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Oil leaks intensity in variable-height gaps
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Summary. 

basis of the Navier-Stokes equations and the continuum equation 
a formulas are given describing leaks in gaps. It is demonstrated 
that the volumetric loss in gaps depends on the dimensions and 
exploitation parameters of hydraulic machines. 
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INTRODUCTION

Hydraulic systems are applied in numerous branches of 
industry [1, 3, 13, 19]. In hydraulic machines there are oil-

gaps [2, 4, 11, 14, 15, 17, 20]. The phenomena occurring in 
gaps are of great practical importance, since most energy 
losses in hydrostatic machines is associated with complex 
processes taking place in gaps [9]. Examining and under-
standing these processes makes it possible for designers 
and constructors of hydraulic machines to create more and 
more effective, reliable and durable devices [6, 7, 12, 15].  

In the majority of cases, a gap is not of constant height, 
which may be caused by the inevitable imprecision of con-
struction, or non-uniform wear [14]. Fig. 1 presents a clas-

shaped gaps, on the other hand, are typical representatives of 
ring gaps. Such gaps occur between the piston and cylinder 
block in axial piston pumps and hydraulic motors. 

Among variable-height gaps one can distinguish confu-

diffuser gaps (the height increases) [16, 18].
Each gap is a source of volumetric losses, and the leak 

ends of a gap)

hold [2]. 

Fig. 1. 
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EQUATIONS FOR DETERMINING VOLUMETRIC 
LOSSES IN LIQUID FLOWING THROUGH GAPS 

a variable height h and the known length l. At the entrance 
to the gap of height h

1
the pressure is p

1
 and at the exit from 

the gap of height h
2
the pressure is smaller and equals p

2
.

One of the walls of a gap can move with respect to the other 

intensity Q is marked with an arrow. 

Fig. 2. -
fusor gap

The confusor and diffuser type gaps can be described by 
means of convergence m or convergence parameter k [8]:
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represented in the cylindrical coordinate system x, y, z [5, 10]:
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The following assumptions were adopted in the analysis: 

retain its velocity,

-
sideration.

When v
x
= v

x
(x,z), v

y
= 0 and v

z
= 0 is assumed, equations 
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It follows from equations (7 ÷ 10) that v
x
 = v

x
(z) and p = p(x).

Thus, the liquid motion in the gap is described by the fol-
lowing differential equation:

2

2

v 1
0 x

p

z x

w w
Q
w U w

 � . (11)

, equation (11) be-
comes:
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equation (12) was integrated twice and boundary conditions 
for a gap with a moving wall were assumed:
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b can be 
represented as:

0

v
h

x
Q b dz ³ . (14)

The pressure of the liquid in the gap is:
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dp
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The differential dp/dx occurring in equation (15) was ob-
tained as:

2 3

6 v 12dp Q

dx h bh

P P
 � , (16)

where h is the gap height equal to:
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Substituting (16) into (15) and taking (17) into consideration:
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After integrating equation (18), determining the integration 
constant and applying transformations:
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Further to the operations stated above, assuming the bound-
ary conditions as x=l, p=p

2
, h=h

2
Q

was obtained from (19):
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An analogous procedure was conducted for the ring gap 

intensity in a cone-shaped gap [8]:

where: e is a centrifugal displacement of the piston with 
diameter d.

IN VARIABLE-HEIGHT GAPS 

Simulation experiments on leaks in typical hydraulic 
-

rameter k = 0.8) and for a ring confusor gap (convergence 
parameter k

pressure-friction type. One of the gap walls is moving with 
respect to the other with velocity v = 1 [m/s] in the direc-

is moving in the cylinder with velocity v = 1 [m/s] in the 

The following parameters were assumed in the compu-

For the ring gap, the parameters were as follows:
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for various dimensions and exploitation parameters. It can be 
observed that leaks grow with decreasing values of the dynamic 

mean gap height increases, leaks grow exponentially (Fig. 3b). 
When the gap wall is moving in the direction reverse to that of 

-
ing leaks (Fig. 3c). Besides, leaks grow with the growth of the 
pressure difference between the two ends of the gap (Fig. 3d).

Fig 4 presents the results obtained in a ring confusor 
gap for various dimensions and exploitation parameters. By 
changing the value of the centrifugal displacement of the pis-

maximal displacement of the piston in the case under consid-
eration), its impact on volumetric losses was examined. The 
analysis demonstrate that as the piston displacement increases, 
the value of leaks in the gap increases too (Fig. 4a). The leaks 
are the greater, the bigger the mean gap height is (Fig. 4b). 
Increase in the gap length l is accompanied by decreasing 
leaks (Fig. 4c). Oil viscosity is a crucial factor: when viscosity 
increases, leaks decrease (Fig. 4d). Besides, leaks grow with 
the growth in the pressure difference between the two ends 
of the gap (Fig. 4e). When the piston is moving in the reverse 

the piston motion causes leaks to decrease (Fig. 4f). Thus, it 

due to the operation of molecular friction forces in oil. 

CONCLUSIONS

The study leads to the following conclusions:
1. Computational models discussed in the present analysis 

2. The intensity of oil leaks depends on a number of param-
eters, such as dimensions or exploitation factors. Their 

machines and devices. 
-

olds number increases with the growth of leaks. 

,
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