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ABSTRACT 

Aerogel is a diverse class of nano-porous ultralight solid material. This research examines the 

acoustic properties of aerogel-based structures and evaluates their suitability for aircraft noise-

reduction applications. This thesis characterizes the acoustic absorption properties of two types of 

aerogel: granular aerogel and 3D-printed structures. In the case of the granular aerogel, we 

experimentally analyze the granule size distribution for four commercially available aerogels. 

Subsequently, we experimentally examine the effects of the granule size and sample thickness on 

sound absorption using the impedance tube. The maximum absorption coefficient for Lumira 

aerogels (largest tested granule) was found to be 0.99 for 2-inch sample, 0.96 for 1-inch sample, 

and 0.86 for 0.5-inch sample. We also provide a computational predictive acoustic model for each 

granule type using FOAM-X software. The second type of aerogel, 3D-printed structures, can be 

constructed with controlled porosities. In addition, we analyze the effect of the manufacturing 

process on the acoustic properties. The maximum absorption coefficient increased by 2% for 

smaller diameter samples when increasing the thickness from 0.5 to 1 inch. While for larger 

diameter samples, the maximum absorption coefficient increased by 13% when increasing the 

thickness from 0.5 to 1 inch. 
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CHAPTER 1 

1 INTRODUCTION 

1.1 Aircraft Noise 

Aircraft noise is a daily source of community discomfort, annoyance, and environmental 

disturbance that can affect human health. Clark [1] discusses the effects of aircraft noise on serious 

cardiovascular health issues, such as high blood pressure, heart attack, and stroke. Additionally, 

aircraft noise is a serious threat to sleep and psychological well-being, and it severely affects 

children’s cognition and learning. Zaporozhets et al. [2] define aircraft noise as the sound generated 

by aircraft and airports that adversely affects local communities. The operation of aircraft 

components during take-off, while cruising, and during landing are the main sources of the noise, 

with the mechanical parts, such as the engine, fan, and propeller, significantly contributing to the 

noise [2]. The reduction of aircraft noise has drawn widespread attention from the aerospace 

research community [[1], [3]]. The construction materials play an important role in noise control. 

While various materials have been developed to control aircraft noise, its further reduction remains 

an engineering challenge [3]. 

1.2 Current State of Art 

The Federal Aviation Administration (FAA) has established programs and activities to limit the 

number of people exposed to significant noise levels [3]. Figure 1 shows the decreasing number 

of people exposed to aircraft noise despite the growth of traffic, which is primarily due to the 

increased production of quieter aircraft [3]. 
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Figure 1. Noise exposure reduction despite traffic growth [3]. 

As aircraft noise is a significant factor in the well-being of the community, many technical and 

experimental solutions have been developed to reduce noise. A popular and successful method of 

reducing noise is by using materials with excellent noise-absorption properties. Acoustic liners 

constructed from such materials absorb radiated acoustic energy and reduce far-field noise levels 

[4]. The acoustic liners are most efficient when placed at the engine inlet and/or outlet. A single 

layer acoustic liner comprises a perforated sheet with a honeycomb core [3], as illustrated in Figure 

2. 

 

Figure 2. Schematic of acoustic liner [3]. 

https://www.google.com/url?sa=i&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwilmpb6z73kAhVOM6wKHZZFDjgQjhx6BAgBEAI&url=https%3A%2F%2Fwww.researchgate.net%2Ffigure%2FSchematic-of-Acoustic-Liner-19_fig1_277577869&psig=AOvVaw0UwZMPRgpOmq7ILfUFUw9K&ust=1567908199993769
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Moreover, melamine foam has good sound absorption capabilities in addition to its excellent 

thermal properties [5], and it offers a solution to architectural and aircraft noise problems. Another 

popular solution, active noise control, consists of a sensor connected to an onboard computer to 

detect the noise and cancel the unwanted signals or noise by generating noise using a loudspeaker 

with the same amplitude as the unwanted sound, but with an inverted phase. While this process 

reduces the noise considerably, it cannot eliminate it [5][6]. 

1.3 Objective 

Aerogel is a diverse class of nano-porous ultralight solid materials. Due to its high porosity, it has 

exceptional properties such as low density, low thermal conductivity, and high acoustic absorption. 

This research examines the acoustic properties of aerogel-based structures and evaluates their 

suitability for aircraft noise-reduction applications. The research investigates the sound-absorption 

behavior of two types of aerogel: granular aerogel and 3D-printed structures. In the case of the 

granular aerogel, we examine the effects of the granule size on sound absorption by inserting the 

granules into a cylindrical sample holder and conducting sound absorption tests. We also study the 

effect of the sample thickness on sound absorption by inserting the granules into samples with 

layers of various thicknesses. Granular materials perform like porous media and therefore are ideal 

for sound absorption. Rice bran, pine sawdust, and wood shavings exhibit good sound-absorption 

properties [7]. Therefore, we decided to study the sound absorption performance of the granular 

aerogel. We also provide a suitable predictive acoustic model for each granule type. The second 

type of aerogel, 3D-printed structures, can be constructed with controlled porosities, and we 

analyze the effect of the manufacturing process on the acoustic properties. 
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1.4 Thesis Outline 

This research characterizes the acoustic absorption properties of granules and 3D-printed aerogels, 

and it identifies a suitable predictive acoustic model. The paper begins with an introduction to 

aerogels and basic acoustic theory in Chapter 2, which includes a literature review of aerogels and 

their various applications. Chapter 3 describes the method used to test the acoustic properties and 

generate a predictive model for the tested materials. Chapter 4 characterizes the aerogel granules 

and includes the results of the sieve test, the absorption coefficient, and acoustic models for varying 

granule sizes. Thereafter, Chapter 5 contains the acoustic absorption results for 3D-printed aerogel. 
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CHAPTER 2 

2 AEROGEL AND INTRODUCTION TO ACOUSTICS 

2.1 Aerogel 

Aerogel is an ultralight porous material derived from a gel in which the liquid component of the 

gel has been converted to a gas or a vacuum. The process results in a dry solid material with unique 

structural and thermal properties. Aerogel is an ultralight material with a porosity of greater than 

50% and a substantial surface area. It also has an extremely low density (0.0011 – 0.5 g/cm³), 

which makes it useful as a lightweight structural material. As the density of air is 0.001225 g/cm³, 

aerogel is regarded as having the lowest density of all solid materials. 

 

Figure 3. Silica aerogel block [8]. 

The specially formulated aerogels have demonstrated exceptional properties including [8]: 

• Lowest bulk density (as low as 0.0011 g cm-³) 

• Lowest thermal conductivity (0.015 W m-1 K-1) 

• Lowest speed of sound through a material (70 m s-1) 

• Highest specific area of any monolithic material (up to 3200 m2 g-1) 
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• Lowest dielectric constant from 3-40 GHz (1.008) 

 

Figure 4. Aerogel insulating a flower from Bunsen burner heat [8]. 

The process of formulating an aerogel starts with preparing the gel [8]. The choice of gel depends 

on the desired properties of the product. The gel must then be purified before further processing to 

eliminate impurities in the gel’s liquid interior that interfere with the drying processes. The 

purification process entails soaking the gel in a pure solvent (depending on the gel type, this could 

be acetone, ethanol, etc.). The last step, supercritical drying, isolates the solid framework of a gel 

from its liquid component to preserve the framework’s pore structure. Supercritical drying consists 

of heating the gel above the critical temperatures and pressures of the liquid phase of the gel. Figure 

5 is a schematic representation of the steps in making an aerogel. 

 

Figure 5. The process of making an aerogel [8]. 
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Aerogel can be made of variety of substances [8], including silica, metal oxide, organic and 

biological polymers, carbon, and metals. Silica aerogel—made from silicon oxide—is the most 

commonly used aerogel in practical applications and is the focus of this research. The silica aerogel 

is made from silicon oxide. Silica aerogels are best known for combining high optical transparency 

with low thermal conductivity. Consequently, silica aerogel is suitable for producing transparent 

windows with significant thermal insulation properties. Figure 6 shows a transparent silica aerogel. 

 

Figure 6. Transparent silica aerogel [8]. 

2.2 Literature Review 

Steven S. Kistler first engineered aerogel in 1931 [9]. This substance consists of nanostructured 

ultralight materials with a substantial surface area and a possible 99% porosity. Aerogel has 

developed into what is now considered the lightest solid on earth. Various types of aerogel 

composites are available and can be produced as granules, monolithic blocks, blankets, or thermal 

wraps. It has attracted widespread attention due to its versatile characteristics, such as high surface 

area, high porosity, low density, and exceptionally low thermal conductivity.  

Aerogel offers many applications throughout various industries. For example, Jones discusses an 

industrial application for aerogel in space [10]. NASA demonstrated the unique mechanical and 
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thermal properties of aerogel in their space exploration missions. In the Stardust mission, aerogel 

was used to capture hypervelocity particles. Other materials would have collided with the space 

particles, and the high-speed collision would have altered their shape and chemical composition 

or vaporized them. This confirmed the significant potential of aerogel, and further space missions 

utilized the solid. The Mars Pathfinder Rover used aerogel as a thermal insulator for its electric 

box, which prevented the electronics from freezing in the extreme operating conditions, allowing 

the mission to be completed successfully.  

In addition to Aerogel’s versatility as demonstrated by NASA, Buratti et al. [11] further elaborate 

on aerogel’s properties by discussing its heat-transfer effect on high energy-efficient windows. 

Thermal transmittance of 1.0–1.1 W/ (m2 ·K) was allowed when using only 15 mm thickness of 

granular aerogel. The aerogel achieved a 63% reduction in U-value (a measure of the heat 

transmission through a material) for double glazing units and 31% in low e-glass windows. 

Moreover, the aerogel allowed a significant reduction (30%) in light transmittance, ultimately 

contributing to reduced thermal heat. However, a moderate reduction in light transmittance (about 

10%) was observed with larger granules. This study included different climate conditions (hot, 

moderate, and cold). New glazing systems using silica aerogel granules demonstrated a reduction 

in energy demand for heating and cooling in those systems compared to conventional windows. 

Thus, new silica aerogel glazing offers a sustainable solution for building refurbishment. Riffat et 

al. [12] confirm that the exceptional properties of aerogel, specifically low thermal conductivity 

and a high sound insulation, offer significant potential in the construction industry. Additionally, 

aerogel could also be used for adsorption and catalysis in indoor air purification, photocatalysis in 

environmental clean-up, and for its non-combustibility properties (inorganic aerogels) in fire 

retardation. Aerogel offers novel and sustainable options for use in buildings or reconstruction.  
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Bheekhun at el. [13] demonstrate the potential uses of aerogel in the aerospace industry. The 

superior thermal insulator insulates temperatures that range from cryogenic temperatures in 

spacecraft to very high temperatures in aircraft engines. The feasibility tests of insulating space 

suits with aerogel show that a lower thermal conductivity is required and yet to be achieved. 

Bheekhun et al. discuss further potential uses for aerogel [13]: the exceptional acoustical material 

can absorb sound waves by reducing the wave speed to 100 m/s compared to 332 m/s for air. 

Moretti et al. [14] investigated the influence of the granule size of silica aerogel on the acoustic 

performance by measuring the transmission loss. Overall, smaller granules demonstrated greater 

performance and offered the best sound-insulation properties. Buratti et al. [15] studied the 

acoustic absorption of an insulation plaster consisting 80% silica aerogel with a plasterboard 

support and a final coat. They determined that the acoustic absorption coefficients were not 

significant in the plaster samples. However, the absorption coefficient primarily depends on the 

final coat. Cotana et al. [17] conducted an acoustic analysis of two dedicated full-scale prototype 

buildings located in Perugia, Italy. They analyzed the performance of the façade by comparing 

acoustic levels with and without aerogel windows. The study demonstrated that the aerogel 

increased the acoustic insulation level (by 3 dB) of the façade they tested. This result supported 

Cotana’s earlier laboratory findings on aerogel performance, thus confirming the application of 

aerogel in acoustic absorption. 

Further application methods have identified the potential of aerogel. Talebi et al. [18] investigated 

the effect of pore structure, physical properties, and hydrophobicity of aerogel particles on the 

sound absorption coefficient for silica aerogel in polyester blankets. Silica aerogel/polyester 

blankets showed a higher sound absorption coefficient compared to their untreated counterparts 

and hydrophilic aerogel blankets. This confirmed that the sound absorption coefficient is 
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significantly influenced by the pore structure of aerogel particles. The best sound absorption was 

observed in silica aerogels with lower bulk density, larger pore size, and higher porosity. 

Jichao et al. [19] also confirmed aerogel’s versatility by studying it in blocks. They measured the 

coefficient of the sound absorption of monolithic aerogel and found that it reached values of more 

than 96% at frequencies between 1 kHz and 3 kHz for varying densities. They concluded that the 

monolithic aerogels could exhibit unexpected attenuation depending on the geometry and 

boundary conditions in well-defined frequency bands. Granular silica aerogels demonstrated 

significant absorption in a low-frequency range. Jichao et al. [19] further found that silica aerogels 

have the lowest impedance (the product of density and sound velocity) of all solid materials. 

Malakooti et al. [20] studied another perspective of acoustic properties – sound transmission. 

Transmission differs from absorption in the material’s ability to block the sound. They reported 

that the significant sound-transmission loss of a family of polyurea (PUA) aerogels was 

comparable to an acoustic foam. Moreover, polyurea aerogels with higher densities exhibit greater 

transmission loss. 

2.3 Granular Aerogel 

This research examines the acoustic performance of granular aerogel. The granules are categorized 

according to their granular size and the total thickness of the samples. Table 1 shows the designated 

granules for our study and their properties. These commercially available aerogels were obtained 

from buyaerogel.com [20]. These granules, made from silica aerogel through a supercritical drying 

process, are white odorless powders that become translucent when used. 
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Table 1. Aerogel granules. 

Granule 

type 
Lumira Enova IC1300 Enova IC1310 Enova IC1320 

Granule size 
(μm) 

700-4000 2-40 100-700 100-1200 

Density 

(kg/m
3

) 
60-150 120-150 120-150 120-150 

Thickness to 

be tested 
(Inch) 

0.5 
1 
2 

0.5 
1 
2 

0.5 
1 
2 

0.5 
1 
2 

Previous 

Applications 

subsea pipe 

insulation and 

daylighting 

thin film 

insulative coatings 

applications 

thin film 

insulative coatings 

applications 

thin film 

insulative coatings 

applications 

Picture 

    

 

2.4 3D-Printed Silica Aerogel 

3D-printed silica aerogel is a promising methodology for transferring the inherent properties of 

silica into macroscopic applications for composite materials, energy storage, stress sensors, 

thermal insulators, and shock damping. Consequently, there is an interest in the possible use of 

3D-printed aerogel for acoustic liner applications to reduce aircraft engine noise. This research 

studies the acoustic properties of 3D-printed aerogel and the manufacturing effects on the 

measured acoustic properties. The 3D-printed aerogel used in this research was prepared by Guang 

Yang, a PhD student in Industrial and Manufacturing System Engineering at Kansas State 
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University. Their technique is different from other 3D-printing processes [21] and is carried out as 

follows: 

Step 1 – Suspension preparation: mixing commercial CNF powders and deionized (DI) water. 

Step 2 – Extrusion: a commercial fused deposition modeling (FDM) 3D printer is used, which has 

a multi nozzle with a drop-on-demand inkjet option. Figure 7 shows the printing set up and the 

extrusion process. 

 

Figure 7. (Left) 3D printing set up. (Right) Extrusion process. 

Step 3 – Post processing: after the printed samples are placed in a -70º C freezer for 12 hours for 

further freezing, they are loaded into a freeze-dry system for 48 hours, as shown in Figure 8. 

 

Figure 8. Freeze-drying process. 
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2.4.1 3D-Printed aerogel sample for the acoustic testing 

Preliminary trials of 3D-printed aerogel samples test the manufacturing effects on the acoustic 

properties. Two samples of 60 mm and 30 mm diameters are shown in Figure 9a and 9b, 

respectively. Table 2 shows a summary of the 3D printed silica aerogel prepared for the acoustic 

testing. 

 

(a) 

 

(b) 

Figure 9. (a) 60 mm diameter and (b) 30 mm diameter 3D-printed aerogel samples (1-inch 

thickness). 

Table 2. 3D-printed silica aerogel prepared for acoustic testing. 

 Group 1 Group 2 Group 3 Group 4 

Diameter (mm) 30 30 60 60 

Thickness 

(Inch) 
0.5 1 0.5 1 

Number of 

samples 
6 5 2 5 

Picture 
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2.5 Introduction to Acoustics 

The propagation of sound waves in fluid is derived from the equation of state [22] using the 

absolute pressure P, density ρ, absolute temperature T, and specific gas constant r as follows: 

 𝑃 = ρ𝑟𝑇 (1)  

Subsequently, the equation is simplified using the conservation of mass and conservation of 

momentum equations. The wave equation for a plane wave propagating along the x axis during the 

time 𝑡 is described as 

 𝜕2𝑝

𝜕𝑥2
−

1

𝑐2
 
𝜕2𝑝

𝜕𝑡2
= 0 

(2)  

where 𝑝 = 𝑝(𝑥, 𝑡) is the acoustic pressure, and c is the speed of sound in the medium. Usually, 

when sound waves encounter an object, part of the plane wave is absorbed by the object and the 

remainder is reflected as shown in Figure 10. The solution for the acoustic pressure using the 

incident pressure 𝑃𝑖 and the reflected pressure 𝑃𝑟 is: 

 𝑝(𝑥, 𝑡) =  𝑃𝑖𝑒
𝑖(𝜔𝑡−𝑘𝑥) + 𝑃𝑟𝑒𝑖(𝜔𝑡+𝑘𝑥) (3)  

 

Figure 10. Incidence (i) and Reflection (r) of plane wave from a plane termination. 

where 𝜔 is the angular frequency, and 𝑘 is the bulk modulus. The associated particle velocity, 

u(x,t) is calculated as follows: 
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𝑢(𝑥, 𝑡) =

𝑘𝑃𝑖

𝜌𝜔
𝑒𝑖(𝜔𝑡−𝑘𝑥) +

𝑘𝑃𝑟

𝜌𝜔
𝑒𝑖(𝜔𝑡+𝑘𝑥) 

(4)  

We can therefore relate the pressure and the velocity using the equation: 

 
𝑢(𝑥, 𝑡) =

1

𝑍𝑐
𝑝(𝑥, 𝑡) 

(5)  

Where 𝑍𝑐 is the characteristic impedance of fluid. The characteristic impedance is the property of 

the medium and it is defined as the product of the medium density ρ and the speed of sound c. 

Therefore, the reflection coefficient is calculated using the complex pressure amplitudes of the 

incident wave 𝑃𝑖 and the reflected wave 𝑃𝑟,   

 
𝑅 =

𝑃𝑟

𝑃𝑖
 

(6)  

Thus, the sound absorption coefficient for a plane wave at a normal incidence is calculated as 

follows, 

 Α = 1 − |𝑅|2 (7)  

Sound absorption is represented in a material by the sound absorption coefficient Α. 

2.6 Acoustic Absorption in Porous Materials 

Porous materials are solid materials that contain pores, channels, cracks, or interstices. Porous 

solids have attracted attention due to their relatively high structural rigidity and low mass density 

[24]. Porous materials can be made from a variety of substances such as metal and polymer. They 

also take the form of fiber, foam, and granules. Figure 11 illustrates examples of porous material, 

fiberglass, polymer, and metal foam. 
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Figure 11. Examples of porous material: a) fiber glass b) polymer foam c) metal foam and d) 

plastic granules (PVC). 

Porous materials hold great potential in the field of sound absorption. Sound energy is dissipated 

through a porous layer by viscous and thermal losses caused by the friction of air molecules with 

the pore walls [24]. Important parameters govern the sound absorption in porous materials [26]. 

a) Porosity 𝜙: The number of pores characterizes the porosity of the material (high or low), 

as shown in Figure 12. Porosity is the fraction of volume that is occupied by the air in the 

interconnected porous network. The porosity of a material can be calculated using the 

equation: 

 
𝜙 =

𝑉𝑎𝑖𝑟

𝑉𝑡𝑜𝑡𝑎𝑙
  

(8)  

 

Figure 12. Different porosity. 
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b) Static airflow resistivity 𝜎 (N.s/m4): The differential pressures over a layer of porous 

material divided by flow velocity and the thickness of the layer.  

 𝜎 =
𝑝2 − 𝑝1

𝑣ℎ
  (9)  

 

Figure 13. Pressure through porous material. 

c) Tortuosity 𝛼: A measurement of the deviation of the actual path followed by an acoustical 

wave from a direct path. 

 
𝛼 =

Le

L
  

(10)  

 

Figure 14. Actual and direct path through porous material. 

d) Viscous characteristic length Λ (m): Describes the viscous dissipation effects at medium. 

e) Thermal characteristic length Λ′ (m): Describes the thermal dissipation effects at medium. 
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Figure 15. Characteristic lengths inside the pore. 

2.7 Equivalent Fluid Models 

For sound propagating in porous media, the equivalent fluid model measures the important 

parameters listed previously for porous material. The saturating air in the porous frame is replaced 

by an equivalent homogenous fluid that presents the same effective density ρ or/and the effective 

bulk modulus K.  

2.7.1 Models of effective density of the saturating air. 

These models consider the viscous and inertial effects of the porous media [26]. 

a) Johnson et al. (1987) [26]: assumes the effective density has the simplest expression for 

high and low frequencies of the imaginary part. It follows the dynamic tortuosity as 

follows: 

 
𝛼(𝜔) =

𝜌(𝜔)

𝜌0
  

(11)  

 

𝛼(𝜔) =
𝑣𝜙

𝑗𝜔𝑞0

[1 + (
2𝛼∞𝑞0

𝜙Λ
)

2 𝑗𝜔

𝑣
]

1
2

+ 𝛼∞  

(12)  

where 𝜌 is the effective dynamic density, 𝜌0 is the ambient fluid density, 𝑣 is the dynamic 

viscosity, and 𝑞0 is the static viscous permeability. 
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b) Pride et al. (1993) [26]: modify the model of Johnson et al. (1987) to adjust the low-

frequency limit of the real part of the effective density with a parameter denoted as 𝑏 

(correction factor). Therefore, the dynamic tortuosity is calculated using the equation, 

 

𝛼(𝜔) =
𝑣𝜙

𝑗𝜔𝑞0

[1 − 𝑏 + 𝑏 (
2𝛼∞𝑞0

𝑏𝜙Λ
)

2 𝑗𝜔

𝑣
]

1
2

+ 𝛼∞  

(13)  

In Figure 16, the effective density 𝜌 is successively predicted using the Equation 13. The 

model parameters used for prediction are 𝑞0 = 1.23 x 10-10 m2, 𝜙 = 0.37, Λ = 31 μm, and 𝛼∞ 

= 1.37. 

 

Figure 16. Real and imaginary part of effective density predicted using Johnson et al. (𝑏 = 1) and 

Pride et al. (𝑏 = 0.6) models. 

2.7.2 Models of effective bulk modulus of the saturating air. 

These models consider thermal effects. 

a) Simplified Lafarge et al. (1997) [26]: assumes the effective bulk modulus as follows: 

 
𝐾(𝜔) =

𝑃0

[1 −
(𝛾 − 1)
𝛾𝛼′(𝜔)

]
  

(14)  
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𝛼′(𝜔) =
𝑣′𝜙

𝑗𝜔𝑞′
0

[1 + (
2𝑞′

0

𝜙Λ′
)

2
𝑗𝜔

𝑣′
]

1
2

+ 1  

(15)  

where 𝑃0 is the ambient pressure, 𝛾 is the ratio of specific heat for ambient fluid, α′ (𝜔) 

is the dynamic tortuosity homologue for K, and 𝑞′
0
 is the static thermal permeability. 

b) Champoux and Allard [26]: This model derives from the simplified Lafarge model 

assuming circular cylindrical pores with a radius that is same as the thermal characteristic 

length. 

 
𝑞′

0
=

𝜙Λ′2

8
  

(16)  

 

𝛼′(𝜔) =
8𝑣′

𝑗𝜔Λ′2 [1 + (
Λ′2

4
)

2
𝑗𝜔

𝑣′
]

1
2

+ 1  

(17)  

In Figure 17, the effective bulk modulus 𝐾 is successively predicted using Equations 14 

and 15. The model parameters are 𝜙 = 0.95 and Λ′ = 610 μm. 

 

Figure 17. Real and imaginary part of bulk modulus predicted using simplified Lafarge model. 
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CHAPTER 3 

3 METHODOLOGY 

This study characterizes the acoustic absorption properties of the silica aerogel granules. To 

achieve this goal, we present the absorption test results for the aerogel granules, as listed in Table 

1. As mentioned, we investigate the influence of the granule size and the thicknesses of the sample 

on the absorption properties using a normal incidence test arrangement as discussed in Section 2.5. 

Based on the absorption results, we then create a suitable and predictive acoustic model using the 

inverse characterizing method as discussed in Section 3.2. In addition to the granular aerogel, we 

study the absorption properties of the 3D-printed aerogels that were listed in Section 2.4. The 

results of the absorption testing for the granular silica aerogel and 3D-printed aerogels are 

presented in Chapter 4 and Chapter 5, respectively. 

3.1 Two-Microphones Impedance Tube 

Different laboratory methods can measure the acoustical properties. This research uses the BSWA 

impedance tube in the Mechanics and Dynamics laboratory at Wichita State University. The 

impedance tube measures the absorption coefficient and the acoustic impedance at normal 

incidence.  For years, it has tested the acoustic performance (sound absorbing and transmission 

loss) for building materials. Small samples of these building materials allow one to obtain accurate 

measurements of normal incident impedance. The impedance tube holds a sound source (speaker) 

at one end and the sample at the other end, microphones to measure the acoustic pressures, and a 

digital oscillator to process the measured data. Figure 18 shows the impedance tube used for the 

testing. 

https://www.bksv.com/contact
https://www.bksv.com/contact
https://www.bksv.com/contact
https://www.bksv.com/contact
https://www.bksv.com/contact
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Figure 18. BSWA impedance tube used to test absorption coefficient in MaDLab. 

Different configurations of the impedance tube can test different acoustic performances and 

properties. We use the impedance tube with two microphones to measure the specific impedance 

and sound absorption coefficient of the aerogel at a normal incidence angle. The basic formulations 

of the acoustic pressure and particle velocities derived in Chapter 2 are used in the two-

microphones method to further measure the absorption coefficient. The standard testing method is 

described using the ASTM 1050 [26][26]. The impedance tube holds a sound source (speaker) at 

one end and the sample at the other end, two microphones to measure the pressures, and a digital 

oscillator to further process the measured data. Figure 19 shows a schematic diagram of the 

impedance tube for the two-microphone.  

 

Figure 19. Schematic diagram of the impedance tube for the two-microphone method. 

https://www.google.com/url?sa=i&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwj68amV7qPkAhUHDq0KHfhjDHcQjhx6BAgBEAI&url=https%3A%2F%2Fwww.researchgate.net%2Ffigure%2FSchematic-diagram-of-the-impedance-tube-for-the-two-microphone-transfer-function-method_fig2_306917581&psig=AOvVaw23NPq4vU0Ux9SHmPKCw9QN&ust=1567023114445482
https://www.google.com/url?sa=i&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwj68amV7qPkAhUHDq0KHfhjDHcQjhx6BAgBEAI&url=https%3A%2F%2Fwww.researchgate.net%2Ffigure%2FSchematic-diagram-of-the-impedance-tube-for-the-two-microphone-transfer-function-method_fig2_306917581&psig=AOvVaw23NPq4vU0Ux9SHmPKCw9QN&ust=1567023114445482
https://www.google.com/url?sa=i&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwj68amV7qPkAhUHDq0KHfhjDHcQjhx6BAgBEAI&url=https%3A%2F%2Fwww.researchgate.net%2Ffigure%2FSchematic-diagram-of-the-impedance-tube-for-the-two-microphone-transfer-function-method_fig2_306917581&psig=AOvVaw23NPq4vU0Ux9SHmPKCw9QN&ust=1567023114445482
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The digital oscillator links to a computer to process the data. We use VA Lab software perform 

the testing. 

3.1.1 Frequency range 

If f is the frequency, the frequency range is, 

 𝑓𝑙 < 𝑓 < 𝑓𝑢 (18)  

The subscripts denote the following: 

𝑓𝑙 = is the lower working frequency of the tube, Hz 

𝑓 = is the operating frequency, Hz  

𝑓𝑢 = is the upper working frequency of the tube, Hz. 

The upper frequency 𝑓𝑢 depends on the diameter of the tube 𝑑 and the speed of sound 𝑐 and it is 

defined as 

 𝑓𝑢 < K 𝑐/𝑑 (19)  

Where K is a constant and equal to 0.586. 

The lower frequency limit 𝑓𝑙 depends on the spacing of the microphones and the accuracy of the 

analysis system. It is recommended that the microphone spacing exceed one percent of the 

wavelength corresponding to the lower frequency of interest.  A large space between the 

microphones enhances the accuracy of the measurements. However, the microphone spacing must 

be as follows: 

 𝑠 ≪
𝑐

2
𝑓𝑢 (20)  

where: 

s = microphone spacing, m 
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c = speed of sound, m/s, and 

𝑓𝑢= upper frequency limit, Hz. 

It is recommended that the maximum microphone spacing, s, be 80% of  
𝑐

2
𝑓𝑢. 

The signals recorded by the two microphones are amplified and then connected to a digital 

oscilloscope to obtain data. The digital oscilloscope is connected to a computer to perform the 

digital frequency analysis, including the calculation of transfer function. 

3.1.2 Channel calibration 

The sound source generates sufficient signal at both microphone locations. The measured signal 

in each test frequency band should be at least 10 dB greater than the background noise; this is 

known as signal-to-noise ratio. Figure 20 shows the signal-to-noise ratio window from VA Lab 

software during the testing. 

 

 

Figure 20. Signal to noise ratio window from VA Lab. 
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Any mismatch in the amplitude or phase response of the two microphones will affect the accuracy 

of the transfer function measurements. Channel calibrations should be performed before testing 

the sample to correct the transfer function in both channels. To conduct the channel calibration, 

we place a highly absorptive specimen in the tube to prevent strong acoustic reflections and to 

obtain the most accurate correction factor. Then, we place the microphones in the standard 

configuration (Mic. 1 in the first opening) and measure the transfer function 𝐻12. Thereafter, we 

interchange the microphone positions (Mic. 2 in the first opening) and measure the transfer 

function 𝐻21. Figure 21 and Figure 22 show the interface of VA Lab software during the channel 

calibration. Finally, the calibration factor is calculated, 

 𝐻𝑐 =  √𝐻12 × 𝐻21  (21)  

 

Figure 21. Interface of channel calibrate step 1 (𝐻12). 
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Figure 22. Interface of channel calibrate step 2 (𝐻21). 

3.1.3 The transfer function calculation 

The transfer function is determined by taking the ratio of the cross-power spectrum to the input 

auto power spectrum. The transfer function can be also determined by taking the complex ratio of 

the Fourier transform of the acoustic pressure at Mic. 2 (nearest the test specimen) to the Fourier 

transform of the acoustic pressure at Mic. 1 (nearest the sound source). When averaging is 

employed, the calculation method reduces the effects of noise. Let the pressure amplitudes for the 

incident and reflected waves at any position x be 

 𝑝𝑖 = 𝑃𝑖  ×  𝑒𝑗𝑘(𝐿−𝑥) (22)  

 𝑝𝑟 = 𝑃𝑟  ×  𝑒−𝑗𝑘(𝐿−𝑥) (23)  

where the subscripts + and – are for the forward and backward travelling waves respectively. The 

ratio between the incident and reflected waves is measured at the first microphone; let the distance 
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between the second microphone and the sample be 𝑙, and let s be the spacing between the two 

microphones. Then, 

 𝑝𝑖

𝑝𝑟
=

𝑃𝑖

𝑃𝑟
× 𝑒−2𝑗𝑘(𝑙+𝑠) = 𝑅 × 𝑒−2𝑗𝑘(𝑙+𝑠)  

(24)  

where  𝑙 + 𝑠 = L – x. The transfer function between microphones 1 and 2 is 

 
𝐻12 =

𝑐𝑟𝑜𝑠𝑠 𝑝𝑜𝑤𝑒𝑟 𝑠𝑝𝑒𝑐𝑡𝑟𝑢𝑚

𝑎𝑢𝑡𝑜 𝑝𝑜𝑤𝑒𝑟 𝑠𝑝𝑒𝑐𝑡𝑟𝑢𝑚
=  

𝑃2𝑃1
∗

𝑃1𝑃1
∗  =  

𝑃2

𝑃1
 

(25)  

 
𝐻12 =

𝑃𝑖  𝑒𝑗𝑘(𝑙+𝑠) + 𝑃𝑟  𝑒−𝑗𝑘(𝑙+𝑠)

𝑃𝑖  𝑒𝑗𝑘𝑙 + 𝑃𝑟  𝑒−𝑗𝑘𝑙
=  

𝑃𝑖 𝑒
−𝑗𝑘𝑠 + 𝑃𝑟  𝑒−𝑗𝑘𝑠

𝑃𝑖 + 𝑃𝑟
  

(26)  

Solving for the pressure ratio yields the following: 

 𝑃𝑖

𝑃𝑟
=

 𝑒−𝑗𝑘𝑠 + 𝐻12

𝐻12 − 𝑒−𝑗𝑘𝑠
 

(27)  

Now we can solve for the reflection coefficient from Equation (6) 

 
𝑅 =

 𝑒−𝑗𝑘𝑠 + 𝐻12

𝐻12 − 𝑒−𝑗𝑘𝑠
 𝑒−2𝑗𝑘(𝑙+𝑠) 

(28)  

Finally, the sound absorption coefficient as mentioned earlier in Section 2.5 Equation (7) 

 Α = 1 −  𝑅 × 𝑅∗ (29)  

where 𝑅∗ is the complex conjugate. 

3.1.4 Testing 

The absorption coefficient tests were conducted 10 times for the aerogel, for at least 60 seconds 

for each sample. The final presented result is the average of these 10 tests. Figure 23 shows an 

interface of VA Lab while testing the absorption coefficient for fiberglass. 
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Figure 23. Interface of testing the absorption coefficient of fiberglass. 

3.2 Inverse Equivalent Fluid Characterization Method 

 

The inverse equivalent fluid characterization method is an optimization technique that calculates 

the values of the acoustic parameters listed in Section 2.6 (porosity, flow resistivity, etc.). The 

values are determined by fitting the impedance tube measurements to a model that depends on 

these parameters. The method assumes the model with pores of an equivalent behavior that can be 

modeled by the equivalent fluid models introduced in Section 2.7. Using this method, we can 

obtain a suitable predictive model for the aerogel. 

In the case of a sound absorption curve, a set of parameters can significantly affect a certain range 

of the frequency. For instance, the zone before the peak of the sound absorption curve is 
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significantly affected by porosity 𝜙, flow resistivity 𝜎, and thermal length Λ′. Figure 24 shows the 

dominating parameters for each zone in a sound-absorption coefficient curve.  

 

Figure 24. Dominating parameters in sound absorption coefficient. 

3.2.1 Introduction to FOAM-X 

The FOAM-X software provides a commercial implementation of the inverse characterization 

method for porous material. FOAM-X can be used to characterize three types of sound absorbers: 

general porous materials, perforated plates, and fabrics using the inverse equivalent fluid 

characterization method. Using FOAM-X, the inverse model will be fitted (nonlinear) based on an 

observable sound absorption data, which can be obtained from the impedance tube as shown in 

Figure 25. 
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Figure 25. Measurements (output) from impedance tube as FOAM-X input. 

 

The measurements needed from the impedance tube are frequency (Hz), sound absorption 

coefficient, reflection coefficient, and characteristic impedance. These data should be distributed 

in columns in a text file, and the file is uploaded as an input file in FOAM-X. Figure 26 shows the 

interface of FOAM-X during the inverse characterization method. The room and tube conditions, 

such as temperature, atmospheric pressure, and relative humidity, are required to compute the 

model. The model can be assumed to have a rigid or limp frame. The unknown parameters are 

therefore calculated using the models of Johnson et al. and Champoux and Allard (JCAL). The 

developed model will adeptly address both the sound absorption measurements as well as the fixed 

transport properties for different thicknesses. 
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Figure 26. Interface of FOAM-X inverse characterization while modeling Lumira aerogel.  
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CHAPTER 4 

4 EXPERIMENTAL CHARACTERIZATION AND MODELING OF GRANULAR 

AEROGELS 

We assumed the aerogel granules to be a general porous material. This research primarily aims to 

characterize the acoustic properties of different granule sizes and to determine the influence of the 

granule size on the sound absorption. We also investigated the effect of the sample thickness on 

the sound absorption by employing three different sample thicknesses. Table 3 and Table 4 show 

the granule size and the selected sample thicknesses for our testing, respectively. 

 

Table 3. Aerogel Granules Densities and Particle Size 

Name Particle size 

Lumira Aerogel Particles millimeter 

Enova Aerogel IC3100 Particles 2-40 µm 

Enova Aerogel IC3110 Particles 100-700 µm 

Enova Aerogel IC3120 Particles 100-12000 µm 

 

Table 4. Aerogel Granules Thickness Included in the Test 

 Thickness 1 Thickness 2 Thickness 3 

Lumira Aerogel Particles 0.5 Inch 1 Inch 2 Inch 

Enova Aerogel IC3100 

Particles 0.5 Inch 1 Inch 2 Inch 

Enova Aerogel IC3110 

Particles 0.5 Inch 1 Inch 2 Inch 

Enova Aerogel IC3120 

Particles 0.5 Inch 1 Inch 2 Inch 
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4.1 Sieve Analysis 

The sieve analysis determines the granule size distribution, which will help us estimate the actual 

granule size and its acoustic performance. The sieve test is performed in the Mechanics and 

Dynamics laboratories at Wichita State University. After passing the material through a series of 

sieves with progressively smaller mesh sizes, we weigh the amount of material retained in each 

sieve size and expressed it as a fraction of the total weight. The distribution of granule sizes was 

analyzed according to the available sieve sizes in the lab. Table 5 through Table 8 show the sieve 

analysis results for each type of aerogel granule. Figure 28 through Figure 31 show the granule 

size distributions for the aerogel. 

 

 

Figure 27. Sieves used in the sieve test. 

 

Table 5. Sieve test result. 

Lumira 

Granule Size 

µm 
2 Inch 1 Inch 0.5 Inch 

4000-2000 48% 47% 46% 

2000-1000 47% 45% 46% 

1000-500 4% 6% 7% 

less than 500 1% 2% 0% 
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Table 6. Sieve test result. 

IC3100 

Granule Size 

µm 
2 Inch 1 Inch 0.5 Inch 

40-25 100% 100% 100% 

25-10 0% 0% 0% 

 

Table 7. Sieve test result. 

IC3110 

Granule Size 

µm 
2 Inch 1 Inch 0.5 Inch 

700-500 76% 80% 76% 

500-250 18% 15% 14% 

250-100 5% 5% 10% 

 

Table 8. Sieve test result. 

IC3120 

Granule Size 

µm 
2 Inch 1 Inch 0.5 Inch 

1200-1000 32% 34% 33% 

1000-500 42% 40% 43% 

500-250 22% 21% 22% 

250-100 4% 5% 2% 
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Figure 28. Sieve test result for Lumira Aerogel. 

 

Figure 29. Sieve test result for IC3100 aerogel. 

 

Figure 30. Sieve test result for IC 3110 aerogel 
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Figure 31. Sieve test result for IC3120 aerogel. 

4.2 Orienting the Impedance Tube 

The aerogel granules were tested using the impedance tube, which is fixed horizontally as shown 

in Figure 18. The aerogel granules can move freely, and the horizontal placement of the impedance 

tube is not suitable for testing the granules. Consequently, we decided to orient the impedance tube 

and fix it vertically. Figure 32 shows the arrangement used to orient and fix the impedance tube 

vertically in the 30 mm tube (left) and the 60 mm tube (right). 

  

Figure 32. Impedance tube fixed vertically the 30 mm tube (left) and the 60 mm tube (right). 
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The impedance tube fixture, as shown in Figure 33, is constructed from four punched square rods 

that are fixed into a perforated table. These rods are also connected with three small square 

aluminum tubes. The tubes hold the impedance tube with riser clamps. The riser clamps, as shown 

in Figure 34, are fixed to the impedance tube. The small rubber sheet that covers the contact area 

between the clamps and the impedance tube, as shown in Figure 34, reduces the vibration of the 

tube. 

 

 

Figure 33. Impedance tube fixture. 

45.5 inches 
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Figure 34. Riser clamps placed on the impedance tube. 

4.2.1 Verification of the vertical impedance tube 

To verify the vertical positioning of the impedance tube, we test the closed empty tube, both 

horizontally and vertically. Hence, we compare the imaginary part of the impedance from the test 

with calculated value for the same tube using theory. The measured acoustical impedance of the 

two arrangements should be the same as the calculated values. They also should equal zero at the 

same frequency value, because the imaginary part of the impedance will be zero at resonance.  

The normalized acoustical impedance of a closed empty tube is calculated using the following 

equation [22]: 

 𝑧 =  −𝑗𝑐𝑜𝑡(𝑘𝐿) (30)  

where 𝐿 is the length of the tube, 𝑘 is the wave number 2𝜋𝑓/𝑐, 𝑓 is the frequency in hertz, and c 

is the speed of sound. Figure 35 shows the result of the imaginary part of the acoustical impedance 

of the closed tube using the three methods. As shown in Figure 35, the results are acceptable, and 

they all reach zero at the same frequency value. 

11.9 inches 
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Figure 35. Imaginary part of the acoustical impedance of the closed impedance tube. 

4.3 Results 

The absorption coefficient was determined for aerogel granules of different thicknesses. Each 

granule type was tested with three different thicknesses: half inch, one inch, and two inches (See 

Table 1). Some of the aerogel granule results demonstrate similar properties to that of other 

granular material used for acoustic applications. However, some tested aerogels showed interesting 

differences, especially for the low-frequency region. Figure 36 shows the results for the Lumira 

samples, and the trend is similar to conventional granular materials. In the thicker Lumira samples, 

the number of absorption peaks increase and become narrower, as shown in Figure 36.  

Figure 37 displays the result for the IC1300 granules, which exhibit more high absorption peaks 

at lower frequencies than other granules. While the IC1300 samples demonstrate an increasing 

number of high-frequency peaks as the samples become thicker, the peaks are narrower than those 

observed for Lumira granules. Figure 38 shows the result for IC1310, which provided flatter 

absorption over the measured frequency. A narrow high absorption peak is observed for the 2-inch 
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sample, resulting in higher absorption for the thicker sample. Similarly, the IC1320 absorption 

response has a narrow peak at low frequency for the thicker sample, as shown in Figure 39. 

However, the 0.5-inch sample achieved higher absorption within the 3000-5000 Hz frequency 

range.   

In conclusion, we can relate the absorption to the aerogel granule sizes. The largest diameter 

aerogel granule (Lumira) provides a conventional result. It also provides higher absorption at lower 

frequencies. However, the IC1300 aerogel granules provide more high peaks due to their 

exceptionally small diameter. In addition to its small diameter, the IC3100 is lightweight and the 

granules moved freely within the sample holder during testing. The granules might vibrate under 

the incident acoustic waves.  

 

 

Figure 36. Absorption coefficient for different thicknesses (Lumira). 
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Figure 37. Absorption coefficient for different thicknesses (ENOVA IC3100). 

 

 

Figure 38. Absorption coefficient for different thicknesses (ENOVA IC3110). 
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Figure 39. Absorption coefficient for different thicknesses (ENOVA IC3120). 

 

4.4 Acoustic Models for Aerogel Granules Using FOAM-X 

This study aims to create an acoustic model for the aerogel by using the obtained acoustic 

absorption result. Therefore, we used the results as an input for the inverse characterization method 

(see Section3.2) to obtain the aerogel’s transport properties. We initially obtained the transport 

properties for a single consistent model using the results of the different thicknesses for the same 

type of aerogel. However, the predictions of the transport properties for all three datasets were 

significantly different from the measured absorption curves. Therefore, we refocused the effort on 

calculating the flow resistivity, tortuosity, and porosity of each sample of a specific thickness. 

Sections 4.4.1 through 4.4.4 show the results for the predicted acoustic models obtained using 

Foam-X. 
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4.4.1 FOAM-X model for Lumira aerogel  

Figure 40 through Figure 42 show the measured and predicted absorption curve using the 

prediction of the transport properties for the three thicknesses. As shown in the figures, the 

predicted transport properties for each thickness set provided a significant predicted absorption 

curve, which might be because the Lumira aerogel’s diameter is larger than the three other tested 

aerogels, as well as its  absorption trends that behave similar other conventional granular materials. 

The predicted transport properties for all thicknesses for Lumira aerogel are tabulated in Table 9. 

 

 

Figure 40. Predicted model for 0.5 inch. 
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Figure 41. Predicted model for 1 inch. 

 

 

Figure 42. Predicted model for 2 inches. 



45 

 

Table 9. Transport properties for the predicted model. 

Best predictions obtained for Lumira 

Porosity φ 0.6 

Resistivity σ (N.s/m
4

) 17000 

Tortuosity α 1.9 

 

4.4.2 FOAM-X model for IC3100 aerogel  

Figure 43 through Figure 45 show the measured and predicted absorption curves using the 

prediction of the transport properties. As demonstrated in the figures, it was difficult to predict one 

set of transport properties to model the three thicknesses for the IC3100. While some of the values 

for the predicted transport properties presented below are the same, the predicted values cannot 

replicate the measured absorption curves. 

 

Figure 43. Predicted model for 0.5 inch, φ = 0.999, σ = 1000 N.s/m4, and α = 2.33. 
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Figure 44. Predicted model for 1 inch, φ = 0.999, σ = 1000 N.s/m4, and α = 1.35. 

 

 

Figure 45. Predicted model for 2 inch, φ = 0.999, σ = 1000 N.s/m4, and α = 1. 
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Table 10. Transport properties for the predicted model. 

Best predictions obtained for IC3100 

Porosity φ - 

Resistivity σ (Ns/m
4

) - 

Tortuosity α - 

 

4.4.3 FOAM-X model for IC3110 aerogel  

Figure 46 through Figure 48 show the measured and predicted absorption curve using the 

prediction of the transport properties. We obtained a good correlation between the measured and 

the predicted absorption curves by predicting the porosity and tortuosity values for the three 

thicknesses. However, the flow resistivity was difficult to predict, and each sample thickness has 

a different flow resistivity value that is listed below the associated absorption curve. Table 11 

shows the transport properties for model IC3110. 

 

Figure 46. Predicted model for 0.5 inch, σ = 154150 N.s/m4. 
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Figure 47. Predicted model for 1 inch, σ = 1000 N.s/m4. 

 

 

Figure 48. Predicted model for 1 inch, σ = 85741 N.s/m4. 



49 

 

Table 11. Transport properties for the predicted model 

Best predictions obtained for IC3110 

Porosity φ 0.999 

Resistivity σ (Ns/m
4

) - 

Tortuosity α 1 

 

4.4.4 FOAM-X model for IC3120 aerogel  

Figure 49 through Figure 51 show the measured and predicted absorption curve using the 

prediction of the transport properties. We obtained a reasonably close predicted absorption 

compared to the measured absorptions by predicting the values of the porosity and the flow 

resistivity for the three thicknesses. However, the tortuosity was difficult to predict, and each 

thickness has a different tortuosity value that is listed below the associated absorption curve. Table 

12 shows the transport properties used to model IC3120. 

 

Figure 49. Predicted model for 0.5 inch, α = 2.85 
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Figure 50. Predicted model for 1 inch, α = 1 

 

 

Figure 51. Predicted model for 2 inch, α = 6.28 
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Table 12. Transport properties for the predicted model 

Best predictions obtained for IC3120 

Porosity φ 0.85 

Resistivity σ (Ns/m
4

) 50000 

Tortuosity α - 

 

4.5 Conclusion 

This study measured the acoustic absorption properties for commercially available aerogel 

granules. The acoustic absorption increases with the thickness of the aerogel's sample. The 

absorption behavior differs with the granule size, and Lumira granules demonstrated higher 

absorption for lower frequencies. The maximum absorption coefficient for Lumira aerogels 

(largest tested granule) was found to be 0.99 for 2-inch samples, 0.96 for 1-inch samples, and 0.86 

for 0.5-inch samples. Moreover, the tested aerogel granules were found to have high absorption 

values over the frequency range 400-6100 Hz. Therefore, aerogel granules are an ultra-lightweight 

material for increasing sound absorption in engineering applications. The transport properties were 

determined in accordance with the JCAL, and the Lumira granules appear to be a relatively suitable 

option. Further work is needed to determine the accuracy of the predicted model. While the models 

IC3100, IC3110, and IC13120 did not demonstrate similar properties, further analysis is necessary 

to model their acoustic properties and will be undertaken in future studies.   
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CHAPTER 5 

5 3D-PRINTED AEROGEL RESULTS AND DISCUSSION 

Figure 52 through Figure 55 demonstrate the acoustic absorption of 3D-printed aerogel. The 

acoustic absorption results are for the four groups Figure 52, the acoustic absorption for the 

frequency range 1000-6100 Hz of the 30 mm diameter samples, shows the result for all six tested 

samples. A peak in the curve at different frequencies is observed in the data from samples 1, 2, 4, 

and 6, while the other two have flatter curves. This may be because of the difference in the top 

layer of the samples, as some samples had a smoother and flatter exterior than other samples. 

Figure 53 shows the acoustic absorption for 30 mm diameter and 1-inch thickness. While the 

curves for the five tested samples have a similar trend, the absorption values vary by almost 15% 

between the samples. Group 2 exhibited smoother surfaces in their top layer, which may explain 

why the result did not contain a bump in the curve. 

 

Table 13 3D-printed silica aerogel prepared for acoustic testing 
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Figure 52. Acoustic absorption of 3D-printed aerogel for Group 1 

 

 

Figure 53. 3D Acoustic absorption of 3D-printed aerogel for Group 2 
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Figure 54 and Figure 55 show the results for Group 3 and 4 (the 60 mm samples).  Figure 54 shows 

the sound absorption for the 0.5-inch samples, and the sound absorption is significantly close for 

the two tested samples, especially over the frequency range 900-2500 Hz. In Figure 55, the sound 

absorption for the 1-inch thickness samples, the sound absorption exhibited a bump at different 

frequencies for all of the samples. 

 

Figure 54. Acoustic absorption of 3D-printed aerogel for Group 3 

 

 

Figure 55. Acoustic absorption of 3D-printed aerogel for Group 4 
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5.1 Conclusion 

The sound absorption properties of 3D-printed aerogel were investigated using the impedance 

tube. It was determined that the behavior of the samples for the same diameter and thickness differs 

significantly due to their outer surface and finished exterior. Thus, the manufacturing process does 

not produce consistent sample quality and leads to variations in measured acoustic properties. 

However, all samples provide high absorption values over the measured frequency ranges 

depending on their diameter. They therefore provide a suitable option for increasing the sound 

absorption in future applications. The maximum absorption coefficient increased by 2% for 

smaller diameter samples when increasing the thickness from 0.5 to 1 inch. While for larger 

diameter samples, the maximum absorption coefficient increased by 13% when increasing the 

thickness from 0.5 to 1 inch. Further studies will focus on modeling the 3D-printed aerogel samples 

and further testing their sound absorption properties.   



56 

 

 

 

 

 

 

 

 

 

REFERENCES 

 

 

 

 

 

 

 

 

  



57 

 

REFERENCES 

[1] Clark, Charlotte. “Aircraft noise effects on health,” Centre for Psychiatry, Barts & the 

London School of Medicine, Queen Mary University of London, May 2015. 

[2] Zaporozhets, Oleksandr, Tokarev, Vadim, and Attenborough, Keith, Aircraft 

Noise: Assessment, Prediction and Control, Spon Press, New York, NY, 2011, Chapter1. 

[3] FAA. “Noise.” FAA.gov, 10 July 2020, www.faa.gov/noise/. 

[4] Azimi, Mohammadreza, Ommi, Fathollah, and Alashti, Naghmeh Jamshidi, “Using 

Acoustic Liner for Fan Noise Reduction in Modern Turbofan Engines,” International 

Journal of Aeronautical and Space Science, 2014, pp. 91–101. 

[5] Wang, Dongwei, Zgang,Xinosian ,  Luo, Song, and Li, Sai.”Preparation and property 

Analysis of Melamine Formaldehyde Foam.” Advances in Materials Physics and 

Chemistry, 2012, 2, pp. 63-67. 

 

[6] Swain, Anshuman. “Active Noise Control: Basic Understanding.” 30 July 2014. 

[7] Mamtaz, H. , Fouladi, M.H.F. and Al-tabi, M. “A Review on The Acoustic Absorption 

Performance of Various Granular Materials- The Cost-Effective Acoustic Absorbers for 

Commercialization.” Materials Science, 2015, pp. 249-257. 

 

[8] “Aerogel.org " About Aerogel.” Aerogelorg RSS, www.aerogel.org/?cat=21. 

[9] Hunt, Arlon, and Ayers, Michael, “A Brief History of Silica Aerogels,” 

[10] Jones, Steven M. “Aerogel: Space Exploration Applications.” Journal of Sol-Gel Science 

and Technology, 2006, pp. 351–357. 

[11] Buratti, Cinzia, Moretti, Elisa, and Zinzi, Michele. “High Energy-Efficient Windows with 

Silica Aerogel for Building Refurbishment: Experimental Characterization and 

Preliminary Simulations in Different Climate Conditions.” Buildings 2017, 7, 8. 2017. 

[12] Riffat, Saffa, and Qiu, Guoquan. “A review of state-of-art aerogel applications in 

buildings.” International Journal of Low-Carbon Technologies 2013, pp.1-6. 

[13] Bheekhun, Nadiir, Abu Talib, Abd. Rahim, and Hassan, Mohd Roshdi. “Aerogels in 

Aerospace: An Overview.” Advances in Materials Science and Engineering, vol. 2013, 

2013. 

[14] Moretti, Elisa, Merli, Francesca, Cuce, Erdem, and Buratti, Cinzia. “8th International 

Conference on Sustainability in Energy and Buildings.” Energy Procedia, 2017, pp. 472–

480. 



58 

 

[15] Buratti, Cinzia, Moretti, Elisa, Belloni, Elisa, and Agosti, Fabrizio.“Development of 

Innovative Aerogel Based Plasters: Preliminary Thermal and Acoustic Performance 

Evaluation.” Sustainability, 1 Sept. 2014, pp. 5840–5852. 

[16] Cotana, Franco, Pisello, Anna Laura, Moretti, Elisa, Buratti, Cinzia. “Multipurpose 

characterization of glazing systems with silica aerogel: In-field experimental analysis of 

thermal-energy, lighting and acoustic performance.” Building and Environment, vol. 81, 

November 2014, pp. 92-102.  

[17] Talebi, Zahra, Soltani, Parham, Habibi, Negar, and Latifi Fatemeh. “Silica 

aerogel/polyester blankets for efficient sound absorption in buildings.” Construction and 

Building Materials 220 (2019). pp. 76-89. 2019. 

[18] Jichao, Wang, Jun, Shen, Xingyuan, Ni, Bo Wang, Xiaodong, Wang, and Jia, Li. “Acoustic 

Properties of Nanoporous Silica Aerogel” Rare Metal Materials and Engineering. Vol 39, 

August 2010, pp. 14-17. 

[19] Malakooti, Sadeq, Churu, Habel Gitogo, Lee, Alison, Xu, Tingge, Luo, Huiyang, Xiang, 

Ning, Sotiriou-Leventis, Chariklia, Leventis, Nicholas, and Lu, Hongbing. “Sound 

insulation properties in low-density, mechanically strong and ductile nanoporous polyurea 

aerogels,” Journal of Non-Crystalline Solids, 2017, pp. 36-45. 

[20] Buyaerogel.Com | Planet Earth's Source for Aerogel™. [online] Available at: 

<http://www.buyaerogel.com/> [Accessed 9 September 2020]. 

[21] Zhang, Qiangqiang, Zhang, Feng, Medarametla, Sai Pradeep, Li, Hui, Zhou, Chi, and Lin, 

Dong. “3D Printing of Graphene Aerogels.” Small 2016, No. 13, pp.1702-1708. 

[22] Kinsler, Lawrence E., Frey, Austin R., Coppens, Alan B., Sanders, James V. “The Acoustic 

Wave Equation and Simple Solutions.” Fundamentals of Acoustics, fourth ed., John Wiley 

& Sons, Inc., 2000, pp. 113–148. 

[23] Liu, Peisheng, Chen, Guo-Feng. “General Introduction to Porous Materials.” Porous 

Materials.1st Edition., Butterworth-Heinemann., August 2014. 

[24] Cao, Leitao, Fu, Qiuxia, Si, Yang, Ding, Bin, Yu, Jianyong. “Porous materials for sound 

absorption.” Composites Communications 10, 2018, pp. 25-35. 

[25] Allard, J.F., Atalla, N. “Sound propagation in porous materials having a rigid 

frame.” Propagation of Sound in Porous Media, second ed., John Wiley & Sons, Inc., pp. 

73–111. 

[26] American Society of Testing Materials (ASTM) E1050. Standard Test Method for 

Impedance and Absorption of Acoustical Materials Using a Tube, Two Microphone and a 

Digital Frequency Analysis System; ASTM International: West Conshohocken, PA, USA, 

2010 


