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Highlights
· Proposed a block diagram of the calculation of the axial valve separator.
· The required valve flow capacity is taken into account. 
· The results of stochastic modeling of the hydrodynamic cavitation are the basis. 
· An example of the calculation of the axial valve separator is made.

1. Introduction
Improving engineering methods for calculating valves is a pressing issue in the field of pipeline fittings design. The task of reducing the intensity of cavitation effects in the flow part of the valve can be successfully solved by throttling fluid flows. Axial valves provide a straight-line flow of fluid with minimal resistance when opened. The design of the axial valve proposed by the authors [1] assumes a coaxial arrangement of the separator and the movable external locking member, which have the form of hollow cylindrical shells (fig. 1). Thus, the throttle round holes of the fixed separator overlap when the cylindrical shell obeys along its outer surface. This shell can be set in motion as a rack and a crank mechanism.
2. Methods
The purpose of the work is to develop a scientifically based method for calculating the effective ranges of the design parameters of the throttle part of the axial valve. Earlier, the authors used the stochastic approach with the equilibrium representation of the states of the energetically closed macrosystem [2] within the framework of the Ornstein-Uhlenbeck random process [3] to form the model of the bubble formation process in the separator at the initial stage of hydrodynamic cavitation. The proposed stochastic models [4-8] allowed us to obtain differential distribution functions of the number of cavitation bubbles formed during the initial stage of the evolution of hydrodynamic cavitation, according to their size [4-6] and the degree of opening of the axial valve [7, 8]. The expression obtained using this model [4] for calculating the average over the ensemble of the diameter Dsb for the macrosystem of cavitation bubbles [5, 6] takes into account the physical and mechanical properties of the working medium, as well as the main design and operating parameters of the axial valve. Another model [7, 8] made it possible to establish a connection between the critical value of the Reynolds number Recr in the case of a complete opening of the valve and its design parameters. So, these expressions for Dsb [5, 6] and Recr based on [7, 8], as well as the obtained expressions for the energy parameter of the stochastic model [8] and the hydraulic resistance coefficient [9] are used in the proposed engineering method.
[image: ]
Figure 1. Schematic diagram of an axial valve with an external positioning of the locking member: 
1 - outer case, 2 and 3 - inlet and outlet nozzles, 4 and 5 - flanges, 6 - separator, 7 - throttle holes, 8 - cylindrical conical, 9 - rack and pinion mechanism, 10 - cavity of the inner housing, 11 - radial partitions
3. Results and discussion
The proposed block diagram (fig. 2, 3) consists of 25 main blocks for calculating 13 effective values of the design parameters of an axial valve separator. For example, the required parameters include: diameter of round throttle holes d0, arc distance between the holes in one row, distance between rows of these holes, separator thickness, number of holes for one row, number of these rows, diameter of the outlet of the separator, its perforated part length, bevel angle for the cylindrical part of the shell, etc. Specified operating parameters are the maximum attainable fluid flow through the regulating device at a given value of the medium temperature, the minimum pressure drop, the maximum pressure in the center of the bubble, which corresponds to the minimum value of its radius, the saturated vapor pressure of the medium, the velocity of the fluid in the pipeline. The input parameters for the calculation are the maximum attainable flow rate of the medium, the temperature of the medium, the limits of variation of the minimum pressure drop and the velocity of the fluid in the pipeline. The output parameter is the required valve capacity K’vy. The flowchart proposes a phased calculation of various approximations of the desired design parameters depending on the selected intervals for changing the maximum value of the valve throughput. The specified intervals are refined three times (blocks 3, 10, 21), taking into account the required value of capacity K’vy with the choice of safety factors. For the first time, this is done at specified intervals of change in the minimum pressure drop (block 3), in the second - after calculating Recr based on [7, 8, 10] to determine correction factors for medium viscosity (block 10), in the third - after estimating the hydraulic resistance coefficient ζy* [9] from the condition of minimal Dsb value (block 21) [5, 6].
4. Conclusions
According to the performed calculation example, with K’vy=6,0 m3/h; Recr=5209,58; ζy*=0,119  obtained rational ranges of changes of the desired parameters, in particular, the average value of d0 from the specified range is 5.05x10-3 m with a separator outlet diameter of 4.19x10-2 m and the length of its perforated part 8.21x10-2 m. The main practical value of this work is the possibility of reducing the intensity of cavitation in an axial valve when throttling fluid flows, as a result, extending the service life of regulating devices of this type. 
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Figure 2. Conventional block diagram of the calculation of the design parameters of the axial valve separator with the external location of the locking member (Part 1)
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Figure 3. Conventional block diagram of the calculation of the design parameters of the axial valve separator with the external location of the locking member (Part 2)
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