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This paper presents the results of a study of the main characteristics of the
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throughput, valve, parameters, and operating parameters. In particular, the calculation of the throughput

coefficient of hydraulic resistance 4 throughput characteristics of the separator of the specified valve from the
standpoint of varying the degree of its opening has been performed. The most
significant factors influencing the change in these indicators of the axial valve
operation are revealed. For example, at the maximum degree of valve open-
ing, an increase in the diameter of the throttling holes by 2 times leads to an
increase in the nominal throughput by 1.66 times and the throughput char-
acteristic by 1.19 times. It is shown that in the selected ranges of changes in
the design parameters of the throttling process of the working medium, an
increase in the valve opening degree up to 60% leads to a smooth increase in
the throughput characteristic to values not exceeding 0,3. The specified non-
linear dependence of the flow characteristic of the control axial valve creates
the prerequisites for choosing the profiling of this indicator. The practical ap-
plication of the issues discussed in this study was reflected in the development
of an engineering methodology for calculating design parameters for the cor-
responding control valve with the implementation of the process of throttling
the flows of the working medium.

Introduction

Accident-free operation of control valves within process regulations is a basic
requirement for various branches of chemical production and an issue for leading
manufacturers of pipeline valves. Fluid flow in the flowing working areas of the corresponding
adjustment devices is accompanied by cavitation phenomena of hydrodynamic and acoustic
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nature [1-3]. In particular, the occurrence of hydrodynamic cavitation is directly related to the
main purpose of valves as fluid flow adjustment equipment [4-6], and due to sharp pressure
drop, it becomes possible for cavitation cavities to form in the working fluid [2, 3]. Behavior of
a system of formed cavitation bubbles in the main nodes of pipeline valves requires a
comprehensive study of the conditions of the specified adjustment process with minimum
consequences of the hydrodynamic cavitation phenomenon and maximum possible flow
capacity. Using a number of structural devices for fluid flow separation allows to throttle the
fluid in the main valve node. The purpose of this study is to research main characteristics of
fluid throttling in the axial control valve with outer shell [7]. The study takes into account the
dependence of the simulated hydraulic resistance factor on the design and operating
parameters. The problem becomes especially interesting when the working fluid throttling is
simulated stochastically [8] by energy method [9] [10-14] in contrast to other numerous
simulation models [15-17].

Brief description of the assessment approach for the flow capacity of an axial control
valve with external separator gate

The assessment of the main characteristics of control valve throttling is a priority task for
industrial designers when selecting design and operating parameters of the valve [18-20]. In
particular, there are two most important indicator [19, 21] - the flow capacity K, and the flow
rate, depending on the degree of valve opening t €[0;1]

c.=K, /K, (1)

The value 6_ in expression (1) is determined by the ratio of flow capacities at the current
(K,, ) and full (K, ) opening of throttle channels.

Fluid flow throttling can be designed either with a single separator [22, 23] or with a set
of fluid flow splitter stages [24]. At the same time, there are orifices of different configurations
that can be drilled in axial valve separators. The design of the axial valve at the external gate of
a cylindrical separator [7] with outlet diameter Dy, thickness, /4, and length L¢ of the perfo-
rated part has S, rows of round radial orifices with the same diameter d, as their number S,
in each row and distance /. between the rows. To regulate pressure drops, these channels are
closed by using an outer shell which moves along the central axis of the flow splitter with a
nominal bore diameter D, =d,(S,S,7)"/*.

With the empirical ratio in mind [18], the flow capacity of the valve K, is calculated

Yyt

depending on the hydraulic resistance factor { , in the transition region of the fluid flow (in

the interval of change of Reynolds criterion 10 < Re<10*).
K, =5.04-10"nD *C, " Q)

Vy
Note that the turbulent flow formation theory is not complete [25], assessment methods
for the hydraulic resistance factor are actively developed in three directions: use of empirical
relationships [4, 18, 20, 26], use of simulation models [27-30], simulation of analytical depend-

encies [10]. In particular, the authors propose the following way to calculate this characteristic

G = j-19‘071[([45'[ —h)- 2_1}‘0] + Age + Ay {1 = A5 (AT + 4) [2(Lg7 - hr)gr]A}z ) (3)
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modeled depending on design and mode parameters of throttling of working liquid [10]
based on the superposition principle for pressure drops in elementary local resistances [4, 26].
Expression (3) contains notations:

h=htd,; 4, = Sth;r(goo)_l[(DiCE - th)z _DeCIZ ]_25 A= 4‘DS(7[Shdh2)71 >
4 =4S, (b, + dh)(n'doz)_l A6 =TLg [25 2y, =2[(D;cy — 2hc)2 —(Ds thy )T /D;r ;

/0,2648,hD, *(Re, d,*) "5 7,28, yhs[1+ Ds(Dg +hg) 1{90°(Dyee - 20 )* - D'}

here: D, - inner diameter of outer chamber with thickness #4.; D, - outer diameter
of the inner chamber; 4, — distance between orifices in one row; ¢ — bevel angle for outer sep-
arator cage made as a cylindrical shell. For flow compression factor ¢, , expression (3) suggests
to use modified formula of Alshtul [26] in the form of
e =0.57+43-10°{1.1-2"[4, + 4, 1}, 4)
where 7, 228 (h, +d,)(h.+d, +2,t)(nd,’)". The link between the Reynolds criterion

Re_ and the nominal bore diameter Dy

- in the calculation of factor 4,, in expression (3) is

reflected by the well-known relation Re, =3530, .. (v,D,.)™" [18] at a valve opening degree
t€[0;1], where Q, .. — a maximum the working medium flow (m*/h); v, - its kinematic vis-
cosity value (cm?/s) at a fixed temperature value ¢ (°C).

Thus, the simulation of the analytical dependence of the hydraulic resistance factor on
the opening of the valve with an external separator gate [7] is performed using (3) and after
taking (4) into account. This makes it possible to estimate the flow capacity K,, and flow rate

c_ according to (1) for the control valves of the specified type [31].

Using hydraulic resistance factor simulation results to calculate basic characteristics
of fluid throttling in axial valve with external separator gate

We used the offered method of estimation of liquid throttling parameters y={K,.,0,}

in the axial valve with an external separator gate [7] and tested it with throttling water as per
the working environment selection set for tests of pipeline valves [19, 21, 32].
The input data x={a,b} for calculation of indicators y={K,,0,} of the specified pro-

cess (flow capacity K, and flow rate o,) are values of mode a={a,, j=1n} and design
b={a;,j =1,n,} parameters. Table 1 presents the obtained values of nominal bore diameter,

Reynolds criterion, and hydraulic resistance factor depending on degree of opening of external
separator gate as per (3), (4).

Table 1. Nominal bore diameter, Reynolds criterion, and hydraulic resistance factor depending on degree
of opening of external separator gate

T D,,10%, m Re,, 10 (pr 10°
0.23 1.40 1.5564 3.1857
0.62 2.21 0.9844 0.2658
0.81 2.80 0.7782 0.1128

1.0 3.13 0.6961 0.0919
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Here are the basic values of operating parameters a={Q

1max

> v}, n =4 of the
given throttling process: maximum fluid flow rate AP =1,5m’h; minimum pressure drops

min

AP, =1,5kPa; temperature t =30 °C; kinematic viscosity v, =0,81-10% cm?/s. The values of

min

design parameters b={D. h,L,;d ;h,;S,;S ;h ;D . ;h.;D, . ;@;h }, n,=13 are divided into
three groups:

1) for the separator: (output diameter Dg =3,4-10” m; thickness A, =0,15-107 m; the
perforated part length L,=2,35-107 m; number of rows of circular radial orifices S.=5; num-
ber of these orifices in one row S, =16 orifice diameter d, =3,5-10° m; distance between rows
h =0,1- 10? m; distance between orifices in one row h,=0,3- 10? m);

2) for the cylindrical part of the chamber: (inner diameter D, =6,5-107 m and thick-
ness h.=0,28-10> m of the outer chamber; outer diameter of the inner chamber
D, =5,3-10" m);

3) for the external gate of a cylindrical shell form (bevel angle ¢ = 45° thickness
h, =0,15-107 m).

Fig. 1 and 2 show the results of estimation of parameter set y={K,, ,o,} for fluid throt-
tling in axial valve with external separator gate [7] as per (1), (2) and after taking (3), (4) into
account. The analysis of calculation results for the parameter set y={K, 0.} allowed us to

identify the most important design parameters that have the greatest impact on the specified
indicators of the studied process. In particular, such parameters include: outer diameter D, num-

ber of orifices in one row on the cylindrical surface of the separator S, , diameter of orifices d,,.

The observed general behavior of the dependencies for the flow capacity K, (Fig. 1, a; 1,
b; 1, ¢) and flow rate o, (Fig. 2, a; 2, b; 2, c) on the parameter set ¢c={D;S,;d,}I b for fluid
throttling in axial valve with external separator gate is explained by the ratios of these parame-
ters according to expression (1). For example, at the maximum valve opening degree (7=1),
the diameter of the orifices d, is twice as large (it widens from 2,5- 10° mto 5,0-10° m), and
because of that, the conditional flow capacity K, is 66% (from 2.7 m*/h to 4.5 m*/h; Fig. 1, ¢)
and the flow rate o, is 19% (from 0.70 to 0.83; Fig. 2, c) higher.

Similarly, increasing the number of orifices in one row of cylindrical separator S, by 80%
according to Fig. 1, a and Fig. 2, a is reflected in a 75% increase in the conditional flow capacity
K, . and a 15% increase in the flow rate ¢_. In this case, increasing valve opening t influences
the specified parameters in the set y={K,_,0.} the most. For example, increasing the valve
opening degree to 60% leads to a smooth increase in the flow rate to values not exceeding 0.3
(Fig. 2, ¢). Previously, we have determined that the flow rate of a regulating axial valve with an
external separator gate o, depends on the valve opening degree t nonlinearly. This dependence
can be used to profile the flow rate, which is the main task of pipeline valve designers. Note that
the solution of issues considered in this study was obtained during the development of engi-
neering methodology for calculating the design parameters [33, 34] for the corresponding con-
trol valve, as well as the implementation of the flow throttling in the work environment.

192



FROM CHEMISTRY TOWARDS TECHNOLOGY I3 e1] 4 VOL. 1, ISSUE 1, 2020

Fig. 1. Dependence between nominal capacity of axial valve with external gate and parameters of throttling of
liquid flows:

a-K, (S, 0);Dy=3.4-10> m; d,=3.5-10° m; b-K, (D,,0);d,=35-10" m; S, =16; c- K, (d,7);
D;=34:10" m; S, =16; 1-D,_ =14-10" m;2-D_ =2210" m;3-D, =28-10" m; 4-D,_ =3.1:10" m;

Ly gere,
by hry T,
ie5iess Z
', 'dq-,’l
I"”

Fig. 2. Dependence between flow rate of axial valve with external gate and parameters of throttling of liquid
flows:

a-o(S,.1); Dy=3,4-10" m; d, =3,5-10°m; b-o_(D,1); d, =3,5-10° m; S, =16; c-0_(d,,T)
Dy=34:10°m; S, =16; 1-D_ =14:10> m; 2D, =2.2-10° m; 3D, =2.8-10° m; 4-D,, =3.110° m;

Conclusion

The study discusses the assessment of main characteristics for liquid throttling in axial
valve with external separator gate. The results of the study are:

1. The design features of control equipment proposed by the authors were proven to be
efficient. This equipment is used to implement the flow throttling of the working environment.
The proposed changes result in a promising direction for the creation of control valve devices
designed to solve the problem of local production.

2. We have determined a number of the most impactful design parameters in liquid throt-
tling in an axial valve with an external separator gate. They contribute to the development of
specific design guidelines for the new control equipment. For example, at the maximum valve
opening degree, the diameter of the orifices is twice as large, and because of that, the conditional
flow capacity is 66% and the flow rate is 19% higher. In addition, increasing the valve opening
degree up to 60% results in a smooth increase of the flow rate up to values not exceeding 0.3.

3. We have determined that the flow rate of an axial control valve with an external sepa-
rator gate depends on the valve opening degree nonlinearly. This dependence can be used to
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profile the flow rate when changing the ranges of the design parameters. It also has wide prac-

tical application when developing an engineering method of calculation of these characteristics.
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