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PASSIVE PRESSURE PULSATION DAMPING
USING SHAPED NOZZLES

Pressure pulsations in intake and outlet systemgosttive-displacement com-
pressors are one of the most important problerosinpressed gas pipelines. This
problem occurs not only in huge compressed systsut$, as the natural gas pip-
ing in gas mines or national gas transport systduisalso in small refrigeration
compressors in domestic applications. NowadayEsystrequire new approach
since in all applications the variable rotationaéad compressors are introduced.
The mufflers designed in a conventional way onltasis of the Helmholtz theory
are effective only for specific frequency rangecése of variable rotational speed
the reaction of such damper may be insufficiener&fore, any innovative ideas
for pressure pulsating damping are welcomed byctimpressor industry. One of
the possible solutions to attenuate pressure jufsatver a wide range of fre-
guencies is the introduction of shaped nozzles gfitstr the compressor outlet
chamber. It is obvious that the nozzle attenuatesspire pulsation, but simulta-
neously the requirement for the driving power af tompressor rises. The main
subject of this paper is to show that using prgpshaped nozzles one can
achieve pressure pulsation damping, with insigaificinfluence on the compres-
sor power consumption. The results of experimentastigations and some re-
sults of CFD analyses are shown in the paper, widication for the best con-
struction of the nozzle shape.
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1. Introduction

Pressure pulsations attenuation in volumetric cesgors inlet and outlet
systems are constantly one of the most importastilems in compressed gas
manifold. A pulsating gas flow significantly inflnees the operation of the
entire compressor systems, in most cases in ainegady. Main problems
being the results of pressure pulsations are pipysem damages because of
generated vibrations and aerodynamically generadésk. This problem occurs
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not only in huge compressed systems, such as tlheah@as piping in gas
mines or national transport systems, but also iallsrefrigeration compressors
in domestic applications. Nowadays systems requese approach since in all
applications the variable rotational speed comprssare introduced. The muf-
flers designed in a conventional way on the baktheHelmholtz theory have
good pressure pulsations damping action only withim designed frequency
range. In case of rotational speed change theioeact the damper designed
according to Helmholtz theory may be insufficiehhe modelling of pressure
pulsations attenuation is widely analysed in masygps dealing with problems
in periodically working machines installations likempressors, pumps or en-
gines. Various numerical methods used for calqujatransmission loss in
pipelines, mufflers and silencer systems are desdrn different studies. In [2,
7] comparison of experimental result and Helmhatizdel results of pressure
pulsations in existing installations are discusS§dte author [2] shows that the
error of conventional Helmholtz method may in socases reach 90% and
after introducing a new transmittance matrix metbkaphificant improvements
have been achieved. The same method has beendabplibe authors [3, 5, 6]
to model and analyse different acoustic systéviwst of the articles which are
not involved in the experiment are generally aljmuisation and vibration con-
trol philosophies. Authors generally describe sesrof problems and examples
of actual solving methods of these problems. Ev®ugh this article is about
the pulsations caused by the compressors andmigelibrations there is also a
lot of interesting articles treating about a carffiets vibrations as, for instance
in [1, 8]. The article [4] describes interestingaithm for the efficient acoustic
analysis of silencers of any general geometry wigmsfer matrix analysis.
There is several interesting works about CFD. Pfjedescribes a CFD simu-
lation of single pipe excited with a single distamibe. Response, which is peri-
odic with a constant frequency is characterized logrtain degree of damping.
Experimental investigations and CFD analysis obzzte pressesured pulsating
flow is the core of this paper.

2. Laboratory test stand

All experimental measurements of the pressure poisahave been per-
formed in the DEMAG screw compressor outflow pipée passive choking
elements mounted in the compressor manifold haee besestigated as pulsa-
tion attenuators. The test stand is presenteceifigire 1.
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Fig. 1. The test standa-mobile DEMAG
DS-40 CompAir unit

2.1.Measurement syster

The place of assembly of the investigated elemisritscated 17mm aboy
the compressor discharge chamiThe pressure pulsations have been mea:
using PCB PiezotronicdCP Dynamic Pressure Sensors. The signal frcn-
sors goes through the-channel ICP Sensor Line Power unit and to the
USB-6251 data acquisition module as well as to the awer with LabView
data acquisitionThe cheme of the measugrsystem is shown in the figure
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Fig. 2 Measuring system, where- engine, 2- torque meter on the propeller shaftcBw com-
pressor, 4- gssure pulsations sensor- oil Separator, 6-tatic pressure transduce- throttle
valve, 8- measuringrifice, ¢- outflow

After the equilibriunstate of the compressor Haeen reached, the paramet
pressure and temperature for various componertgesystem, power, torq

and rotationaspeed, and ambient conditions have been recordedvdlume

flow rate hadeen determined using the accurate metering o

2.2. Investigated muffling element

The possibility of pressure pulsations passive dagypsing speciall
shaped nozzle placed in the gas duct flow direzflgr the compressor out
chamber habeen analysed. Arbitrary chosen nozzle shapesthesm prepare
for experimental analysis the pressure pulsations dampihg.the fig. 3 ex-
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amples of nozzles geometries are shown - therthege main nozzle profiles in
different configurations and size. The shapes aft\fe orifice, Venturi nozzle
and hyperboloidal nozzle have been chosen as mostiging for pressure at-
tenuation with low flow restriction. Every shapesniavestigated in three dif-
ferent dimensions of the inner flow diameter whighs: ¢10, 15 and¢20.
Some chosen shapes are used in measurements iditsattions and in con-
figuration of two elements joined together. The leyment of this investiga-
tion is the assessment of the nozzle influencehenpulsation on the basis of
computer simulation. The method has been propoge@yklis [3]. Each ele-
ment may be characterised by its transmittancenshnétance describes the
response of the element to flow excitation for uphend downward flow.
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Fig. 3. Shape and main dimensions of the: a) Venhzrzle,
b) Hyperboloidal nozzle, c) Venturi orifice

In case of a manifold element there are two phygbanomena: pressure
and flow pulsations which may be used in calcufatis excitation or response.
There are two ways to calculate transmittancesemxgntal [2] or theoretical
based on the CFD simulation [3]. The concept ofle¢hod is as follows: for a
considered element of a manifold a full multi-dimemal CFD non-linear
simulation is carried out, solving the Navier-Stelset of equations numerically
together with the necessary closing models, i.s. gfate model, turbulence
model, boundary conditions. The results obtainedsaeraged at the inlet and
outlet of the element in question, and then a cermplansformation of the re-
sults is performed, so that the transmittancesistam with the generalized
form of matrices are calculated. In this way theaadages of both methods can
be combined: the Helmholtz model possibility of lgss of geometrically
complex installations and the possibility of intomthg real geometry of any
element, without a priori simplifications. The pipetlet as closed end or an
open for CFD simulation boundary condition has bagplied. On the basis of
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the CFD simulation with impulse flow excitation thezzle element influenc
on the pressure pulsatic have been analysed.

3. Simulation and experimental results compare

For CFD simulations the FLUENT software has beesdusimulatior
conditions wer@D axisymmetric, ideal gas isropic flow model with applie
Reynolds stressurbulence mod. The model mesh contairibree boundar
layers at wall and conss of two areas with different element size.
Boundary condition:

- At the inlet impulse excitation of the 0.1[kg/s]lwe. The impulse excitatic
means that its duration is equal to one time
- Pressure outlet wire the pressure at the outlet is defined as ariibedev-
erage between pressure outside domain and theelastside the domai
- Wall (also for closed end elements) where tangesttiasses are included
the momentum conservation equat
Then theresults have been spatially aged at the inlet and outlet to obt:
one dimensional flow and pressure pulsations, btiegresult of the impuls
flow excitation.The damping coefficie &, the free frequency, delay timeAr,
and amplificationcoefficient K can be estimated analysing pulsatonves.
The problem requires decomposition of the funcfieneach free frequenc
The method assumes linearity as the concept o$rirdtance requires. hw-
ever the linearization is used on the “a pdori” simulation results, and CF
simulation is not linear in gene.
In the figure 4 theabsolutedamping coefficien€ values for different nozzl
shapes are shown.
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Fig. 4. The comparison of absolute damping coeffitivalus for different nozzle shap
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The basic experimental results show the comparisonhgrdipr peak to pee
damping characteristics for different types of edats. In the figure 5 resul
for compressorotationa speed at the level of 1650 [rpm]are presgnte
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Fig. 5. Peak-tgeak damping for 1615[rpm] referring to empty |

The presented graphs show that theia correlation between CFD simulatic
and experimental investigationlt is obvious that obtagd in simulation:
damping coefficient values ¢ not proportional to experimental peto-peak
damping because of, for example, simplified geoyndir simulations there |
only pipe with choking element and in the experitriéye final pressure pta-
tions value is influenced by many other factore INalves operation, pig
bends, additional elements in system (like oil safosa) and more. Howeve
when comparing different groups of shapes can ba Hut relations betwer
pulsation damping gained from experiment and dagpefficient calculate
in the simulatiorfor shapes with considered diameters are sir

4. Conclusions

The innovative method for attenuation of the presgwlsations in volunt-
ric compressor manifold has been presenThe proposed solution is
apply the specially shaped 1zles, which will attenuate pulsations with I
influence on the compressor required povThe advantage of the propos
solution is that it works for wide range rotationalspeed of the comgs-
sor. The disadvantage is that ione frequency of pressupilsationthe
nozzlewill have usuall lower attenuation capabilities than the Helmh
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theory based volumetric muffler. There is alsossué with the influence on
the compression required power. Therefore the opdition of shape and
dimension is required. One of the tools for thepghand dimension choice
is the CFD simulation. Classic simulation would uieg simulation for all
frequencies. In this paper the simulation of theuise excitation on the
pipe inlet has been applied. This allows to haveengeneral solution for all
range of frequencies. The results of this simufatioe similar to the ex-
perimental results. This means that this methothefsimulation may be
used for shape and dimension optimization.
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PASYWNE TLUMIENIE PULSACJI CI SNIENIA
ROZNOKSZTALTNYMI DYSZAMI

Streszczenie

Pulsacje ci$nienia w uktadach wlotowych i wylotowych sprezarek wyporowych s3
jednym z najwiekszych probleméw obecnych w rurociggach sprezonego gazu. Problem ten
wystepuje nie tylko w wielkich uktadach sprezajacych, jak rurociagi ttoczne gazu ziemnego
w kopalniach gazu lub panstwowych systemach transportu gazu, ale réwniez przy codzien-
nym uzytkowaniu matych sprezarek chtodniczych. Obecnie wymagane jest nowe podejscie
do tego typu systemdw wynikajgce z coraz wiekszego zastosowania sprezarek o zmiennej
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predkosci obrotowej. Ttumiki projektowane w konwencjonalny sposéb, na bazie teorii
Helmholtza, sg skuteczne tylko dla konkretnego zakresu czestotliwo$ci. W przypadku spre-
zarek o zmiennej predko$ci obrotowej dziatanie takiego ttumika moze by¢ niewystarczajace.
Przemyst sprezarkowy jest wiec nastawiony na innowacyjne pomysty z zakresu ttumienia
pulsacji ci$nienia. Jednym z mozliwych rozwigzan ttumienia pulsacji ci$nienia w szerokim
zakresie czestotliwosci jest wprowadzenie specjalnie uksztattowanych dysz bezposrednio
za komora wylotowa sprezarki. Oczywistym jest ttumienie pulsacji ci$nienia przez dysze
w wyniku rozpraszania energii jednakze zarazem wzrasta zapotrzebowanie sprezarki na
moc napedowa. Tematem niniejszego artykutu jest wykazane, Ze przy uzyciu odpowiednio
uksztattowanych dysz mozna osiggna¢ thumienie pulsacji ci$nienia zarazem nie zwiekszajac
stanowczo poboru mocy. Wyniki badan eksperymentalnych oraz kilka wynikéw analiz CFD
przedstawiono w artykule, ze wskazaniem na kilka najlepszych rozwiazan ksztattu dyszy.
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