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This paper is a continuation of research into the
causes and ways to eliminate the generation of self-os-
cillations in the system of automatic regulation of rota-
tions of the free turbine in the turboshaft gas turbine
engines of helicopters. The study of dynamic process-
es in the system of automatic regulation of free tur-
bine’s rotations in a turboshaft GTE has shown that
one of the reasons for the development of self-oscilla-
tions is the poor performance of the control valve of the
type <nozzle-flap»> in the rotation regulator’s hydrau-
lic drive. At a pump-regulator plant, the criterion for
the quality of control valve execution or repair implies
that the geometric size of the valve parts and the flow
rate of working fluid through the valve when the flap
is closed meet the technical requirements. As practice
shows, this is not enough. With this approach, valve
defects manifest themselves only during the tests of
assemblies as part of the engine. This paper proposes
a method to examine the characteristics of control
valves such as <nozzle-flap»>, as well as criteria for
assessing the quality of their execution. Experimental
characteristics of control valves such as <nozzle-flap»
for an actual regulator of free turbine rotation frequen-
cy are given. New data on the outflow of liquid from the
nozzle with a flap have been obtained. It is shown that
the destruction of the stagnation zone in the nozzle tip
could result in that the valve flow rate increases, which
negatively affects the characteristics of the hydraulic
drive and regulator in general. A technique has been
proposed to improve the stability of the valve’s perfor-
mance by increasing the relative length of the nozzle.
It is shown that the most informative characteristic of
the valve is the dependence of flow rate on the position
of the flap. Based on this characteristic, it is possible to
determine the criteria for rejecting valves without test-
ing them as part of the assembly
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1. Introduction

Motor tests of pumps-regulators such as NR-3 (Uk-
raine) as part of the turboshaft gas-turbine engines such
as TV3-117 (Ukraine) often reveal the self-oscillations of the
rotation of rotors of the turbocharger and a free turbine in
the region of the free turbine revolution regulator (FTRR)
operation. The self-oscillations are usually eliminated by re-
placing the NR-3 pump-regulator. Complete disassembly and
inspection of the pump-regulator elements at a plant-manu-
facturer do not make it possible to determine the cause of the
malfunction. Studies into the FTRR static characteristics of
assemblies such as NR-3 have shown that self-oscillations de-
velop due to non-linear changes in the static characteristics
of FTRR. The causes of the FTRR non-linear characteristics
have not been established.

Control valves such as «nozzle-flap» are often used in
hydraulic drives and hydromechanical automatic control sys-

|DOI: 10.15587/1729-4061.2021.224918|

DEVISING QUALITY
CONTROL CRITERIA
FOR MANUFACTURING
CONTROL VALVES

OF THETYPE
«NOZZLE-FLAP»

O. Lytviak

PhD, Associate Professor®

E-mail: lom744@ukr.net

S. Komar

PhD, Associate Professor

Department of Design

and Strength of Aircraft and Engines

Ivan Kozhedub Kharkiv National Air Force University
Sumska str., 77 /79, Kharkiv, Ukraine, 61023
E-mail: sergey.komar.kh@gmail.com

O. Derevyanko

PhD, Associate Professor®

E-mail: asbit@nuczu.edu.ua

V. Durieiev

PhD, Associate Professor®

E-mail: slavonis2122@ukr.net

*Department of Automatic Security

Systems and Information Technologies

National University of Civil Defence of Ukraine
Chernyshevska str., 94, Kharkiv, Ukraine, 61023

Copyright © 2021, O. Lytviak, S. Komar, O. Derevyanko, V. Durieieo
This is an open access article under the CC BY license
(http.//creativecommons.org/licenses/by,/4.0)

tems (ACS). Given their high sensitivity and high gain fac-
tors, these elements have become common. A high gain factor
is a benefit and, at the same time, a disadvantage of such
a control valve. The disadvantage is, first of all, that mi-
nor defects of the valve affect its characteristics, and then,
many times amplified, transferred to controlling elements. As
a result, the linearity of the characteristics of hydraulic
drives, as well as the operation of the automatic control sys-
tem in general, are disrupted. The linear nature of the FTRR
static characteristic is largely determined by the linearity of
the static characteristics of the control valve. At the same
time, when fabricating FTRR control valves, they check
only the flow through the valve in a closed position (start-
ing point) while static characteristics are not determined.
Therefore, it is a relevant task of practical interest to study
the static characteristics of FTRR control valves, to devise
methods for assessing the quality of their manufacture in the
early stages of production.



2. Literature review and problem statement

The steady fluctuations in the linear systems of automatic
control (SAC) are termed self-oscillations; they are caused
by the non-linearity of SAC elements [1]. The general pro-
visions of mechanical system dynamics are given in detail
in [2]. That work notes that the positional regulation or
disruption in the characteristics of the control object of the
first kind could lead to the development of self-oscillations.
Paper [3] addresses the mathematical analysis of self-oscilla-
tions and stability in dynamic systems. The authors demon-
strated the possibility to ensure the stability of the system
by the appropriate choice of control algorithms. Work [4]
described the experimental static characteristics of FTRR in
the pumps-regulators such as NR-3. It is shown that the actu-
al characteristics of pumps-regulators such as NR-3 may have
non-linear features: kinks and breaks of the first kind. How-
ever, no defects leading to the kinks and ruptures of FTRR
static characteristics were investigated. The development of
self-oscillations during the ground-based tests of turboshaft
gas-turbine engines (GTE) on hydraulic brake installations
is tackled in [5] but in terms of the inconsistency of the
characteristics of the hydraulic brake and the propeller of the
helicopter as the FTRR control objects. Internal production
defects of the pump-regulator, leading to the development of
self-oscillations, are not considered. The authors of [6] inves-
tigate the impact exerted on the performance of automation
equipment by the physical and mechanical properties of the
fuel. No phenomena of the development of self-oscillations
were revealed.

Control valve of the «nozzle-flap» type represents a nozzle
tip, with a limited outflow of liquid in the flooded space.
There are many studies addressing the outflow of liquids
from nozzles of different shapes. Paper [7] reports extensive
research into the dependence of local hydraulic resistances
on various factors. However, the outflow of the liquid from
the nozzle tips, which is the control valve, is not considered.
The impact of Reynolds’ number on the hydraulic resistance
of round holes in thin walls is explored in [8]. It is shown
that in the auto-model region by the number of Reynolds,
the hydraulic resistance of the round hole in a thin wall re-
mains constant. However, the cited paper considers the free,
non-confined outflow of the liquid. In addition, the effect
exerted on hydraulic resistance by the relative length of the
hole is not considered. The reported results are very impor-
tant in calculating and manufacturing jets. These data could
be applied for control valves only at the preliminary design
stage. Work [9] reports the results of studying the effect of
the length and shape of cylindrical nozzles on their hydraulic
resistances. It is shown in [10] that the use of a bow at the in-
let to the cylindrical nozzle creates a stagnation zone, which
has a significant impact on the hydraulic resistance of the
nozzle tip. However, the cited works also consider the free
outflow from nozzle tips without taking into consideration
the effect of the flap on hydraulic resistance. Studies [11, 12]
show that the installed flap at the inlet or outlet has a sig-
nificant impact on the hydraulic resistance of the system
nozzle-flap. No conditions for testing are given in [11, 12].
Work [13] outlines the general dependences of the static
characteristics of hydraulic and pneumatic drives, without
being tied to geometric sizes. Therefore, the reported results
cannot be extended to data on the specific size valves. In ar-
ticle [14], the control valve is proposed to be considered as
a system of two consistently installed hydraulic resistances:

nozzle and flap. The authors proposed dimensionless design
parameters of the outlet slit flap throttle, which determine
the modes of flow in the valve. It is shown that the rounding
radius of the outlet edge of the nozzle has a significant impact
on the valve’s flow characteristics. However, the reported
experimental data relate to the flow of gas and cannot be
used for hydraulic valves. The modernization of aircraft us-
ing a turboshaft engine the type of TV3-117 as an auxiliary
propulsion system is considered in [15]. The operation of
the auxiliary propulsion system of the aircraft involves deep
throttle modes, under which the manifestation of self-oscilla-
tions in the revolutions of the rotor of a free turbine are most
often possible. However, the authors do not consider the pos-
sibility of unsatisfactory operation of the system of automatic
regulation of the rotations of the free turbine in the engine.
The results of experimental studies of the «nozzle-flap» con-
verter are reported in [16]. The joint operation of the control
valve and the high-powered pneumatic amplifier created on
its base to stabilize the platforms is considered. The charac-
teristics of such amplifiers are not subject to strict require-
ments; no characteristics of the control valve were studied.

Works [17, 18] tackle the numerical methods to study the
characteristics of devices such as nozzle-flap. The numerical
modeling of the flow in a control valve such as nozzle-flap
is described in [17]. By reconfiguring the inlet to the nozzle
section of the valve, the maximum sensitivity of the valve is
ensured. The study is of practical interest but the use of the
results reported by the authors is limited by the number of
cavitation; they require testing by experiment. The issues
of numerical modeling of the current in the nozzle-flap-type
valve are considered in [18]. For the device in question, the
flow rate characteristics were established, and the force im-
pact of the liquid on the flap was calculated during device
operation. However, the cited work considers a simplified
valve model, which takes into consideration only the ring slit
formed by a flap and nozzle, and does not take into conside-
ration the hydraulic resistance of the nozzle itself. Therefore,
the application of the reported calculation technique is
limited to a very small range of flap movement and makes
it possible to determine the parameters of the device only
at the initial stage of the device development. A procedure
of analyzing the valve’s performance base on the frequency
characteristics of the amplifying cascade is given in [19].
That procedure is interesting but requires a considerable
cost to perform the analysis. The results of flight tests of
the turboshaft helicopter engine are reported in [20]. It is
shown that under throttle modes there are the self-oscilla-
tions of engine parameters. The causes of self-oscillations
were not analyzed. A procedure for compensating the zone
of insensitivity by means of automation is suggested in [21].
Compensation for the amplifier characterization gap was
not considered.

At a manufacturing plant, the criterion for the quality
of the «nozzle-flap»-type control valve execution or repair
implies that the geometric dimensions of valve parts, as well
as the volumetric flow rate of working fluid through the
nozzle at the closed flap, meet the technical requirements.
As practice shows, this method does not make it possible to
evaluate valve operation as part of the pump-regulator. Valve
defects appear only at the final stage of production — during
the acceptance and testing of assemblies at a manufacturing
plant, or when testing assemblies as part of the engine. Test-
ing valves as part of the assembly is very expensive, and, as
part of the engine, is also dangerous.



Valve performance is determined by the flow rate charac-
teristic that can be represented by the following dependence:

Gv:uv'fv\lzp(PU_PD)v 1)

where uy is the control valve’s flow rate; fy is the area of the
flow-through section of the valve; Py is the pressure before
the valve (in the controlled cavity of the hydraulic drive);
Pp is the pressure in the discharge pipe.

In case of constant pressure drop on the valve AP=(Py—Pp),
the valve’s flow rate characteristic is determined by the area of
the flow-through section fy, and by the flow rate wy.

The area of the flow-through section. 1t is generally conside-
red [12, 13] that the working run of the flap is small (87 <0.4dy);
the area of the flow-through section of the valve denotes the
area of the flow-through section of the ring slit formed by
the end of the nozzle and the flap:

fr=f,=n-dy-3,. (2)

However, with large movements of the flap, calculating
the flow rate of fluid through the valve using formula (2)
could give a qualitatively incorrect result. It is proposed to
consider the control valve as a composite element consisting
of two consistently installed hydraulic resistances: a cylin-
drical nozzle (valve nozzle) and a ring throttle (flap). In this
case, the total hydraulic equivalent of the control valve could
be determined from the following formula:

(”wa ) ) (Hzfz) 7
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where py is the valve nozzle flow rate; fy=mn-(dy)?-4~" is the
area of the flow-through section of the nozzle of the valve;
Uz is the flow rate factor of the flow-through section of
the ring slit; fz=m-dy-8y is the area of the flow-through sec-
tion of the ring slit.

Assuming ny=Uy=Uz=1, the equivalent geometric area
of the flow-through of the control valve is:

po Sl femdyd,
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Fig. 1 shows a change in the area of the flow-through

section of the ring slit /7 (flap) and the control valve fy when
opening the flap, calculated from formulae (2) and (4).
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Fig. 1. Change in the area of the flow-through
section of the flap and valve

Fig. 1 shows that at values 8,=0.15 mm the difference
in determining the valve area is about 5%, and at values

87~0.4 mm it reaches 50 %. It follows that ratio (4) should
be used to determine the equivalent area of valve fy at flap
positions 8z>0.15 mm.

Another parameter that determines the valve’s flow rate
is the flow rate factor py. The flow rate factor [8] is the ratio
of the actual flow rate of the fluid flowing through the valve,
taking into consideration hydraulic resistance, to a theore-
tically possible flow rate. It is noted in [12] that the «nozzle-
flap»-type valve flow rate does not depend on the position of
the flap; at Reynolds numbers Re>1-102, it can be considered
constant y=const. It is noted in [13] that at such Reynolds
numbers, the valve’s flow rate would decrease monotonously
when the flap is opened (Fig. 2).
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Fig. 2. Effect of the flap position on the «nozzle-flap»-type
valve flow rate factor [13]

In a general case, the flow rate factor is a complex func-
tion of the Froude hydrodynamic similarity numbers (Fr),
Weber (We), Reynolds (Re), as well as the cavitation num-
ber (x), the relative length of the valve nozzle (/. /d.), and the
position of the flap (8y):

W, = u(Fr,We,Re, X’cIZN’SZJ'
N

The geometric parameters that affect the flow rate factor
also include the angle of entering the nozzle of valve By, the
radius of rounding the outlet edge of nozzle ry, the rela-
tive length of the ring slit between the nozzle end and the
flap [(dng—dy)/(2dy)]. At this stage of our study, the impact
of these parameters was not taken into consideration.

The Froude number (Fr) describes the ratio of the forces
of inertia and gravity:

2
Fre Vv
g-dy

where g is the acceleration of free fall.

This criterion is important for pressure-free currents
in open channels. For pressure currents, this criterion can
be ignored.

Weber’s number (We) characterizes the ratio of forces of
surface tension and inertia in the flow:

c

We=—+—,
¢ P'szr'dN

where o is the surface tension coefficient of the working fluid.
This criterion is important when the liquid outflows into
the gaseous environment. When the liquid outflows into the



flooded space (under the level), as is the case at the study
site, this criterion may be disregarded.

The cavitation number () characterizes the possibility of
cavitation of the working fluid in the considered cross-section:

— PL _PVP
p-Vy
2
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where Pyp=0.007 kg/cm? is the pressure of vaporization of
the working fluid (kerosene).

For the flow in question, x>1, therefore, the flow is
continuous (one-phase), pre-cavitation, so the cavitation
number can be ignored.

The Reynolds number (Re) characterizes the ratio of the
forces of inertia and viscosity in the flow:

Re= VN'dN — 4Qy
v o omedyv

where Qy is the volumetric flow rate of liquid through
the valve; v is the ratio of kinematic viscosity of the working
fluid (kerosene).

The flow rate factor depends significantly on the Reyn-
olds number [2, 4]; we cannot ignore this dependence during
the calculation and research.

Thus, the flow rate factor of control valve py is deter-
mined by the Reynolds number, the relative length of the
nozzle, and the position of flap 8-

5)

Many studies are addressing the dependence of the
local hydraulic resistance flow rate factor on Reynolds num-
ber [6-9]. However, the data reported in these studies have
limitations on the use; for complex structural elements, such
as the «nozzle-flap»-type control valve, they require experi-
mental confirmation.

Paper [8] gives data on the dependence of the flow rate
factor W, the compression factor &, and the speed factor ¢ for
the outflow of liquid from the round holes in the thin wall for
pressure flows (Fig. 3).

The thin wall refers to the ratio 8,,/d;<0.25. In addition,
the free outflow of the jet is considered without taking into
consideration the influence of the flap and the angle of enter-
ing a hole p=180°.

The results of these studies are applicable for jets whose
cross-section is constant. Thus, for jets with a constant
flow-through section and a ratio of [,/d;<0.25, the flow
rate factor can be considered constant for Re>1-102
For 1-10?<Re<1-10%, the flow rate factor is u=0.65...0.68. 0
For Re>1-10%, the flow rate factor is u=0.65...0.6.

The length of the control valve nozzle also has
a significant effect on the fluid flow patterns in the
clan nozzle. Paper [9] (Fig. 4) reports the results of
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studying the dependence of the cylindrical nozzle tip’s 07
flow rate factor on its relative length. 0.6
It is shown that for short cylindrical nozzle tips '
in the region of Reynolds numbers Re=2-10%..5-10°
there is a large variation in the flow rate factor. Ac- 0.5

cording to the authors, this is due to a change in the
current mode in the tip, therefore, it is not recom-
mended to use tips whose parameter is Iy/dy<1.5 as

automation equipment elements. The authors of work [11]
drew similar conclusions. There is no unstable current for
long tips whose parameter is ly/dy>3 while a change in the
flow rate factor is predictable (Fig. 5).
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on Re number [8]

u s | 4] |
0.7 4 B A T e
. A /g AA 2 = \g\
0.65 1 B
0.6

100 2 3 45678910 2 3 456789105 Re

a
K ol Id g l
o &

0.8 S (’SJ%' 56 —° ol o

’ / o o] 80 o

8
o,

0.75

100 2 3 45678910 2 3 4 5678910° Re

b

Fig. 4. The dependence of the cylindrical nozzle
tip’s flow rate factor on Re number: a — /y/dy=0.5;
b — In/dy=1.0[9]

The possibility of unstable current modes in short cylin-
drical nozzle tips is also noted in work [8]. Given the com-
plexity of the physical processes that occur in a liquid when it
flows through the throttling elements of the valve, the valve’s
flow rate factor cannot be derived theoretically. The flow rate
factor is mainly established experimentally; any research in
this area is of practical interest.
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Fig. 5. The dependence of the cylindrical nozzle tip’s flow rate factor

on Re number: 1 — /N/d/v=3; 2— /N/dN=5; 3— /N/dN:10 [9]



Thus, our analysis of the literary data has revealed that
the issues related to the outflow of liquid from nozzle tips
with flaps remain insufficiently studied. Calculations of the
characteristics of the hydraulic drive with the control valve’s
flow rate factor according to data reported in [12] or [13] do
not make it possible to obtain or explain the actual character-
istics of the rotation regulator of the free turbine in the NR-3
unit [5]. Therefore, there is a need for a more detailed study
of the characteristics of control valves such as «nozzle-flap»
based on experimental data, which could make it possible to
determine the cause of the poor performance of the hydraulic
drive of the regulator.

3. The aim and objectives of the study

The aim of this study is to define the patterns of change
in the flow rate factor depending on the position of the flap.
That would make it possible to devise criteria for early diag-
nosis of valves without testing them as part of the assembly.

To accomplish the aim, the following tasks have been set:

—to experimentally study the static characteristics of
control valves and define the patterns of change in their basic
parameters;

—to determine the criteria for rejecting substandard
valves according to the defined patterns of change in their
parameters;

— to determine the rational design parameters of valves
that ensure their stable performance.

4. The study materials and methods

The object of this study is the processes and characte-
ristics of the control valve, the type of «nozzle-flap», in the
NR-3 pump regulators free turbine rotation regulator. The
estimation scheme of the control valve, the type of «nozzle-
flap», is shown in Fig. 6.

A 4
y
[U8)

I

&
< »

Fig. 6. Estimation scheme of the control valve,
the type of «nozzle-flap»: 1 — nozzle; 2 — stabilizing spring;
3 — flap; 4 — jacket

The main structural parameters that determine the na-
ture of the current in the control valve are: dyis the diameter
of the nozzle; dy g is the outer diameter of the nozzle end; I, is
the length of the cylindrical section of the nozzle; ly/dy is the
relative length of the valve nozzle; By is the angle of entering
the valve nozzle; 8y is the position of the flap. A feature of the
control valve design is a self-forcing flap. The stabilization of
the position of the flap relative to the plane of the nozzle cut
is provided by spring 2.

It is not possible to determine the static characteristic of
the control valve as part of the assembly. Therefore, a special
device was developed to determine the static characteristics
of control valves, the type of «nozzle-flap». The estimation
scheme of the device is shown in Fig. 7.

Feed jet

Fig. 7. Estimation scheme of the device to determine
the static characteristics of control valves,
the type of «nozzle-flap»

The diagram denotes: PI is the pressure indicator; GI is
the displacement indicator.

Our study was carried out at the manufacturer’s certified
bench. The pressure Py, Py was measured by gauges whose
class of accuracy is 0.6 and a measurement range of 20 kg/cm?.
The absolute error of pressure measurement is +0.12 kg /cm?.
The flap was moved by a special pusher along the longi-
tudinal axis. The position of the pusher was measured by
the micrometer ICh-10. The error of the movement measure-
ment is £0.01 mm.

The estimation scheme shows that the device to determine
the characteristics of control valves is a hydraulic reducer
with a constant-section inlet jet and a variable-section outlet
jet. Inside the reducer, pressure Py is formed, whose value
depends on the position of the flap of the control valve §.
The dependence of pressure Py on the position of the flap is a
characteristic of the valve.

The pressure Py at the inlet to the device was main-
tained constant during the experiment. The position of the
flap changed in a step of 0.02 mm. The characteristics of the
valves were determined at the direct run of the flap (increase
by 87). The direct run of the flap is not chosen by chance.
In the case of valve «freezing», this fact is easy to detect on
the characteristic. The Reynolds number changed during the
experiment within the range of Re=(1.5...5.6)-103,

5. The study results

3. 1. The static characteristic of the valve

In the first phase of our study, the characteristics of the
regular NR-3 assembly free turbine rotation regulator’s con-
trol valves with the relative nozzle length ly/dy=1.24 (Fig. 8)
were determined. The valves under study passed technical
control. All geometric sizes of the valves met technical requi-
rements; no defects were found.

Fig. 8 shows that the starting point of the characteris-
tics (87=0) for all the examined valves is the same. However,
when the flap position changes, the actual characteristics
of valves have individual features such as a different angle of
inclination and a <kink» — a stepped change in the angle
of inclination.

Therefore, such a criterion as the flow rate of working li-
quid at a closed flap cannot in principle be used to determine
the quality of valve execution or repair.
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3. 2. Valve flow rate factor

The characteristic itself (Fig. 8) is already the
base for early valve diagnosis. However, it does
not identify the cause of the kinks and cannot
be used in the mathematical models of hydraulic

drives. As shown above, the most informative
parameter that characterizes valve operation is
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The increase in the flow rate factor at the opening of the
flap can be explained by the destruction of the angular vortex
in the nozzle of the valve (Fig. 10).

TN

the flow rate factor y. An expression defining the
joint operation of the feeding jet and the control

valve on the device (Fig. 6) was used to determine
the flow rate factor of the control valve.
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Fig. 10. Flow modes in the control valve nozzle: a — vortex formation;

The flow rate G; through the feeding jet is
determined from the following expression:

Glzu1f1\/2p(PP_})l/)’ (5)

where uy is the flow rate factor of the feeding jet; /i is the
area of the flow-through section of the feeding jet; Pp is the
pressure before the feeding jet; Py is the variable pressure in
the device. As shown above, the value of the hydraulic equi-
valent of a jet of constant cross-section /i can be consi-
dered permanent.

By solving equations (1) and (5) in concert, we derived
the following expression to determine the hydraulic equiva-
lent of the control valve:

_ (PP B PU)
“’V fV_(I'lI f1) (PU_PD)- (6)
Hence, the valve flow rate factor is:
“V:(u1ﬂ) (PP_})L) (7)

fv (PU_PD).

Fig. 9 shows values of the flow rate factor wy for control
valves, calculated from the results of the experiment (Fig. 8)
using formula (7). The area of the flow-through section of the
valves was determined from formula (4).

The result of our studies is new data on the outflow of liquid
from the nozzle tip with a flap. At low values (8y<0.15...0.2)
the flow rate factor decreases and, with a further increase in 3y,
the flow rate factor grows. The characteristic demonstrates
an extremum or <«spoon» (Fig. 9). The data obtained do not
correspond to the known data (Fig. 2) in [13].

b — vortex displacement at flap opening; ¢ — vortex destruction

The throughput of the nozzle is determined by the diame-
ter of the «actual» cross-section d,. In the place of sharp nar-
rowing of the channel, there is an angular vortex (Fig. 10, a),
which forms the «live» section of the nozzle with a diameter
of d,. When the flap is opened, the speed of the current in the
nozzle increases, and, accordingly, the intensity of the angu-
lar vortex increases. The diameter of the <«live» section de-
creases and the flow rate factor decreases as well (Fig. 12, b).
If the nozzle is not long enough, the vortex goes beyond the
nozzle cut and begins to break down (Fig. 10, ¢), the diameter
of the «live» section d, approaches the geometric diameter d
and the flow rate factor increases.

To prevent the early destruction of the angular vortex
when opening the flap and increasing the stable operation of
the valve, it is advisable to increase the length of the nozzle.

Fig. 11 shows the results of the study of the effect of stabi-
lizing spring 2 (Fig. 6) on the characteristics of the valve F14.

As it follows from Fig. 11, the stabilizing spring has a posi-
tive effect on the valve’s characteristics. Without a spring, there
is a large scattering of experimental points, which indicates
the unstable position of the flap and, as a result, unstable valve
operation. The fluid flow rate through the control valve (1) is
determined by the hydraulic equivalent wyfy. Therefore, any
uncalculated increase in the flow rate factor is tantamount to
opening the flap, which leads to an uncalculated displacement
of the hydraulic drive piston. As a result, a kink or rupture ap-
pears on the characteristic of the hydraulic drive or regulator.

Thus, the criteria for rejecting a valve are a sharp increase
in the flow rate factor when opening the flap (violation of the
current in the valve) or excessive scattering of experimental
points on the characteristic (unstable flap position).



of valves does not make it possible to assess the ope-
ration of the valve as part of the assembly. The starting
point of the characteristic (8;=0) (Fig. 8) is the same

in all valves. However, in the working range of the

()
"':f% flap positions the characteristics are different, have

a different angle of inclination, and may contain
kinks (Fig. 8, 11, a). The difference in the characteris-
tics of control valves cannot but affect the characteris-
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2
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Fig. 11. Effect of stabilizing spring on the characteristics
of regular valve F14 /y /dy =1.24; Pp=16 kg/cm? (Pp =16 kg/cm?):

a — the dependence of pressure Py on flap position;

b — the dependence of flow rate factor Ly on flap position

5. 3. Determining the rational structural parameters

Based on the identified patterns of changes in the flow
rate factor when the flap is opened, the second phase of our
study implied increasing the relative length of the nozzle
from Iy/dy=1.24 to ly/dy=3. To this end, an experimental
F2E valve with an elongated nozzle was manufactured.

Fig. 12 shows the experimental characteristics of the
F13 regular valve with the relative nozzle length Iy/dy=1.24
and the experimental F2E valve with the relative nozzle
length lN/dNZS.O.

tics of the hydraulic drive and the regulator in general.
The most informative characteristic of the valve is the
dependence of flow rate factor on the position of the
flap wy=/(8z) (Fig.9). A sharp increase in the flow
rate factor or the scattering of experimental points
indicates valve defects. The proposed technique to im-
prove performance stability by increasing the relative
length of the nozzle (Fig. 12) has been confirmed by
the testing of such valves as part of the NR-3 assembly.

It should be noted that the current work considers the
structural features of the control valve in assemblies of the
same type, which is a limitation of this study. If the geomet-
ric size or design of the valve is changed, more research is
required that could apply the developed methodology. The
reasons for the sharp increase in the flow rate factor of indivi-
dual valves at high values of 8 (Fig. 9) remained unexplored.
Clarifying this issue requires a very finely staged experiment,
which was not possible at the manufacturer.

The shortcomings of the reported study results
include an indirect assessment of the flow rate factor

P, z Ly T based on the measured pressures at the characteristic
kg/cm? N=3 IN_124 | points of the device (Fig. 7). A more accurate way to

[N 0.8 dy X .
9.5 N = S — determine the flow rate factor may be to switch to mea-
N 0.7 TR aL suring the flow rate of working fluid through the valve

° " kR —ahe AR

9 A 0.6 . and the pressure drop on the valve. It should also be
lﬂ=1lzz/\ \. 05 W _y $ e.et noted that the study was conducted in the auto-model
g5 |- \“A ) dy ' region of currents based on the Reynolds number, but
0.4 no generalized data on the effect of pressure on the stat-
3 03 ic characteristics of control valves could be obtained.
. N 02 5, mm i o 0.2 5, mm Tht? region.of allowable yalve flow rate fac.to.r values,
o b which provide for the satisfactory characteristics of the

Fig. 12. Characteristics of the regular F13 and

pump-regulator, has remained undetected because of
the large costs associated with such parametric studies.

experimental F2E valves (Pp=10 kg/cm?): a — the dependence

of pressure Py on flap position; b — the dependence of flow rate

factor 1y on flap position

Fig. 12 shows that the increase in the relative length of
the nozzle has a beneficial effect on the characteristics of the
control valve. The static characteristic of the valve becomes
smoother (Fig. 12, a); for the dependence py(8y), the «<spoon»
shifts to the region of larger & values (Fig. 12, b). Tests of
the F2E valve as part of the NR-3 assembly have confirmed
the effectiveness of increasing the relative length of the nozzle.

6. Discussion of results of studying the static
characteristics of control valves the type of nozzle-flap

The criterion for the quality of the manufacture or repair of
control valves such as nozzle-flap at a manufacturing plant is
the measurement of the geometric parameters of the valve and
the flow rate of working fluid through the valve at the closed
position of the flap and the predefined pressure at the inlet.
Our study of the control valve’s characteristics has shown
convincingly that the accepted method of assessing the quality

7. Conclusions

1. We have defined parameters for diagnosing the ope-
ration of nozzle-flap valves in the early stages of produc-
tion without testing them as part of the assembly. These
parameters are the controlled pressure Py=/(87) and the
flow rate factor pwy=/(8;) over the entire range of the flap
positions (valve characteristics). The volumetric flow rate
of working fluid through the valve at a closed flap cannot in
principle serve as a parameter for assessing the satisfactory
performance of the valve as part of the assembly as it is only
the starting point of the characteristic (8z=0).

2. The criterion for assessing the operability of the valve
is the nature of change in the parameters Py=/(3;) and
wy=/(8z). The fracture of the characteristic Py=/(8y), or
a sharp increase in the flow rate factor when the flap is opened
indicates a hidden defect in the valve and is the base for re-
jecting the valve. For the valve studied, the defects should
also include a spread of the flow rate factor exceeding 0.05.

3. Our experimental studies have determined a more
rational value for the relative length of the nozzle of the



examined valve. Increasing the relative length of the valve
nozzle from Iy/dy=1.24 to Iy/dy=3.0 ensures more stable
characteristics. The characteristics of the valve with an
elongated nozzle are more sloping, with no visible kinks, and
with a smaller change in the flow rate factor over the working
range of the flap positions. The valve with such characteris-
tics operates satisfactorily as part of the assembly, which is
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