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Erosion Modeling in Parallel Gate Valve

Gate valves, which are widely used in oil production and transportation
processes, can be eroded by high fluid pressures and sand particles
contained in crude oil during operation. This erosion can result in loss of
valve thickness and shutdown of the operating system. Erosion is not
uniform on valve elements, and it is different depending on the stages of
opening the valve. In this paper, flow analysis and erosion rate analysis for
the fluid flowing through the valve in different stages of opening were
performed by using ANSYS Fluent 19.2. The gate valve model was
designed by using AutoCAD, and the geometric dimensions and physical
properties of the material required for modeling were determined
according to the specifications of the gate valve installed in the oil
pipeline. By the Reynolds calculation, it was disclosed that the fluid which
flows in the valve has the characteristic of turbulent flow, and based on
this calculation, the inlet length of the valve was determined. For the CFD
analysis, the Euler method and the method of Lagrange were used. Using
the k - ¢ and DPM models according to the fluid characteristics of the
turbulent flow, it was predicted the erosion rates of the surface generated
by the sand which is the solid phase dispersed in the multiphase fluid. In
addition, based on the Von Mises method and the pressure distribution,
data obtained by fluid analysis, the process of calculating the stress on the
closing elements was presented. The fluid used in the analysis was
petroleum with sand particles.

Keywords : Parallel gate valve, erosion, turbulent, meshing, polyphase,

sand

1. INTRODUCTION

Internationally, energy security is an important issue for
the country's economy and stability. As the demand for
energy and its production increases, the reliability requi-
rements for the valve, which is an important element in
the oil transport process, also increase day by day.

Gate valves, which are widely used in oil production
and transport processes, can be eroded by the high
pressure of the fluids and by the sand particles
contained in them during operation. In particular,
erosion by sand particles or liquid jets may occur locally
in the part of the gate or seat where fluid flow changes
rapidly when the gate is open or closed (Figure 1).

Such erosion can lead to the loss of the thickness of
the parts and can even stop the valve system.

Therefore, predicting the degree of erosion and
weakness of the valve in advance is an important
requirement for increasing the durability of the valve
and for ensuring the fluid flow safely.

The position and severity of the erosion of the valve
are related to the opening situation of the gate, the speed
of the fluid, the material of the valve, the size and dis-
tribution of the sand particles and it' s impact angle, [1,2].

In general, the erosion rate can be predicted using
the empirical formulas presented at API (American
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Petroleum Institute) [3] and Erosion / Corrosion
Research Center (E / CRC) (McLaury and Shirazi,
1999) [4]. It is difficult to predict the erosion rate
changes depending on the solid particle ratio and the
rapid changes of the fluid that passes inside the gate
valve only by the empirical methods.

1 Bonnet, 2 Bonnet bolting, 3 Seat, 4 Body
5 Gate assembly, 6 Seat ring, 7 Stem

Figure 1. Parallel gate valve elements

Many scientists, including Sheldon (1966), Goodwin
(1969), Head (1970), Sheldon (1970), Grant (1973),
Williams (1974), and Sundararajan (1983) presented a
general equation to predict the rates of erosion due to
solid particles [5], but the empirical equations presented
did not reflect the contents related to the velocity and
the angle of impact of the particles.

McLaury et al. (1996) presented a model to predict
the rate of erosion of the sand particles in water [6] and
also Edwards et al. (1998) proposed a model to predict
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the rates of erosion in polyphase fluids using the CFD
method, [7].

Oka et el. (2005) conducted many experiments to
reveal the influence of sand particles in the fluid on erosion
of the pipe wall and during this process, presented a cal-
culation equation for prediction of the rates of erosion, [8].

On the other hand, G.V. Messa et al. (2017) predicted
the rate of erosion of the gate valve by combining with
the CFD model and the model of erosion proposed by
Oka, and presented a calculation equation to predict the
life of the valve using MATLAB E-Code, [9].

Also, Det Norske Veritas(DNV) (2007) presented a
calculation equation that considers the velocity and the
angle of impact for predicting the rate of erosion in a
system of the pipes through which polyphasic fluid
flows, [10].

But, despite many studies, none of the empirical
equations hasn't predicted the rate of erosion fully and
accurately yet. For these reasons, it can be said that the
combination of the experimental method and the CFD
analysis method is the most effective way for accurate
prediction of erosion rate.

The present study presented an analysis model for
predicting erosion wear that would occur in a gate valve
and the values of stresses for evaluating its structural
stability in diferent stages of valve gate opening when
the polyphase fluid containing petroleum and sand
passes through it.

2. CONSTRUCTION MODELLING
2.1 Design of the geometric shape of the gate valve

The valve model was designed by using AutoCAD
according to the standard and operating conditions of
type 2 1/16”- 3/5M type gate valve actually installed in
the oil pipeline.

The thing we should pay attention to at the design of
the geometrical shape of the valve, is the length of the
pipe installed on the inlet side of the valve. In general,
the valve is installed in the straight portion of the pipe,
so when the fluid hits the gate surface of the valve, the
fluid usually collides in a fully developed flow state.

Table 1. Geometric dimensions of valve model and the
parameter values

Type Unit Value
The length of the pipe from the mm 1400
entrance
The length of the pipe from the exit mm 147.5
The diameter of the valve mm 524
Seat thickness mm 15.7
Seat diameter mm 52.4
The thickness of the gate mm 44.6
Diameter of gate mm 524
Fluid pressure at the inlet MPa 35
Fluid temperature C 20
Fluid flow velocity at the inlet m/s 20
Reynolds number - 59181
Fluid density kg/m® 960
Fluid viscosity kg/(mes) 0.017
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Table 2. Material list of gate valve parts

Poz item Type of piece Material

1 Body A 487

2 Gate AIST 4130
3 Seat AIST 4130
4 Stem AIST 4130
5 Seat ring AISI 1018
6 Bonnet A 487

7 Bonnet bolting ASTM A194

In the paper, considering this, the pipe length of the
valve inlet was set long enough when designing the
valve model. In this case, the inlet length of the pipe
was calculated using the Reynolds Number and the
diameter of the valve.

In CFD(Computational fluid dynamics) analysis,
erosion occurs only on the surface of the model, so the
valve body has been replaced with a pipe to reduce the
calculation speed.

Table 1 presents the geometrical dimensions of the
model and other parameters used in the analysis, and
Table 2 presents the material list of the valve parts.

Calculation of the Reynolds number:

Re:p-v~D
7
960-20-5.24-1072 M
R, =—— " -59181.18
0.017

When calculating the Reynolds number for the fluid
flowing in the valve, it has turbulent flow charac-
teristics, so the length of the pipe can be determined by
using the equations of Muzychka and Yovanovich, [11].

1
= 6
Ltube,turbulent =4.4-D- ReD

| @
Ltube,turbulent =44-24-59181° =1439.3mm

To facilitate the discretization of the model, the
length of the pipe at the entrance of the valve was set to
1400 mm.

2.2. Discrete composition

To increase the intuition of the model and the calcu-
lation speed, the hexagonal discretization method was
used.

Since the velocity distribution of the fluid in the gate
part changes rapidly and the erosion model being used
is a model related to the surface of the valve and the
pipe, the mesh size was set from the hydrodynamic
point of view.

The height of the surface element was calculated
using the y" method (Wall Distance Method), [12].

-2.3

Cr =[2-log;o(R,)-0.65] (R.<10°)  (3)

1
Ty =Cf3~p-u2 )
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In the above equation, the y* range is from 30 to
500, but the y* value was chosen as 50 to finely divide
to fit the erosion model and the discretization size was

calculated ( y = 3.52107m).

The discretization form for the erosion model is
presented in Figure 2. Was used a 194372 number of
cells, with cell size of 3.5mm, 193611 nodes, 1 second
time step size, 3600 number of time steps, and 50 max
iterations / time step.

Figure 2. Discretization form for the erosion model

3. FLUID FLOW MODELING AND EROSION RATE
CALCULATION

3.1 Fluid flow modeling

In the paper, the fluid flow -characteristics were
calculated using ANSYS Fluent 19.2.

In solving the governing equations in hydro-
dynamics, the continuous phase has been calculated by
Euler's method and the dispersed phase has been
calculated by the Lagrange method of tracking the
individual particles.

For the continuous phase, the oil specified in the list
of materials on the computer has been selected, and for
the dispersed phase, the sand which was the main cause
of erosion has been selected.

It has been assumed that the continuous and kinetic
equations of the fluid flowing through the valve are
equations (7) and (8), [13].

odp O

L2 (p-U)=0, 7
6t+6xj(p ) @
o(p-U; 0 op'
%—Fa_(p.lji.ljj):_i—i_

0
+a—xj(0'ij +Tij)+/)'gi +Sp

Here, the viscous tensor oj; is calculated by equation

9), [13].
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e oU; +%_%5.4% 9)
8xj 6xi 3 Y 8xk ’

where[13]

. oU;
Si':l %+_J , (10)
L) Ox;  0Ox;

1

oU;  OUj; oU
sgv LS 025 el
2 ox; oy 3 Oxy

Since it is not possible to directly solve the stress
tensor, the differential equation is solved by applying
the gradient- transfer hypothesis.

2

‘L'ij = 2,Ut (Sgev)_gpkél ’ [13] (12)
k2

ﬂt:cu.p.?.[ls] (13)

These values depend on the type of the k—¢ model.
In this study, the realizable k—¢ model was used for the
turbulence model. The realizable k—e model is a
turbulence model for analyzing the action process of a
fluid with a relatively high Reynolds number at the wall
boundary surface.

In this model, £ and ¢ are calculated by the following
equations (14) and (16), [13,14,15,16].

(k) o Uik) o ff m)ak],
ot Ox;j ox; ox; | > (14)
+P—-p-¢
o p- olpU;-¢ '
(p €)+ ( J ):i ,u—i_i a_g +
6t axj 6xj O-g ]
15
; (15)
+C e p§S-Co pr—F——
k+(ulp)-e
where,
oU;
P:Tij'—l, (16)
axj
or
P=G—3~p~k~aUk, (17)
3 axk
oU 1(oU, ¥
dev i k
G=2u - S - —L=2u | S;; - Sy ——| — , (18
H - 94 axj Ht | Oij 94 3[6)61(} (18)
q =max(0.43,ij , (19)
n+5
k
£
C ! 21
n (21)

A, (U™ -kte)
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U* =1’Sij'Sij+‘Qij"Qij P (22)

. oU;
Q _1 ] , (23)
2 axj 6xi

A =~6cos(p) , ¢=%arccos(\/8.W) , (24)

. SiSiSe 1)1
W= mlnl:max(%/zy;—31,—%],% (25)

In the equations above, the constants are : g, = 1.0,
o=12, C,=19, A;=4.0[13,14].

3.2 Calculation of erosion rate

DPM (Discrete Phase Model) model was used as an
erosion model. DPM model can be used in case that the
continuous phase acts together with the dispersed phase.
In the DPM model, it is assumed that the continuous
phase exerts a force on the dispersion phase, but the
dispersion phase does not affect the continuous phase.

This assumption is possible when the dispersed
phase contained in the fluid is less than 10% and there is
no significant effect [6]. In this study, a DPM model
can be used because fluid analysis is performed on
petroleum with less than 10% sand as impurities.

In the paper, erosion rate was predicted by using the
Generic Erosion Model that ANSYS Fluent has. In this
case, the particle erosion rate is calculated by equation
(26).

R:

sz%icles my -C(dp).f(y).[/b(")

» [17] (26)
p=1 Aface

The erosion rate was calculated assuming C=1.8-10
° f=1,and b=0.C, fand b are not defined by the
material property values, but by the wall boundary
conditions of the analytical model. Therefore, when
defining the boundary conditions of the model,
appropriate values for solving equations should be
given.

Table 3. Parallel Gate Valve Erosion Parameters

Item Parameters Unit Value
1 Particle Diameter m 1+10™
2 Particle inlet velocity m/s 20
3 Particle flow rate kg/s 0.2
4 Particle Density kg/m® 1550
5 Action time of particle ] 3600

Table 3 presents the values of the parameters used in
the erosion calculation.

3.3 Calculation results and analysis

Based on the model proposed above, the flow
characteristics of the fluid and the change of erosion
rates were observed, dividing the state of opening and
closing of the valve in 4 cases.
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In the analysis, the characteristic values of the fluid
and particles were given at the inlet, and the relative
pressure was taken into account at the outlet by giving
the opening condition.

To fit the erosion model, the wall boundary condi-
tion of the model was set to the condition of No slip
wall, and the operating time of the particle was set to
3600 seconds.

First, the flow characteristics of the fluid and the
state of pressure change according to the state of
opening and closing of the valve are presented in
Figures 3 and 4, and the calculation results are presented
in Figures 5 and 6 and in Tables 4 and 5.

34 4-4

Figure 3. Flow changes of fluid depending on the opening
and closing state of the gate

34 4-4

Figure 4. Pressure distributions of fluid depending on the
opening and closing state of the gate

As shown in Figures 5 and 6, it can be seen that the
smaller the passage area of the fluid is, the greater the
velocity of the fluid and the pressure applied to the
valve are.

In the figures above, 1-4 is the valve in which the
gate was opened by only about a quarter, 2-4 is the
valve in which the gate was opened by only half, 3-4 is
the valve in which the gate was opened by only three
fourths, 4-4 is the valve in which the gate opened
completely.
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In addition, except for the valve in which the gate
was opened completely, when it is observed in the same
valve, the velocity of a fluid was higher in seat 2 and in
the part of the gate in which the direction of fluid flow
changes rapidly.

—@— state 1-4 —— state 2-4
—i— state 3-4 state 4-4
120
=
E 100
7 80
2
= 60
=3
= 40
= 20 /,/‘\*\
ac— *
0

Tube 1 Seat 1 Gate Seat 2 Tube 2
Valve elements

Figure 5. Changes of fluid flow velocity according to the
open/close state of the gate

—&— state 1-4 —8—state 2-4
) =l state 3-4 state 4-4
= 6
(i
25
g4
7
5 3
&
2
1 o———O —O 4\
I ~J-

Tube 1 Seat 1 Gate Seat 2 Tube 2

Valve elements

Figure 6. Changes of fluid pressure according to the
openl/close state of the gate

In particular, as the passage area of the fluid became
smaller, the fluid vortex phenomenon inside and behind
the gate appeared more severely. The value of the
pressure was also higher in the gate section and
gradually decreased as it went to tube 2.

In this case, the maximum pressure appeared on the
surface of the wall in front of the gate which is in direct
contact with the fluid and, in rare cases, near the contact
boundary between the fluid passage surface of the gate
and the lower section of the seat. The reason for this is
that as the fluid passage area decreases, a vortex is
generated inside and behind the gate.

When the valve gate is opened completely, the pressure
and velocity of the fluid gradually decreased as it went to
tube 2. In this case, there are pressure losses only due to the
friction between the fluid and the pipe wall.

Next, the erosion state of the wvalve and the
calculation results are presented in Figures 7 and 8 and
in Table 6.

The rate of erosion also increased as the fluid flow area
decreased, and the flow characteristics changed rapidly.

In addition, as can be seen in Figure 7, except for the
valve in which the gate was fully opened, erosion first

812 = VOL. 48, No 4, 2020

occurred on the surface of the tubel in front of the gate and
on the inner surface of the gate, and this was gradually
transferred to the back of the gate, as the gate is closed.

4-4

Figure 7. Erosion states due to sand particles according to
the opening and closing state of the gate valve

In particular, erosion was severely generated on the
inner surface of the gate and at the boundary between
the gate and the seat 2.

0.005
= —i=—Tube 1
L 0.004
=) —8—Seat 1
E“ 0.003 —8— Gate
2 Seat 2
T 0.002
c —+—Tube 2
=]
‘m 0.001 /
=]
iai

0 X
Statel-4  State 2-4  State 3-4  State 4-4
-0.001

Valve opening state

Figure 8. Erosion rate changes due to sand particles
according to the opening and closing state of the gate
valve

Further, when the gate was closed by a quarter, most
of the erosion occurred near the boundary between the
inner surface of the gate and the lower section of the
seat 2 and on the inner surface of the tube 2. The reason
for this is that a stronger vortex was generated inside the
gate and inside the seat 2 and the tube 2 behind the gate,
as the fluid passage area is gradually decreased.

In all cases, the erosion rate was recorded as the
maximum value on the inner surface of the gate and it

was 4.597 #10” kg/(m*h) when the valve was opened by

only 1/4. In addition, when the valve was fully opened,
erosion occurred accidentally along the entire length of
the pipe (tubes).

4. STRESSES CALCULATION ON CLOSING
ELEMENTS

Depending on the pressure distribution data obtained by
CFD analysis, the stress states of the closing elements

were analyzed according to the open state of the valve.
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Table 4. Calculation results of fluid flow velocity according to the open/closed state of the valve

Valve open Fluid flow velocity [m/s]
state Tub 1 Seat 1 Gate Seat 2 Tub 2
1-4 24.5 72.8 110.9 113 99.8
2-4 21.3 32.7 62.2 62 46.6
3-4 12 21 335 25.2 15
4-4 15 14.5 14.3 14.3 13.4

Table 5. Calculation results of fluid pressure according to the open/closed state of the valve

Valve open Fluid pressure [Pa]
state Tub 1 Seat 1 Gate Seat 2 Tub 2
1-4 6390000 6358000 6380000 4917000 6073
2-4 1314000 1370000 1390000 1430000 135
34 151302 211193 239000 121856 91
4-4 27730 18840 16404 13434 4885

Table 6. Calculation results of erosion rates by sand particles according to the open/closed state of the valve

Valve open Erosion rates [kg /(m*h)]
state Tub 1 Seat 1 Gate Seat 2 Tub 2
1-4 O 2.3-107 4.597-107 3.963-107 6.325-10™
2-4 1.230-102 2.538:107 3.892:107 9.40-10™ 1.65:10°
3-4 1.32-10* 7.065-10™ 9.022-10* 5.666-10™ 8.788-10°
4-4 3.370 107 6.05-10® 5.848-107 5.997-10° 3.013-107
Table 7. Calculation results of maximum stress values according to the open/closed state of the valve
Valve Maximum stress values [MPa]
openstate|  Typ | Seat 1 Ring 1-1 | Ring1-2 Gate Seat 2 Ring2-1 | Ring2-2 | Tub2
0-4 92.313 99.598 | 62.086 36.236 115.05 14.87 11.415 7731 10.15
1-4 16.956 33.011 | 12.765 8.70 38.634 25.236 4.677 1.887 491
2-4 3.491 8.483 3.102 1.963 13.339 7.709 1.545 0.567 1.199
3-4 0.413 0.604 0.418 0.255 1.322 1.589 0.248 0.130 0.349
4-4 0.075 0.056 0.050 0.03 0.053 0.042 0.026 0.015 0.024

The model of the valve for analysis was designed by
using AutoCAD according to the standard and operating
conditions of type 21/16 [1 - 3/5M type gate valve

actually used in the oil pipelines (Figure 9).

Figure 9. Gate valve model for stress analysis

For analysis, both surfaces of the valve were fixed
and contact conditions

between the parts

were

The calculation results are presented in Figures 10
and 11, and in Table 7.

140
—e&—Body inlet

120 —e—Body outlet
= —e—sSeat 1
& 100 ea
= Ring 1-1
% 80 —e&—Ring 1-2
o
= —&— Gate
Z 60
= —&—Seat 2
£ 40 —&—Ring 2-1
= —e—Ring 2-2
= 20

0

State 0-4 State 1-4 State 2-4 State 3-4 State 4-4

Valve opening state

Figure 10. Changes of the maximum stress values acting
on each part depending on the opening and closing state
of the valve

established. The model used for calculation was

designed to be the same as the size of the actual valve,
and the Von Mises method was used for stress

calculation.

FME Trans
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As Figure 10 shows, the smaller the fluid passage
area is, the bigger the value of the tension on the inner
surface of the inlet part of the valve body is, and the
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tension on the gate wall reaches the maximum value
when the valve is completely closed. Of course, in this
case, the maximum tension was produced near the
boundary between the wall in front of the gate and the
valve seatl.

However, given that the maximum value of the
calculated stress is 115.05 MPa, which is less than the
permissible value of the material (yield stress of gate
material = 460 MPa), the valve is considered to be
stable in terms of structurally real working conditions.

As can be seen from Table 7, maximum values were
generated near the boundary between the gate and the
seat 1 or between the gate and the seat 2 as the valve
gate gradually is closed.

34 4-4

Figure 11. Changes of the stress distribution according to
the open/close state of the gate valve

In addition, at the valve in which the gate was fully
opened, the value of the stress was reduced as it went to
the tube 2, and in this case, the maximum value was
produced on the inner surface of the inlet part of the
valve body. Of course, the value in this case was
0.075MPa, which was lower than the maximum values
obtained in other cases.

CONCLUSION

This research presented the process of evaluating the
erosion and the structural stability on the gate valve
where the multiphase fluid flows, using Ansys Fluent
19.2. Using the DPM model, the flow characteristics
and the change in erosion rates on the valve were
calculated, and in this process it was confirmed that the
erosion phenomenon appeared most seriously on the
inner surface of the gate, where the flowing direction of
the fluid changed rapidly.

In addition, using the Von Mises method it is
confirmed that the valve is structurally stable even when
the valve is under maximum pressure. Of course, it is
true that the accuracy of Ansys analysis results should
be confirmed by experimental methods, however this
method of analysis suggests that the gate, seat, and inner
surface of the body behind the gate should be covered
with good wear-resistant material to increase the valve
durability.

814 = VOL. 48, No 4, 2020

It has also been confirmed again that to reduce the
erosion rate we should avoid the fluid swirl by actuating
the valve in the condition that the gate is completely
opened or closed.
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NOMENCLATURE

Re Reynolds number

D Diameter of valve

Lupe,urbulen: ~ Length of a pipe

G Coefficient of surface friction

u Fluid flow velocity

Ufric Velocity of solid particles

y Mesh height or distance from the wall

¥ Target value

Ui, U Velocity vectors

P’ Average pressure

g Gravitational acceleration (9.81m/s?)

S, Particle momentum

k Turbulent kinetic energy per unit mas

gdev Deviatoric (traceless) part of the strain-
1 rate tensor Sj;

Sij Strain-rate tensor

Production rate of kinetic energy (per

P unit volume)
R Erosion rate
£ Function of the angle of impact
14 Relative velocity of the particle

FME Transactions

Aface Area of the element on the wall.
Nparticles Number of particles
Greek symbols
Tw Tangential stress
p Fluid density
I Fluid viscosity
0ij Viscous stress tensor
Tij Reynolds (or turbulent) stress tensors
& Turbulent dissipation rate
1 Turbulent (or eddy) viscosity
Ratio of the turbulent to mean-strain
n time scales
Qy Rate of rotation tensor
Angle of impact between the wall and
y particles
Superscripts
dev. Deviatoric (traceless) part
b(v) Fungtion of the relative velocity of the
particle

MOJIEJIUPAIBE EPO3UJE KO TAPAJIEJIHOI'
INPOTOYHOI' BEHTHJIA

J.X. Pu, P-I'. Puneany, A. /lunura

Epo3ujy mnpoTOYHMX BEHTWIA, KOjH HMajy MIHPOKY
MPUMEHY Y IIPOM3BObU U TPAHCIIOPTY Ha(Te, MOXE J1a
W3a30Be BUCOK MPHUTHCAK GIyHIa M YeCTUIIE MecKa Koje
ce Hamasze y cupoBoj Hagtu. OHa MOXKE Ja JOBEAC IO
CMamema JIeOJbHHEe BEHTHIAa M 3aTBapama CUCTeMa 3a
excruroararjy Hagte. He jaBiba ce paBHOMEPHO KOX
CBHX JIeJIOBa BEHTHJIA U Pa3iIMKyje ce KOJ Pa3IHIuTHX
¢da3za orBapama BeHTWiIa. KopumrhemeMm mnporpama
ANSYS Fluent 19.2 usBprieHa je aHanu3a NpOTOKa M
Op3uHe HacTaHKa epo3uje NpHU KpeTamwy (uynga Kpos
BEHTHJ Yy pa3NUYUTHM (a3amMa OTBapama BEHTHIIA.
Mopnen Bentwina je wuspahen mnomohy mporpama
AutoCAD, 1ok cy reoMeTpHjcke TUMEH3Mje U (pU3HIKa
cBOjcTBa Marepujasia ozapehena mpema crenudu-
KalMjaMa MPOTOYHOT BEHTWJIA HMHCTAJHPaHOT y Had-
ToBoy. M3pauyHaBammuma mpeko PejHonmcoBor Opoja
yTBpheHo je Aa (QIyua Koju mpoja3d Kpo3 BEHTWI HMa
KapaKTepUCTHKE TypOYIEHTHOT CTpyjama, i Ha OCHOBY
OBOT HW3padyyHaBama ojapeheHa je nmyxuHa yiasa
BeHtmna. 3a CFD ananu3zy xopumthenu cy OjiepoB Kao
u JlarpanxoB Meron. Ilpumenom mojnena x-¢ u DPM
mpeMa KapakTepHUCTHKaMa TypOYJIGHTHOT CTpyjama
npeasuleHa je Op3uHaA pa3Boja epo3uje MOBPIIUHE KOjy
W3a31Ba Mecak KOju je Y UBPCTOj a3y U JUCIICProBaH y
¢ynny. Ha ocHoBy Mu3seoBor Merona U qucTpuOynuje
NPUTHCKA, Ka0 MW ToJaraka IOOWjeHHUX aHAIU30M
¢bnynna, npuKasaH je IOCTYNaK W3pauyyHaBamba HalloHa
Ha KOMIIOHEHTama 3a 3arBapame. Oiayun kopumiheH 3a
aHanmu3y je 6mia HadTa ca YecTHIIaMa ITecKa.
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