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ANALISIS EKSPERIMEN DAN PERKOMPUTERAN DINAMIK BENDALIR
DISEBABKAN KEBISINGAN ANGIN TERARUH DALAM RADIO DUA
HALA

ABSTRAK

Kajian ini menyiasat aliran angin dan pembentukan vorteks di dalam rongga-rongga
untuk memahami hubungan mereka terhadap kewujudan kebisingan semasa
komunikasi menggunakan radio dua hala. Pengukuran kebisingan yang disebabkan
oleh aliran angin daripada radio dua hala dan model berskala besar (spesimen) telah
dijalankan dalam terowong angin gelung terbuka dan analisis perkomputeran
dinamik bendalir dilakukan. Kesan daripada arah aliran angin, kelajuan angin 2, 6
dan 10 m/s, nombor Reynolds masing-masing 8694, 26083 dan 43471, dan sudut
tirus (0-45 darjah) telah dibentangkan dalam pengukuran kebisingan angin radio dua
hala. Pengukuran aras tekanan bunyi di dalam rongga-rongga dengan lima kelajuan
angin yang berbeza dan jarak dari sumber angin telah dijalankan ke atas spesimen.
Perkomputeran Dinamik Bendalir telah digunakan untuk mensimulasikan aliran
angin ke atas model untuk memerhatikan pembentukan vorteks di dalam rongga-
rongga dengan berbeza kedudukan rongga dan juga kelajuan angin. Pengesahan telah
dilakukan dengan membandingkan simulasi dengan eksperimen Koschatzky et al.
(2011) menggunakan geometri rongga yang sama untuk kelajuan angin 12 dan 15
m/s. Hasil kajian menunjukkan bahawa halaju angin telah menyebabkan kebisingan
angin meningkat untuk kedua-dua arah aliran angin dengan memberi kesan yang
lebih kepada aliran arah angin dari kiri ke kanan. Aras tekanan bunyi juga meningkat
dengan peningkatan halaju angin dan kedudukan yang lebih jauh dari sumber angin,
semakin tinggi dialami oleh aras tekanan bunyi. Simulasi perkomputeran dinamik
bendalir menunjukkan vorteks yang lebih kukuh telah terbentuk pada pinggir,

dinding dan lantai rongga. Pembentukan vorteks telah meningkat di kedudukan

Xiv



rongga yang lebih jauh dan pada halaju angin yang lebih tinggi. Keputusan simulasi
bersetuju dengan penemuan eksperimen dengan Ralat Punca Min Kuasa Dua. Hasil
dari kajian ini sangat penting kepada penambah baikan reka bentuk radio dua hala

dalam mengurangkan bunyi bising semasa komunikasi.

XV



EXPERIMENTAL AND COMPUTATIONAL FLUID DYNAMICS (CFD)
ANALYSIS OF WIND-INDUCED NOISE IN TWO-WAY RADIO

ABSTRACT

This research investigated the wind flow and formation of vortex shedding inside
cavities to understand the relationship of those to the occurrence of noise during
communication using two-way radio device. Noise measurement due to wind flow of
a two-way radio and its bigger scale model (specimen) was conducted inside an
open-loop wind tunnel. A Computational Fluid Dynamics (CFD) analysis was also
performed. The effect of wind flow direction, wind velocity of 2, 6 and 10 m/s,
Reynolds Number of 8694, 26083 and 43471, respectively and angle of attack (0-45
degrees) were presented in wind noise measurement for a two-way radio.
Measurement of Sound Pressure Level (SPL) inside cavities with five different wind
velocities and distances from wind source has been conducted on the specimen. CFD
was used to simulate wind flow over a model to observe the formation of vortex
shedding inside cavities with different cavity positions and wind velocity. Validation
has been done by comparing CFD simulation with experimental work of Koschatzky
et al. (2011) using the same geometry of cavity for wind velocity of 12 and 15 m/s.
The result shows that the wind velocity has increased the wind noise for both
direction of wind flow with stronger effect for the left-to-right flow. The SPL is also
increased with the increased of wind velocity and the further position from wind
source, the stronger SPL has been encountered. The CFD simulation shows a
stronger vortex shedding has been formed at the edge, wall and floor of the cavity.
The vortex shedding formation is increased at further cavity position and higher wind
velocity. CFD simulation agrees with the finding of the experimental work with

Root-Mean-Square Error (RMSE). The result from this research is very significant

XVi



for the improvement of a two-way radio design in reducing noise during

communication.
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CHAPTER ONE

INTRODUCTION

1.1  Background

Noise can be defined as an undesirable sound or audio disturbance, which is
generated by a vibrating surface or turbulent fluid flow (Rogers, 2006). Sound
propagates in the form of longitudinal waves with series of compressions and
rarefactions in the air. Wind-induced noise can be generated by wind flowing over an
element or through gaps and cavities between elements causing a formation of vortex
shedding. Figure 1.1 shows vortex shedding induced by a flow over a cylinder. The
low-pressure zones (blue colours) are formed when the boundary layer is separated
from the cylinder. Thus, a pair of vortices is appeared rotating in different directions

(Giosan, 2013).

Vortex Shedding
Induced Force

Figure 1.1: Vortex Shedding phenomenon induced by wind flowing over a cylinder

(Giosan, 2013)

Most of the studies discussed on wind-induced noise on the big building and
microphone. The current study investigates the wind noise in two-way radio due to a

circulation of flow in the cavity where the microphone is placed. A two-way radio is



a radio transceiver that used dedicated frequency for mobile communication. Figure
1.2 shows the general configuration of two-way radio.
Antenna N

Microphone

/iside cavity

Microphone

Push-to-talk
button

Speaker

Figure 1.2: Basic Configuration of two-way radio

1.2 Problem Statement

Communication interference due to noise cannot totally be avoided in two-
way radio during communication from the transmitter to the receiver. One of the
criteria for a good two-way radio is to have less noise and higher speech quality.
Most studies indicate the noise sources for two-way radio are from electrical and
ambient noise. A various noise cancellation method based on these indications has
been proposed. While talking, there is the wind coming from the mouth to the
microphone of a two-way radio and this could be one of the sources of noise too. In
addition, the level of noise increases in windy situations. These conditions are the
reasons to study the relationship of wind flow to the occurrence of noise. Since the
microphone is placed in a small hole in two-way radio, the possibility of flow

trapped inside the cavity also needs to be investigated. It is expected that the



magnitude of the noise increases when the formation of vortices occurs inside the

cavity of the microphone.

1.3 Objectives of Research

The objectives of this research are:

1. To analyse the pressure of the wind-induced noise over a two-way radio
using experimental setup.

2. To analyse and determine the relationship of wind flow and cavity to the
occurrence of wind-induced noise on a two-dimensional model of two-way

radio microphone cavity using Computational Fluid Dynamics (CFD).

1.4 Scope of Study

Figure 1.3 shows a cross section of two-way radio microphone cavity. Figure
1.3 involves three fields of an engineering problem. The first field is the formation of
vortex shedding from the air flow through the cavity, which is the fluid dynamics.
The second field is the vibration of air inside the cavity after the air flow enters the
cavity and hits the diaphragm. The last field is the acoustic when the air flow is
transmitted to the wind noise by a microphone. Therefore, this research is focussed to
the fluid dynamics and acoustic field where the formation of vortex shedding and

effect of the wind-induced noise are investigated.



Vortex

Body

I R

\\
Microphone
\N

Figure 1.3: Cross section of two-way radio microphone cavity

Diaphragm

/

The study covers noise measurement in an open-loop wind tunnel for two-
way radio and a block with cavities made from Perspex to understand the
fundamental of wind-induced occurrence. The measurement varies the wind velocity,
the distance of the cavity from the wind source and also the angle of attack of the
two-way radio. Computational Fluid Dynamics (CFD) is used to simulate the air
flow over the two-dimensional and three-dimensional geometry of cavity where the
formation of vortex shedding is studied. The wind source for both experiment and
simulation was analysed with Reynolds Number of 8694, 17389, 26083, 34777 and

43471. CFD simulation of a single cavity is validated with the experimental work.



15 Thesis Outline

Chapter one presents the introduction, problem statement, research objectives

and scope of the study.

Chapter two presents a critical review of literature of wind-induced noise, vortex

shedding phenomenon, and wind-induced noise simulation.

Chapter three covers the methodology in this project. It includes a method to
measure sound over a two-way radio, steps to fabricate a block with rectangular
cavities, a CFD simulation on two-dimensional model of a block with rectangular
cavities, validation of the CFD model, and the calculation of Root-Mean-Square

Error (RMSE).

Chapter four presents the results and discussion of experimental and simulation
work. It includes discussions on the relationship between wind velocity and cavity
location to the strength of wind-induced noise, as demonstrated by results from

experimental and simulation work.

Chapter five concludes this MSc research and suggests potential future work.



CHAPTER TWO

LITERATURE REVIEW

2.1 Introduction

Wind is one of the sources that contributed to the occurrence of noise. Nelke
et al. (2012) stated that wind noise mainly occurs at low frequencies, so it is almost
noise free in a large frequency range of speech. Wind noise occurs in the range of 0—
500 Hz, with the main distribution at low frequencies and rapidly descending to high
frequencies. This chapter reviews literatures related to wind-induced noise in
microphones, aerodynamic and mechanical, vortex shedding phenomenon and wind-

induced noise simulation.

2.2 Wind-Induced Noise
2.2.1 Wind-Induced Noise in Microphones

Wind noise is noise induced by wind and becomes significant when
acoustical measurement is strongly affected by the wind (Nakasako et al. 2005). A
strong correlation between wind noise and wind speed is well known to exist. The
study carried out in wind induce noise were mostly on the noise of microphone.
Ecotiere (2012) investigated the Sound pressure level (SPL) that can be affected by
wind-induced noise at a screened microphone. SPL is used to measure noise level.
The contribution of wind noise, which results in the SPL measurement, depends on
the source noise level and wind characteristics, such as wind speed and atmospheric

stability. The SPL of wind noise was estimated by Nakasako et al. (2005) in the form
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