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Vpliv geometrijske oblike poenostavljenega

modela ventila na nastanek hidrodinamicnega
hrupa

Influence of the Simplified Valve Model Geometry on
Hydrodynamic Noise Generation

Matjaz Prek - Peter Novak

Meritve akusticnih karakteristik zapornih organov za kapljevino - predvsem vodovodnih armatur -
pogosto (praviloma) temeljijo na meritvah ravni zvocnega tlaka v zraku. S tem ni omogocena neposredna
dolocitev parametrov, ki bi enopomensko popisali akusticne lastnosti armature. Le z metodo neposrednega
merjenja zvocnega tlaka v kapljevini je omogocen boljsi vpogled v mehanizem nastanka in Sirjenja hrupa.
Zaradi vpliva merilne proge na karakteristiko merjene velicine je pri takih meritvah treba definirati prenosno
Sfunkcijo, ki tvori s karakteristiko vira hrupa sklenjeno zanko. S spreminjanjem razmer se spreminjajo tudi
vrednosti parametrov prenosne funkcije. Te informacije pa so, poleg dolocevanja karakteristik hrupa, uporabne
tudi kot informacija pri izbiri ukrepov, ki zmanjsujejo emisijo hrupa ter njegovo Sirjenje po vodnem stebru.

Tako dolocene akusticne karakteristike armature omogocajo uporabo hidroakusticnih modelov, s
katerimi lahko v grobem dolocimo razmerja med hidravlicnimi in akusticnimi razmerami. Prikazani so rezultati
eksperimentalno dolocenega vpliva dolzine in premera natocne cevi na akusticno karakteristiko modela ventila.
Pri analizi soodvisnosti vpliva geometrijskih parametrov je bila ugotoviljena funkcijska odvisnost, ki smo jo
definirali kot vitkost.
© 1999 Strojniski vestnik. Vse pravice pridrzane.

(Kljuéne besede: hrup, modeli hidroakusti¢ni, generiranje hrupa, zmanjSevanje hrupa)

The measurement of the acoustic characteristics of throttling valves, especially in water installation
systems, is usually based on air-borne sound pressure measurements. With this approach we could not obtain
the acoustic parameters which determine the acoustic properties of noise-producing sources. Through direct
measurements of fluid-borne noise, i.e. with hydrophones, we can gain better knowledge of the noise-source
and transmission characteristics. Because of the influence of the measurement set-up on the noise-source
acoustic characteristis, the transfer function of the measurement set-up which forms a closed loop with the
source, must be determined. With change of operation conditions and operating parameters, the transfer func-
tion changes as well.

In this way, the determined noise-source characteristics make it possible for us to involve hydroacoustic
models for describing the relation between hydraulic and acoustic conditions. Furthermore, we can also dis-
cover the influence of geometric parameters on noise production and emission. We have experimentally analysed
the influence of the diameter and length of valve tube on the acoustic characteristics. Through the analysis, we
establish the common influence of the chosen geometric parameters on noise production. This relationship is
described by a combined geometric parameter, defined as “slimness”.
© 1999 Journal of Mechanical Engineering. All rights reserved.

(Keywords: noise, hydroacoustic model, noise generation, noise reduction)

0uUvoD 0 INTRODUCTION

Sirse gledano lahko delimo hrup, zaradi The noise of the water installation can be
vpliva elementov hidravli¢ne mreze, na hrup v divided basically in three different types, i.e. in air-
tekocini, strukturni hrup - (mehanske vibracije borne, structure-borne and fluid-borne sound. The
komponent in prenosnih poti) ter hrup v zraku. relations between these are very complex. The
Razmerja med posameznimi elementi prenosne poti transfer of the fluid-borne to structure-borne sound
so zelo zapletena in odvisna od $tevilnih parametrov. depends on numerous factors, asfor example length
Glavni vir hrupa je v teko€ini, predvsem zaradi vpliva between fastening spots, elbow quantity and pipe
geometrijske oblike preto¢nih prerezov v opremi; length. Likewise, the transfer from structure-borne
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zato vsaka sprememba hrupa v tekocini vpliva na
hrup v strukturi in zraku. Hidravli¢ne in akusti¢ne
pojave v opremi lahko dolo¢imo z ustreznimi
diferencialnimi enacbami. Naceloma je zato mogoce
tako ene kakor druge dolociti racunsko z
matematicnim modelom, pri ¢emer moramo
upostevati ustrezne zacetne in robne pogoje. Ker so
ze same hidrodinamic¢ne razmere v armaturi zelo
zapletene, posebej Se ob upostevanju spremenjenih
obratovalnih razmer, Se ni razvitega ustreznega
modela, ki bi omogocal detajlno dolocitev teh
pojavov. Naslednji korak bi bil Se zahtevnejsi, tj.
prehod iz hidrodinamic¢ne analize tokovnega polja v
armaturi na dolocitev akusti¢nih karakteristik
specifi¢nega toka tekocine. To je predvsem posledica
resnice, da je z energijskega vidika emisija zvoka
prakti¢no zanemarljiv stranski proizvod.

V tem stanju, upoStevajo¢ dejanske
hidrodinamicne razmere, je primernejsa dolocitev
akusti¢nih pojavov s preprostejSim hidroakusticnim
modelom. Ta naj bi na ustrezen nacin uposteval
bistvene hidrodinamiéne parametre v povezavi z
geometrijsko obliko opreme, ki neposredno vplivajo
na nastanek hrupa. Posledica hidrodinami¢nih
procesov v opremi so tlacne pulzacije, predvsem na
mestu dusenja - te pa se prenasajo po vodnem stebru
v cevovodu in jih lahko razmeroma preprosto
izmerimo. Hrup vodovodne instalacije zaradi vpliva
opreme je odvisen od razli¢nih elementov sistema in
vpliva na emisijo zvoka pri viru, strukturni hrup,
prenos zvoka po strukturi in emisijo zvoka v prostoru.
Dosedanje meritve Sumnosti vodovodne opreme po
standardiziranih metodah (DIN 52218, ISO 3822) so
omejene predvsem na spremljanje zvocnega tlaka na
zracni strani, torej so v meritvah zajeti tudi vplivi
cevovoda kot resonanc¢nega elementa in dela
prenosne poti. Meritve v zraku (raven zvo¢nega tlaka,
zvocéna intenzivnost) dajo neposredne podatke o
pri¢akovanem vplivu hrupa na ljudi. Poleg tega je
bil cilj raziskav predvsem spremljanje vpliva
posameznih elementov prenosne poti, pri cemer je
akusti¢na karakteristika opreme (primarni vir hrupa)
drugotnega pomena. Zaradi veCparametri¢ne
odvisnosti oddanega hrupa, ki je posledica
hidroakusti¢nih pojavov v opremi, ni omogocen
neposredni vpogled v akusti¢ne karakteristike samega
vira.

1 HIDRODINAMICNI NASTANEK ZVOKA

Zaradi zapletenih nestacionarnih tokovnih
razmer, ki so v ventilih, je upravi¢ena uporaba
poenostavljenega modela. Ker z meritvami nismo reSevali
problema hrupnosti dejanskega ventila, lahko z izbiro
in spreminjanjem geometrijske oblike modela dolo¢imo
splosno veljavna nacela nastanka in moznosti zniZanja
hrupa. Zato je model ventila predstavljala valj¢na zozitev,
prikazana na sliki 1. S poenostavitvijo je omogoceno

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, becauseit presentsthefundamental
cause for structure and air-borne sound. Therefore
every progressinthereduction of thefluid-borne sound
characterigtic in the water installation causes a noise
reduction of the whole piping system. However, the
hydraulic conditions being very complex, today one
isn't ableyet to calculate theintermittent fluid flow in
the valve. The next step - the transition from the
hydrodynamic analysisof theintermittent 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 cometo as clearly acoustic amodel conception as
possible. The acoustic formation of theliquid 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
standardi sed measurement methods (DIN 52218, 1SO
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
clampsto 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, beforeit 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 theactual acoustic source. Thereforethe procedure
isbasically unsuitable for the characterisation of the
acoustic processesin 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 acertain design, but towards
generally valid principles such asthe sound formation
and attenuation, it isimportant that the model which
can be examined is as separately adjustable as
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spreminjanje vplivnih parametrov v Sirokem obmocju.
Za geometrijske parametre, ki neposredno vplivajo na
akusticno karakteristiko ventila, so bili izbrani: prerez
natocne cevi Soziromapremer d in dolzina nato¢ne cevi

Influence of the Geometry

possible. Our model (Fig. 1) contains a flow control
element inthe form of cylindrical constrictionin the
valve stem, where two different parameters are
determinant: pipelength aand tubing inside diameter

a d.
{ [ — q/ /
0 5 o 2
% > d o >
; = 5| ;

S}

Sl. 1. Model natocne cevi ventila
Fig. 1. Valve stem model

Ker je nastanek hrupa neposredno odvisen od
tokovnih razmer oziroma pretoka, lahko dolo¢imo vpliv
posameznih parametrov na podlagi dimenzijske analize.
Za ta namen lahko upoStevamo aeroakusti¢ni model
nastanka hrupa [1] do[3]. Ce predpostavimo turbulenten
tok kot vzrok prostorninskih pulzacij, je izsevana
akusti¢na moc¢ za monopolni vir, dobljena z dimenzijsko
analizo, kakor je opisano v [4], dolo¢ena z enacbo:

P~ p-l

Pri poenostavljenem hidroakusti¢cnem
modelu ventila je zvocna mo¢ za doloc¢en dusilni
element sorazmerna Cetrti potenci znacilne hitrosti.
Znatilna dolzinal je pri tem zna¢ilna dolZina poljubne
strukture turbulence [5]; pri tem lahko
predpostavimo, da se znacilna dolzina | spreminja
glede na obratovalne in geometrijske razmere. Glede
na sliko 1 lahko predpostavimo, da je znacilna dolzina
sorazmerna premeru nato¢ne cevi d, | ~ d (podobno
kakor pri prostem curku). Iz enaébe (1) izhaja ob
uposStevanju monopolnega vira, da je za dano
geometrijsko obliko modela ventila raven zvoénega
tlaka L dolocena z enacbo:

L=401g "
VO
Ob nespremenjeni geometrijski obliki ventila oz.
konstantnem koeficientu lokalnega upora dobimo z
upostevanjem kontinuitetne enacbe, odvisnost ravni
zvocnega tlaka od pretoka:

L=40~Igg+ konst (3a),
0
L=20-Ig AP \onst (30).
(Ap),

Vpliv premera natoc¢ne cevi d na L (geometrijski
parameter) tudi dolo¢imo s pomocjo enacébe (1):

L=20-Igg

101

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 sourcesinduced by flow turbulence:

2 v ).
C

The sound power Pisthusfor acertainflow
control element always proportional to fourth power
of the characteristic flow velocity v. Here | isthereby
the characteristic length of the respectiveturbulence
structure [5]. Thel can change with variation of the
operating condition. In this case, asis represented
in Fig. 1, one could assume however that | ~ 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.

+ konst 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:

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

+ konst

(44),

NEEcTy = oo - [
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ki veljapri konstantni hitrosti ali

[ DT [ |

at constant velocity or

L=—60~Igdi+ konst (4b),

ki velja za konstanten pretok (q = konst, v ~ d?).
Za kolikostno oceno odvisnosti ravni hrupa
od dolzine nato¢ne cevi a dobimo iz enacbe (1), ob
upoStevanju nespremenjenih hidravliénih in
geometrijskih parametrov (v, d, p = konst), odvisnost:

0
if the same flow isgiven (q = const., v~d-).

For the quantitative estimation of theinfluence
of valvestemlength aonthe noiselevel weobtainfrom
equation (1) with constant hydraulic and geometrical
parameters (v, d, p = const.) the dependence:

L:—20~Igi+ konst (5).
a,

2 PRESKUS

V raziskavi smo se omejili predvsem na
ugotavljanje moznosti merjenja hrupa armatur z
neposrednim merjenjem zvocnega tlaka na vodni
strani. Za spremljanje hidroakusti¢nih pojavov je
bila uporabljena metoda merjenja hidroakusti¢nega
tlaka v kapljevini z uporabo hidrofonov.
Uporabljeni so bili miniaturni hidrofoni Bruel &
Kjaer tip 8103; samo merilno progo (kapljevinski
del) so sestavljale standardne cevi (pocinkane
srednjetezke navojne cevi premera 1") z ustreznimi
prikljuénimi elementi. Namestitev hidrofona v cev
je bila izvedena preko posebnega vmesnika (sl. 2),
tako da je bil izloCen vpliv hidrodinami¢nega
Suma.

2 EXPERIMENT

If however the fluid-borne sound plays a
dominating rolewith formatting of the vave noise, then
this type can be anadlysed by acoustic means directly
through water-borne sound measurements. Only likethat
isit possible to determine the mechanisms of the sound
productionwith 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 instalation
conditionsareimplemented in such away that thewater
flow doesnot cause hydrodynamic pressurefluctuations
near hydrophone. Fig. 2 showsthe pattern of thetesting
rig for vave noise measuring.

— | merjeni element = P
__| measured item | i ’

Sl. 2. Shema merilne verige in prikaz namestitve hidrofonov
Fig. 2. Measuring set-up with hydrophones

Tak$na zasnova merjenja Sumnosti armatur
je omogocala naslednje:

— neposredno merjenje zvocnega tlaka na vodni strani,

— zustrezno namestitvijo hidrofona izlo€itev vpliv
hidrodinami¢nega Suma,

— gspremljanje Sirjenja zvoka po vodnem stebru,

— dolocitev prenosne funkcije cevovoda,

— doloéitev pasivnih in aktivnih karakteristik
armature.

Hidrofon B & K tip 8103 je bil uporabljen
zaradi majhnih dimenzij; ker je hidrofon mogoce
uporabiti tudi kot oddajnik, omogoca meritev
prenosne funkcije. Omogoc¢a merjenje zvocnega tlaka
v frekven¢nem obmocju 0,1 Hz do 180 kHz z
obcutljivostjo sprejema -211 dB glede na 1 V/uPa
oziroma 26 uV/Pa. Zaradi majhne nabojne
obcutljivosti (0,1 pC/Pa) je bil za pogojevanje signala

102

In this way conceived, the measuring
instrument enabled us:

— to perform the direct measurement of the water-
borne sound,

— toexcludewith 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.

TheBrue & Kjaer hydrophonetype8103was
used because of its small dimensions. Using the
hydrophoneasatransmitter (driver) thetransfer function
method of measuringin-duct acoustic propertiesismade
possible. The hydrophone type 8103 is a high -
sengitivity transducer for measuring absol ute sound over

12.4.99, 11:49
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uporabljen nabojni predojacevalnik Bruel &Kjaer tip
2626, 2635 ali 2650. S temi ojacevalniki je mogoce
nastaviti izhodno napetost tako, da na ojacevalniku
upostevamo individualno obcutljivost hidrofona, izhodni
signal pa ustrezno ojac¢imo. Za zbiranje podatkov in
analizo smo uporabili dvokanalni analizator Bruel&Kjaer
tip 2032 s hitro Fourier-jevo transformacijo (HFT) v
povezavi z osebnim racunalnikom.

Ta nacin meritev je omogocal izkljucitev
vpliva motenj zaradi zracnega hrupa iz okolice.
Strukturni hrup kot posledica vibracij cevi je bil
prakti¢no izlocen, tako da je bil celoten kapljevinski
del merilne verige poloZen na ustrezno izolacijsko
podlago. Pomemben parameter pomeni
longitudinalna resonanca vodnega stebra v
cevovodu. Ta je bil upostevan s prenosno funkcijo
cevovoda. Za dolocitev prenosne funkcije je bil
uporabljen hidrofon kot oddajnik. Z dolocitvijo
prenosne funkcije cevovoda so bile tako upostevane
inherentne dinami¢ne karakteristike merilne verige
kakor tudi dinami¢ne karakteristike vodnega stebra
v dejanskih obratovalnih razmerah. Za dolocitev
prenosne funkcije je bila upostevana metodologija,
opisana v [6] in[7].

V primeru, ko imamo v cevovodu tekoc¢ino
in ravninsko zvoéno polje (enodimenzionalno
Sirjenje zvoka pri izpolnjenem pogoju, da je f <
0,586-c/d), cevovod lahko ozna¢imo z akusti¢no
impedanco. Poleg tega moramo upostevati Se
preostale akusti¢ne lastnosti delov cevovoda, kjer
se pojavi sprememba impedance. Akustic¢ne
lastnosti teh elementov lahko dolo¢imo z metodo
prenosne funkcije, npr. [8] do [10], s katero lahko
dolo¢imo koeficient absorpcije, akusti¢no
impedanco in prenosne izgube. Odbojni koeficient
je doloc¢en po izmerjeni prenosni funkeiji, npr. H,,
z naslednjo enacbo:

r(f)

H,, - akusti¢na prenosna funkcija med hidrofonoma.
Za Sirokopasovno vzbujanje je H,, dolocena z
razmerjem med krizno spektralno gostoto in
autospektralno gostoto prvega (indeks 1) hidrofona.
V primeru, ko nimamo toka oz. je Ma << 1 in ni
izgube energije med hidrofonoma, lahko zapiSemo:
Kpp =Ky = ke

Normaliziran koeficient absorpcije in
normalizirana akusti¢na impedanca sta podana z
enacbama:

—ik
_ Hpp(f)-e2® ko2
21— Hyp (1)

Influence of the Geometry

thefrequency range 0.1 Hz to 180 kHz with areceiving
sengitivity of -211dB re 1 V/uPaor 26 uV/Pa Because
of its low charge sengitivity (0.1 pC/Pa), the high -
impedance output signas from the hydrophone were
routed through asignd - conditioning preamplifier Brue
& Kjaer type 2626, 2635 or 2650. The signalswereled
to the dual-channel FFT andyser (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 respectivetransfer function we use ahydrophone
astransmitter. We are able to determine the inherent
dynamic characteristics of the measuring rig and
the absol ute dynamic behaviour of apiping system
in operation conditions. The procedurefollowsin 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-
microphonetransfer 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:

(6),

H_, isthe transfer function between the hydrophone
positions separated by a distance s. This is defined
astheratio between cross-spectral density and auto-
spectral density of thefirst (index 1) hydrophone. In
the case of no flow or Ma << 1, and no energy loss
between the two hydrophones, we may write: k , =
= Normalised absorption coefficient and
normalised acoustic impedance are defined as
followed:

.

2
Z _1l+r
pc 1-r (8).
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, MELECYNIER] oc-3 -
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Razmeroma dobro ujemanje izmerjenih vrednosti s

predvidenimi [11] potrjuje, da je mogoce:

— dolo¢iti prenosno funkcijo cevovoda ob uporabi
hidrofona kot oddajnika,

— dolociti pasivno karakteristiko elementa v
cevovodu (akusti¢no impedanco).

S tem je dana moznost, da dolo¢imo pasivno
akusticno karakteristiko opreme (pasivni element v
cevni mrezi ali akusti¢éna impedanca v primeru
spremljanja Sumnosti armature kot neposrednega
vira). Omogocena je dolo€itev vpliva spremembe
obratovalnih razmer, ki neposredno povzrocajo
nastanek hrupa. S parametri¢éno analizo lahko
ocenimo vpliv posameznega parametra, kar pomeni
izhodisce za izbiro ukrepov za zmanj$anje Sumnosti.
Poleg tega lahko uporabimo to metodo za preverjanje
ustreznosti hidrodinami¢nega modela nastanka hrupa.

3 OBRAVNAVANI PRIMER
3.1 Vpliv dolZine nato¢ne cevi

Najprej smo eksperimentalno dolo¢ili vpliv
dolzine nato¢ne cevi na nastanek hidrodinami¢nega
hrupa. Izbran geometrijski parameter (dolzina a),
kakor je prikazano na sliki 1, je bil v obmocju od 5
mm do 100 mm ter notranji premer od 4 mm do 8
mm. Vsi preskusani modeli nato¢nih cevi so bili
ostrorobi, tako na vstopni kakor na izstopni strani.
Pretok, ki pomeni hidrodinami¢ni parameter, je bil
nastavljen tako, da je bila hitrost v nato¢ni cevi med
5 in 12 m/s. Pri tem je bila zgornja meja obmocja
hitrosti Se turbulentni tok.

Ker ni ostre meje med prehodom vpliva
premera in dolzine natocne cevi, lahko enoznac¢no
dolo¢imo vpliv posameznega geometrijskega
parametra samo v primeru obeh mejnih vrednosti.
Ker kljub temu ne moremo izlo€iti vpliva drugih
parametrov, smo v analizi prevzeli enoznacnen vpliv
pretoka (hitrosti) na nastanek hrupa. S tem je za izbran
premer natocne cevi (konstanten geometrijski
parameter) lahko dolocen vpliv dolZine natocne cevi
v odvisnosti od hitrosti. Primera izmerjenega vpliva
dolZine nato¢ne cevi sta prikazana na slikah 3 in 4.
Analiza rezultatov meritev je pokazala, da ima vpliv
dolzine funkcijsko odvisnost -30-Ig(a/a,).

3.2 Vpliv notranjega premera natocne cevi

Ker je pretok oziroma hitrost v najozjem
prerezu ventila najpomembnejsi hidrodinamicni
vzrok hrupa, lahko ocenimo neposredno povezavo
med premerom natocne cevi d in nastankom hrupa:
manjsi ko je premer cevi d, ve¢ja je raven hrupa.
Kolikostno oceno vpliva premera cevi dolo¢a enacba
(4b) kot -60-1g(d/d,). Analiza rezultatov meritev,
prikazanih na slikah 5 in 6, pokaze vecjo odvisnost
ravni zvocnega tlaka, in sicer -70-1g(d/d ). Rezultati

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 possibility 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
operating conditions, which have direct
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 away
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, theinfluence of aparticular
geometrical parameter on the sound generation can
beindicated only for a case of the both limit values.
Specifications such as noise generation asafunction
of thestem length variation therefore cannot generally
be made. It appears even more meaningful to
determinetheinfluence of acertain 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 -30-1g(a/a,).

3.2 Influence of the valve stem inside diameter

Sincetheflow rate (i.e. the flow velocity in
the closest cross section) presentsthe 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 eguation (4b) the
expected quantitative influence is -60-1g(d/d). The
measurement results, presented in Figs. 5 and 6, show
the much stronger influence of d, i.e. -70-1g(d/d,).

. STBEJNISKI|
VESTNIK stran 104
|

‘ Prek-1.p65 104

12.4.99, 11:49



Vpliv geometrijske oblike

- Influence of the Geometry

"
2 %
o B 105.000
Z: I 110.000
A [ 115.000
R [ 120.000
¢z [ 125.000
sz [ 130.000
z 2 [ 135.000
EX [ 140.000

1 above

Sl. 3. Raven zvocnega tlaka natocne cevi z notranjim premerom 4 mm v odvisnosti od pretoka in dolzine
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
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Sl. 4. Raven zvocnega tlaka natocne cevi z notranjim premerom 8 mm v odvisnosti od pretoka in dolZine
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

(@p) Prdy sl panes
(D) THER ERINRONT WANT

Sl. 5. Raven zvocnega tlaka natocne cevi dolzine 20 mm v odvisnosti od pretoka in premera
Fig. 5. Waterborne sound pressure level as a function of flow rate and valve steminside diameter, valve stem
length 20 mm
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Sl. 6. Raven zvocnega tlaka natocne cevi dolzine 100 mm v odvisnosti od pretoka in premera
Fg. 6. Waterborne sound pressurelevel asa function of flow rate and valve gemindde diameter, valve semlength 100 mm

teh meritev potrjujejo, kakor je podano v [12], da je
v tem primeru karakteristi¢na dolzina turbulence |
proporcionana ./d .

4 OBRAVNAVA

V skladu z aeroakusti¢no teorijo nastanka
zvoka imamo ucinkovit mehanizem, ki je poglavitni
vir hrupa. V primeru poenostavljenega modela
ventila tak mehanizem predstavljajo tlatne pulzacije
vodnega stebra v nato¢ni cevi (Helmholtzov
resonator). Predpostavimo lahko, da je vzrok tla¢nih
pulzacij v stohasti¢nih fluktuacijah sil zaradi
izstopnega curka. Z vecanjem dolzine nato¢ne cevi
a (povecevanje pulzirajoe mase) se zmanjsuje
raven zvocnega tlaka. Poleg tega lahko
predpostavimo, da dolzina nato¢ne cevi vpliva tudi
na karakteristiéno dolzino |. Namesto turbulence
(vpliv prostega curka) za nato¢no cevjo, ki bi
neposredno povzrocala tlacne pulzacije, lahko
predpostavimo, da primarni vzrok pomeni vstopna
zozitev natocne cevi. V tem primeru masa vodnega
stebra v nato¢ni cevi deluje zaviralno (zaradi
vztrajnostnih sil) na nastanek tlacnih pulzacij.

Podoben vpliv ima lahko vstopni del nato¢ne
cevi, v nasprotju z izstopnim delom, v primeru
spremembe premera. Tako predpostavimo, da premer
d ne vpliva samo na pulzirajo¢o maso, temve¢ tudi na
karakteristi¢no dolzino |. Z veGanjem vstopnega premera
se nelinearno povecuje tudi vpliv vstopne zozitve. Pri
manj$em premeru natocne cevi (manjsem prerezu S) je
vpliv vstopnega roba vecji. Glede na to, da oba
geometrijska parametra vplivata tako na dejansko
pulzirajoo maso vodnega stebra v natocni cevi kakor
tudi na karakteristi¢no dolZino |, smo poskusili dolo¢iti
skupen vpliv na nastanek hidrodinami¢nega hrupa. V
ta namen smo rezultate meritev uravnali na konstanten
pretok, geometrijska parametra pa definirali z “vitkostjo™
- razmerjem med dolzino nato¢ne cevi & in premerom
d. Rezultati tako dolocene odvisnosti poteka hrupa so
prikazani na sliki 7.

With these measurements it was stated that the
characteristic length | of the turbulence structure
increasesproportional to ./d , aswasproposedin[12].

4 DISCUSSION

According to thetheory of theflow acoustics
thereexistsavery effective mechanism, which can be
assumed as sound producing. Such, with amonopoly
character, can come by the fact that inside the valve
stem a Helmholtz-resonator becomes lively. We can
assume that the fluid massinside the valve stemis set
in motion by the stochastic changeforcesinduced from
the open jet. These forced oscillations take place at a
smaller amplitude, if the mass is increased (with
modification of thevalve stem length a). Additionally
thevave stem|ength hasaninfluence ontheturbulence
structure, determined by characteristiclength|. Instead
of'the influence of the free jet behind valve stem outlet,
one could assume the eddy emergence at the entrance
into the narrow as a suggestion for the pulsating mass.
It can also become effectiveif, behind the narrow, no
open jet can form.

Similar influence shows the inflow edge, in
a counter direction to the outlet, as one changes the
valve stem diameter. We can assume, that the impact
of the diameter d is not limited only to the pulsating
mass, but also affect the characteristic length /. With
widening inflow diameter the influence of the inflow
cross section increases nonlinearly. Smaller valve stem
diameter (smaller effective flow area S) exhibits
intensiver influence. One can expect that these different
geometrical parameters, both affecting the pulsating
mass in valve stem as well as the characteristic length
[, have common influence on the hydrodynamic noise
generation.|n this case the results of the measurement
are standardised on a constant flow. The geometrical
parameters are defined as “dimness’, i.e. therelation
between valve stem length a and valve stem diameter
d. Thisdependency, i.e. theimpact of dimnesson the
normalised sound pressure level, is shown in Fig. 7.
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Sl. 7. Normirana raven zvocnega tlaka v odvisnosti od vitkosti (a/d)
Fig. 7. Normalised water-borne sound pressure level as a function of slimness (a/d)

Zaradi zapletenosti hidrodinami¢nih procesov
v ventilu lahko predpostavimo, da imajo geometrijski
parametri (v obravnavanem primeru premer in dolzina
nato¢ne cevi modela ventila) soodvisen vpliv na
nastanek hrupa. To soodvisnost lahko pojasnimo z
vplivom vstopne zozitve natocne cevi na oblikovanje
tokovnega polja, ki neposredno vzbuja pulzacije
efektivne vodne mase v nato¢ni cevi. Te pulzacije
delujejo kot u¢inkovit monopolni vir na nastanek hrupa.
Opazen je izrazit vpliv premera nato¢ne cevi, kar lahko
pojasnimo z vplivom na karakterististi¢no dolzino |.
Skupen vpliv geometrijskih parametrov je bil dolocen
z vpeljavo vitkosti; za izbran model ventila je
eksperimentalno doloéen kot 16-g(a/d).

5 SKLEPI

V nasprotju z ustaljenimi metodami
merjenja hrupnosti vodovodnih armatur smo
uporabili metodo neposrednega merjenja emisije
hrupa. Nato smo izvedli vrsto meritev z modelom
ventila, pri ¢emer smo spreminjali geometrijske
parametre. Eksperimentalno smo dolo¢ili vpliv dveh
geometrijskih parametrov, in sicer dolzine ter
premera, na emisijo hrupa. Rezultati meritev so
omogocili doloc¢itev nove odvisnosti hrupa od
geometrijskih parametrov. Poleg tega je bil opazen
tudi skupni vpliv dolZine a in premera d, kar smo
dolocili z vpeljavo vitkosti (a/d). Empiri¢no dolocena
odvisnost ravni zvocnega tlaka je tako dolocena z
vrednostjo 16-1g(a/d). Tako je primerno dolog¢iti tudi
vpliv drugih geometrijskih parametrov na nastanek
hrupa. Z vidika zniZanja hrupnosti pa je treba v
nadaljnjih raziskavah ugotoviti nepri¢akovano velik
vpliv vstopnih razmer na nastanek hrupa.

An assumption can be taken that the
geometrica parameters(inthiscasevalve model stem
length and diameter) have acommon influence onthe
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, isvortex 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
“dimness’, which can be defined as 16:1g(a/d).

5 CONCLUSIONS

Following on previous investigations
concerning sources of noisein water installations, we
applied the direct measurement of the noise emission.
Then we executed a series of measurements with a
valvemodel with different geometrical parameters. We
examined theinfluence 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,
whichledto anew dimension, i.e. themodel dlimness
(a/d). With this we described the noise emission
empirically with the equation 16:1g(a/d). The next
phaseis how 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
theinlet flow circumstances on the noise generation.
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6 OZNACBE
6 NOTATION
dolzina nato¢ne cevi a-m valve stem length
hitrost zvoka c-m/s sound speed
premer cevi d-m pipe diameter
frekvenca f-Hz frequency
valovno &tevilok= 2-tf/c k wave number k= 2-t-f/c

raven zvocnega tlaka
karakteristi¢na dolzina

L - dB pri/re 1 uPa
[ -m

sound pressure level
characteristic length

padec tlaka Ap - Pa pressure drop
pretok g-mds flow rate
refleksijski koeficient r- reflection coefficient
pretocni prerez S-m? effective flow area
razdalja med hidrofonoma s-m distance between hydrophones
hitrost v-m/s speed
impedanca akusti¢na Z-Ohm acoustic impedance
razdalja med prvim hidrofonom (1) in X-m distance from the first hydrophone
odbojno ravnino (2) to reflecting plane
absorpcijski koeficient o - absorption coefficient
gostota p - kg/m® density
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