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CAVITATION — MEASUREMENTS FOR
INDUSTRIAL VALVES

KREMLJAK, Z. & PETKOVSKI, M.

Abstract: The paper treats the cavitation process, which refers to the formation of
spaces filled with vapour and gases in the liquid. During flow of technical liquids —
especially water — such processes occur when, instead of high velocity, the absolute
static pressure reduces and comes down to vapour pressure and the liquid evaporates
locally. When the pressure rises again with further flow, the vapour condenses and the
cavities disintegrate, which usually generates a strong, buzzing sound. Cavitation not
only causes a great noise emission, but also mechanical damage caused by extremely
high pressure points. Knowing the data about the procedure, the occurrence of
cavitation can be estimated quite accurately by the factor Zy. The cavitation intensity
increases with the increasing pressure. The results of the study and the findings are
obtained on the basis of experiments, measurements and calculations.
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1. Introduction

Cavitation is a significant cause of wear in engineering contexts. Collapsing voids
that implode near to a metal surface cause cyclic stress through repeated implosion.
This results in surface fatigue of the metal causing a type of wear also called cavitation.
The most common examples of this kind of wear are to pump impellers, and bends
where a sudden change in the direction of liquid occurs. Inertial cavitation occurs in
control valves, pumps, propellers and impellers. Non-inertial cavitation is the process
in which a bubble in a fluid is forced to oscillate in size or shape due to some form of
energy input, such as an acoustic field (Wang et al., 2018). In order to study the bubble
morphology, they analysed a transparent valve and used camera for valve optimization.

A common problem encountered in hydraulic valves is a progressing deterioration
of tightness of their water flow cutting-off seats. The seats are provided usually with a
copper-alloy insert joined mechanically with cast-iron valve housing. The problem of
unreliability of such joints can be solved by providing surface of the seat with a coating.
Researcher carried out different tests for reducing cavitation wear (Orlowicz et al.,
2018; Tan & Yeo, 2016). Cavitation craters on the material used typically for valve
seats to date were more distinctly outlined and deeper compared to craters observed on
the coating. Various studies had been carried out on cavitation erosion in the presence
of abrasive particles.

Cavitation is a phenomenon in which rapid changes of pressure in a liquid lead to
the formation of small vapour-filled cavities in places where the pressure is relatively
low. In order to avoid the damage from cavitation, regardless of the intensity of
cavitation (Franc & Michel, 2005), the following measures can be used:
¢ Inoperating conditions when p; < 10 bar and Ap < 3 bar, cavitation in non-corrosive

media does not cause material damage. Small adjustable valves (Samson, 2011)
with one bearing up to DN 25, can also reach an acceptable service life in difficult
operating conditions.

o If the pressure difference Zy + 0,1 still does not cause cavitation and the pressure
difference p, — py is lower than 10 bar, then the reduction of the bearing’s diameter
is sufficient. A large drainage volume reduces the erosion of the shell. The pre-
pressures p; exceeding 28 bar cause damage to the interior. The guide with a bracket
has a priority compared to the guide with a spindle. The flow velocity at the inlet
should not exceed 5 m/s, otherwise the conical guides may be damaged.

e For the coefficients of the pressure difference up to Zy + 0.15, the contour must be
additionally protected. At an operating temperature above 300 °C, the service life
can be extended by using the sharpened cones and guides.

e The difficult operating conditions can be controlled with a conical opening during
flow in the direction of closure. The larger cavitation space behind the cone in the
four-flange housing further reduces the erosion of the housing. The conical opening
must not be combined with any of the guides below.

e |fthe single-stage pressure expansion results in large cavitation intensities, they can
be controlled with a multi-stage expansion, such as an RLS internal set. The internal
unit RLS must be placed so that cavitation in middle stages cannot occur. The
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cavitation intensity can also be reduced by increasing the additional pressure by
means of a shock absorber or a damper at the valve’s outlet.

e In extreme cases, it IS necessary to use an angular valve with a side flow and
characteristic of the bearing (small to middle diameter), a conical opening or an
internal set RLS. In order to avoid damage of the pipeline, an extension behind the
valve should be provided (Kiesbauer, 2000).

Usually we use valves with a double bearing.

The problem with built-in valves is volume, wear, turbulent flow, speed ... —in
short, cavitation. How to deal with the problem is indicated in this chapter. We used
measurements on the valves-prototype, the correct design of the seats, the appropriate
size-speed relation, and the elimination of turbulent flow. In this way we also reduced
the volume in the valves.

Main problems:

how to reduce erosion,

how to eliminate turbulent flow,

how to reduce the volume of the valves,

how to reduce costs in solving the problem.

Proposals of our solutions:

erosion is reduced by appropriate design of the valve flow channels,

e turbulence is reduced by appropriate speeds-design of valve seats,

¢ reduction of the volume in the valves with the appropriate speed, elimination of the
turbulence, and the appropriate size of the valve seats,

e production costs are reduced by appropriate finishing of models for casting valve
housings.

N

. Shape of Control Valves at Evaporation

2.1 Saturated Water

A seat characteristic or a conical opening have been foreseen as a damper. Flow
in blocked direction. For large bearing diameters, a conical opening is preferred, while
for small ones, a seat characteristic is preferred.

The diameter of the bearing must be reduced several times (at least for two
nominal diameters).

At large pressure differences, erosion of the housing occurs, which can be avoided
with an angular housing. If the use of an angular housing is not possible, at least four
flanges need to be used due to the larger flow volume. In such case, the lower cover is
a consumable part.

The calibration line behind the valve has to be 10 times longer than the pipe’s
diameter or at least 1 meter.

2.2 Slightly Cooled Liquid

Medium cavitation occurs (py > p1/3). Therefore, the cavitation guidelines need
to be followed (Sirok et al., 2006; Blatnik, 2017). In addition, the nominal diameter has
to be reduced several times (for at least two nominal diameters).
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2.3 Cooled Liquid
Medium cavitation occurs (py < p1/3). Therefore, the cavitation guidelines apply.

3. Erosion

Under cavitating flow conditions, the wear rate can be many times greater than
that caused by erosion and corrosion alone. Cavitation wear can destroy the strongest
of materials — tool steels, stellites, etc. Such damage can occur rapidly and extensively.

Particles loaded by solid parts or high flow rates cause surface erosion (Kiesbauer
et al., 2006). In case of austenitic steels, the permanent destruction of the passivation
layer results in wear and tear and corrosion (Fig. 1). The erosion resistance (Lohrberg
et al., 1999) is higher in austenitic steels than non-alloy steels and low-alloy steels.

Fig. 1. Cavitation: a) at a housing’s cover, b) at a valve closure.

The service life can be extended with solid materials (Eisenhauer, 1995) resistant
to wear and tear such as stellite, solid carbide or ceramic (Iwai & Li, 2003).

Valve factor
Valve type F, 7y XT
Standard valves 0,84 - 0,97 0,30-0,50 0,55 - 075
Silent valves 0,88 - 0,98 0,60 - 0,90 0,72-0,75
Regulating valve 0,55-0,78 0,15-0,25 0,20 - 0,38
Ball taps - 0,55 0,1-0,2 0,15-0,25

Tab. 1. Orientation values for the valve factors F;, Zy and XT at load y = 75 %.

The valve factor Zy depends on the shape and load. The fittings with high back
pressure suppression have low Zy factors. At a small load, the values are usually higher
(Tab. 1).

The factor of the valve’s shape Fq4 considers the geometrical shape of the damper.

The curve provided in Fig. 2 relate the valve Reynolds number (Re) to the
Reynolds number factor (Fg) for viscous fluid.
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Fig. 2. Reynolds number factor Fg for viscous fluid.
Equations for viscous liquids, gas and vapour follow.

3.1 Newtonian fluids

Ap = p1 =D 1)

Ap > Zy * (p, — p,) Partial cavitation @)

Ap > F? x (p, —p,) Maximum cavitation (3)
Py

Fr =096 — 0,28 * j: 4)
Pc

APmax = FLZ*(pl_FF*pv) (5)

If Ap > ApPmax, the flow will be limited.

= Q P1 \ithout flow limitation (6)
31,6 F | AD

_ Qmax P1
V' 31,6%FL*FR | P1—FF*Py

With flow limitation (7)

3.2 Viscous liquids
707 %10*x Fy = Q

Re, = 7+ (F, v K,)08 (8)
3.3 Gases and vapours

Ap =p1— D (9)

X = A (10)

_P1
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If x > F}, * x,., the flow becomes critical and instead of x the product Fj, * x,. is
used.

E =— 11
Y= 3 * F *x, (12)
K, = —2 /pN*Tl*Z Gases (13)
519%p,*y X
_ w V1
K, = N Vapours (14)
w
K, = PTY T Saturated water vapour (15)
Ky = 220+ 000126488 (5, /erheated water vapour (At = t, — t,) (16)

22,8xp1*Y*\/x

The equations for incompressible fluids do not apply to Newtonian fluids, fluid
mixtures, slurry or transport systems for fluids and solids (Brennen, 2013; Lavigne et
al., 1995). The Reynolds number is the most important among the dimensionless
parameters in forced flows. The Reynolds number is the ratio of inertial forces to
viscous forces and is a convenient parameter for predicting if a flow condition will be
laminar or turbulent. It is a dimensionless number comprised of the physical
characteristics of the flow. The Reynolds number Re, is an approximate formula,
however it is accurate enough for control valves. The equations do not consider the
geometry factor for the F, pipelines, since the flow has no decisive influence on the
fittings with low back pressure. Cavitation and evaporation are considered with the
critical pressure ratio of Fe.

For compressible fluids, the equations do not apply to multi-phase liquids,
gaseous liquids, volatile liquids or mixtures of gases and solids.

For media with a viscosity greater than 20 cSt, the value of Kv must be corrected
by the Reynolds factor Fr (Fig. 3).

P ‘Ape
Fy
AP
APve Pa
1 pa
Py

Fig. 3. Correction of Kv based on the Reynolds factor Fr.
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If the fluid expansion in the contraction exceeds the vapour pressure, the fluid
starts to evaporate (SIST EN 60534-8-2, 2012). Due to pressure recuperation, the
vapour penetrates behind the damper and cavitation occurs (Sirok et al., 2002). The
vapour formation causes volume increase which leads to flow limitation (Fig. 4 a). If
the initial pressure is below the pressure of the medium's vapour, evaporation occurs
(Fig. 4 b).

P PP! P Ape

oy :‘ ............................ Pifz'P! ‘ T

a) ~ b)
Fig. 4. An example of liquid expansion (a) and vaporization (b).

For gases and vapours, difference is made between the processes of subcritical
and supercritical flow. When pressure drops from p; to p1/2, a critical pressure ratio is
reached. Acoustic velocity occurs in the contraction, thereby limiting the flow.

4. Calculation of the value Kv

DIN / EN 60534-2 specifies the equations for the size of incompressible and
compressible fluids. The method of calculation is related to the behaviour of pressure
to various types of fittings. One must consider cavitation, viscosity, natural gases and
installation conditions.

Conversion of kinematic viscosity to dynamic viscosity. For kinematic viscosity,
the unit cSt is often used.

4.1 General calculation
Mach number at the outlet side of the fitting is:

M= ¢, =3162 [k (17)

B C; P2

Efficiency loss in fittings is:

~ W=xAp .
P = v Ap < APc Fluids (18)
p=YP (i) x =22 Gases and vapours (19)

36%pq 1-x 1
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4.2 Flow rate in an adjustable valve

The depreciation process regulates the flow, the pressure or the temperature in the
adjustable parts of the setting (Fig. 5). The pressure flow significantly affects the
selection and shape of valves for a particular field of application.

Fig. 5. Pressure flow in an adjustable valve.

At the valve’s inlet and outlet, the flow of matter and friction lead to a relatively
small loss of pressure. In the narrowest part of the contraction there is an increase in
velocity, which inevitably results in a pressure drop below the initial pressure. The
decelerating velocity causes back pressure behind the damper.

4.3 Noise emission

Turbulences, especially compression shocks and gas and vapour jet bursts during
supercritical pressure drop or cavitation in liquids, cause noise (Kiesbauer, 2001).

For fluids, there is no significant sound level in the laminar flow region. Laminar
flow occurs at low differential pressures, very low Kv values and high viscosity. If a
turbulent flow occurs behind the damper, the sound level increases significantly with
the increased jet power (Fig. 6). From the difference in pressure Xg > Zy, one can
observe a significant increase in noise (cracking) caused by cavitation. The type of
fitting and the load significantly affect noise.

A

Cavitation above the
critical limit

Cavitation below the
critical limit

Kv = const., p: = const.

Laminar Turbulent Xg =dp/p1 = Py
flow flow

Fig. 6. Gas noise at critical pressure drop.
Reynolds number for pipelines is calculated by:

008




DAAAM INTERNATIONAL SCIENTIFIC BooK 2020 pp. 001-014 Chapter 01

W = di
Y

Re =

(20)

The Reynold’s critical number Re for pipelines is 2320. Below this value, the flow
Is always laminar. Within the range of 2320 to 8000, laminar flow can occur in the
absence of disturbance. If the Reynolds number is greater than 8000, it is certainly a
turbulent flow (Fig. 7).

pA

K, = konst.
P = konst.

X =dp/pl

Fig. 7. Turbulent flow.

For gases and vapours, the noise emission increases as the ratio of pressure
differences increases as a result of turbulence, jet noise and in the supercritical region
due to shock waves, stronger initially and gradual subsequently. There are no sudden
changes in the sound level that are typical of fluids.

4.4 Calculation of a sound level

The permitted noise limits are usually established by regulations such as the
workplace provisions and the accident prevention regulations. In order to avoid noise
emissions that exceed the permitted values, when planning, it is necessary to already
know the sound level that can be expected in certain parts of the device.

The methods for calculating the sound level of control and shutdown of valves for
liquids, gases and vapours are described in VDMA 24 422 or in IEC 534, Chapter 8.

Formulas for calculating A-rated lateral sound level at 1 m laterally to the valve
outlet are given below.

Fluids:
e area without cavitation (Xg < Zy)

X
LpA = 101gK, + 181(p; — pv) — 51gp + 181g (Z—;) + 40 (21)

e cavitation area (Xg > Zy)

LpA = 101gK, + 181(py — pv) — 51gp + 292(xp — Zy)"7° -

22
— (268 + 38Zy) (xp — Zy )%935 +40 + ALy (22)

Gases and vapours:
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Ly, = 141gK, + 181gp, + 51g(273 + t;) — 51gp + 201g (%) + 52+ ALc (23)

2

Validity limits are:
1 <Kv<6000; 0,0001<Xg or Xg<1,0 (evaporation has not been considered)
La>20; W <10 m/s (liquids) or W <0,3 Mach (gases and vapours)

4.5 Mach number correction

The sound level largely depends on the conditions of gas and vapour outflow
(Fig. 8). The calculation of the sound level VDMA 24422 assumes a velocity ratio of
Ma = 0.3 on the flange for the fitting’s outlet.

8.0
6.0 -
A0 et
20 !
0.0
2.0 1)_011 0.2.03-0
40
604/
80 4
-10,0 1
-12,0 -
-14,0
-16.0 1
-18.0

dB(A)

A4.0,5_0,6_0,72-0,8 0,91
S

Ma
Fig. 8. Correction value of AL depending on the flow velocity.

Designations in the formulas:
Loa - A-rated sound pressure level (dB(A)),
Lw - unrated sound efficiency level (dB),
Re - Reynolds number (-),
S - thickness of pipe walls (mm),
Xe - pressure difference ratio for fluids (-),
Xe - pressure difference for gases and vapours (-),
ALg - specific correction value for valves in liquid media (dB(A)),
ALg - specific correction value for valves in gas and vapour media (dB(A)),
ARy - correction factor for pipe wall thickness.

5. Measurement on industrial fittings — valves

The study results and the findings were obtained on the basis of tests,
measurements and calculations on industrial valves. Applied test station is shown in
Fig. 9. All measurements were made and tested in the INVENSY'S laboratory (Young,
1999), Tab. 2 and Fig. 10. The accuracy and reliability of laboratory tests (Vasilnakova,
2018) play an important role in decision-making in the field of cavitation, especially
for the design of valves' seats and housings (VDMA, 1981).
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Size | Seat | Stroke Lys- Cv Zy factor F factor XT factor
DN | (mm) | (mm) value value
(mm) 10% | 25%] 50% [ 75% ] 100% | 10%] 25%] 50% [ 75%] 100%| 10% [ 25% ] 50% ] 75% ] 100%
50 42 20 40 | 462 | 063 | 053 | 043 | 036 030 | 095| 093 | 092 | 091 | 090 | 0,83 | 0.78 | 0,73 | 0.7 | 0,67
2 30 20 475 | 49| 062 | 052 041 | 034 028 | 054 | 093 | 051 | 09 089 | 082 0797 072 | 068 | 063
65 34 40 25 289 | 068 | 059 | 051 | 044 | 040 | 099 | 099 | 059 | 099 | 099 | 088 | 085 082 | 08 0,78
42 40 40 | 462 | 065| 056 | 047 | 040 035 | 096 | 095| 094 | 093 | 092 | 084 | 08 | 076 | 0,73 | 0,71
33 40 63 728 | 063 | 052 042 | 035 029 | 095 053 | 052 051 09 | 08| 078 073 07 | 067
67 40 80 925|061 | 051|040 | 033 | 027 | 094 | 053 | 051 | 09 089 | 082 077 072 068 | 063
20 42 40 40 | 462 | 067 | 058 | 049 | 043 038 | 099 | 099 | 099 | 099 | 099 | 0,87 | 0.84 | 08 | 076 | 0,76
3 53 40 63 728 | 064 | 055 045 | 038 033 | 055)| 054 | 053 | 052 | 051 | 083 | 0,79 | 074 | 0,71 | 0,68
67 40 100 | 116 | 0,61 | 0,51 | 040 | 033 | 027 | 09| 0%3| 051 | 09 | 089 | 082 | 0,77 | 072 | 0,68 | 063
80 40 125 145 | 060 | 049 | 039 | 031 025 | 0% | 052 | 09 | 089 | 088 | 081 | 0,76 | 071 | 0,67 | 0,64
100 53 40 63 728 | 066 | 056 | 047 | 04 [ 035 | 059 059 | 059 | 059 | 089 | 086 | 082 | 079 | 0,76 | 0,74
4 67 40 100 | 116 | 0,63 | 0,53 | 043 | 036 030 | 097 | 096 | 095 | 054 | 094 | 084 | 0,79 | 075 | 71 0,59
84 40 160 185 | 060 | 049 | 339 | 031 025 | 054 | 052 | 051 | 089 | 089 | 081 | 0,76 | 070 | 0,67 | 0,64
100 40 180 | 208 | 060 | 049 | 038 | 03 | 024 | 093 | 051 | 09 | 088 | 087 | 080 | 0,75 | 069 | 065 | 062
125 33 60 63 728 | 066 057 | 048 | 042 037 | 099 099 | 099 | 099 | 099 | 088 | 0,84 | 0,81 | 0,78 | 0,76
a7 60 100 116 | 064 | 034 | 044 | 037 032 | 058 | 098 | 097 | 097 | 097 | 085 | 081 [ 077 | 074 | 071
84 60 160 185 | 061 | 051 | 04 | 032 027 | 095| 054 | 053 | 052 | 081 | 0,82 | 077 | 0,72 | 0,65 | 0,66
105 60 250 | 289 | 058 | 047 | 036 | 028 | 022 | 093 | 091 | 0,89 | 088 | 087 | 08 | 0,74 | 0,68 | 0,64 | 0,61
150 67 60 100 116 | 065 | 056 | 046 | 039 034 | 059 | 085 | 059 | 099 | 099 | 08 | 083 | 079 | 0,76 | 0,74
6" 84 60 160 185 | 063 | 052 | 042 | 035 025 | 097 | 056 | 096 | 095 | 085 | 084 | 0,79 | 075 | 072 | 0,69
105 &0 250 | 289 | 060 | 049 | 038 | 031 024 | 0595| 093 ) 092 | 091 | 090 | 081 | 076 | Q71| 067 | 064
130 60 335 | 410 | 058 | 047 | 035 027 021 | 093 | 09 | 088 | 087 | 086 | 079 | 0,73 | 0.68 | 0.64 | 0,60
200 | 100 30 200 | 231 | 064 | 034 | 044 | 037 031 | 097 | 096 | 095 | 094 | 093 | 082 | 0,77 | 0,72 | 069 | 0,66
8" 125 80 335 | 410 | 060 049 | 039 | 031 025 | 095| 051 | 089 | 088 | 087 | 08 | 0,74] 069 | 065 | 062
150 &0 430 | 520 | 059 | 047 | 020 | 028 022 | 091 | 089 | 087 | 085 | 084 | 078 | 0,72 | 066 | 062 | 0539
250 | 125 80 355 | 410 | 063 | 0352 | 042 | 035 029 | 095 094 | 093 | 092 | 091 | 082 | 0,77 | 0,72 | 069 | 0,66
107 150 80 430 | 520 | 061 | 050 | 040 | 032 026 | 094 0%2| 09 | 089 | 088 | 08 | 075] 070 | 066 | 063
200 80 710 82 059| 047 | 036 | 028 022 | 051 | 089 | 087 | 0B85 | 084 | 078 | 0,72 | 0,66 | 0,62 | 0,9
300 | 150 20 450 | 520 | 063 | 0352 | 042 | 025 0,29 | 095 094 | 093 | 092 | 091 | 082 | 0,77 | 0,72 | 069 | 0,66
12" 1 200 80 710 | 82 060 | 049 ) 038 | 030) 024 | 093 | 09 | 088 | 067 | 086 | 079 | 0.74 [ 0,68 | 064 | 061
250 80 1000 | 1156 | 0,58 | 047 | 035 | 027 ) 021 | 051 | 088 | 085 | 084 | 083 | 078 | 0,71 | 0,65 | 0,61 | 0,38

Tab. 2. Results of the measurements of the cavitation factors Kv, Cv, Zy, F., XT of the
control valves for different diameters.
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1 - pressure tank

2 - bidirectional regulating valve

3 - damper

4 - flow meter

5 - temperature gauge

6 - pressure gauge

7 - tester

8 - tube for a test line

9 - acoustic noise measurement field
10 - silencer of sound during discharge
11 - reg. valve during discharge

12 - microphone

Fig. 9. Schematic representation of the test station.
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Valve for a single spot control FoxTop ™ V726 DN100 PN40 Sitz @ 100 mm
Gehauseforrn D Conical P Eegelfuhrung 1 kegelkennlinie F (gleichprozentig 1:50)
Kegelkontur 1-9700-54-04 keine Ventil Druckenlastung Prufling-Nr 117A
Anstromung gegen Schliessrichtung Nennhub: 40,0 mm kvs: 160,0 m3/h
Patmos : 0,9918 bar Rohrabmessungen (mm): @ 1143 x3.6 Werkst: 1,4301
Prufmedium: Wasser Rohrinnen @ (mm) - 1070
Prufverfahren gemass VDMA 24 423/1981 Prufer: KREMLJAK Datum:Sept.19

AUSLASTUNG : 0,75
Hub | Pl P2 v t Wl Ap XF | Lw sulislig SLp sﬁk ° Lgmc )

=]

mm | barabs | barabs | m3/h C mfs bar dB (A) dB (A) dB (A)
3690 | 9078 | 0933 | 32549 217 10,05 8.145 0.90 824 747 90.6
36,90 | 9,015 | 1.805 | 316,41 21.8 Q.77 7.211 0.80 84,4 76,7 882
3690 | 9055 | 2245 | 31284 219 9,656 6.810 0.75 838 76,1 88.1
3690 | 9042 | 2704 | 30632 219 946 6.338 0.70 834 75,7 88.1
3690 | 9055 | 3,153 | 29860 220 922 5902 0.65 833 75,6 882
3690 | 9043 | 3603 | 28755 220 8,88 5.440 0.60 829 75,2 878
36,80 | 899 | 4051 | 274.66 221 848 4944 0.35 822 745 87.1
36,80 | 9,010 | 4510 | 26202 221 8.09 4.500 0.50 81,9 74,2 85.8
3680 | 8994 | 4937 | 24844 222 7.67 4057 045 814 IEN 835
36,80 | 9,005 | 5375 | 23499 223 7.26 3,629 0.40 783 70,6 79.6
36,80 | 9,019 | 5795 | 22120 223 6,83 3224 0.36 74,9 672 77.8
36,80 | 9064 | 6232 | 207776 222 642 2.833 031 683 60,6 741
36,80 | 9,058 | 6,770 | 18495 223 3,71 2289 0.25 5272 445 71.0
36,80 | 9016 | 7177 | 16513 223 5,10 1.839 0.20 497 420 719
3580 | 9,001 | 7655 | 14081 224 435 1.345 0.15 48 4 407 68.8
36,80 | 9027 | B119 | 11544 225 357 0.908 0.10 46,4 387 65.7

100

% |

- LT
=% ;
m
= 70
-
§% |
3%
3w [ - [Kavitaiion |
£ -
9
=0.25
i =3 ]
—— Totaler Schalldruckpegel
10 = = @ - - Schalllsistungspegel bei 8 kHz m
" ~—0— Schalldruckpegel bei 8 kHz
0.0 0,1 0,2 03 0.4 0,5 06 0,7 08 0.9 1,0

Druckverhaltnis x,

Fig. 10. Example for measurement of cavitation of a control valve DN 100 mm, P, =4
bar with a single seat (in German).
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6. Conclusion

The results are applicable to standard control valves, i.e. single control valves with
a parabolic cone degree PN 40. The noise calculation considers only the noise
generation due to hydraulic i.e. aerodynamic processes in the flow valves and the
related pipelines. Noise generated by reflection and resonance of small internal parts is
excluded.

During evaporation, the secondary pressure p, is lower than the p, — the pressure
that is reached during boiling, and results in constant evaporation. The frequency is
higher, hence the depreciation of the housing and the pipelines within the range of
0.8 < XF < 2.0 results in a decrease in the sound level as opposed to cavitation. In case
of cavitation, the amplification calibration line should be 6 to 10 times DN, depending
on the intensity, and at least 0.5—1 m. Where possible, cavitation should be prevented,
because with appropriate countermeasures, the service life of the material can be
extended, however we cannot prevent the damages to the material. When used in the
field of stronger cavitation, the selection of appropriate reinforcement depends on
many factors and for this reason the expert’s decision should be a priority in relation
to the general recommendation. The achievable precision has a tolerance range of up
to 10 dB(A), whereby the achieved sound level is predominantly in the upper tolerance
limit. If conditions deviate from the norm, a correction of the achieved value is
required. This can be achieved with the values for noise correction AL for liquids and
AL for gases and vapours for noise reduction installations. These correction values
indicate the function of the ratio of the pressure difference X, i.e. Xg at a load of 75 %.
Cavitation is avoided with larger valve seat surfaces, well-designed internal surfaces
and proper valve flow channels.

The problem of volume, turbulence and consequent wear was solved with the
correct design of the valve seat. The old models for casting the housings were repaired
and finished, thus also saving costs, which has a positive effect on the price. Research
is limited to measuring cavitation factors from which we conclude; we got other
parameters for the correct design of valves.

In the future we will pay attention to the new optimal shape of flow channels,
valve seats and (on the basis of new shapes and sizes) measure cavitation factors, which
should be even more favourable.

7. References

Blatnik, B. (2017). Detection of cavitation threshold on a control valve with different
sensor heads (Research report), Faculty of Mechanical Engineering, Ljubljana
Brennen, C. E. (2013). Cavitation and Bubble Dynamics, Cambridge University Press,
ISBN 978-1107338760, Cambridge

Eisenhauer, N. O. (1995). The effect of aeration on cavitation erosion, Proceedings of
the International Symposium on Cavitation (CAV'95), May 1995, Deauville, France,
DCN Bassin d'Essai des Carenes

Franc, J.-P. & Michel, J.-M. (2005). Fundamentals of Cavitation, Springer, ISBN 978-
1-4020-2232-6, Dordrecht

013



Kremljak, Z. & Petkovski, M.: Cavitation - Measurements for Industrial Valves

Iwai, Y. & Li, S. (2003). Cavitation erosion in waters having different surface tensions.
Wear, Vol. 254, No. 1-2, pp. 1-9, ISSN 0043-1648

Kiesbauer, J. (2000). Diagnostic tools for control valves. ATP -
Automatisierungstechnische Praxis, Vol. 42, No. 3, pp. 38-45, ISSN 0178-2320
Kiesbauer, J. (2001). Control valves for critical applications. Hydrocarbon Processing,
Vol. 80, No. 6, pp. 89-100, ISSN 0018-8190

Kiesbauer, J.; Vnucec, D.; Roth, M. & Stoffel, B. (2006). Predicting cavitation damage
in control valves. Hydrocarbon Processing, Vol. 85, No. 3, pp. 55-61, ISSN 0018-8190
Lavigne, S.; Retailleau, A. & Woillez, J. (1995). Measurement of the aggressivity of
erosive cavitating flows by a technique of pits analysis. Application to a method of
prediction of erosion, Proceedings of the International Symposium on Cavitation
(CAV'95), pp. 241-248, May 1995, Deauville, France, DCN Bassin d'Essai des Carenes
Lohrberg, H.; Hofmann, M.; Ludwig, G. & Stoffel, B. (1999). Analysis of damaged
surfaces: Part I1: Pit counting by 2D optical techniques, Proceedings of the 3rd ASME
/ JSME Joint Fluids Engineering Conference, ISBN 978-0791819616, San Francisco,
CA, July 1999, ASME, New York

Orlowicz, A. W.; Tupaj, M.; Mroz, M.; Kupiec, B.; Jacek, M. & Radon, M. (2018). A
possibility to improve resistance of cast-iron hydraulic valves to cavitation wear.
Archives of Foundry Engineering, Vol. 18, No. 4, pp. 31-34, ISSN 1897-3310
Samson AG (2011). Cavitation in Control Valves, Part 3 Control Valves,
http://www.samson.de, Frankfurt am Main

Sirok, B.; Dular, M.; Novak, M.; Hocevar, M.; Stoffel, B.; Ludwig, G. & Bachert, B.
(2002). The influence of cavitation structures on the erosion of a symmetrical hydrofoil
in a cavitation tunnel. Journal of Mechanical Engineering, Vol. 48, No. 7, pp. 368-378,
ISSN 0039-2480

Sirok, B.; Dular, M. & Stoffel, B. (2006). Kavitacija (Cavitation), i2 Press, Ljubljana
(in Slovene)

SIST EN 60534-8-2:2012 Industrial Process Control VValve — 8 - 2nd part: Laboratory
noise measurements due to hydrodynamic flow through the control valves (IEC 60534-
8-2:2011) - VDMA 24 423

Tan, K. L. & Yeo, S. H. (2016). Cavitation erosion study in deionized water containing
abrasive particles, Proceedings of the 26th DAAAM International Symposium, pp.
818-824, Katalinic, B. (Ed.), November 2016, Vienna, Austria, DAAAM International,
Vienna

Vasilnakova, A. (2018). Risk management in accredited testing laboratories,
Proceedings of the 29th DAAAM International Symposium, pp.1071-1075, Katalinic,
B. (Ed.), October 2018, Zadar, Croatia, DAAAM International, Vienna

VDMA 24 423 (1981). Measurement of fluid borne noise emitted by valves. Verband
Deutscher Maschinen- und Anlagenbau e.V.

Wang, H.-H.; Xu, H.; Pooneeth, V. & Gao, X.-Z. (2018). A novel one-camera-five-
mirror three-dimensional imaging method for reconstructing the cavitation bubble
cluster in a water hydraulic valve. Applied Sciences — Basel, Vol. 8, No. 10, Paper ID
1783, ISSN 2076-3417

Young, F. R. (1999). Cavitation. Imperial College Press, ISBN 978-1848160286,
London

014



	01_dpn19106_e_1_Kremljak_final

