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Abstract 
A model of hydro-erosion wear of sealing elements was constructed taking into account a set of parameters that 

reflect the physical properties of the fluid and the material of the sealing elements, as well as the design parameters of 
the valves. To determine the dependence of the rate of erosion wear on a complex of parameters, we use the π-
theorem of similarity and the method of dimension analysis. An expression is given that determines the change in the 
thickness of the erosive fracture of the sealing surfaces in time. The value of the maximum possible thickness of 
erosive fracture of valve elements is substantiated. The index of expenses relative growth, connected with wear of 
surfaces of sealing elements of the valve-seat system, is presented. The algorithm for determining the rate of wear of 
elements of the valve-seat system is proposed on the basis of calculation of the coefficient of hydro-erosion wear of 
the specific pipeline armature elements, which makes it possible to determine the total amount of wear during a 
certain operating time. 
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1. Introduction 
Modern technological equipment often includes pneumatic hydraulic systems of high energy parameters [1]. 

When operating such systems, there is erosion wear of the sealing surfaces of valve-seat elements. This leads to 
changes in the hydraulic characteristics of the regulating (throttle), shut-off valves and ultimately to the failure of the 
whole system [2]. 

To determine the factors leading to the erosive destruction the elements of hydraulic fittings, it is necessary to 
conduct a study the process of fluid flow through the gap clearance of the valve shutter. 

2. Presentation of the main material 
When constructing a model of hydro-erosion wear of sealing elements, it is necessary to take into account a set 

of parameters that reflect the physical properties of the fluid and the material of the sealing elements, the operating 
modes of the hydraulic system, and the design parameters of the valves [3, 7]. For the bypass valve-seat system, the 
scheme of which is presented in Fig. 1, these parameters can be as follows: 

ρ – working fluid density, kg/m3 [L–3M]; 

μ – dynamic viscosity of the liquid, Pa · s [L–1MT–1]; 

Q – flow of the working fluid, m3/s [L3T–1]; 

H – hardness of the material of the valve seat, Pa [L–1MT–2]; 
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V – velocity of the fluid relative to the sealing surface, m/s [LT–1]; 

t – operating time of sealing, s [T]. 

The wear of the sealing surface can be estimated by the volume of the removed (damaged) surface of the seat 
and valve during the operation of the valve element. Let’s denote with Z the velocity of the volume erosion wear of 
sealing surfaces, m3/s [L3T–1]. This parameter depends on the construction of the valve pair, as well as on the factor of 
physicochemical interaction of the working fluid with the material of the valve sealing elements. 

Taking into account that the viscosity and density of the working fluid, the flow rate and the velocity of the fluid
are interrelated values, we can represent the value of wear per time unit in the form of power dependence 

 
cba VHkZ µ= , (1) 

where k, a, b, c are unknown numerical coefficients. 

 
Fig. 1. Diagram of the valve seal in the closed state (a) and during the passage in working environment (b): 

1 – valve; 2 – seat 

To determine this dependence, we apply the π-similarity theorem and the dimensional analysis method. Equation 
(1) is a complete equation of the physical process of wear of the seat surface, and k is the coefficient of 
proportionality. Substituting dimension values, we obtain 

( ) ( ) ( ) dcba-1 )T(LTMTLMTLTL 121113 −−−−−= . 

From here we can find: 

а = 2; b = –2; с = 3. 

Consequently, the wear rate of the sealing elements of the valve pair is determined by the formula 

 
2

32

H
VkZ µ

= , (2)
 

where k is dimensionless coefficient of wear, which is determined experimentally; V is the velocity of the fluid, which 
is determined taking into account the flow of liquid Q through the section of the annular gap S between the seat and 
the valve 

S
QV = , 

a b 
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where Q is the flow rate of working fluid; S is the cross-sectional area of the gap between the seat and the valve,  
DhS π= . Here D is diameter of the contact cylindrical surface; h is the value of the gap between the valve and  

the seat (Fig. 1, b). 

Thus, the rate of erosion wear of sealing elements can be determined by the formula 

 ( ) 23

32

HDh
QkZ

π
µ

= . (3)
 

Then the total volume of wear Ω during the time t of the sealing operation: 

 ( )
t

HDh
QktZ ⋅=⋅= 23

32

π
µ

Ω . (4)
 

If we consider the gap between the valve and the seat in the form of a ring gap, then the amount of wear, 
provided the same hardness of the valve and the seat materials, can be represented as 

 Dl πδΩ ⋅⋅⋅= 2 , (5) 

where δ is the depth of erosive fracture of the surface of the sealing elements of the valve pair; l is the width of the 
valve clearance in the direction of the flow of the working environment. 

 
Fig. 2. Dependence of change in the thickness of the erosion layer  

on the time of the liquid flow 

The availability of experimental data allows mathematically describing the process of erosion of the crack due to 
the movement of the working fluid. When the liquid flows through the crack, the thickness of the erosive layer δ on 
the surface of the sealing elements increases with time, tends to some limit value (Fig. 2). This is explained by the 
fact that as the gap h increases, the velocity of the fluid in the crack decreases, and this, according to expression (2), 
decreases the rate of erosion wear in accordance with the cubic dependence. Change in the thickness of erosive 
fracture in time of sealing surfaces can be described by dependence [4] 

 ( )te αδδ −−= 1max , (6) 

where δmax is the maximum possible thickness of erosive fracture; t is time from the beginning of the environment;  
α  is the coefficient of proportionality, which depends on the type of fluid and the material of the sealing elements;  
e  is the basis of the natural logarithm. 

From the formula it is clear that for t → ∞, the thickness of the layer destroyed by erosion δ → δmax and for t → 0  
δ → 0. In this case, the coefficient k in expression (4) is a function of time and using the expression (5) is defined as 

 ( ) ( ) ( )[ ]3max0max32

24

1212 tt ehe
tQ

lHDk αα δδ
µ
π −− −+⋅−⋅= . (7) 
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The flow rate Q0 through the valve pair at the initial moment (at t = 0) for the viscous flow regime is described 
by the Poiseuille equation [5,6]: 

 
l
pDhQ

⋅
∆

=
µ

π
8

3
0

0 , (8) 

where h0 is the value of the initial gap; l is the width of the valve clearance in the direction of flow of the medium; 
Δp is the pressure difference between the inlet and outlet of the valve seal. 

Due to erosion wear, the flow rate Q through the valve seal will increase with time [8], because the gap will be 
variable, ( )tehhh αδδ −−+=+= 122 max00 , therefore 

 ( )[ ]teh
l
pDhQ αδ

µ
π −−+⋅

⋅
∆

= 12
8 max0

3
0 . (9) 

When maintaining the value of the pressure difference Δp constant and neglecting the change in the length of the 
gap πD caused by the destruction, the expense Q taking into account (8) is expressed in the form of dependence 

 
( ) ( )

3

0
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3
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−+= −− tmaxtmax e
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1Qe
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1

l
pDhQ αα δδ

µ
∆π

. (10) 

The relative growth of expenses associated with the wear of the surfaces of the sealing elements of the valve-seat 

system, will be presented as an indicator 
0

0

Q
QQ −

=ν . Then, taking into account (10), the relative growth of expenses 

is determined by the dependence 

 
( ) 112

3

0

−







−+= − tmax e

h
1 αδ

ν . (11)
 

For t = 0 ν = 0, for t → ∞ the value ν → νmax, it stabilizes and from expression (11) we obtain 

 
1

2
3

0

−







+=

h
1 max

max
δ

ν . (12)
 

In experimental studies, according to the criterion for stabilizing the flow, it is possible to choose the value ν for 

which 1.0
dt
d

≤
ν  

0dt
d%1

=

⋅
t

ν . The equation (12) allows determining the maximum possible thickness of erosion wear of 

the material of the valve vapor elements: 

 
( )11

2
30 −+= maxmax

h
νδ . (13) 

To determine the value of the coefficient of proportionality α we find the derivative of expression (11) in time t: 

( )
2

00

12123 







−+= −− tmaxmaxt e
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d αα δδ

α
ν

;
 

for t = 0, e–αt = 1, then 
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0

max

0

23
dt
d

ht

δ
α

ν
=

=

. 

Thus 

 113
1

3

0

−+
⋅= =

max

tdt
d

ν

ν

α . (14)
 

Dependence of the relative growth of expenses through the valve clearance on the time of the liquid flow is 
constructed in the course of experimental research (Fig. 3). 

 
Fig. 3. Dependence of the relative change of expenses in the process  

of erosion wear on the time of the liquid flow:θ is the angle of inclination  
of the tangent to the curve at the point t = 0 

Based on this graph (Fig. 3) we can determine the value of νmax, as well as 
0dt

d

=t

ν by graphically differentiating 

the curve at the corresponding point 

θ
ν tan

dt
d

0

=
=t

. 

Taking into account (6), (13), (14), we find the value of the functional k from the equation (7) for each particular 
system working fluid-valve seal. Thus we can determine the wear rate of the sealing elements, and therefore the total 
amount of wear (4) over a specified period of sealing operation using formula (3). 

3. Conclusion 
The developed mathematical model allows determining the rate of hydro-erosive deterioration of sealing 

surfaces of pipeline armature elements depending on the parameters of the flow of liquid and the design parameters of 
the bypass system. 

The algorithm for determining the rate of wear of elements of the valve-seat system is proposed on the basis of 
calculation of the coefficient of wear of the concrete pipeline armature elements, which makes it possible to 
determine the total amount of wear during a certain operating time. 
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Визначення коефіцієнта гідроерозійного зносу ущільнювальних 
елементів трубопровідної арматури 

Зіновій Стоцько, Роман Шеремета 
Національний університет «Львівська політехніка», вул. С. Бандери, 12, Львів, 79013, Україна 

Анотація 
Побудовано модель гідроерозійного зносу ущільнюючих елементів з врахуванням комплексу параметрів, 

що відображають фізичні властивості рідини і матеріалу ущільнювальних елементів, а також конструктивні 
параметри клапанів. Для визначення залежності швидкості ерозійного зносу від комплексу параметрів 
застосовано π-теорему подібності і метод аналізу розмірностей. Наведено вираз, що визначає зміну товщини 
ерозійного руйнування ущільнювальних поверхонь у часі. Обґрунтовано значення максимально можливої 
товщини ерозійного руйнування елементів клапанної пари.  Представлено показник відносного зростання 
витрат, пов’язаного зі зношуванням поверхонь ущільнювальних елементів системи клапан-сідло. 
Запропоновано алгоритм визначення швидкості зношування елементів системи клапан-сідло на основі 
розрахунку значення коефіцієнту гідроерозійного зносу елементів конкретної трубопровідної арматури, що 
дає можливість визначити сумарний об’єм зношування протягом визначеного часу роботи. 

Ключові слова: трубопровідна арматура; клапан-сідло; ерозія; моделювання. 
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