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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 m-
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:

p — working fluid density, kg / m® [L~°M];

1 — dynamic viscosity of the liquid, Pa - s [L'MT];

O — flow of the working fluid, m*/s [L’T];

H —hardness of the material of the valve seat, Pa [L'MT7];
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V — velocity of the fluid relative to the sealing surface, m/s [LT'];
t — operating time of sealing, s [7].

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, m*/s [L*T']. 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

Z=ku"HV°®
# , (1)

where k, a, b, ¢ are unknown numerical coefficients.
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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 n-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

£r =(cur Y (cyar 2 f (L fer )
From here we can find:
a=2;b=-2;¢c=3.

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

H* )

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 QO through the section of the annular gap S between the seat and
the valve
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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,
S =nDh . Here D is diameter of the contact cylindrical surface; /4 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

~ IHZQS
(zDh) H? 3)
Then the total volume of wear £ during the time ¢ of the sealing operation:
213
0-z-k L,
(wDh) H @)

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

.Q:Z-é'-l-ﬂD’ 5)

where 0 is the depth of erosive fracture of the surface of the sealing elements of the valve pair; / is the width of the
valve clearance in the direction of the flow of the working environment.
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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 6 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 4 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]

5=6,,(1-e), (6)

where d,,,, i1s the maximum possible thickness of erosive fracture; ¢ is time from the beginning of the environment;
o 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 £ — oo, the thickness of the layer destroyed by erosion 6 — d,,,, and for t — 0
0 — 0. In this case, the coefficient & in expression (4) is a function of time and using the expression (5) is defined as

_2mD)' HI

s Sll—e ) [y +25,, -] . )
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The flow rate O, through the valve pair at the initial moment (at ¢# = 0) for the viscous flow regime is described
by the Poiseuille equation [5,6]:

B 7ZZDhS Ap

9, 811

) ®)

where Ay is the value of the initial gap; / is the width of the valve clearance in the direction of flow of the medium,;
Ap 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, h=h,+26 =h, +25,, (1 —e""’), therefore

nDh;

0= "

?” [y + 26, (1 )]. ©)

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

3 3
o DB { 14 Py _ e )} _ Q{ I % (1-ee )}

8ul o 0 (10)

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

0

system, will be presented as an indicator v =

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

is determined by the dependence

3
v={]+%(l—e'a’)} =

’ (1
For t=0v =0, for t — o the value v — v,,,,, it stabilizes and from expression (11) we obtain
25, Y
Vo = (1 +%J -1
0 . (12)
In experimental studies, according to the criterion for stabilizing the flow, it is possible to choose the value v for
which (:1_‘: <0.1% v . The equation (12) allows determining the maximum possible thickness of erosion wear of
=0
the material of the Valvéz vapor elements:
_ N /
O _7(3 VWH_l). (13)

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

2
d_V — 3ae—al 25max 1+ 25max (1 _ e—al)
dt h .

>

fort=0,e¢“=1, then
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dv|
dt

= 3 max
=0 hO

Thus

dv
d .,

1
5. W +1-1

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).

o =

(14)
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Fig. 3. Dependence of the relative change of expenses in the process of erosion wear on the time of the liquid flow:
@ is the angle of inclination of the tangent to the curve at the point 7= 0.

Based on this graph (Fig. 3) we can determine the value of v,,,,, as well as (:1—‘: by graphically differentiating
t=0
the curve at the corresponding point

dv
dt

=tand .
=0

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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BuznayenHns koediumieHTa riapoepo3iiiHOro 3HOCY yIIIbHIOBAJIbHUX
eJIeMeHTIiB TPyOONnpoBiAHOI apMaTypH

3inoBii Croupko, Poman llepemera

Hayionanvnuii ynieepcumem «JIvsiscoka nonimexuixay, ¢yn. C. banoepu, 12, m. Jlveie, 79013, Vrpaina

AHoTalisa

[TobynoBaHa MOzeNb TiAPOEPO3IHHOI0 3HOCY YIIIILHIOIOUYHX €JIEMEHTIB 3 BpaXyBaHHIM KOMIUIEKCY TapaMeTpiB,
IO BiJOOpakaroTh (i3UUHI BIACTHBOCTI PiAMHM 1 MaTepialy YIIUIbHIOBAIFHHUX EJIEMEHTIB, 8 TAKOX KOHCTPYKTHUBHI
napameTpu KiamaHiB. [lJis1 BU3HAuUEHHS 3aJIEKHOCTI MIBHJIKOCTI €pO3IHMHOrO 3HOCY BiJl KOMIUIEKCY ITapaMeTpiB
3aCTOCOBAHO TT-TEOPEMY MOJIOHOCTI 1 METOA aHasi3y po3MipHocTel. HaBeneHo Bupas, 1o BU3HAYAE 3MiHY TOBIIUHH
€pO3ifHOr0 pyHHYBaHHS YIIIIBHIOBAIFHHX MOBEPXOHb B 4aci. OOIpyHTOBaHO 3HAYEHHS MaKCHMAlIbHO MOKIJIUBOL
TOBUIMHU €pO3IHOr0 pyHHYBaHHS €JIEeMEHTIB KJamnaHHOi mapu. I[IpencTaBieHO IMOKa3HWK BiIHOCHOTO 3POCTaHHS
BUTpaT, IIOB’S3aHOTO 31 3HOIIYBAaHHSM IIOBEPXOHb YIIIJIbHIOBAJIBHUX EIIEMEHTIB CHCTEMH KIIAIaH-CiJJIo.
3anpornoHOBaHO AJITOPUTM BHU3HAYEHHS IIBUIKOCTI 3HOINIYBAaHHS EJIEMEHTIB CHCTEMHU KIIAIaH-Ci/JI0 Ha OCHOBI
PO3paxyHKy 3HA4YCHHs KOC(II[IEHTY TiAPOEPO3IHHOr0 3HOCY CJIEMEHTIB KOHKPETHOI TPYOOIPOBIAHOI apMaTypH, IO
JIa€ MOXKJIMBICTh BU3HAYUTH CYMapHUI 00’ €M 3HOLITYBaHHS MPOTIOM BU3HAYEHOTO Yacy poOOTH.

Kunrouogi ciioBa: Tpy0onpoBiqHa apMaTypa; KIanaH-CiIio; epo3ist; MOJeTIOBaHHS.



