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Abstract. A study was made for the continuous flow of the working fluid through a cylindrical
throttle channel (so-called "locking effect"). The flow of the fluid into the atmosphere and the
change in absolute pressure at the inlet to the throttle channel ranging between 0.221 MPa
and0.24 MPa are studied. It was found that the pressure in the compressed section inside the
throttle channel remains almost constant and equal to 4 kPa. A comparison is made of the
experimental values of the flow rate determined for the same absolute pressure difference AP
in the separated and unseparated flow regimes. Knowing that the value of the flow coefficient
W in the zone of the existence of the “locking effect” can be determined from known data for
the process of fluid outflow from holes with a sharp edge in a thin wall. Also, similar
phenomena occur when fluid flows through small holes and slots in the guide, control and
regulatory equipment of various hydraulic systems.

1. INTRODUCTION
Studies show that the hydrodynamic characteristics of fluid flows in hydraulic systems that contain throttle
channel are very complex and have a significant impact on the performance of these systems [1-4].

The task that developers of hydraulic systems for various purposes often have to solve, is to
provide control over the values of the working fluid pressure and its flow rate. One of the ways to
control these parameters is the so-called throttle control method. It is customary to call a regulating
device a throttle capable of establishing a certain relationship between the calculated differential
pressure across the throttle and the flow rate [5—12]. In hydrodynamics, this relationship is expressed

by the formula:
Q=pAJ2Ap/p (1)

Where O — the volumetric flow rate through the throttle;

u— flow rate coefficient;

A — area of throttle channel;

Ap = (Pin—pow) — differential pressure in the throttle;

piw— pressure at the inlet of the throttle;

Pour— pressure at the outlet of the throttle;

p— density of the working fluid.

It is known that when liquid flows through a throttle channel of a cylindrical shape, whereas the
ratio of the length of the channel to its diameter in the range from two to four, two flow modes are
possible — separated (Fig. 1a) and unseparated (Fig. 1b).
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In the separated flow mode, the hydrodynamic parameters are close to the parameters of the flow
from a hole in a thin wall. In the unseparated flow mode, the flow rate of the working fluid through the
throttle at a given inlet pressure may depend on the pressure value at the outlet, or it may not depend
(so-called “locking effect”) [13—18]. The last mode represents a special particular interest to
developers of hydraulic systems and control devices for their work. When the hydraulic actuator
operates in the existing mode of the “locking effect”, the speed of movement brought by it in the
movement of the load ceases (up to certain limits) depends on the magnitude of this load and will
remain constant.

One of the research goals is to develop recommendations on the use of formula (1) for applied
calculations of throttle devices based on the use of a throttle channel of cylindrical shape with a ratio
of channel length to its diameter in the range from two to four. From the analysis of formula (1),
creates the following questions:

1. What is meant by area “A” of a cylindrical throttle channel?

2. What is meant by the pressure drop in separated and unseparated modes of expiration?

3. How to determine the value of the coefficient of flow pu during unseparated flow mode?

Some clarifications of well-known answers to the first question are given in the articles [12].

Below are the results of the research, which purpose was to find an answer to the second and third
questions - what is meant by the pressure drop in formula (1) when it is used to calculate the
parameters of the fluid flow through a cylindrical throttle channel.

2. METHODS
From the analysis of related literature, many authors of the studies assume fluid flows that are
hydrodynamically similar in the area from the entrance to the sharp-edged hole to the most
compressed section when flowing through the sharp-edged hole in the thin wall and in the area from
the entrance to the most compressed flow section in unseparated flow through a cylindrical throttle
channel.

Based on the foregoing, it can be assumed that the calculation of the parameters of the fluid flow
through the cylindrical nozzles in the zone of the "locking" effect using formula (1) should be carried
out with respect to the pressure drop Ap in the section between the nozzle inlet — pj apc -abs and the

most compressed flow cross-section inside nozzle — Peg apc-

Experimental studies were carried out on a model of a cylindrical nozzle made of plexiglass. The
drawing of the model is shown in Fig. 2.
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Figure 2. Experimental nozzle model

3. RESULTS
In fig. 3 shows an experimental graph of the absolute pressure variation P,y in various sections of the
flow inside the cylindrical nozzle as a function of the absolute pressure at the inlet of the nozzle
Pin.abc- The experiment was conducted with the flow of liquid into the atmosphere. At the same time,
atmospheric pressure p,,, equals 102124,652 Pa.
Overpressure was measured with an exemplary pressure gauge of accuracy class 0.15, and vacuum

with an exemplary vacuum gauge of accuracy class 0.25. A model barometer was used to measure
atmospheric pressure, and a mercury laboratory thermometer was used to measure the temperature.
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Figure 3.Graph of the absolute pressure values Py at points T1, T2, T3, T4 as a function of absolute
pressure at the inlet of nozzles pi, upe

From the experimental data shown in Figure 3, it is noticed that when the absolute pressure at the
inlet pj, changes in the range from 0.221 MPa to 0.24 MPa, the pressure Pa,c at points 7/ and
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T2remainedthe same and did not change much. Minimum Pressure Ratio at these points in the reduced
range of its change to the pressure at the outlet of the nozzle (atmospheric pressure) was 0.46.

With a further increase in pressure at the inlet pj,, there was a sharp transition from an unseparated

flow mode to a separated. The transition took place in the range of absolute values of this pressure
from 0.245 to 0.25 MPa and with the ratio of the absolute pressure at the outlet to the absolute
pressure at the inlet ranging from 0.417 to 0.408 MPa.

It was not possible to precisely establish the value of the pressure Pin, at which the transition from
an unseparated to a separated mode occurred. The probable reason (as photography shows [5,6]) is the
instability of the geometric parameters of the tail of the stream in the throttle channel of the nozzle and
the total length of the vapor-gas cavity surrounding the stream inside the nozzle.

The above experimental data are in good agreement with the results of experimental studies
presented in the book of B.N. Siova [13]. This result allows us to state that when the ratio of the
absolute pressure at the outlet to the absolute pressure at the inlet varies from 0.46 to 0.408, a blocking
effect occurs. In this zone, the pressure in the vapor-air cavity surrounding the fluid flow inside the
throttle channel in the region of its most compressed section remains almost independent of the
pressure at the outlet of it.

Based on the research results, it follows that it is expedient in formula (1) when calculating the
flow parameters for 4p to take the difference in absolute pressures at the inlet to the throttle channel
and in the vapor-air cavity surrounding the fluid flow inside the throttle channel in the region of its
most compressed section (Ap= pin.avs-P1avs)-1t should be noted that according to the results of published
experimental studies of various authors, the magnitude of the absolute pressures in the analyzed flow
region varied in the range from 2 kPa to 4.5 kPa.
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Figure 4.Evaluation of the degree of error in the percentage entered into the calculation \/Ap refusal
of accountingp,. s

Fig. 4 shows the results of assessing the degree of difference in the percent of root values from
pressure drop Ap = Pinabs — Pesabss @S @ function of absolute pressure at the nozzle inletp;, .. While
taking in one case the value p,, . according to the data given in Fig. 3, and in anotherp. . equal to
zero. From the graph, it follows that in the range of pressure changes on a stream of the throttle
channel starting from 0.5 MPa, the percentage of determination error A does not exceed 0.04%. Based
on the foregoing, we can conclude that in applied calculations of hydraulic systems operating at high
pressures at the inlet to the throttle, in formula (1), the pressure drop 4p with a fairly high degree of
accuracy can be determined only by the magnitude of the absolute pressure at the inlet to the throttle
channel.

Fig. 5 shows experimental plots of the flow rate of fluid O flowing through the model of a

cylindrical nozzle (Fig. 2) under separated and unseparated modes of flow as a function of Q/Ap. In
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this case, Ap was determined in the separated mode of expiration as (P, .s. — Pam), and in the
unseparated mode as (Pin.aps — Pes.abs)-
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Figure 5.Flow characteristics of separated and unseparated modes of fluid flow

Analysis of the data shown in Fig. 5, shows that the difference in flow rates determined for the
same pressure drop Ap in the range of its change from 0.22 to 0.24 MPa in the separated and
unseparated flow regimes varies from 0.12 to 0.49%.

The obtained experimental results confirm the assumptions made in the literature [2, 7, 8, 9, 10]
about the hydrodynamic similarity of the process of fluid outflow in the section from the inlet to the
compressed section of the flow both when it flows through a hole with a sharp edge in a thin wall and
when through cylindrical nozzles. analysis of the results of calculating the hydrodynamic parameters
of the process of the flow of an ideal fluid through a flat model of a cylindrical nozzle, performed by
the method of professor s. s. rudneva [6] showed that in the zone of the flow regimes corresponding to
the existence of a “locking effect”, the values of the flow coefficients practically become equal to their
values when they flow out of round holes with a sharp edge in a thin wall. from the foregoing it
follows that the value of the flow coefficient x in formula (1) when it is used to calculate the
parameters of fluid flow through cylindrical nozzles in the zone of existence of the “locking effect”
can be determined from known data for the process of fluid flow from holes with a sharp edge in a thin
wall [1].

4. CONCLUSION

1. Based on the above research results, it follows that it is expedient in formula (1) when calculating
the flow parameters for Ap to take the difference in absolute pressures at the inlet to the throttle
channel and in the vapor-air cavity surrounding the fluid flow inside the throttle channel in the region
of its most compressed section (Ap = piy.aps~ P1abs)-

2. Evaluation of the degree of error in the percentage entered into the calculation efusal of
accounting p.s.ps allows us to conclude that in applied calculations of hydraulic systems operating at
high pressures at the inlet to the throttle in formula (1), the pressure drop 4p with a sufficiently high
degree of accuracy can be determined only by the magnitude of the absolute pressure at the inlet to the
throttle channel.

3. The value of the flow coefficient u to the formula (1) when it is used to calculate the parameters of
the fluid flow through the cylindrical nozzles in the zone of existence of the “locking effect” can be
determined from known data for the process of fluid flow from holes with a sharp edge in a thin wall [1].



Hydraulics IOP Publishing

IOP Conf. Series: Materials Science and Engineering 779 (2020) 012024 doi:10.1088/1757-899X/779/1/012024

REFERENCES

[1]  Altshul A.D. Hydraulic resistance // 2-nd revised edition M.: Nedra, 1982. 224 p.

[2] Hydraulics, hydraulic machines and hydraulic drives / Textbook. For engineering universities /
T.M. Bashta, S.S. Rudnev, B.B. Nekrasov et al. 4-th stereotyped edition, M.: Publishing
House “Alliance”, 2010. 423 p.

[3] Charru F. Hydrodynamic Instabilities. Cambridge University Press, 2011. 391 p.

[4] Hibbeler R.C. Fluid Mechanics. Part 2. Pearson Pumtke Hall, 2015. 904 p.

[5] Kuznetsov V.S., Yarots V.V. An indirect method for measuring some geometric parameters of
throttle channels of a round cylindrical shape // News of MSTU "MAMI". Vehicles and
power plants. Scientific peer-reviewed journal. M.: MSTU "MAMI", 2015. Ne. 4 (26). T. 1.p.
42-49.

[6] Shablovsky A.S., Kuznetsov V.S., Yarots V.V. Comparison of the results of theoretical and
experimental studies of the compression coefficient of the fluid flow in a flat slit-like
channel // News of MSTU "MAMI". Series 3. Natural sciences. M.: MSTU "MAMI", 2013.
Ne. 1 (15). T.3. p. 135-138.

[7] Blagoveshchensky 1.G., Balykhin M.G., Blagoveshchenskaya M.M., Makarovskaya Z.V.,
Zhirov M.V., Shkapov P.M. Using global optimization methods in optimal control problems.
University proceedings / Technology of the textile industry. 2018. Ne. 4 (376). p. 21-25.

[8] SalavatovT.Sh. Model representation of hydrodynamic systems such as compressible
viscoplastic fluids in fluid and gas mechanics / In Collection: 2 nd International Conference
on Innovations in Technical and Natural Sciences Procttdings of the Conference. 2018.
p. 55-57.

[91 Bereslavsky E.N. On transformations of the travel time hodograph in some problems of fluid
and gas mechanics / Engineering Physics Journal. 2015. V. 88. Ne. 5. p. 1182-1188.

[10] Kalyakin A.M., Chesnokova E.V., Sautkina T.N. Schemes, models and pseudo-paradoxes in the
course "Fluid and Gas Mechanics" / Scientific and technical problems of improvement and
development of gas and energy supply systems. 2018. Ne. 1. p. 224-229.

[11] Nikitin O.F. Some issues of static calculation when designing a highly efficient unregulated
hydraulic drive / Engineering Bulletin. 2014. Ne. 6. p.1.

[12] Shakirzyanov A.A., Nikitin O.F., Bakiev T.A. The prospect of using a spring regulator of
constant power supply as part of a hydraulic actuator in order to increase its energy
efficiency / Electrical and information systems and systems. 2017. V.13. Ne. 2. p. 25-32.

[13] Siov B.N. Flow of fluid through nozzles. M.: Mechanical Engineering, 1968. 140 p.

[14] T Valiev and APetrov 2019 IOP Conf. Ser.: Mater. Sci. Eng.492 012038

[15] V Cheremushkin and V Lomakin 2019 IOP Conf- Ser.: Mater. Sci. Eng.492 012039

[16] V Cheremushkin and APolyakov 2019 IOP Conf. Ser.: Mater. Sci. Eng.589 012001

[17] 1Borovik et al 2019 IOP Conf. Ser.: Mater. Sci. Eng.589 012002

[18] [A Protopopov et al 2019 IOP Conf. Ser.: Mater. Sci. Eng. 589 012003



