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ABSTRACT

Dry ice blasting provides many advantages to surface cleaning in which the blasting
medium sublimate during the surface impact will not leave a secondary contamination.
However, on the negative side of dry ice blasting (DIB), it produces a high noise
exposure. The noise exposure during a high blasting pressure may reach up to 130 dB
which is considered a harmful noise level (standard 90 dB for eight working hours per
day). At present, safety measures are taken according to administrative control that
encapsulates the whole system with sound insulation. This limitation has made this
research work a significant contribution to dry ice blasting industry. The main objectives
of this project are to examine the dry ice blasting’s flow characteristic on the influence of
noise emission and to establish optimum parameters affecting the acoustic noise emission.
The experimental validation on the effect of impact force and noise emission for optimum
nozzle design is investigated. ANSYS fluent version 18.2 is employed in this study to
simulate the fluid flow and acoustic noise in the nozzle. Six (6) different nozzle geometries
are analyzed namely divergent length, convergent diameter, expansion ratio, gas inlet
diameter, length ratio, and particle inlet angle. The optimum nozzle geometry is fabricated
and validated throughout the experimental study on the effect of the impact force and
sound pressure level for different pressures. The result shows that the optimum DIB nozzle
geometry that satisfy the research objectives for gas inlet length, convergent diameter,
particle inlet angle, divergent length, convergent length, gas inlet diameter, expansion
ratio are 36 mm, 35 mm, 50°, 230 mm, 45mm, 6 mm and 1.00 respectively. This research
is expected to provide a novelty design of dib nozzle geometry that able to protect the

society from the hazardous working environment by engineering control.
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ABSTRAK

Pembersihan menggunakan ais kering memberikan banyak kelebihan dan bersifat pro-
alam sekitar yang mana bahan ais kering tersebut akan mengalami proses pemejalwapan
ketika pembersihan, tanpa mengeluarkan kotoran sekunder. Walau bagaimanapun,
kelemahan utama semburan menggunakan ais kering ini ialah bunyi bising yang terlalu
kuat. Semburan dengan tekanan yang tinggi akan memberi kesan buruk kepada manusia
jika bunyi bising tersebut mencapai sehingga 130 dB (kebiasaan 90 dB untuk 8 jam
bekerja). Keselamatan yang sedia ada hanya bergantung kepada kawalan pentadbiran
dengan mengasingkan bunyi bising. Kekurangan tersebut menjadikan kajian ini penting
yang akan memberi sumbangan kepada industri ini. Objektif utama projek ini ialah untuk
mengenalpasti karakter aliran ais kering terhadap bunyi bising dan mewujudkan parameter
penting yang memberi kesan terhadap bunyi bising dan juga mengesahkan kajian dengan
menjalankan ujikaji terhadap daya hentaman dan tahap bunyi bising. Analisa kajian ini
menggunakan perisian “CFD, ANSYS Fluent” untuk membuat simulasi aliran cecair dan
mengetahui tahap bunyi bising yang dihasilkan daripada nozel. Enam (6) geometri nozel
dianalisa iaitu panjang pencapahan, diameter pertemuan, nisbah pengembangan, diameter
kawasan masuk gas, nisbah panjang dan sudut masuk zarah digunakan untuk menyiasat
kesan terhadap bunyi bising. Bentuk nozel yang optimum telah direkacipta untuk
mengesahkan kajian simulasi terhadap kesan daya hentaman dan tahap bunyi bising pada
tekanan yang berbeza-beza. Keputusan kajian menunjukkan bahawa bentuk nozel yang
optimum yang dapat memenuhi objektif kajian untuk panjang gas masuk, diameter
pertemuan, sudut masuk zarah, panjang pencapahan, panjang pertemuan, diameter
kawasan masuk gas and nisbah pengembangan ialah 36 mm, 35 mm, 50°, 230 mm, 45mm,
6 mm and 1.00. Kajian ini dijangka akan memberi impak positif kepada masyarakat

apabila bunyi bising di tempat kerja dikurangkan melalui kawalan kejuteraan.
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CHAPTER 1

INTRODUCTION

1.1 General

Chapter 1 explores a research background of noise emission in dry ice blasting industry.
It starts with the mechanism of dry ice blasting surface cleaning that consists of three (3)
mechanisms which are sublimation, mechanical and thermal effect. These active
mechanisms represent the processes for surface removal. This section also outlines the
effect of noise emission, the factor affecting the noise level, and a current method to
control noise exposure. The main issues on noise emission from the dry ice blasting
process are also discussed in problem statements, objectives and scope of the study,

limitations, and significance of the study subtopics.

1.2  Background

Dry ice blasting is in fact a carbon dioxide (COz) cleaning process in its solid form. During
the process, dry ice pallets are accelerated by pressurized air stream and the nozzle is
directed toward contaminated surfaces. The process of dry ice blasting is can be according
to three combined mechanisms; thermal, mechanical and sublimation effect. The left
picture shows the thermal mechanism of dry ice blasting, the middle picture shows the
mechanical effect when dry ice pellets hit the surface, and the right picture shows the
effect of sublimation process where the dry ice pellets expand their volume and crack the
contaminant on the surface. See Figure 1.1 for the three (3) active mechanisms of dry ice

blasting.
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Figure 1.1: Active mechanism of dry ice blasting (Uhlmann & El Mernissi, 2008)

The thermal effect happens because of the differences in thermal coefficient happening
between surface contaminant and substrate which cause the embrittle of contaminant. A
supersonic speeds hitting on the surface by blasting medium creates a Kinetic energy
which eventually creates a mechanical effect.
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Figure 1.2: Mood of CO- released into the atmosphere (Millman & Giancaspro, 2012)



Despite of advantages and zero hazardous to the environment, dry ice blasting for cleaning
contaminated surfaces as can be seen in Figure 1.2 is reported to produce high noise
exposures up to 130 dBA that is considered as harmful for humans (Uhlmann & ElI
Mernissi, 2008). To make things worse, the noise could occur in low-frequency areas that
are undetectabble by humans’ ears (Uhlmann & Hollan, 2015). The level of noise
emission generated by dry ice blasting is influenced by the nozzle geometry, type of
nozzle, shape and surface texture of the surface being blast, the amount of dampness
presented in the compacted air supply, the moistness of the day, stand-off distance and
location at which the reading is taken. Set surfaces raise noise levels because of stream
screech. High humidity raises noise levels because of excellent sound transmission over
the dry air, and furthermore due to the addition of dampness to the ready air supply, noise
levels rise because the dampness is solidified into precious ice stones and removed with
the impacted stream (Uhlmann & Hollan, 2015). Current safety measures rely heavily on
organizational measures which do not segregate the levels of noise but instead
encapsulating the entire system by sound insulation. The measure is also on personal
discretion using safety hearing protection. Noise or any annoying sound is the most well-
known word pertaining to dangers in any working environment. 30 million labourers in
the United States, gauged by National Institute for Occupational Safety and Health
(NIOSH) are exposed to perilous noise. Long exposures to abnormal levels and amounts
of noise may cause loss of hearing, promote pressures physically and mentally, diminish
efficiency, interfere a communication, and lead to mischances and wounds due to lack of
awareness on cautioning signals (Occupational Safety and Health Administration, 2019).
This project presented possible technical safety measures to reduce noise emission from
dry ice blasting nozzles. Analysis using CFD gained the first insight into the noise
emission’s flow characteristic particularly in the blasting nozzle design area. Nozzle
geometry concerning the turbulent intensity model was presented. Appropriate design
measures and critical parameters influence noise reduction were also investigated in this

study.



1.3 Problem Statement

Dry ice technology has been used widely in many industries ranging from cleaning
electrical component to big blasting jobs due to its versatility. However, high noise
emmision coming from a nozle during dry ice blasting process would be its primary
disadvantage. The worst case scenarion, at a high blasting pressure, a harmful noise level
of up to 130 dBA might be experienced (Uhlmann & EI Mernissi, 2008). The situation
significantly impairs a human being when the noise emission occurs in the low-frequency
area that human ears cannot detect the frequency. Current safety measures rely heavily on
organizational measures which do not segregate the levels of noise but instead
encapsulating the entire system by sound insulation. The measure is also on workers’ own
discretion using safety hearing protection. Although there have been many researchers
conducted the study on the parameter optimization on the performance of dry ice blasting
technology, but they took for granted the effects of noise generation from dry ice blasting
nozzle geometry. This limitation has made this research work a significant contribution to
dry ice blasting industry as noise emission criticlly needs to be reduced. Therefore, the

engineering approach to safety measures is implemented in this research.

1.4  Research Objectives

This study was to fulfill the below stated objectives:
1. To obtain the flow characteristic in terms of particle velocity magnitude and
acoustic power level for different nozzle geometries.
2. Toinvestigate optimum parameters that affect both performances of acoustic noise
emission and dry ice pellets velocity.
3. To validate the simulation result with experimental work for an optimum nozzle

design based on the sound pressure level and impact force.

This project was expected to provide industry players or users of dry ice blasting with a
technology that increases the performance and provide information on the economic

feasibility and environmental impact and health effect with respect to it.



1.5 Research Questions

1. What is the flow characteristic of dry ice blasting that concerning noise level

2. Does dry ice blasting nozzle geometry influence the acoustic noise level?

3. What is the optimum parameter of nozzle geometry that affects performance dry
ice blasting in terms of noise and velocity magnitude?

4. Does experiment show good agreement with the simulation result?

1.6 The Scope of Study and Limitation

This current study ought to study the improvement of existing dry ice blasting nozzle
design in terms of particle velocity magnitude and acoustic power level. The type of nozzle
selection a double hose convergent-divergent nozzle geometry. The simulation was meant
to investigate the flow characteristic as the experiment was difficult to be performed inside
the nozzle geometry. Six (6) different nozzle parameters were simulated namely
expansion ratio, gas inlet diameter, divergent length, length ratio, convergent diameter,
and inlet angle to determine the flow characteristic pertaining acoustic noise emission.
These parameters were simulated using a constant pressure of 6 bar and 1.2 kg/s as
boundary conditions. A constant pressure of 6 bar was used because the previous
researcher was conducted the study done by Dong et. al in 2013 using 6 bar pressure
throughout their simulation process. Thus, their simulation result can be comparable with
the optimum design nozzle geometry. On the other hand, for the experimental part, the
compressed air pressure was set as 2 bar, 3 bar, 4 bar, 5 bar, and 6 bar. These sets of values
were referred from previous researcher study done Spur et. al in 1999. In addition,
validation study comparing simulation with experimental result can be done by focusing
ononly 6 bar pressure. Apart from that, this study did not consider the design optimization
on the compressor and the equipment of dry ice blasting, also sublimation process of dry
ice blasting after the impact. The method of selection for the optimum parameter is based
on the Response Surface Method for finding the optimization result. On the other hand,
the duration of measuring impact force and sound pressure level was ten (10) seconds on

every experiment. The working distance between the load cell sensor to the aperture of
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