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0 UVOD

"��
��  �����	� ����	� ����#	� ����$� %�����
������� ���#���	�� ��������&���#����$� ��� ����� �
���	&���$� ����������� ����� '� (#�������� ��)����
�
�	#�	����� ��� ����	����� �	��*� ���� ����� �� %�����
+�%#��
��#����	��#�%��#�����#���������	�����	��
�	�%��	�%������������	���s���	��
�������������#���	��
,����������������
�������	&���$��������#�%������������
 �	#����
���� 	)����� ����	&���� �����%	���� 	���#�-

0 INTRODUCTION

The noise of the water installation can be
divided basically in three different types, i.e. in air-
borne, structure-borne and fluid-borne sound. The
relations between these are very complex. The
transfer of the fluid-borne to structure-borne sound
depends on numerous factors, as for example length
between fastening spots, elbow quantity and pipe
length. Likewise, the transfer from structure-borne
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�� ���#����

�� �	�	&����
������&�����	
��	���������	���

�#�����	������&��#
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�����
)�������� ����	����#�&��� ����#����� �� �	��%���� %
 �	#����
��	�	)���	�	���#�$�������	�����	�������
	
��� ��������� ������� 2	�������� ����	����#�&���
��	���	����	���#���	����&������%���
�$��������#���
#�������
��
��'���������������
�
	��	��	���#����)��
�� ���	�	��� ��� 
��� ����	� ��%#��	#�� �����	��	
�%#���#	��.�����	�	�	�������������
��%������������
	���#��
��	�������	����%��&�������#���	�������#����
������� ��� �#���
	� %�	��� ���� ����$� ����������� ����$
����	��%�	����	���������������#���
	�%�	�������	��	���
3	�����
��#�������
�#�	�����	�	�	����	���#���	
���������%�������#��	����(34/�566�7$�4�8�9766*��	
	#�
�����������#��������#�
��
��%�	&�� ����������
%��&��� ������$� �	��
� �	���#��������%�
���� �����������
���	�	��� �	�� ���	���&�� �� ���#����� ��� ����
����	�����	��������������%�����(������%�	&�� �������$
%�	&��� �����%���	��*� ��
	� ���	������� �	������ 	
���&��	����#����������������� �
�����2	�� � �� �� 
�
)��� ���
� �az������ �������#� ����#�
��
�� ������
�	��#�%�������#���	������	�����	��$�����&�#���
�
������&������������������	���#��(���#��������������*
��� 	��� �� �	#����� :������ ��&����#����&��
	�����	���� 	����� �� �����$� ��� 
�� �	�������
����	������&���� �	
��	�� �� 	���#�$� ��� 	#	 	&��
���	���������	 ������������&��������������������#� �
�����

��.43+834/!�4;/4�/!�1!/�0�:�80!

:������%�����������������	������� �	�	����
��%#��$� ��� �	� �� ��������$� 
�� ������&���� ��	��)�
�	��	�����
��� ��#	������0���%�#������#�����#	���
�����
��	)��#�������	������
����� ���������$�����	�%��%)��	
�������#��
��
�#� �	#����
����	)�����#	������	�	&�#	
���	
�	����
�������&����������������#	��	����%�����
�
�������:��	�
��#	���������������������
�������
&���%	�����$
�����%�������������������	��	��������
	� 
��	#	 	&��	

to the air-borne sound depends on different factors,
including the acoustic characteristics of the observed
space. The research presented concentrates on the
fluid-borne sound, because it presents the fundamental
cause for structure and air-borne sound. Therefore
every progress in the reduction of the fluid-borne sound
characteristic in the water installation causes a noise
reduction of the whole piping system. However, the
hydraulic conditions being very complex, today one
isn’t able yet to calculate the intermittent fluid flow in
the valve. The next step - the transition from the
hydrodynamic analysis of the intermittent zone of flow
in such devices to a strictly analytic or numeric
determination of the sound emission should be much
more difficult. The fact is that the sound emission
represents a small by-product of the throttle process
as an energetically regarded consequence of the
intermittent zone of flow.

In this situation, regarding the relevant
processes in the valve, it is necessary for the
understanding of the acoustic formation mechanism
to come to as clearly acoustic a model conception as
possible. The acoustic formation of the liquid column,
and thus the whole pipe system outgoing from the
valve, can then be well described again. Although it
actually concerns an emission measurement, the
standardised measurement methods (DIN 52218, ISO
3822) prescribe a reverberation chamber for the
determining the valve of characterising sound-power
level. The noise activity/volume of the inspection
item is passed over the holding wire and the pipe
clamps to the measuring wall. This sound blasts the
airborne sound into the measuring room. Although
the standard for this measurement set-up provides
certain recommendations and limits, the volumes
depend very strongly on different parameters: lengths
of the piping, assembly of the pipe clamps, structure
and type of the measuring wall and acoustic
characteristics of the measuring room. When the
valve noise, before it is measured as airborne sound,
transfers over water gauge, piping, pipe clamps and
measuring wall, it is affected both by the acoustic
characteristics of these transfer elements and by that
of the actual acoustic source. Therefore the procedure
is basically unsuitable for the characterisation of the
acoustic processes in the valve.

1 HYDRODYNAMIC NOISE GENERATION

For an understanding of the relevant
processes in the valve, and as guideline for noise-
reducing measures, it is important to come to the
clearest possible acoustic model conception. Since
this investigation is not directed toward the sound-
related optimisation of a certain design, but towards
generally valid principles such as the sound formation
and attenuation, it is important that the model which
can be examined is as separately adjustable as
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��
���������������#���	����
��	��#�	)#	&
��
:�� �	#����
��������#����$�������	�����	�������
	���
������&�	��������������	��������$��	�)���� �%)����<������%
���	&��������S oziroma premer d�����	���������	&�������
a.

0���
��������������������	�����	�	�������	�
�	�	�������%#���	%��	#������	��$�����	��	�	&�#	������
�	��#�%��������#���	������	��� ����#��%�
���������%��
:�� �����#��� ����	���	
����#	����	������&���#	���
���������������[1] do [3]��;�������	�����#	����)�������
�	�� �	�� �%�	�� ��	��	��������� ���%���
$� 
�� �%������
������&���#	&�%��#	�	�	�������$��	)�
����%���#��%�
��	
�����%	$����	��
��	�����	���[4]$��	�	&����%����&)	<

2��� �	��	�����
���#� ����	������&��#
#	����� �������� 
�� %�	&���#	&� %�� �	�	&��� ��
����
���#�����	��%#�����&�������	������%��&���������	����
:��&������	������l�
��������#�%��&������	�������	�
�)��
���������� ���)������� [5]-� ���� ��#� ����	
�����	�����#	$���� ���%��&������	������ l� ����#��
�
 ��������	)���	��������� �	#����
������%#�����,����
�������	�������	������	�����#	$����
��%��&������	�����
�	��%#��������#�������	&��������d, l ~ d (podobno
kakor pri prostem �����*�� 4%� ���&)�� (�*� �%��
�� 	)
��	
�����
�� #	�	�	��� �� ����$� ��� 
�� %�� ���	
 �	#����
��	�	)���	�#	�������������������%�	&�� �
������L��	�	&����%����&)	<

8)� ������#��
����  �	#����
���� 	)����� �������� 	%�
�	��������#��	�����������	����� ����	����	)�#	�%
��	
�����
�#��	���������������&)�$�	�����	��������
%�	&�� ��������	������	��<

������ ���#���� ���	&��� �����d� ����� ( �	#����
���
����#����*�������	�	&�#	����	#	&
	����&)��(�):

possible. Our model (Fig. 1) contains a flow control
element in the form of cylindrical constriction in the
valve stem, where two different parameters are
determinant: pipe length a and tubing inside diameter
d.

Since the acoustic generation mechanism
refers to its propelling mechanical energy from the
flow, it appears meaningful to employ a simple
dimension investigation of the principal equations,
which describes the problem [1] to [3]. A simple
dimension analysis of the principal equations leads,
as is in [4] described in detail, to the result for
monopoly sound sources induced by flow turbulence:

(1).

The sound power P is thus for a certain flow
control element always proportional to fourth power
of the characteristic flow velocity v. Here  l is thereby
the characteristic length of the respective turbulence
structure [5]. The l can change with variation of the
operating condition. In this case, as is represented
in Fig. 1, one could assume however that l ~ d,
because then (as with an open jet) the valve stem
diameter delivers the characteristic turbulence
length. From equation (1) it can be derived that the
noise level L with the unchanged valve model
geometry varies as:

(2).

With the modified flow rate and unchanged throttling
coefficient (constant geometry parameters),
respecting continuity condition, we obtain the flow
rate impact on noise level as:

(3a),

(3b).

Also we can derive the influence of  different valve
stems diameter d on L directly from equation (1):

(4a),

Sl. 1.��������	��
���#����������	

Fig. 1. Valve stem model
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ki velja pri konstantni hitrosti ali

ki velja za konstanten pretok (q = konst, v ~ d -2).
:���	���	���	�	���	�	�����	���������������

	���	���������	&��������a��	)�#	� �%����&)�� (�*$�	)
��	
�����
�� ������#��
����� ��������&���� ��
 �	#����
���������#���	��(v, d, ρ = konst), odvisnost:

2 PRESKUS

����%��������#	����	#�
�����������#���
� 	����
��
��#	��	����#��
��
�� ������ ��#����� %
���	������#�#��
��
�#�%�	&�� ������������	���
��������:������#�
��
������	������&�����	
��	��
�
)������	��)�
����#��	���#��
��
������	������&�� �
������ �� ����
������ %� ��	��)	� ����	�	�	��
=�	��)�
�����	�)����#��������������	�	���>�����?
0
��������7�@9-���#	�#�����	���	 	�(����
�������
���*� �	� �������
���� ����������� ����� (�	�������
�����
����������	
�����������#�����A*�%������%��#�
�����
�&��#�����#������/�#������������	�	��������

��)�����%�����������	��	��)�� ���#�������(����6*$
���	� ��� 
�� )��� �%�	&��� ������ ����	���am�&�� �

�#��

1��
���%���	���#��
��
��
�#�	������#����

��	#	 	&�����������
�<
− ���	�����	�#��
��
��%�	&�� ������������	����������$
− %������%�	���#�������
	�����	�	����%�	&����������

����	����#�&�� ��
�#�$
− spremljanje širjenja zvoka po vodnem stebru,
− �	�	&���������	����������
�����	�	��$
− �	�	&����� ��������� ��� ��������� �������������

��#������
.���	�	��>�?�0�����7�@9�
��)�����	��)�
��

%������#�
����� ��#��%�
-� ���� 
�� ����	�	��#	 	&�
��	��)���� ����� �	�� 	���
���$� 	#	 	&��#������
����	����������
���8#	 	&��#��
��
��%�	&�� �������
�� �������&��#� 	)#	&
�� @$�� .%� �	� �7@� �.%� %
	)&���
��	��
	�����
�#��'6����>� �����������BμPa
oziroma 26 μ�B2��� :������ #�
���� ��)	
��
	)&���
��	����(@$���CB2�*�
��)���%���	 	
����
���� ����

at constant velocity or

(4b),

if the same flow is given (q = const., v ~ d -2).
For the quantitative estimation of the influence

of valve stem length a on the noise level we obtain from
equation (1) with constant hydraulic and geometrical
parameters (v, d, ρ = const.) the dependence:

(5).

2 EXPERIMENT

If however the fluid-borne sound plays a
dominating role with formatting of the valve noise, then
this type can be analysed by acoustic means directly
through water-borne sound measurements. Only like that
is it possible to determine the mechanisms of the sound
production with sufficiently exactness. For measurement
of the water-borne sound we use a piping system (of 1”
diameter), in whose wall is attached a hydrophone over
adapters. For the large requirement regarding sensitivity
we use a miniature hydrophone of the Bruel & Kjaer
type 8103. The adapter and hydrophone installation
conditions are implemented in such a way that the water
flow does not cause hydrodynamic pressure fluctuations
near hydrophone. Fig. 2 shows the pattern of the testing
rig for valve noise measuring.

In this way conceived,  the measuring
instrument enabled us:
− to perform the direct measurement of the water-

borne sound,
− to exclude with appropriate hydrophone positioning,

the influence of hydrodynamic pressure,
− to measure the water-borne sound transfer over

the water columns coupled to the source,
− to determine the water-borne sound transfer

function of the respective testing rig,
− to determine the acoustically passive and active

valve characteristics.
The Bruel & Kjaer hydrophone type 8103 was

used because of its small dimensions. Using the
hydrophone as a transmitter (driver) the transfer function
method of measuring in-duct acoustic properties is made
possible. The hydrophone type 8103 is a high -
sensitivity transducer for measuring absolute sound over

L
d

d
konst= − ⋅ +60

0

lg

L
a

a
konst= − ⋅ +20

0

lg

M. Prek - P. Novak

Sl. 2. Shema merilne verige in prikaz namestitve hidrofonov
Fig. 2. Measuring set-up with hydrophones
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��Ma << 1 in ni
izgube energije med hidrofonoma, lahko zapišemo:
k

12
 = k

21
 = k

0
.
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�� ��
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the frequency range 0.1 Hz to 180 kHz with a receiving
sensitivity of -211 dB re 1 V/μPa or 26 μV/Pa. Because
of its low charge sensitivity (0.1 pC/Pa), the high -
impedance output signals from the hydrophone were
routed through a signal - conditioning preamplifier Bruel
& Kjaer type 2626, 2635 or 2650. The signals were led
to the dual-channel FFT analyser (Bruel & Kjaer type
2032) and converted for the advanced data processing
with appropriate PC software.

The measuring procedure is quite
insensitive in relation to all occurring airborne
sound. Also the impact sound occurring can be
eliminated almost completely. The longitudinal
resonances of the coupled water column play
another important role. This influence can be
considered as the transfer function of the pipe
system. When proceeding to the determination of
the respective transfer function we use a hydrophone
as transmitter. We are able to determine the inherent
dynamic characteristics of the measuring rig and
the absolute dynamic behaviour of a piping system
in operation conditions. The procedure follows in a
similar way as during other transfer function
determination the method in [6] and [7].

In the case when, in a pipeline filled with
water, plane acoustic field is presented (one-
dimensional sound propagation which fulfilled the
condition f < 0,586⋅c/d), the line could be
characterised by its acoustic impedance. Every
change in this acoustic impedance should be taken
into account. The acoustic properties of such pipe
elements can then be measured by the two-
microphone transfer function method, e.g. [8] to [10].
Using this method, the absorption coefficient,
acoustic impedance and transmission loss can be
determined. The complex pressure reflection
coefficient r(f) is defined with equation:

H
12

 is the transfer function between the hydrophone
positions separated by a distance s. This is defined
as the ratio between cross-spectral density and auto-
spectral density of the first (index 1) hydrophone. In
the case of no flow or Ma << 1, and no energy loss
between the two hydrophones, we may write: k

12
 =

k
21

 = k
0
.

Normalised absorption coefficient and
normalised acoustic impedance are defined as
followed:

(7),

(8).
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Razmeroma dobro ujemanje izmerjenih vrednosti s
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Good agreement of measured values with
predicted ones [11] shows that is possible to:
− define the transfer function of the pipe

system using the hydrophone as driver,
− determine the passive characteristics of

noise source.
Thus  the  poss ib i l i ty  for  the

determination of the passive characteristic of
the armature (passive item in the pipeline or
acoustic impedance in the case of the armature
as direct source) has been given. Above all we
determined the characteristics of the modified
opera t ing  condi t ions ,  which  have  d i rec t
influence on the emergence of the noise. With
a simplified model of the armature we can
check the suitability of the hydrodynamic
model of the sound formation.

3 CASE STUDY

3.1 Influence of the valve stem length

First we analysed influence of the valve
stem length on the sound generation. For the
experimental investigations we use a valve stem
model as shown in Fig. 1. The geometrical
parameters vary as follows: a from 5 mm to 100
mm and inside diameter d from 4 mm to 8 mm.
Both ends of the valve stem ends were sharp-edged.
The hydraulic parameters are stopped in such a way
that the flow rate in the valve stem varies between
5 and 12 m/s. All measurements are executed with
non-cavitating turbulent flow.

As was expected for the case of such a
complex acoustic source, the influence of a particular
geometrical parameter on the sound generation can
be indicated only for a case of the both limit values.
Specifications such as noise generation as a function
of the stem length variation therefore cannot generally
be made. It appears even more meaningful to
determine the influence of a certain parameter in such
a way that the parameter emerges most clearly.
Measurement results for determining the impact of
stem length on sound generation are presented in Figs.
3 and 4. Analysis of these measurements suggest
dependency, defined as -30⋅lg(a/a

0
).

3.2 Influence of the valve stem inside diameter

Since the flow rate (i.e. the flow velocity in
the closest cross section) presents the most important
hydrodynamic parameter on sound generation, it was
clear which tendency in noise change would be
connected with variation by d: the smaller the d, the
louder the noise. According to equation (4b) the
expected quantitative influence is -60⋅lg(d/d

0
). The

measurement results, presented in Figs. 5 and 6, show
the much stronger influence of d, i.e. -70⋅lg(d/d

0
).

M. Prek - P. Novak
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Sl. 4. 0	�������
���	���	
	��	��
���#����������	��������������1�������������������������
	�������&���

Fig. 4. Waterborne sound pressure level for valve stem with an inside diameter of 8 mm as a function of flow
rate and valve stem length

Sl. 3. 0	�������
���	���	
	��	��
���#����������	��������������2�������������������������
	�������&���

Fig. 3. Waterborne sound pressure level for valve stem with an inside diameter of 4 mm as a function of flow
rate and valve stem length

Sl. 5. 0	�������
���	���	
	��	��
���#�������&����34�������������������������
	�in premera
Fig. 5. Waterborne sound pressure level as a function of flow rate and valve stem inside diameter, valve stem

length 20 mm
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teh meritev potrjujejo, kakor je podano v [12]$����
�
�� ��#����#����������������&����	������ ���)������� l
proporcionalna d .
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With these measurements it was stated that the
characteristic length l of the turbulence structure
increases proportional to d , as was proposed in [12].

4 DISCUSSION

According to the theory of the flow acoustics
there exists a very effective mechanism, which can be
assumed as sound producing. Such, with a monopoly
character, can come by the fact that inside the valve
stem a Helmholtz-resonator becomes lively. We can
assume that the fluid mass inside the valve stem is set
in motion by the stochastic change forces induced from
the open jet. These forced oscillations take place at a
smaller amplitude, if the mass is increased (with
modification of the valve stem length a). Additionally
the valve stem length has an influence on the turbulence
structure, determined by characteristic length l. 4������
	����������������	�����������
���)���������������#�	�����$
	����	��������#���������J��#�� ��������������������
���	���������	K��������  ����	���	�������������� �#����
It can also become effective if, behind the narrow, no
open jet can form.

��#�����������������	K����������	K��� �$���
���	�������������	���	�����	�����$����	������� ������
���������#����#������L����������#�$�����������#����
	���������#�����������	����#�����	��J��	������������� 
#���$�)������	������������������������������ ������L���
K������ �����	K����#�������������������	����������	K
��	��������	�������������	��������J���#���������������#
���#����� (�#������ ���������� ��	K� ������*� �M��)���
����������������������8��������M�������������������������
 �	#������������#�����$�)	����������� ������������� 
#����������������#����K����������������������������� ��
�$�������	##	������������	�������J��	�J��#����	���
 �������	��In this case the results of the measurement
are standardised on a constant flow. The geometrical
parameters are defined as “slimness”, i.e. the relation
between valve stem length a and valve stem diameter
d. This dependency, i.e. the impact of slimness on the
normalised sound pressure level, is shown in Fig. 7.

M. Prek - P. Novak
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Fig. 6. Waterborne sound pressure level as a function of flow rate and valve stem inside diameter, valve stem length 100 mm
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An assumption can be taken that the
geometrical parameters (in this case valve model stem
length and diameter) have a common influence on the
sound generation. This influence can be explained in
such a way that the main cause for the pulsating
(effective) fluid mass, which acoustically has a
monopole character, is vortex shedding at the entrance
into the narrow. This mechanism of the flow in the
narrow, pulsating in dependency of vortex shedding,
should depend particularly on geometrical parameters.
The vortex formation is not geometrically similar for
different diameters. The common influence is
examined, expressed in geometrical parameter as
“slimness”, which can be defined as 16·lg(a/d).

5 CONCLUSIONS

Following on previous investigations
concerning sources of noise in water installations, we
applied the direct measurement of the noise emission.
Then we executed a series of measurements with a
valve model with different geometrical parameters. We
examined the influence of two individual parameters,
i.e. diameter and length, on noise emission. The test
result itself points to new statements concerning the
influence of the geometry parameters on the noise
emission. Since from the experiment it was easy to
detect the influence of the length a and diameter d,
which led to a new dimension, i.e. the model slimness
(a/d). With this we described the noise emission
empirically with the equation 16·lg(a/d). The next
phase is now the determination of the size as (a/d) for
other geometrical parameters. On the other hand, for
sound reducing purposes, it seems meaningful to
investigate the unexpectedly important influence of
the inlet flow circumstances on the noise generation.

Vpliv geometrijske oblike - Influence of the Geometry
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Fig. 7. Normalised water-borne sound pressure level as a function of  slimness (a/d)
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hitrost zvoka
premer cevi
frekvenca
valovno število k = 2⋅π⋅f ⁄ c
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padec tlaka
pretok
refleksijski koeficient
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razdalja med hidrofonoma
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absorpcijski koeficient
gostota
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valve stem length
sound speed
pipe diameter
frequency
wave number k = 2⋅π⋅f ⁄ c
sound pressure level
characteristic length
pressure drop
flow rate
reflection coefficient
effective flow area
distance between hydrophones
speed
acoustic impedance
distance from the first hydrophone
(1) to reflecting plane
absorption coefficient
density

D�8:/!;>�
6 NOTATION

a '�#
c - m/s
d - m
f - Hz
k -
L - �>����B�����μPa
l '�#
Δp - Pa
q - m3/s
r -
S�'�#2

s - m
v - m/s
Z - Ohm
x�'�#

α -
ρ - kg/m3
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