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Noise pollution generated from aircraft not only harms the health of humans but also the surrounding ecosystems. Finding ways
to reduce airplane noise is beneficial for both the aviation industry and the environment. Previous research has demonstrated
that an aircraft’s noise mainly originates from its engines. The objective of this study is to investigate whether nanomaterials can
cool jet exhaust, and subsequently reduce the noise produced by the engines. Method: Three nanomaterials, aluminum oxide,
boron nitride, and titanium dioxide, were mixed with water or glue and applied to the inside of a ceramic rod with one or two
layers. A ceramic rod without coating was the control. The rods were blown by a heat gun to 538°C, and an infrared camera
and decibel (dB) tracker app were utilized to detect temperature and noise at the other end. The effect of nanomaterial coating
on the temperature and noise reduction of the ceramic rod was analyzed. Results: Nanoparticles reduced the temperature of
the ceramic rod; however, no significant correlation was identified between temperature and noise level. Conclusion: Although
the nanomaterials did not appear to suppress noise production in this highly simplified aircraft engine model, future large-scale
simulations will reveal whether they are beneficial for thermodynamic operation and noise reduction within the aviation industry.

Keywords: Aerospace engineering, Aeronautical engineering, Aircraft, Engine, Simulation, Nanomaterials, Coating,
Noise reduction, temperature, Smart coating.

Introduction noise. Overall, aircraft engines generate most of the noise dur-

ing the cruise phase.
Reducing aircraft noise remains a widely recognized and ac-

tively researched topic today. Rooted in Lighthill’s acous-
tic analogy and subsequently refined by Curle and Ffowcs

In the early days, aircraft engines had to operate at high al-
titudes and faster speeds to ensure safety and efficiency. The
o . . o 7 operation of high-performing engines resulted in greater noise
Wlulams-H.awkmgs, eNgINE NOISE 15 prlmarl.ly produced]b%y production®. However, even today, despite advances in en-
the interaction between turbulent flow and solid structures" . gine design and technology, the roar of a jet’s engines in the

IE gene.ral, algcra.ftfnmse Onil nates' from gllreedrpaln sources(; sky remains very disruptive. The loud noise has been shown to
the ?ngmes’,t eba1r rame SHC as wings an a:il ;lng Se;r)’ ar; have detrimental effects on both humans and nearby ecosys-
the interaction between these components and the airflow. In tems”. As a result, various noise-reducing mechanisms have

engines, the hot jet exhaust mixes with surrounding ambient been implemented into engines, such as ultra-high bypass ra-
air, creating turbulent shear layers and intense pressure waves tio engines, chevron nozzles, and active noise control systems.
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tﬂat our cars perlclelve 'a}sl nl(1)1§e ’ Wlpg r(lioilise 15 pr‘;)duc.eld when Ultra-high bypass ratio engines can help significantly reduce
the Wlngsfltohget et Wét their assocliatle ap;;nl sp(;)} eIs, 1n- aircraft engine noise®®. This is because in this type of design,
teract with the air and generate turbulence. The landing gear, a significant portion of the air passing through the engine by-

5 . . .
as s{at? by Xl? alslanother S(f)ulr]cel Ofdr.mlse’ b ccially dl;lr' passes the combustion chamber, flowing around the core in-
ing landing. The deployment of the landing gear increases the stead of through it. This larger mass of slower-moving air

contac(tj area bereen t;e a;)rclraft and the.;ur,. resultlgilln mi reduces the velocity of the exhaust, which lowers the engine
creased air vortices and turbulence, contributing to additiona noise”. Furthermore, chevron nozzles have played a crucial

o _ _ ) role in engine noise reduction as well. The nozzles have ser-
Usﬁtnlus H. Rose High School, 600 W Arlington Blvd, Greenville, NC 27834 rated or sawtooth edges, which help smooth the mixing of the
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2 The University of North Carolina at Charlotte, 9201 University City Blvd, Jet exhaust with the ambient air”. Also, active noise control
Charlotte, NC 28223 USA. (ANC) systems have been implemented in various industries
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to cancel out unwanted noise. For aircraft engines, ANC in-
volves using microphones and speakers to detect and generate
sound waves that are out of phase with the engine noise. The
opposing sound waves cancel out the unwanted noise, thus
making the engine quieter=.

Although the dominant noise mechanisms in jet engines
(turbulent mixing noise and shock-associated noise) are pri-
marily functions of exhaust velocity and shear layer character-
istics, the contribution of engine exhaust temperature to over-
all noise levels cannot be neglected. Several studies have in-
vestigated the relationship between these two factors; how-
ever, the results remain inconsistent. An early study found
that jet sound power is a nonlinear function of temperature
and that, at high exhaust temperatures, significant reductions
in jet noise could be achieved due to changes in acoustic duct
mode cut-on frequencies and noise refraction”. Similar ob-
servations have been reported by other groups, showing that
high exhaust temperatures can lead to reductions in jet noise
due to decreased jet density and emitted acoustic power, par-
ticularly at high jet velocities'’*1% In contrast, other studies
indicate that reducing exhaust temperature may decrease en-
gine noise, primarily by altering acoustic impedance and re-
ducing the sound pressure of acoustic waves. A 100°C reduc-
tion in exhaust gas temperature has been reported to correlate
with an approximately 2 dB decrease in overall engine noise
level''Z. Water injection has also been used for noise suppres-
sion, with reductions of up to 10 dB attributed to decreased jet
temperature through partial vaporization!®. In marine gas tur-
bine air exhaust systems, which are architecturally similar to
aircraft engines, external far-field jet noise has been reported
to be positively correlated with exhaust temperature and flow
rate'®. Overall, these studies suggest that under most high-
power operating conditions, higher aircraft exhaust tempera-
tures are associated with increased acoustic pressure fluctua-
tions and may correlate positively with elevated engine noise
levels?%2%. Clearly, this is a complex topic that warrants fur-
ther investigation, as the relationship between exhaust tem-
perature and engine noise is influenced by multiple variables,
including aircraft thrust, exit velocity, and Mach number.

Due to the high temperature environment of aircraft en-
gines, identifying novel materials with favorable thermoa-
coustic properties is critical for operational safety, with the
added benefit of noise suppression. These materials must be
durable enough to withstand the extreme thermal and mechan-
ical stresses characteristic of aero-engine environments. Ac-
cording to Paun et al.?¥ the materials must be able to bear
mechanical loads and sustain thermal shocks and vibrations.
The team concluded that metallic materials based on nickel
alloys suffice. Even so, there is another requirement that must
be met to achieve good acoustic absorption capacities: open
porosity. Only two classes of materials meet these require-
ments: cellular materials and metallic fiber materials.

Another type of material that may contribute to aircraft
engine noise reduction is nanomaterials. Nanomaterials are
strong, durable, and exhibit impressive thermal insulation
characteristics?>. To date, however, few studies have inves-
tigated the applicability of nanoparticles in reducing aircraft
engine noise. The objective of the current study was to inves-
tigate the potential thermal reduction and noise suppression by
nanomaterials in a simplified simulated aircraft engine opera-
tion system. Three types of nanoparticles, aluminum oxide,
titanium dioxide, and boron nitride, were tested due to their
thermal insulation properties. Aluminum oxide is widely rec-
ognized as a versatile material for thermal insulation in high-
temperature environments, such as industrial furnaces, auto-
mobiles, and aerospace applications2®"?®, Titanium dioxide
is commonly used as an additive in heat-reflective coatings
to improve insulation performance and prevent structural col-
lapse in buildings and industrial tanks2**I. Boron nitride is
frequently utilized as a superior high-temperature insulator
in deep-space satellites and high-enthalpy environments due
to its effective thermal insulating properties and its ability to
maintain structural integrity in such harsh conditions=23.,

It was hypothesized that the nanomaterials would cool the
exhaust, thereby reducing the intensity of mixing between the
ambient air and the exhaust; this, in turn, was expected to sup-
press acoustic pressure fluctuations and reduce aircraft engine
noise in a simplified simulation environment.

Materials and Methods

Regarding the physical properties and sources of the nanoma-
terials: the aluminum oxide used was spherical with a parti-
cle size of 10-50 nm (Sigma-Aldrich, 544833); the titanium
dioxide was spherical with a particle size of 20—30 nm (Sigma-
Aldrich, 718467); and the boron nitride was flake shaped with
a particle size of 50-100 nm (Sigma-Aldrich, 775312).

The experiment was initiated by mixing the nanomaterial
with water or glue (or both) under a fume hood, depending on
whether the chemical compound was a paste or powder (Fig-
ure 1). For example, aluminum oxide was in powder form and
titanium dioxide in paste form. To make the coating for the
ceramic rods, one coat of the aluminum oxide solution con-
sisted of SmL of water, SmL of glue, and SmL of aluminum
oxide powder. However, one coat of the titanium dioxide mix
was composed of SmL of glue and 5mL of titanium dioxide
paste. As a result, the titanium dioxide coating was more con-
centrated than the aluminum oxide. The discrepancy in the
baseline status influenced the final coating concentrations and
may further complicate data interpretation.

Next, the mixture was poured into the interior of the ce-
ramic rod. The rod was left to dry, and the heat gun was
warmed up at the same time. If two coats were required, the
first must dry completely before applying the second layer.
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Once the heat gun reached a temperature of 538°C (1,000°F)
and the coating in the rod was dry, the ceramic rod was put
onto the retort stand, with the heat gun placed at one end of
the rod (Figure 2). A two-minute timer was started, and a
decibel tracker app was used to record the decibels throughout
the experiment. An infrared camera was held up to the op-
posite end of the rod, and temperature changes were recorded
every 30 seconds (Figure[3). The experiment was conducted
in a consistent, controlled acoustic environment (a quiet room)
throughout the duration of the study.
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Fig. 1 The aluminum oxide mixture consists of aluminum oxide
powder, glue, and water. This formula is used to produce an
aluminum oxide coating for the heat insulation experiments.

When the two-minute timer was over, the decibel tracker
app was paused, and the data was collected. The final temper-
ature, as measured by the infrared camera, was also recorded.
This process was repeated for all different nanomaterial and
coating combinations for three times.

Differences in end temperatures and decibel levels among
the groups were analyzed using ANOVA, followed by Tukey’s
HSD post-hoc test. The correlation between end tempera-
ture and decibel level was evaluated using Pearson correlation
analysis. Data are presented as mean =+ standard deviation,
and a p value < 0.05 was considered statistically significant.

Results

It was found that nanomaterials reduced the end temperature
of the ceramic rods compared to the uncoated control, and that
double coatings were more effective than single coatings. For
example, two coatings of titanium dioxide decreased the tem-
perature by approximately 1:5°C more than a single coating
(Figure[). When the three nanoparticles were compared, tita-
nium dioxide was the most effective at reducing the end tem-
perature. A single coat of titanium dioxide resulted in a sig-

nificantly lower end temperature of 28:6°C, compared to the
next lowest temperature of 44:4°C observed with two coats
of boron nitride (Figure [5). Although the results supported
the superior thermal reduction properties of titanium dioxide,
its more condensed nature in the coating relative to the other
two materials must be interpreted cautiously. Comparisons be-
tween materials remain tentative due to the confounding factor
that final coating concentrations were inconsistent across the
groups.

Between the coatings, adding one extra layer of alu-
minum oxide substantially decreased the end temperature
from 150:3°C to 68:0°C, an 82:3°C difference between the
first and second coats. In contrast, both boron nitride and tita-
nium dioxide exhibited only a modest temperature reduction
of approximately 5°C between one and two coats (Figure [3).

As for the noise levels, the decibel values at the opposite
end of the ceramic rods remained relatively consistent across
different nanomaterials and numbers of coatings. The major-
ity of the decibels varied from high 70 to 80 (Figure [6), with
no significant difference in the mean decibel levels among all
the testing conditions (Figure[7). No correlation was detected
between the final temperatures and decibel levels (r ranged
from O to 0.05). These results indicated that the application of
nanomaterials did not have a major impact on the noise reduc-
tion of the ceramic rods.

To illustrate the full spectrum of study outcomes, Table 1
presents the type of nanomaterial used, the number of coat-
ings applied, the minimum, maximum, and average decibel
levels, as well as the end temperature after the two-minute du-
ration. The data show a clear correlation between nanomate-
rial coatings and end temperature, with nanoparticles signifi-
cantly reducing temperatures compared to the control. How-
ever, no significant correlation was found between end temper-
ature and decibel levels, as the decibel values remained rela-
tively constant across all seven tests, regardless of the final
temperature.

Discussion

This study identified a correlation between the application of
nanomaterials and the reduction of end temperature, but no
correlation between end temperature and decibel levels at the
ends of ceramic rods in the simplified system designed to
mimic aircraft engine noise production.

The association between nanomaterials and reduced end
temperature is thought to be due to the insulating properties of
the chemical compounds. Aluminum oxide, titanium dioxide,
and boron nitride are all proven heat insulators widely used
in various applications, such as furnaces, intumescent paints,
and electronic substrates®=® As a result, when these particles
are applied to a ceramic rod and exposed to high tempera-
tures, they can withstand the conditions and effectively reduce
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