possible to determine the pressures in 
the carrier chambers in an iterative way. Given the initial 
values of pressures in the chambers, the following values of 
pressures in the chambers were determined using the equa-
tion of the balance of flows. The obtained values of pressures 
in the chambers were used for the next iteration as the initial 
ones. The initial values of pressures in the chambers were 
determined from the experience of designing hydrostatic 
bearings. They should be less than the supply pressures. This 
is due to the fact that the working fluid passes through the in-
let pressure compensator of the nozzle installed at the inlet to 
the carrying chambers. The more accurately the initial values 
of the pressures in the chambers were set, the fewer iterations 
were needed to obtain the desired result.

The obtained values of pressures in the chambers and the 
pressure drop at the drain at the ends of the bearing, taken 
to be zero, were used as boundary values for determining the 
pressures at the inter-chamber bridges. The pressures on the 
interchamber bridges were determined from the solution of the 
Reynolds equation (5). This equation does not have an exact 
analytical solution and was solved numerically using the finite 
difference method. When the Reynolds equation was written 
in finite-difference form, the surface between the chambers 
was covered with a regular grid. The partial derivatives in 
equation (5) were written in finite-difference form using a five-
point pattern. By setting the initial values of the pressures in 
the mesh nodes, using the method of longitudinal-transverse 
run along the rows and along the columns, the pressures in the 
mesh 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 of the average value of the pressures in the grid nodes 
at the first iteration, were used as the initial values for the next 
iteration. The iteration process continued until the specified 
accuracy was obtained in all nodes of the mesh.

After multiplying by the area of the chambers, the carry-
ing capacity was calculated. It was defined as the sum of the 
bearing capacities of the chambers, inter-chamber, and end 
bridges of the bearing in projections onto the vertical and 
horizontal axes. On the surface of the chambers, the pressure 
was assumed to be constant and, after multiplying by the area 
of the chambers, the carrying capacity of the chambers was 
determined. The Simpson method was used to calculate the 
load-carrying capacity of inter-chamber jumpers. The flow 
rate of the working fluid through the bearing was determined 
according to formulas (7), (8) on the basis of the calculated 
pressures in the chambers.

The calculation of the carrying capacity and flow rate of 
the working fluid for hydrostatic bearings with two and three 
carrying chambers was carried out at the following values of 
structural and operational parameters:

1. Bearing diameter Dp = 14.5 mm.
2. Shaft speed ω = 855 s–1.
3. The feeding pressure of the bearing P1 = 8 MPa.
4. Bearing length Lp = 13 mm.
5. The load on one bearing of the driven gear F1 = 1024.2 N.
6. The load on one bearing of the drive gear F2 = 669.5 N.
7. Working fluid kerosene TC-1 at a temperature of 100 °C.
8. Radial gap δ0 = 22.5 μm.
9. The length of the chambers lk = 9 mm.
10. The width of the chambers bk = 4 mm.
11. The angle of the chambers relative to the vertical is 35°.
12. It is necessary to ensure the minimum clearance bet

ween the shaft and the bearings hmin = 4 μm.
The results of calculations of hydrostatic bearings with 

two and three carrying chambers are shown in Fig. 4, 5.

 
Fig. 4. Dependence of the carrying capacity 	

of hydrostatic bearings on the radial clearance: 1 – bearing 
with two carrying chambers; 2 – bearing with three 	

carrying chambers

 
Fig. 5. Dependence of the flow rate of hydrostatic bearings 

on the radial clearance: 1 – bearing with two carrying 
chambers; 2 – bearing with three carrying chambers
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Fig. 4 shows that with all the considered clearances in a hy-
drostatic bearing, the carrying capacity of a bearing with two 
carrying chambers is greater in comparison with the carrying 
capacity of a bearing with three chambers. With a bearing 
clearance of 0.0225 mm, the carrying capacity of a two-chamber 
bearing is about 2.16 times larger than a three-chamber bear-
ing, and with a clearance of 0.0425 – 2.6 times. The flow rate of 
the working fluid of a two-chamber bearing is less than the flow 
rate of the working fluid of a three-chamber bearing (Fig. 5) 
for all considered clearances in the bearing. With a bearing 
clearance of 0.0225 mm, the working fluid consumption in  
a two-chamber bearing is 1.88 times less than a three-chamber 
bearing, and with a clearance of 0.0425 – 1.59 times.

The above analysis shows that a hydrostatic bearing 
with two carrying chambers has a larger carrying capacity 
and lower fluid consumption compared to a three-chamber 
bearing. For further analysis of the characteristics of the 
hydrostatic bearing for the gear-type aviation fuel pump,  
a two-carrier chamber scheme was adopted.

5. 2. Determining the diameter of the nozzle that pro­
vides the necessary carrying capacity of the bearing and 
evaluation of the flow characteristics of the pump

The results of calculating the carrying capacity of a hy-
drostatic bearing at different values of the nozzle diameter 
are shown in Fig. 6.

When constructing the plot, different values of the nozzle 
diameter were set in the initial data. In formula (2), when 
calculating the flow rate through the inlet compensating 
device (nozzle), the radius of the nozzle is used. After solving 
the flow balance equations (4) and Reynolds equations (5) 
together, the pressure distribution function over the working 
surface of the bearing was calculated. By integrating the grid 
function of pressure distribution according to formulas (6), 
the carrying capacity of the bearing was determined. The plot 
was built by setting various numerical values of the nozzle 
diameter, on the basis of which the carrying capacity of the 
bearing was determined.

 
Fig. 6. Dependence of the carrying capacity of a hydrostatic 

bearing on the diameter of the nozzle

Fig. 6 shows that the dependence of the carrying capacity 
of the bearing on the diameter of the nozzle is non-linear.  
The required carrying capacity is provided with a nozzle 
diameter of 2.3 mm and is equal to 1024 N.

The flow rate of the working fluid through the hydrosta
tic bearing is calculated according to dependence (2). For  
a nozzle diameter of 2.3 mm, it was equal to 9045 mm3/s. It 
is very important for any pump, including gear one, to ensure 
the necessary volumetric flow characteristics. Therefore, it 
was very important to assess the quantitative selection of the 

working fluid (fuel) for the operation of hydrostatic bearings. 
Under the main mode of operation of the fuel gear pump, the 
fuel extraction for the operation of the hydrostatic bearing 
was 1.3 % of the pump flow rate equal to 681900 mm3/s.

The above analysis shows that hydrostatic bearings can 
be recommended as shaft supports for gear-type fuel pumps.

6. Discussion of results of investigating  
the characteristics of two-chamber and three-chamber 

hydrostatic bearings

A feature of the proposed method is the possibility of us-
ing hydrostatic bearings operating on the fuel pumped by the 
pump as shaft supports for gear-type pumps. An unconven-
tional layout of the carrying chambers on the working surface 
of a hydrostatic bearing is proposed. In this statement, the 
calculation procedure in [1–13] was not considered. The 
results make it possible to recommend hydrostatic bearings 
with an unconventional arrangement of carrying cham-
bers on its working surface as shaft supports for gear-type  
fuel pumps. The results of the calculation of the carrying ca-
pacity and flow rate of the working fluid are shown in Fig. 4–6.

Fig. 4 shows that with all accepted values of clearances in 
the bearing, the carrying capacity of a two-chamber bearing 
is approximately 2.16–2.6 times greater than a three-cham-
ber bearing. This is due to the fact that in a three-chamber 
bearing, the third upper chamber creates a load that reduces 
the load capacity of the lower two chambers.

Fig. 5 shows that with all the considered values of clearan
ces in the bearing, the flow rate of the working fluid in a two- 
chamber bearing is less than in a three-chamber bearing by 
about 1.59–1.88 times. This is due to the fact that an addi-
tional third chamber is made in the three-chamber bearing, 
into which the working fluid is supplied. In accordance with 
the terms of reference, the load acting on the bearings is 
constant in magnitude and direction. Therefore, the design 
of the working surface of the hydrostatic bearing with two 
carrying chambers was adopted and the problem was solved 
in a stationary setting. However, without dynamic evaluation, 
modern high-speed machines cannot be recognized as fully 
operational. Therefore, after solving stationary problems, it is 
planned to conduct a study in a dynamic statement. After that, 
it will be possible to make a final decision on setting the struc-
tural parameters for the hydrostatic bearing. The 35° chamber 
angle can also be adjusted after solving a dynamic problem.

Fig. 6 shows that the required carrying capacity of the 
hydrostatic bearing of 1024 N is provided with a nozzle dia
meter of 2.3 mm.

The calculation of the flow rate of the working fluid 
through the bearing showed that under the main mode of 
operation of the fuel gear pump, the fuel extraction for the 
operation of the hydrostatic bearing was 1.3 % of the pump 
flow rate equal to 681900 mm3/s.

The proposed solutions make it possible to recommend 
hydrostatic bearings as shaft supports for gear-type fuel 
pumps. The new solution can be applied in addition to the 
considered gear pumps, also in rolling mills, additional sup-
ports for the faceplate of lathes, optical devices, radio tele-
scopes, radar antennas, and hydrostatic guides.

The advantage of this study is an integrated approach asso-
ciated with the solution of a complex hydrodynamic problem. 
The proposed method makes it possible to perform practical 
calculations of hydrostatic bearings for gear-type fuel pumps.
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The limitations inherent in this study are related to 
the need to clean the fuel with filters in order to reduce  
the likelihood of clogging of the nozzles installed at the 
bearing inlet.

The disadvantage of this study is the failure to take into 
account the thermal phenomena in the bearing, which arise 
from power losses due to friction and pumping of the work-
ing  fluid.

The development of this study may consist in the analysis 
of the dynamics of the pump shaft on hydrostatic bearings.

7. Conclusions 

1. It has been established that the carrying capacity 
of a two-chamber hydrostatic bearing is approximately  
2.16–2.6 times greater than the carrying capacity of a three- 
chamber bearing. It has been established that the flow rate 
of the working fluid in a two-chamber hydrostatic bearing 
is approximately 1.59–1.88 times less than in comparison 
with a three-chamber bearing. After solving the problem in 
a dynamic setting, it will be possible to make a final decision 
on the assignment of the structural parameters for the hydro-
static bearing.

2. It has been established that the required carrying ca-
pacity of the hydrostatic bearing of 1024 N is provided with 
a nozzle diameter equal to 2.3 mm. It was revealed that under 
the main mode of operation of the gear-type fuel pump, the 
selection for the operation of the hydrostatic bearing was 
1.3 % of the pump flow rate equal to 681900 mm3/s.
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