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Abstract: The aim of thisresearch is to reduce the noise level of air distribution grilles using 3D
printed infill structures. The grilles are installed on a newly developed autonomous ventilation
system, which is used for decentralised ventilation of e.g., school classrooms. Several supply
and return grilles with functional gyroid and honeycomb shaped infill structures were created
and subsequently printed on an FDM 3D printer. Based on measurements and analysis of the
maximum sound pressure levels at different microphone positions around the system and at
different airflows, the combination of grilles with the greatest noise reduction was selected.
The research is complemented by other data such as spectral analysis of the noise, measure-
ment of the airflow velocity through the grilles and measurement of the room reverberation
time. Significant noise reduction was achieved by using the proposed grilles and further con-
clusions were drawn. 3D printing technology proved to be a very useful tool in this case.

Keywords: air distribution grille, noise reduction, 3D print, gyroid, honeycomb, decentral ven-
tilation, autonomous ventilation

1. INTRODUCTION 1. UVOD

Ventilation of schools, as well as other fa- Vétrani Skol, ale i jinych zafizeni, je dUlezité

cilities, is important not only to ensure nejen zhlediska zajisténi pozadovaného
the required comfort, but also to elim- komfortu, ale také i zhlediska eliminace
inate potential health risks [1]. In addi- moznych zdravotnich rizik [1]. Krome bézného
tion to conventional natural ventilation pfirozeného vetrani okny, jez doprovazi

fada omezeni

through windows, which is accompanied by
a number of limitations, especially in pol-
luted and noisy areas, a solution in the form
of central forced ventilation is often of-
fered. However, this is usually very costly
and requires many structural interventions
and modifications. Instead, decentralised
ventilation units can be chosen, which are
much easier to install and more afforda-
ble. However, these are not as high quali-
ty and efficient as central units. Therefore,
a decentralised autonomous ventilation
system is currently being developed that
combines the quality and efficiency of
a central unit and the cost and simplicity of a
decentralised unit.

zejména ve znecisténych
a hlu¢nych oblastech, se ¢asto nabizi feseni
ve formé centralniho nuceného vétrani. To
byva vSak vétsinou velmi nakladné a vyzadu-
je mnohé stavebni zdsahy a Upravy. Na mis-
to néj Ize zvolit decentrdlni vétraci jednot-
ky, jejichz instalace je daleko jednodussi
a pofizovaci cena vyhodnéjsi. Ty vSak neby-
vaji tak kvalitni a efektivni jako centralni jed-
notky. Proto je v soucasnosti vyvijen decen-
tralni autonomni vétraci systém, jez kom-
binuje kvalitu a efektivitu centralni jednotky
a cenu a jednoduchost decentralni jednotky.

Nicméneé se jednd, stejné jako decentral-
nich jednotek, o zdroj hluku instalovany pfi-
mo v chranéném prostoru. Tudiz musi byt
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However, it is, like decentralised units, a
noise source installed directly in the protect-
ed space. Thus, all its components must be
properly optimised. One of these components
is the air distribution elements for supply and
extract air. Many different types and sizes of
these elements can be found on the market,
but their use is often inappropriate. System
developers are also concerned with the orig-
inality and individuality of their products. For
prototyping or individual production of distri-
bution elements, 3D printing technology ap-
pears to be a very suitable choice, as it allows
the design of any shape and simple and inex-
pensive production.

The aim of the ongoing research at the Fac-
ulty of Civil Engineering of Brno University of
Technologyisto optimise the newly developed
decentralised autonomous ventilation system
GADES HEXAGON in terms of its noise perfor-
mance. The main noise sources have been
tentatively identified as distribution grilles.
Their size and basic geometry will remain un-
changed for the purpose of the research, in
particular the suitability of using 3D printed
gyroid and honeycomb filling structures as
filling of the grilles will be investigated.

2. STATE OF THE ART

2.1. Principles of acoustic design of distribu-
tion elements

The main sources of design principles for
air handling equipment and components,
including addressing noise issues, are the
standards developed by ASHRAE (American
Society of Heating, Refrigerating and Air-
Conditioning Engineers), e.g. [2] or [3]. Most of
the manuals published by similar associations
or HVAC component manufacturers, such as
[4] or [5], are based on these. These provide
design and installation procedures for
eliminating the noise generated by the various
components of the HVAC system, including
the distribution elements. However, it should
be noted that these principles are very
general and do not provide precise guidance
on how to design their geometry for the most
efficient flow and noise reduction. This tends
to be addressed by individual commercial
manufacturers and their know-how is not
usually publicly available.

vSechny jeho komponenty spravné optimal-
izovany. Jednémi ztéchto komponent jsou
i distribuc¢ni prvky pro pfivod a odvod vzdu-
chu. Natrhu lze nalézt velké mnozstvi riznych
typU a velikosti téchto prvkl, ovSem jejich
uziti je mnohdy nevhodné. Vyvojafi systém
rovnéz dbaji na originalitu a individualnost
svych produktl. Pro prototypovani ¢i indi-
vidudlIni vyrobu distribu¢nich prvkd se jevi
technologie 3D tisku jako velmi vhodnou vol-
bou, nebot umozriuje navrh libovolnych tvard
Jednoduchou a levnou vyrobu.

Cilem probihajiciho vyzkumu na Fakulté
stavebni Vysokého uceni technického v Brné
je optimalizovat noveé vyvijeny decentrdlni
autonomni vétraci systém GADES HEXAGON
z hlediska jeho hlu¢nosti. Mezi hlavni zdro-
je hluku byly predbézné identifikovany dis-
tribucni vyustky Jejich velikost a zakladni ge-
ometrie zUstane pro Ucely vyzkumu nezméné-
na, bude se zjitovat pfedevéim vhodnost uziti
3D tistenych vyplnovych struktur typu gyroid
a plastev jakozto vypiné vyustek.

2. STAVAJICi STAV POZNANI

2.1. Principy navrhu distribuénich prvk(
z hlediska akustiky

Hlavnimi zdroji ndvrhovych principt vzducho-
technickych zafizeni a jejich soucasti, vCet-
neé feseni problematiky hlu¢nosti, jsou stan-
dardy tvorfené spolecnosti ASHRAE (Ame-
rican Society of Heating, Refrigerating and
Air-Conditioning Engineers), napf. [2] Ci [3]. Z
nich pak prameni vétsina pfirucek publikova-
nych podobnymi asociacemi ¢i vyrobci vzdu-
chotechnickych komponent, jako napf. [4]
nebo [5]. Jsou zde uvedeny navrhové a mon-
tazni postupy, jak eliminovat vznikajici hluk
z jednotlivych ¢asti vzduchotechnického sys-
tému, v¢. distribu¢nich prvkd. Nutno ovSem
podotknout, ze tyto zasady jsou velmi obecné
a neposkytuji presny navod, jakym zplsobem
konstruovat jejich geometrii pro co nejefek-
tivnéjsi proudéni a utlum hluku. To byva rfese-
no jednotlivymi komerénimi vyrobci a jejich
know-how neni obvykle verejné publikovano.
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The effect of geometry on noise reduction
from distribution elements is described in
several scientific publications, e.g. [6], [7], [8]
However, none of them deals with standard
rectangular grilles.

2. 2. Use of 3D printing in acoustics and ven-
tilation

Additive manufacturing, or 3D printing,
technologies have been successfully applied
in many professional sectors, not least the
construction industry, over the last decade
due to their simplicity, speed and cost. In
the context of the construction industry, we
usually talk either about the creation of 3D
printed architectural models or about large
format printing enabling the production of
structural parts of buildings or even entire
buildings. 3D printing is also starting to be
applied in related fields such as acoustics or
technical equipment of buildings, including
ventilation.

Inthe context of buildingacoustics, 3D printing
is mainly used for research and creation of
absorbers modifying room acoustics and
reverberation time, as in the work of [10], [11]
and[12]. Furthermore, e.g., inthe study[13], the
effect of elements produced using additive
technology on airflow and aerodynamic noise
attenuation is treated.

Additive manufacturing of air distribution
outlets and its effect on noise generation is
investigated e.g. in [14]. 3D printing has here
shown great potential for influencing airflow
and attenuation of aerodynamic noise of
distribution elements.

2. 3. 3D printed infill structures

In the case of model production using 3D
printing, filler structures are often used
instead of full product fillers, which, despite
maintaining the required strength properties,
significantly reduce the consumption of the
supplied material.

Filler structures are divided into several
categories and subcategories - see [15].
Within the 2.5D structures, the most
commonly encountered are the so-called
honeycombs or honeycomb structures.

Vliv geometrie na utlum hluku od dis-
tribuénich prvkd je popsdna v nékoli-
ka vedeckych publikaci, napft. [6], [7], [8]
a [9]. Zadna se vSak nezabyva standardnimi
obdélnikovymi vyustkami.

2. 2. Vyuziti 3D tisku v akustice a vétrani

Technologie aditivni vyroby, neboli 3D tisku,
byly v poslednim desetileti diky své jednodu-
chosti, rychlosti a cené Uspeésné aplikovany
v mnoha profesnich odvétvich, stavebnictvi
nevyjimaje. V souvislosti se stavebnictvim se
vétsSinou hovofi bud' o vytvareni 3D tisténych
architektonickych modeld ¢i o velkoforma-
tovém tisku umoznujici vyrobu konstrukc-
nich ¢asti objektd nebo dokonce celych po-
zemnich a inzenyrskych staveb. 3D tisk za-
¢ind byt aplikovan i v souvisejicich oborech
jako je akustika Ci technicka zafizeni budov,
vC. vétrani.

V rdmci stavebni akustiky je 3D tisk vyuzivan
pfedevsim pro vyzkum a tvorbu absorbé-
rd upravujicich prostorovou akustiku a dobu
dozvuku mistnosti, jako napf. v praci [10], [11]
a[12]. Dale napf. ve studii [13] je zpracovan vliv
prvkd vyrobenych pomoci aditivni technolo-
gie na proudeéni vzduchu a Utlum aerodyna-
mického hluku.

Aditivni vyroba distribuc¢nich vzduchotech-
nickych vyustek a jejich vliv na generovani
hluku je zkoumana napf. v [14]. 3D tisk zde
ukazal velky potencidl pro ovlivnéni proudéni
vzduchu a utlum aerodynamického hluku dis-
tribuénich prvkd.

Vyplnoveé struktury ve 3D tisku

V ptipadé vyroby modell pomoci 3D tisku se
namisto pIiné vyplné vyrobku ¢asto vyuzivaji
vyplioveé struktury, které i pfes zachovani po-
Zzadovanych pevnostnich vlastnosti vyrazné
Setfi spotfebu doddvaného materialu.

Vyplnové struktury se deli do nékolika ka-
tegorii a podkategorii — viz [15]. V ramci
2,5D struktur se nejbéznéji mizeme se-
tkat s tzv. vostinami neboli plastvemi. Vel-
mi zajimavym a dnes casto vyuzivanym
3D usporadanim jsou tzv. trojité periodické
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A very interesting and nowadays often used
3D arrangements are the so-called Triply
Periodic Minimal Surfaces (TMPS). Examples
of these structures are depicted in Fig. 1.

minimalni povrchy (angl. Triply Periodic Mini-
mal Surfaces — TMPS). Pfiklady téchto struk-
tur jsou vyobrazeny na Obr. 1.

Fig. 1: Examples of TPMS - from left Gyroid,
Schwarz P, Schwarz D, Lidinoid, Split P and
Neovius [15]

One of the best-known representatives
of TPMS is the so-called ,gyroid”. It was
defined along with 16 other types of TPMS
in 1970 in a paper [16] published by physicist
Alan Schoen. The gyroid is the only known
example of a TPMS that does not contain
straight lines or plane curvatures, hence its
symmetry group does not contain any mirror
image. Mathematically, it is described by the
following equation:

Obr. 1: Ukdzky TPMS - zleva Gyroid, Schwarz P,
Schwarz D, Lidinoid, Split P a Neovius [15]

Jednim z nejzndméjsich zastupcl TPMS je
tzv. ,gyroid”. Ten byl spolu s dalSimi 16 druhy
TPMS definovan v roce 1970 v praci [16] publi-
kované fyzikem Alanem Schoenem. Gyroid je
jediny znamy pfiklad TPMS, ktery neobsahuje
rovné piimky ani rovinna zakfiveni, tudiz jeho
skupina symetrie neobsahuje zadny zrcadlo-
vy obraz. Matematicky je popsan touto rovnici:

cosxsinx + cosysinz + coszsinx =0 [16]

These infill structures have also been applied
for their potential to reduce noise, e.g. their
sound insulation capacity at work [17] or
sound absorption in [18]. The issue of airflow
through these structures is addressed in the
study [19], with possible noise attenuation in
the study [20].

By analysing the current state of knowledge,
it can be concluded that the fabrication of
air distribution grilles by 3D printing using
filler structures as functional outlet fillers and
their effect on noise reduction seems to be an
untapped area of research.

Tyto vyplnové struktury jsou uplathnovany i
pro jejich mozny potencial snizovat hluk, napf.
jejich zvuko-izolacni schopnost v praci [17]
nebo zvukova pohltivost v [18]. Otazka prou-
déni vzduchu témito strukturami je feSena v
ramci studie [19], s moznym Utlumem hluku
pak ve studii [20].

Analyzou stavajiciho stavu poznani Ize kon-
statovat, Zze vyroba vzduchotechnickych dis-
tribuCnich vyustek pomoci 3D tisku s vyuzitim
vyplhovych struktur jako funkeni vyplng vy-
ustky a jejich vliv na utlum hluku se zda byt
nezpracovanou oblasti vyzkumu.
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3. 1. METODOLOGY

3. 1. Description of ventilation system

Based on the evaluation of the state of the art,
the research on noise reduction of air distri-
bution grilles using FDM 3D printing on a spe-
cific decentral air handling unitinstalled in the
premises of the Faculty of Civil Engineering of
Brno University of Technology began.

The device is a newly developed autonomous
ventilation system GADES HEXAGON. It is a
decentral ventilation system, using available
elements of ventilation units allowing equal
pressure ventilation with heat and humidity
recovery. The internal components are ar-
rangedinaninsulated chamber of a multi-lay-
ered envelope system combining a solid sur-
face board material of agglomerated wood 20
mm thick and internal acoustic foam 50 mm
thick. The ventilation air velocity is corrected
in the other distribution parts of the assembly
so that at the outlet the velocity allows the re-
quired air distribution in the room and at the
same time meets the acoustic requirements.
The ventilation system consists of a machine
box for the unit, an installation box for the
connection of ducts, a supply box and a re-
turn box. Its external dimensions are 1 x 1 x
2 m. The distribution element for supply air is
located at the top of the system, the exhaust
elements are in the side walls.

In this particular installation, the system fea-
tures a ventilation unit with an enthalpy heat
and moisture recovery heat exchanger from
Zehnder. The supply air is delivered from the
systems into the room through a rectangular
metal outlet with one row of movable slats
with dimensions 500 x 130 x 45 mm. The air is
exhausted from the room by two rectangular
plastic outlets with fixed angled slats of 400
x 132 x 18 mm. The original rectangular distri-
bution outlets are shown in Fig. 2.

Fig. 2: Return grille - left; supply grille - right

3. METODOLOGIE
3. Popis vétraciho systému

Na zdkladeé zhodnoceni stavajiciho stavu po-
znani zapocCal vyzkum hlukového dtlumu
vzduchotechnickych distribu¢nich vyustek
pomoci FDM 3D tisku na konkrétnim decent-
ralnim vzduchotechnickém zafizeni instalova-
ném v prostorech Fakulty stavebni VUT v Brné.

Zarizenim je nové vyvijeny autonomni vétra-
ci systém GADES HEXAGON. Jedna se o de-
centralni vétraci systém, vyuzivajici dostupné
elementy vétracich jednotek umoznujicich
rovnotlaké veétrani se zpétnym ziskem tepla
a vlhkosti. Vnitini komponenty jsou usporada-
ny v izolované komore vicevrstvého systému
obvodového plasté kombinujictho hmotného
povrchového deskového materidlu z aglome-
rovaného dreva tl. 20 mm a vnitini akustické
peny tl 50 mm. Rychlost proudéni vétraciho
vzduchu je korigovana v dalsich rozdélovacich
Castech sestavy tak, aby v misté vyustky rych-
lost umoznovala pozadovanou distribuci vzdu-
chu do mistnosti a souc¢asné odpovidala poza-
davkim akustického hlediska. Vétraci systém
se sklada ze strojového boxu pro jednotku,
instalaéniho boxu pro dopojeni rozvodd, vyde-
chového boxu a saciho boxu. Jeho vnéjsi roz-
mery jsou 1x 1 x 2 m. Distribu¢ni prvek pro pfi-
vodnivzduch je situovan v horni ¢asti systému,
odvodni prvky jsou v boc¢nich sténach.

V této konkrétni instalaci systém disponuje
vétraci jednotkou s entalpickym rekuperac-
nim vymeénikem tepla a vlhkosti od spolec-
nosti Zehnder. Vydech vzduchu ze systému
do mistnosti je zajistén obdélnikovou kovo-
vou vyustkou s jednou fadou pohyblivych la-
mel o rozmérech 500 x 130 x 45 mm. Vzduch
Z mistnosti je odvadén pomoci dvou obdélni-
kovych plastovych vyustek s pevnymi Sikmy-
mi lamelami o rozmérech 400 x 132 x 18 mm.
Originalni distribu¢ni obdélnikové vyustky jsou
znazorneény na Obr. 2.

Obr. 2: Odvodni (saci) vyustka - vlevo; pfivodni
(vydechovd) vyustka - vpravo
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The GADES HEXAGON ventilation systemisin-
stalled in a 6.28 m x 6.53 m room with a clear
height of 3.83 m.

The room serves as a relaxation room and
study room for students of FoCE BUT.

3. 2. Design and fabrication of grilles

The Prisa i3 MK3s FDM 3D printer was cho-
sen to produce the new air distribution grilles.
For the functional part of the air outlets, two
structured fillings were selected, which were
available within the modelling software — gy-
roid and honeycomb. Gyroid is a representa-
tive of 3D structure of organic shape, honey-
comb is a 2.5D structure of planar shape. In
total, six types of grilles were designed with
different thickness and density of the filling:

o return:
a. gyroid, 5 mm, 10%,
b. gyroid, 10 mm, 5%,
c. honeycomb, 5 mm, 10 %,

« exhalation:
d. gyroid, 20 mm, 2.5%
e. honeycomb, 20 mm, 5%,
f. honeycomb, 40 mm, 5%.
The printed outlet models are shown in Fig. 3.

a) gyroid, 5 mm, 10 %

Vétraci systém GADES HEXAGON je instalovan
v mistnosti o rozmeérech 6,28 x 6,53 m o svétlé
vysce 3,83 m. Mistnost slouzi jako odpocinko-
va mistnost a studovna pro studenty FAST VUT
v Brné.

3.2. Navrh a vyroba vyustek

Pro vyrobu novych vzduchotechnickych vy-
Ustek byla zvolena FDM 3D tiskdrna Prlsa i3
MK3s. Pro funkéni ¢ast vyustek byly vybrany
dve strukturované vyplné, jez byly dostup-
né v ramci modelovaciho softwaru — gyroid
a plastev. Gyroid je zastupcem 3D struktury
organického tvaru, plastev 2,5D struktury ro-
vinného tvaru. Celkem bylo navrzeno Sest typu
vyustek

o rizné tloustce a hustoté vyplné:

e sani
a. gyroid, 5mm, 10 %,
b. gyroid, 10 mm, 5 %,
c. plastev, 5 mm, 10 %,

« vydech:

d. gyroid, 20 mm, 2,5 %

e. plastev, 20 mm, 5 %,

f. plastev, 40 mm, 5 %.
Vytistéené modely vyustek jsou zobrazeny na
Obr. 3.

b) gyroid, 10 mm, 5 %

c) plastev, 5 mm, 10 %

d) gyroid, 20 mm, 2,5 %
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c) plastev, 5 mm, 10 %

Fig. 3: Prints of the proposed grilles
3. 3. Measurement and evaluation

Measurement and evaluation of the noise
caused by the operation of the autonomous
ventilation system GADES HEXAGON with the
proposed types of grilles was carried out ac-
cording to the methodological instructions
given in the Bulletin of the Ministry of Health
of the Czech Republic 11-2017 [21]. The mea-
surements were performed using a sound
meter with frequency analyzer Bruel & Kjeer
2270 and a pre-polarized 1/2" microphone
Briel & Kjaer 4189, which correspond to accu-
racy class 1 according to

CSN EN 61672-1 [22]. A total of three micro-
phone positions were chosen, all at a height
of 1.5 m above the floor —in the centre of the
room at approximately 3.4 m from the system
(position 1), T m from the front of the system
(position 2) and 1T m from the side of the sys-
tem with the return grilles (position 3). Each
position is considered separately. See Fig. 4
for microphone positions and sample mea-
surements.

Fig. 4: Schematic of microphone positions within
the room (left); sample measurement in position
2 (right)

d) gyroid, 20 mm, 2,5 %
Obr. 3: Vytisky navrzenych vyustek
3. 3. Méfeni a vyhodnoceni

Meéfeni a vyhodnoceni hluku zplsobeného
provozem autonomniho vétraciho systému
GADES HEXAGON s navrzenymi typy vyustek
bylo provedeno dle metodického navodu uve-
deného ve Véstniku Ministerstva zdravotnic-
tvi Ceské republiky 11-2017 [21]. K méfeni bylo
uzito zvukomeéru s frekvencnim analyzatorem
Brlel & Kjeer 2270 a predpolarizovaného 1/2"
mikrofonu Bruel & Kjeer 4189, jenz odpovidaji
tfidé presnosti 1 dle

CSN EN 61672-1 [22]. Byly zvoleny celkem tfi
polohy umisténi mikrofonu, vSechny ve vys-
ce 1,5 m nad podlahou — ve stfedu mistnosti
ve vzdalenosti cca 3,4 m od systému (polo-
ha ¢. 1), Tm od cCelni strany systému (poloha
¢. 2) a 1m od bocni strany systému se saci-
mi vyUustkami (poloha ¢. 3). Kazda poloha je
posuzovana samostatné. Polohy mikrofonu
a ukazka z méreni viz Obr. 4.

Obr. 4 Schéma poloh mikrofonu v rdmci mistnosti
(vlevo), ukdzka méreni v poloze ¢. 2 (vpravo)
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The noise from the system was measured in
two performance settings - for air flow rates
of 450 m3/h and 600 m?/h.

In each of these flow rates, the original con-
dition with original grilles, the condition with-
out grilles, the condition with return grilles
only and the condition with supply grilles only
were monitored. The combination of the hon-
eycomb installed at the bottom of the exha-
lation outlet as a flow equalizing grid with an-
other grille is also measured within the supply
grilles. According to the current state of the
art, it is expected that the use of an equalizing
grid can reduce the overall noise of the outlet
— see [4]. Based on the values obtained, the
combination of return and supply grille with
the apparent best possible overall noise at-
tenuation was selected and compared with
the initial condition.

The determining indicator of the noise from
the operation of the plant is the maximum
sound pressure level L, . The resulting
L, valuesare determined as the mean vai-

ues of the measurement sets, which are cor-
rected for background noise L,

To determine the boundary conditions, an ad-
ditional measurement of the airflow velocity
through the grilles was performed. The mea-
surements were performed using a Laserlin-
er Airflow Test-Master anemometer. The ob-
served maximum air velocity was collected
over the entire area of the grille.

In addition, areverberation time measurement
was performed within the reference data us-
ing_the impulse response method according
to CSN EN ISO 3382-2 [23].

4. RESULTS

An overview of the obtained values of the
maximum sound pressure level LA,max with
installed grilles, in individual positions and air
flows through the unit is given in Tab. 1.

Hluk ze zafizeni byl méfen ve dvou vykon-
nostnich nastavenich — pro pratok vzduchu
450 m®/h a 600 m3/h. V kazdém tomto pruto-
ku byl sledovan pUvodni stav s originalnimi
vyustkami, stav bez vyUstek, dale pouze se sa-
cimivyustkami a pouze s vydechovymi vyust-
kami. V ramci vydechovych vyustek je zmére-
na i kombinace plastve instalované ve spodni
Casti vydechového otvoru jakozto mfizky pro
usmernéni proudenisjinou vyustkou. Dle sta-
vajiciho stavu poznani je oCekavano, ze uziti
vyrovnavaci mrizky muize zredukovat celkovy
hluk vyustky — viz [4]. Na zaklade ziskanych
hodnot byla vybrana kombinace saci a vyde-
chové vyustky se zdanliveé nejlepSim moznym
celkovym Utlumem hluku a porovnana s pU-
vodnim stavem.

UrCujicim ukazatelem hluku z provozu zafi-
zeni je maximalni hladina akustického tlaku-
L, ..Vysledne hodnoty L, nax JSOU Stanoveny
jaAko stfedni hodnoty mérenych soubord, jez
jsou korigovany na hluk pozadi L,

Pro stanoveni okrajovych podminek bylo pro-
vedeno doplnkové meéreni rychlosti proudéni
vzduchu vyustkami. Méfeni bylo provedeno
pomoci anemometru Laserliner Airflow Test-
-Master. Sledovana maximalni rychlost vzdu-
chu byla zjistovéna po celé plose vyustky.

Dale bylo provedeno v ramci referencnich
Udaju mefeni doby dozvuku metodou impul-
sové odezvy podle CSN EN ISO 3382-2 [23].

4. VYSLEDKY

Prehled ziskanych hodnot maximalni hladiny
akustického tlaku LA, max s instalovanymi vy-
Ustkami, v jednotlivych polohdch a pratocich
vzduchu jednotkou je uveden v Tab. 1.
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Pritok (Flow) Priitok (Flow)
» [mé/h] , [m¥/h]
Sani , Poloha " Vydech Poloha
(Return) Vydech (Supply) (Position) Sani{Retun) (Supply) | (Position)
450 600 450 600
L,’\max [dB} Lﬁmax [dB}
1 374 459 Plastev. ] 349 409
Original Original 2 395 | 4hb X 40 mm, ? 36,9 416
3 44,0 50,3 5% 5 38,6 44,6
] 34,6 )] Plstey ] 34,5 404
X Original 7 379 409 X 20 mm + 7 36,8 4,2
3 W0) | 47 Original 3 385 | b
1 36,7 45,1 Plastev ] 349 §,5
. 20mm +
Original X 7 385 4h5 X Plastev ? 311 48
3 43,1 50,1 40 mm 3 38,8 449
] 34,5 40,5 Plastev ] 3h,3 415
X X 2 368 | 407 X 2% i ¢ 2 70 | 42
yroid
3 39,0 L7 20 mm K 39,4 44,8
Byroid, 1 34,2 40,0 Pl4stey ] 34,6 40,5
5 mm, X 7 36,8 40,3 X 40 mm + ? 36,4 4,2
10% 3 387 | 45 Original 3 386 | 445
Byroid, ] 34,7 40,1 L’Eléstev+ ] 349 41
10 mm, X 2 368 | 402 X lem 2 367 | 46
5 0/ astev
° 3 39,2 44,3 20 mm K 38,3 450
P‘éstev, ] 34/3 Z*U,O ZElést[f\ér W 35,2 QM
5 mm, X 2 367 | 407 X Gm | 2 370 | 422
10% 3 389 | 46 20mm 3 385 | 450
i 0 1 35,8 42,1 Byroid, Plastey ] 34,2 40,6
X yroid U mm, 2 380 | 437 10 mm, 20 mm + ) 370 | 4
25% 5 o Original
3 39,3 45,8 ° 3 392 4h,7
Plastev, ] 59,3 .9
X 20 mm, /A 369 | 420 Pozn.: ,spodni vyrovnavaci mrizka" + horni vylstka”
0% 3 38,7 )

Tab. 1: Summary of measured values of maximum
sound pressurelevelsL,

Overall, greater differences in values (reduc-
tion) can be observed at higher flow rates
than at lower flow rates. However, the dif-
ferences between grilles within the two flow
rates are negligible. Therefore, for the sake of

Tab. 1: Prehled namérenych hodnot maximalnich
hladin akustického tlaku L,

Celkovelzepozorovatvétsirozdilyhodnot(utlu-
my) pfi vétSim pritoku nez pfi mensim. Avsak
rozdily mezi jednotlivymi vyustkami v ramci
obou prutokl jsou zanedbatelné. Proto budou
z dlvodu vétsi prehlednosti v ndsledujicich
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clarity, only the results for a flow rate of 600
m3/h will be shown in the following graphs. A
graphical representation of the original con-
dition with and without the original grilles is
shown in Chart 1.

grafech zndzornény pouze vysledky pro pri-
tok 600 mé/h. Grafické zndzornéni ptvodniho
stavu s originalnimi vyustkami a bez nich je
znazornéno v Graf 1.

N
E .
S - Nic
S I — Ani
a B Pouze sani
W = Pouze vydech
ey m Vydech i sani
0 (@) (e — [\ on < v \O o~ o0 N S —
M A F ST O T O O T O T T v on
LA,max [dB]

Chart 1: Maximum sound pressure levels -
original condition - flow rate 600 m’/h

Atfirst glance, it can be identified that the re-
turn grilles contribute the most to the over-
all sound pressure level. Depending on the
position of the microphone, the contribution
from them is (4.8—5.4) dB, while for the sup-
ply grille it is only (0—0.6) dB.

A graphical representation of the differences
in the return grilles is shown in Chart 2.

Graf 1: Maximdlni hladiny akustického tlaku -
puvodni stav - priitok 600 m*/h

Na prvni pohled Ize identifikovat, ze k celko-
vé hladiné akustického tlaku nejvice pfispiva
sacivyustka. V zavislosti na poloze mikrofonu
je prispévek od saci vyustky (4,8—5,4) dB, za-
timco u vydechové pouze (0—-0,6) dB.

Grafické znazornéni rozdill v sacich vyust-
kach je znazornéno v Graf 2.

= 3 Plastev,
... | o
.%’ 10 %
&2 = ® Gyroid,
< 10 mm,
S 5%
S — :
a 1 —— m Gyroid,
5 mm,
~ ®© O © — o e < »nvn O &~ 0 O O — 10 %
A T T S AR S SR~ N R~ SR RS SRS R VoS P
m Original
LA,maX [dB]

Chart 2: Maximum sound pressure levels — return  Graf 2: Maximdlni hladiny akustického tlaku -

grilles - flow rate 600 m*/h

saci vyustky - priitok 600 m’/h
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As can be observed, the newly designed gy-
roid and honeycomb type return grilles have
significantly reduced the maximum sound
pressure level compared to the originally
used fixed blade grilles.

The differences between the newly designed
grilles are then in the range of only 0.05-0.5
dB. For the gyroid type grilles,

10 mm thick, 5% fill density, the highest noise
reduction is observed on average. This grille
is used for the final combination.

A graphical representation of the differences
in the supply grilles is shown in Chart 3.

Jak Ize pozorovat, nové navrzené saci vyustky
typu gyroid a plastev markantné snizili maxi-
malni hladinu akustického tlaku oproti ptivod-
neé pouzité vyustce

s pevnymi lamelami. Rozdily mezi jednotlivy-
mi nové navrzenymi vyustkami jsou pak v roz-
mezi pouze 0,05—-0,5 dB.

U vyustky typu gyroid, tl. 10 mm, hustota vypl-
né 5 % je pozorovan pramerné nejvetsi Utlum
hluku. Tato vyustka je pouzita pro finalni kom-
binaci.

Grafické znazornéni rozdill ve vydechovych
vyustkach je zndzornéno v Graf 3.

=3 | m Plastev,
5 | 40 mm,
h= 5%
w2
o |
&2 Plastev,
< | 20 mm,
:5 5%
o 1 .
A~ Gyroid,
|
20 mm,
N o — N o < " O 2,5%
A < < <t < < <t <
m Original
A ,max [dB]

Chart 3: Maximum sound pressure levels -
exhaust outlets - flow rate 600 m’/h

No more dramatic noise reduction can be ob-
served on the supply side as was the case with
the return grilles. When using a gyroid type
grille, on the other hand, the values are signifi-
cantly higher than with the originally installed
outlet with movable blades. The 40 mm thick
honeycomb type outlet achieves slightly high-
er reduction than the 20 mm thick one in some
positions (approx. 0.4 dB). However, their over-
all effect varies based on airflow and micro-
phone distance and comes out differently for
different calculation points. It is not possible to
state unequivocally whether noise reduction
has been achieved with them compared to the
original grille.

The honeycomb type grilles were also used as
equalizing grids for the other grilles. A graphi-
cal comparison of their effectis shown in Chart
4, only the values in position 1are shown.

Graf 3: Maximdlni hladiny akustického tlaku -
vydechové vyistky - priitok 600 m*/h

Na strané vydechu jiz nelze pozorovat tak dra-
matické L’Jtlumy hluku, jako tomu bylo v pri-
pade saci vyustky. Pfi uziti vyustky typu gy-
roid jsou hodnoty naopak vyrazneé vyssi nez
u puvodne instalované vyustky s pohybllvy—
mi lamelami. Vyustka typu plastev o tloust-
ce 40 mm dosahuje v nekterych polohach
lehce vétéiho Utlumu nez o tloustce 20 mm
(cca o0 0,4 dB). Jejich celkovy vliv se vSak lisi
na zékladé pratoku vzduchu a vzdéalenosti mi-
krofonu a vychazi pro rGzné vypoctové body
rozdilné. Nelze jednoznac¢né konstatovat, zda-
li bylo pomoci nich dosazeno utlumu hluku
oproti originalni vyustce.

Vyustky typu plastev byly dale pouzity jako
vyrovnavaci mfizky pro ostatni vyustky. Gra-
fické srovnani jejich vlivu je zobrazeno v Graf
4, zobrazeny jsou pouze hodnoty v poloze C. 1.
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Pl o

Plastev 2 cm

Horni vyustka

Original B

39 40

Spodni
vyustka
(mfizka)

A ——

Plastev 4 cm
m Plastev 2 cm

B Bez miizky

41 42 43

LA,max [dB]

Chart 4: Maximum sound pressure levels — supply
grilles with equalizing grille - flow rate 600 m’/h,
position 1

For all supply grilles — both original and de-
signed, a noticeable noise reduction can be
observed when using an equalizing grille in the
form of a honeycomb-shaped grille. Only when
a 20 mm thick honeycomb-type grille as an
equalizing grid is used for a 40 mm thick hon-
eycomb-type grille there is no noise reduction.
Of all the supply grilles tested, the combination
of the 20 mm thick honeycomb type outlet as
an equalizing grille with the original grille with
movable blades performs best. These grilles
are used for the final combination.

A comparison of the original condition with
the original grilles and the newly designed
condition is shown in Chart 5.

Poloha (position)
N w

—

Graf 4: Maximadlni hladiny akustického tlaku
- vydechové vyustky s vyrovndvaci miizkou -
pritok 600 m’/h, poloha ¢. 1

U vSech vydechovych vyustek — originalnich
i navrzenych, Ize pfi pouziti vyrovnavaci mfiz-
ky ve formé vyustky tvaru plastve pozorovat
znatelnou redukci hluku. Pouze v pfipade, kdy
je pro vyustku typu plastev tl. 40 mm pouzito
jako vyrovnavaci mfizky vyustky typu plas-
tev tl. 20 mm, k redukci hluku nedochazi. Ze
vsech zkousenych vydechovych vyustek vy-
chazinejlépe kombinace vyustky typu plastev
tl. 20 mm jako vyrovnavaci mfizky s originalni
vyustkou s pohyblivymi lamelami. Tyto vyust-
ky jsou pouzity pro finalni kombinaci.

Porovnani pavodniho stavu s origindlnimi vy-
ustkami a nové navrzenym stavem je znazor-
nenov Graf 5.

Novy stav

®m PUvodni stav

o8] (@) S — o\ on <t v O o~ o0 N ] —
p) on <t < <t < < < <t < < < e} v
LAF,max [dB]

Chart 5: Maximum sound pressure levels original
and new condition - flow 600 m’/h

Graf 5: Maximdlni hladiny akustického tlaku -
ptvodni a novy stav - priitok 600 m’/h
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The final combination of grilles for compar-
ison with the original condition is a gyroid
type grille, 10 mm thick, filling density 5% on
the return side and a honeycomb type grille,
20 mm thick, filling density 5% as an equaliz-
ing grid for the original rectangular grille with
movable slats. Using these newly designed
grilles manufactured using FDM 3D printing,
reduction up to 5.6 dB was achieved, depend-
ing on the position of the microphone and
the airflow through the unit. At the most crit-
ical calculation point (position 3 at a flow rate
of 600 m3/h), the maximum sound pressure
level LA,max induced by the operation of the
GADES HEXAGON autonomous ventilation
system is equal to 44.7 dB.

The spectral analysis is shown for the original
condition, the condition without grilles, the
newly designed condition and the residual
background noise to determine the possible
tonal component. Only the values in position
1 are monitored. The values for a flow rate of
450 m3/h are shown in Chart 6 and for a flow
rate of 600 m3/h in Chart 7.

65,0
60,0
55,0
50,0
45,0
40,0

= 35.0

= 30,0

£250

20,0
15,0
10,0

5,0
0,0

16
20
25
32
40
50
63
80

12,5

Chart 6: Spectral distribution of noise - original
condition - flow rate 450 m’/h

100
125
160
200
250
315

Finalni kombinaci vyustek pro porovnani
s puvodnim stavem je vyustka typu gyroid,
tl. 10 mm, hustota vypIlné 5 % na strané sani
a vyustka typu plastey, tl. 20 mm, hustota
vypIné 5 % jakozto vyrovnavaci mfizka pro
originalni obdélnikovou vyustku s pohybli-
vymi lamelami. Pfi pouziti téchto nové navr-
Zzenych vyustek vyrobenych pomoci FDM 3D
tisku bylo dosazeno utlumu az 5,6 dB, v za-
vislosti na poloze mikrofonu a pratoku vzdu-
chu jednotkou. V nejkritictéjsim vypoctovém
bodé (poloha ¢. 3 pfi pritoku 600 m3/h) je
maximalni hladina akustického tlaku LA,max
vyvoland provozem autonomniho vétraciho
systému GADES HEXAGON rovna 44,7 dB.

V plvodnim stavu, stavu bez vyustek, v noveé
navrzeném stavu a zbytkovém hluku pozadi
je zobrazena spektralni analyza pro urCeni
mozné tonové slozky. Sledovany jsou hod-
noty pouze v poloze €. 1. Hodnoty pro pratok
450 mé/h jsou zndzornén v Graf 6, pro prutok
600 mé/h v Graf 7.

mmm Puvodni stav

. Nic

Novy stav

Prah slyseni

Hluk pozadi
SO O MMM MMM MM M M
SO MNO— N O ANWVNWBL T WVMNNnWOA OO
< n \O © [ I e N} —_———

— on

f [Hz]

Graf 6: Spektrdlni rozloZeni hluku - piivodni stav
- prutok 450 m’/h
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Chart 7: Spectral distribution of noise - original
condition - flow rate 600 m*/h

Within the audible range, at a flow rate of
450 m*/h atonal component at a frequency of
50 Hz can be observed in all monitored states,
at a flow rate of 600 m3/h the component is
also extended by 60 Hz. This may be due to
the operation of the fan motor with a possible
contribution from background noise, which
also shows a tonal component at 50 Hz. In the
original condition with the original grilles, ton-
al components at 500/630 Hz can also be ob-
served at a flow rate of 450 m3/h and 800 Hz
at aflow rate of 600 m3/h. These tonal compo-
nents have been eliminated by the use of the
newly designed grilles.

For the same grille combinations as in the
spectral analysis, the maximum velocities
flowing through the grilles are measured —
see Tab. 2.

315

mmm Puvodni stav
mmm Nic
mmm Novy stav

Prah slyseni
e Hluk pozadi
. |
1 1l |
SO O M MMM M M g
SO MNO 1N LOVAWNWUBL TWVMmOOA OO
< n \O © (o iy N“v—<n N=) — — —
— on
f [Hz]

Graf 7: Spektralni rozloZeni hluku - piivodni stav
- priitok 600 m*/h

V rdmci slySitelného rozsahu lze pfi prito-
ku 450 m3/h pozorovat ténovou slozku na
frekvenci 50 Hz ve vSech sledovanych sta-
vech, pfi pritoku 600 mé/h je slozka rozsite-
néio 63 Hz. To mUze byt zpusobeno chodem
motoru ventildtoru s moznym pfispévkem
hluku pozadi, jez rovnéz vykazuje ténovou
slozku na 50 Hz. V plUvodnim stavu s origi-
nalnimi vyustkami Ize dale pozorovat tonové
slozky na 500/630 Hz pfi pratoku 450 mé/h
a 800 Hz pfi pritoku 600 m3/h. Tyto tonové
slozky byly uzitim nové navrzenych vyustek
eliminovany.

Pro stejné kombinace vyustek jako ve spek-
tralni analyze jsou zmérfeny maximaini rych-
losti proudici pres vyustky — viz Tab. 2.
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Priitok [m*/h] Komb. VyUstka Max. rychlost [m/s] L max[dB]

Vydech 4,54

Original Sani - horni 2,84 314
Sani - spodni 2,66
Vydech 4,16

45(0 Nic Sani - horni 2,24 545
Sani - spodni 184
Vydech 4,22

Nove Sani - horni 2,36 5h2
Sani - spodni 2,24
Vydech 6.03

Original Sani - horni 38 459
Sani - spodni 3h
Vydech 65

600 Nic Sani - horni 296 405
Sani - spodni 242
Vydech 6,04

Nove Sani - horni 3,38 40,6
Sani - spodni 3,08

Tab. 2: Air flow velocities through the outlets

At a flow rate of 450 m3/h, the maximum
speed on the supply side is on average
4.2 m/s, on the return side 2.4 m/s. At a flow
rate of 600 m*/h, the maximum velocity on the
supply side averages 5.7 m/s, on the return
side 3.2 m/s.

The measured velocities are close to or ex-
ceed the velocities at which aerodynamic
noise is normally generated, namely more
than 3.5 m/s for the supply and 2.5 m/s for the
return [4]. Furthermore, a direct dependence
can be observed where the sound pressure
level increases with increasing flow velocity.

For reference purposes, the reverberation
time of the room in which the ventilation sys-
tem is installed was measured. The average
reverberation time T20 is equal to 0.9 s. The
frequency distribution is shown in Chart 8.

Tab. 2: Rychlosti proudéni vzduchu vyustkami

Pfi pratoku 450 m3/h je maximalni rychlost na
strané vydechu prdmérné 4,2 m/s, na strané
sani 2,4 m/s. Pfi prGtoku 600 m3®/h je maxi-
malni rychlost na strané vydechu prdmérné
5,7 m/s, na strané sani 3,2 m/s. Nameérené
rychlosti jsou blizko ¢i presahuji rychlos-
ti, pfi kterych bézné vznikd aerodynamicky
hluk, konkrétné vice nez 3,5 m/s pro vydech
a 2,5 m/s pro sani [4]. Dale Ize pozorovat pfi-
mou zavislost, kde s rostouci rychlosti prou-
déni se zvysuje hladina akustického tlaku.

Pro referen¢ni ucely byla zméfena doba do-
zvuku mistnosti, ve které je vétraci systém in-
stalovan. Primérna doba dozvuku T20 je rov-
na 0,9 s. Frekvencni rozdéleni je znazornéno
v Graf 8.
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Chart 8: Measured room reverberation time

5. DISCUSSION

In the course of the work carried out, several
facts have been found regarding air distribu-
tion grilles manufactured by FDM 3D print-
ing using gyroid and honeycomb type filling
structures of different thicknesses and filling
densities as functional parts of the grilles.

Firstly, it should be noted that the research on
the air grilles was carried out on a unique pro-
totype air handling system installed outside
laboratory conditions. However, the sound
pressure levels of the system itself without
the grilles, the residual background noise lev-
els, the airflow velocities through the grilles
and the room reverberation time are provided
as reference data.

The gyroid type infill structure appears to be
more suitable for lower airflow velocities. Suf-
ficient reduction was achieved using the gy-
roid structure for return grilles with airflow ve-
locities between (2,5—3,5) m/s. In contrast, for
the supply grilles where the airflow velocity
was between (4,0—6,0) m/s, there was an in-
crease in noise. This is due to possible turbu-
lence occurring when flowing over the curved
surfaces of the gyro. However, this was only a
simple filling predefined by the software. The
guestion for the future is the possible use of
similar organic shapes but with a program-
mable structure that would eliminate these
shortcomings.

The honeycomb structure, similar to the gy-
roid, appears suitable for return grilles and
low velocities. Within the supply,

Graf 8: Namérend doba dozvuku mistnosti

5. DISKUSE

V ramci vypracované prace bylo zjiSténo né-
kolik skute¢nosti ohledné distribuc¢nich vzdu-
chotechnickych vyustek vyrobenych pomoci
FDM 3D tisku s vyuzitim vyplhovych struktur
typu gyroid a plastev o rtznych tloustkach
a hustotach vyplné jako funkénich ¢asti vyus-
tek.

Nejprve nutno podotknout, Zze vyzkum vy-
ustek byl provadén na unikatnim prototypu
vzduchotechnického systému instalovaném
,in-situ” mimo laboratorni podminky. Nicmé-
né v rdmci referencnich Udajld jsou zde uve-
deny hladiny akustického tlaku samotného
systému bez vyustek, hladiny zbytkového hlu-
ku pozadi, rychlosti proudéni vzduchu pfes
vyustky a doba dozvuku mistnosti.

Vyplnova struktura typu gyroid se jevi vhodna
spiSe pro mensi rychlosti proudéni vzduchu.
U sacich vyustek, u kterych se rychlost prou-
déni vzduchu pohybovala mezi (2,5-3,5) m/s,
bylo za jejiho pouziti dosazeno dostate¢ného
utlumu. V pfipadé vydechovych vyustek, kde
se rychlost proudéni vzduchu pohybovala
mezi (4,0—6,0) m/s, naopak doslo k narustu
hluku. Je to ddno moznym vznikem turbulen-
ci pfi proudéni po zakfivenych plochach gy-
roidu. Nicméneé Slo pouze

0 jednoduchou vypln preddefinovanou soft-
warem. Otazkou do budoucna je mozné uziti
podobnych organickych tvarl ovSem s na-
programovatelnou strukturou, jez by elimino-
vala tyto nedostatky.
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the results are ambiguous. However, these
fillers can be successfully used as an equal-
izing grid to direct the airflow. When the hon-
eycomb structure was installed in the inner
part of the supply port, noise reduction was
achieved in all cases.

6. CONLUSION

The subject of this work was the noise reduc-
tion of air distribution grilles manufactured by
FDM 3D printing using infill structures for the
functional part of the grilles.

The grilles were tested on a newly developed
prototype of the GADES HEXAGON decentral-
ised autonomous ventilation system, which is
mainly used for ventilation of schools, class-
rooms and lecture halls. Several return and
supply grilles with gyroid and honeycomb fill-
ings of different thicknesses and filling den-
sities were created. In addition, the maximum
sound pressure level was measured at sever-
al microphone positions for combinations of
grilles and at different airflows. The measure-
ments are complemented by spectral analy-
sis, air velocity measurements and room re-
verberation time measurements.

The following conclusions can be drawn from
the results of the work:

» in the original condition, the noisiest el-
ements were the return grilles with fixed
slats;

» onthereturn side, gyroid and honeycomb
type grilles reduced the noise level, prob-
ably due to the lower air velocities;

» on the supply side, due to the higher ve-
locities, the gyroid did not seem to be a
suitable grille filler, the noise levels were
higher than the original;

» theuse of ahoneycomb-type filling for the
supply does not have a clear result, the
values differ from the original condition
and from one another according to the lo-
cation of the microphone and the airflow;

» thehoneycomb type outlet can be used as
a equalizing grid to direct the airflow, with
its use there was a reduction in noise for
all other combinations;

» inthe combination with the greatest noise
reduction the gyroid type grille, 10 mm
thick, 5% filling on the return side and the
honeycomb type grille, 20 mm thick, 2.5%
filling as an equalizing grid for the origi-

Struktura plastve se obdobné jako gyroid
jevi pro saci vyustky a malé rychlosti vhodna.
V ramci vydechu jsou vysledky nejednoznac-
né. Tyto vyplné Ize vSak Uspésné vyuzit jako
vyrovnavaci mfizku pro usmérnéni proudu
vzduchu. Pfi instalaci struktury plastve do
vnitini ¢asti vydechového otvoru doslo ve
vSech pfipadech k redukci hluku.

6. ZAVER

Pfedmétem této prace byl dtlum hluku vzdu-
chotechnickych distribucnich vyustek vyro-
benych pomoci FDM 3D tisku za uziti vyplho-
vych struktur pro funkcni ¢ast vyustek.

Vyustky byly zkouseny na nove vyvijeném
prototypu decentralniho autonomniho vétra-
ciho systému GADES HEXAGON, jenz nachazi
uplatnéni predevsim pro vétrani skol, uCeben

a prednaskovych sall. Bylo vytvoreno néko-
lik sacich a vydechovych vyustek s vyplnémi
typu gyroid a plastev o rlznych tloustkach
a hustoté vyplné. Dale byla v nékolika polo-
hach mikrofonu méfena maximalni hladina
akustického tlaku pro kombinace vyustek
a pfi rdznych prltocich vzduchu. Méreni je
doplnéno

o spektralni analyzu, méfenirychlosti proudé-
nivzduchu a mefeni doby dozvuku mistnosti.

Z vysledkl prace Ize vyvodit ndsledujici zavé-

ry:

« v pUvodnim stavu byly nejhlu¢néjSimi ele-
menty saci vyustky s pevnymi lamelami;

« nastrané sani vyustky typu gyroid

« | plastev hladinu hluku snizili, patrne diky
mensim rychlostem proudéni vzduchu;

« na strané vydechu se diky vysSim rych-
lostem nezda byt gyroid jako vhodna vy-
pIn vydstky, hodnoty hluku byly vyssi nez
plvodnf;

« uzitivyplné typu plastev pro vydech nema
jednoznacny vysledek, hodnoty se opro-
ti plvodnimu stavu a mezi sebou liSi dle
umisténi mikrofonu a prdatoku vzduchu;

« vyustku typu plastev Ize pouzit jako vy-
rovnavaci mfizku pro usmeérnéni pratoku
vzduchu, s jejim uzitim doslo k redukci
hluku u vSech dalsich kombinaci;

« v kombinaci s nejvétsim uUtlumem hluku
jsou pouzity vyustky typu gyroid, tl. 10 mm,
5% vypln na strané sani a vyustka typu
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nal grille with movable slats on the supply
side are used;

« the newly designed grilles reduced the
maximum sound pressure level by up to
5.6 dB —depending on the microphone lo-
cation and airflow;

« the tonal component induced by the air-
flow through the original grilles was elimi-
nated;

« the resulting maximum sound pressure
level of the ventilation system is

« 447 dBforan air flow of 600 m?/h.

The objectives of the research were met and
the 3D printing technology proved to be a
very useful tool for prototyping in this case.
Furthermore, in addition to the use of infill
structures, different shapes of grilles can be
modelled to satisfy the wishes of developers,
distributors and customers. In the future, for
example, the GADES HEXAGON system is ex-
pected to design optimisation of the external
shape of the grilles to fit the product concept
—see Fig. 11.

Fig. 5: Example of the individual shape of the
distribution grille

plastev, tl. 20 mm, 2,5% vypln jako vyrov-
navaci mrizka pro originalni vyustku s po-
hyblivymi lamelami na strané vydechu;

« nove navrzené vyustky snizili maximalni
hladinu akustického tlaku az 0 5,6 dB —dle
umisténi mikrofonu a pritoku vzduchu;

« tonova slozka vyvolana proudénim vzdu-
chu pres origindlni vyustky byla elimino-
vana;

« vysledna maximalni hladina akustického
tlaku vétraciho zafizeni je 44,7 dB pro prd-
tok vzduchu 600 m3/h.

Cile vyzkumu byly naplnény a technologie 3D
tisku sevtomto pripadé ukazalajako velmiuzi-
teCny nastroj pro prototypovani. Dale krome
vyuzivani vyplnovych struktur Ize i napf. mo-
delovat rozlicné tvary vyustek, aby uspokojili
prani vyvojara, distributord a zékazniku.

Napf. v raémci systému GADES HEXAGON se
v budoucnu pocitdi s designovou optimaliza-
ci vnéjsiho tvaru vyustek tak, aby zapadal do
konceptu produktu — viz Obr. 11.

Obr. 5: Ukdzka individudlniho tvaru distribucni
vyustky
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