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Turbofan Engine

- The figure to the left [12] is of a
turbofan jet-engine

- Airplanes with turbofan engines
produce two types of noise: engine
noise and airframe noise [5]

- We are focusing on engine noise for
the purpose of our project




Noise Analysis

Programs like ANOPP (Aircraft Noise
Prediction Program) are used to predict
the noise that we are analyzing, and they
factor in all damping factors from the
atmosphere, thermal and viscous effects
[13]

The takeoff and landing noise comes from
various sources shown to the left [12], only
some of which are from the engine

We can easily obtain a frequency vs time
graph, and from that an fft can be made
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http://www.youtube.com/watch?v=B-i4VRyNIKo

Engine Noise Reduction Methods

- Adding viscoelastic materials to an engine
to dampen the sound that is produced [1]
- Changing the geometry of the engine [6] [11]

Dual flow processing
Chevron engines
Area ratio of the nozzle
Modifying the jet exhaust position
- The figure to the left [11] shows a regular
engine vs. a Chevron engine
There are multiple experiments proving the effects

that the Chevron engine has on noise reduction [1]
[5]116] 1]




Noise Pollution Causes/Effects

- As society has become more industrialized, noise pollution has become an
extremely prominent pollutant [14]

- For reference: [9]
Whisper: 30 dB
Jack-hammer: 80 dB
Chainsaw: 110 dB
Threshold of discomfort in humans: 120 dB

- The noise level of a jet about 60 m away is 120 dB [9]
- This can affect the health and work efficiency of airport workers, as well as the

surrounding community [9] [14]

High blood pressure, coronary disease, migraine headaches, etc. [9]
Hearing problems [15]



Hearing experiment [15]

Control vs. Study group, hearing in the right ear
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It can be noted that the response from the study group is lower than that of the
control group, especially when the frequency rises




Project



Motivation

- We are interested in the sound as it pertains to the field of Vibrations
Planes are the largest scale of that we currently have access to

- We both have family who worked in or around airplanes, and have grown up
fascinated with them

- We could see ourselves working in the field of aviation one day, and it has
been interesting to learn more about the intricacies of aircraft engines

-  We were also really interested to learn more about how noise pollution
stemming from airports and planes has an impact on the surrounding
community and airport workers



Testing and Analysis

- We will be recording the sound of an airplane taking off
We will analyze the vibrations and the frequencies of the sound through the

use of matlab and mathematica
We will assess the different types of planes and engines and how that changes

the data that we attain

Total Engine Noise

et e AV
V

8| SPL(dB)
Q)

Combustor Noise \\ Fan
: \| Broadband
I Fan Tone Noise l/ Nokis
S S N2 O ) N O O S S
P 2 S PP S .039 S 8 @@ oS

Frequency (Hz)



Citations



[1] Rao, Mohan D. “Recent Applications of Viscoelastic Damping for Noise Control in Automobiles and Commercial Airplanes.”
Journal of Sound and Vibration, vol. Vol, no. 262, 3, May 2003, p. 457474, Science Direct,
https://www-sciencedirect-com.prox.lib.ncsu.edu/science/article/pii/S0022460X 03001068 ?via%3 Dihub#BIB9.

[2] Zuo, Shuguang, Fu Lin, and Xudong Wu. "Noise Analysis, Calculation, and Reduction of External Rotor Permanent-Magnet
Synchronous Motor." IEEE Transactions on Industrial Electronics, vol. 62, no. 10, 2015, pp. 6204-6212.

[3] Liu, Zhan X., Si W. Wang, and Ping Gao. "Simulation of Sound Wave Propagation at the Inlet of a Jet Engine." Applied Mechanics
and Materials, vol. 52-54, 2011, pp. 500-503.

[4] Casalino, D., and M. Genito. "Achievements in the Numerical Modeling of Fan Noise Radiation from Aero-Engines." Aerospace
Science and Technology, vol. 12, no. 1, 2008, pp. 105-113.

[5] Bastos, Leopoldo P., et al. “Experimental Investigation of the Far-Field Noise due to Jet-Surface Interaction Combined with a
Chevron Nozzle.” Applied Acoustics, vol. Volume, no. 127, Dec. 2017, p. 240-249, Science Direct,
https://www-sciencedirect-com.prox.lib.ncsu.edu/science/article/pii/S0003682X16304224.

[6] Papamoschou, Dimitri. "New Method for Jet Noise Reduction in Turbofan Engines." 4144 Journal, vol. 42, no. 11, 2004, pp.
2245-2253.

[7] Thomas, Jacqueline L., and R. J. Hansman. "Framework for Analyzing Aircraft Community Noise Impacts of Advanced Operational
Flight Procedures." Journal of Aircraft, vol. 56, no. 4, 2019, pp. 1407-1417.

[8] Homola, Daniel, et al. "Aviation Noise-Pollution Mitigation through Redesign of Aircraft Departures." Journal of Aircrafi, vol. 56,
no. 5, 2019, pp. 1907-1919.


https://www-sciencedirect-com.prox.lib.ncsu.edu/science/article/pii/S0022460X03001068?via%3Dihub#BIB9

[9] Akan, Zafer, Mehmet A. Korpinar, and Metin Tulgar. "Effects of Noise Pollution Over the Blood Serum Immunoglobulins and
Auditory System on the VFM Airport Workers, Van, Turkey." Environmental Monitoring and Assessment, vol. 177, no. 1-4, 2010;2011;,
pp. 537-543.

[10] Viswanathan, K., M. J. Czech, and I. C. Lee. "Toward Prediction of Dual-Stream Jet Noise: Database Generation." AI4A4 Journal,
vol. 49, no. 12, 2011, pp. 2695.

[11] Lee, Incheol, Yingzhe Zhang, and Dakai Lin. "Experimental Investigation of Jet Noise from a High BPR Dual-Stream Jet in a Static
Model-Scale Test." Applied Acoustics, vol. 150, 2019, pp. 246-267.

[12] Dunbar, Brian. “Making Future Commercial Aircraft Quieter.” NASA4, 20 May 2008,
https://www.nasa.gov/centers/glenn/about/fs03grc.html.

[13] Thomas, Jacqueline L., and John Hansman. “Framework for Analyzing Aircraft Community Noise Impacts of Advanced
Operational Flight Procedures.” Journal of Aircraft, vol. Vol, no. 56, 4, July 2019, p. 1407-1417, American Institute of Aeronautics and
Astronautics, https://arc-aiaa-org.prox.lib.ncsu.edu/doi/pdf/10.2514/1.C035100.

[14] Becker, Ami B., et al. "Effects of Jet Engine Noise and Performance Feedback on Perceived Workload in a Monitoring Task." The
International Journal of Aviation Psychology, vol. 5, no. 1, 1995, pp. 49-62.

[15] Konopka, Wiestaw, et al. "Assessment of Acoustic Environment and its Effect on Hearing in Jet Engine Technical Personnel."
Medycyna Pracy, vol. 55, no. 4, 2004, pp. 329.

[16] Dowling, Ann P., and Yasser Mahmoudi. "Combustion Noise." Proceedings of the Combustion Institute, vol. 35, no. 1, 2015, pp.
65-100.



