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Summary. The paper presents computational models for ob-

taining oil leaks intensity in a variable height gap between the 

cylinder block and the valve plate in an axial piton pump. The 

computations are based on numerical methods and commercially 

-

parameters and dimensions of the pump. 
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INTRODUCTION

Piston pumps are applied in the drives of complex 

reliability. This provides an incentive for continuous de-

velopment towards improving exploitation parameters of 

The range of applications of piston pumps is wide and still 

The most important applications of hydraulic piston 

machines include:

-

-

The biggest manufacturers include such companies as 

In piston pumps energy losses occur at the mating sur-

faces: piston-cylinder, slipper-swash plate and cylinder 

block-valve plate. The latter forms the valve system, an 

important part of every hydraulic pump, which deserves 

special attention in examining the characteristics of hy-

draulic machines. 

Fig. 1. 

In real conditions, the gap between the cylinder block 

and the valve plate is of variable height due to differences 

When a pump is operating, oil leaks to the outside and 

of the pump and its other parameters.

The paper employs numerical methods and a computa-

tional model developed within the software package CFD 

Fluent for determining oil leaks intensity in the valve system 

of an axial piston pump.



 

cylinder block and valve plate, a numerical model was de-

disregarded. 

In the model developed, the valve plate was divided 

the inlet port, the upper transition zone and the lower 

transition zone. In all the four zones oil leaks occur to 

the inside and outside of the valve plate. In the transition 

zones, there are also leaks between the discharge and inlet 

zones.

In the transition zones, the oil leak intensity was obtained 

from the elementary product of the variable-height gap and 
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The gap height in a given interval was obtained from 

 sin cos cos sinh r tg r tg Rtg h
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x and the smallest gap height h ,

R

The computation model of the oil leak intensity was 

implemented in the programming language C++ with 

the use of the VCL library. The software so developed 

variable-height front gap in the valve system of different 

construction variants of a piston pump. The software also 

enables the user to set the accuracy of computations by 

prescribing the number n of interpolation intervals. Thanks 

to using the VCL library, it is possible to represent the 

results visually in the form of graphs and to save them 

-

-

tensity in the gap between the cylinder block and valve 

plate was developed on the basis of commercially availa-

ble software CFD Fluent. The stages of building the model 

of the variable-height gap in the CFD Fluent package are 

presented in Fig. 2.

The geometrical model of the variable-height gap was 

-

struction types of the valve plate: with positive overlap  

dimensions of the radius were applied r r
2 

r r -

m
, 

-

model of the variable-height gap. The grid consists of vol-

The last stage of constructing the numerical model 

of the variable-height gap in the valve system is to enter 

the numerical grid with the boundary condition regions 

to the programme Fluent, in which the values of oil 

pressure in the boundary regions are determined and 

simulations of oil pressure distribution are performed. 

On the basis of the so obtained pressure area on the 

inside and outside of the valve plate, the oil leak flow 

intensity is determined. 

Fig. 2. Stages of building the model of the variable-height gap in the CFD Fluent package 



 

cylinder block inclination for two constructional variants of 

the valve plate: the positive overlap variant and the relief 

groove variant. 

The following input data were assumed in the compu-

tational model:

p
t 

p
s 

p
o 

0 MPa,

x and the smallest 

gap height h ,

h m,

are r r
2 

r r

as a function of the discharge pressure p
t
.

Fig. 5. 

a function of the discharge pressure p
t
 obtained by means of 

the programme Q
P
 developed by the authors and CFD Fluent 

Q
F

grooves 

Increase in the discharge pressure causes linear increase 

-

block.

Fig. 3. 

Fig. 4. 

Wedge type and boundary condition region 

The computational models developed and described 

-

tensity in the gap between the cylinder block and valve plate 

in a hydraulic piston pump. The analysis was performed for 

variable dimensions and exploitation parameters such as the 

discharge pressure p
t

of the 



 

Fig. 6. -

means of the programme Q
P
 developed by the authors and CFD 

Fluent Q
F

relief grooves 

Increase in the angular velocity of the cylinder block 

-

of oil. 

Increase in the dynamic viscosity of oil causes decrease 

as a function of the angle  of the cylinder block inclination 

obtained by means of the programme developed by the au-

thors and by means of CFD Fluent. 

It can be observed that increase in the inclination angle 

from the two sources, i.e. the programme developed by the 

authors and from CFD Fluent, we went on to compare them. 

The comparison was made by calculating relative differenc-

from Q
P
 and from CFD Fluent Q

F
. The relative differences 

were calculated according to:

   

sents selected relative differences between the results obtained from the 

the results obtained from the two sources, i.e. the authors’ 

cylinder block inclination.

Fig. 7. 

of the programme Q
P
 developed by the authors and CFD Fluent 

Q
F

grooves 

Fig. 8. 

function of the angle  at which the cylinder block is inclined 

obtained by means of the programme Q
P
 developed by the authors 

and CFD Fluent Q
F

with relief grooves 



 

Ta b l e  1 .  Relative differences  between the values of total 

from CFD Fluent depending on the angle  of the cylinder block 

inclination for the two variants of the valve plate

Positive overlap Relief grooves

  
0

0,0 2

between the results obtained from the authors’ programme 

and from CFD Fluent increase with the increase in the angle 

of the cylinder block inclination. In the case of a positive 

the case of a valve with relief grooves the difference groes 

CONCLUSIONS

The study can be concluded by the following observa-

tions: 

-

variable parameters and dimensions of the pump. 

2. Increase in the cylinder block inclination angle and in the 

discharge pressure cause increase in the intensity of oil 

in the angular velocity of the cylinder block does not 

relief grooves than for a positive overlap valve plate.
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