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3246.1-3269.5 Hz 76.9 dB 3246.1-3269.5 Hz
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2988.3-5003.9 Hz
1.60 m

3222.7-3246.1 Hz 77.2 dB 3222.7-3246.1 Hz
1.60 m 1.60 m
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2988.3-5003.9 Hz
1.60 m
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tartozik [P1,P2,P3].

2285.2-2308.6 Hz 92.8 dB 2285.2-2308.6 Hz
1.60 m 1.60 m
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1910.2-1933.6 Hz 80.9 dB 1910.2-1933.6 Hz
1.60 m 1.60 m
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1511.7-3082.0 Hz
1.60 m
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4394.5-4418.0 Hz 73.4 dB 4394.5-4418.0 Hz
1.60 m 1.60 m

3621.1-3644.5 Hz 66.6 dB 3621.1-3644.5 Hz
1.60 m 1.60 m
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3128.9-3152.3 Hz 83.5 dB 3128.9-3152.3 Hz
1.60 m 1.60 m
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3128.9-3152.3 Hz 82.3 dB 3128.9-3152.3 Hz
1.60 m 1.60 m
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2425.8-2449.2 Hz 61.8 dB 2425.8-2449.2 Hz
1.60 m 1.60 m

NT OORBBEHOUOG x WpEEOAOWS UwEwW# Ux OEwUaLUsUwl EVAVUAUEWOOOEODOD
(jobb)

13535.2-13558 6 H= 41.2 dB 13535.2-13558.6 Hz
1.60 m 1.60 m
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2425.8-2449.2 Hz 61.5 dB 2425.8-2449.2 Hz
1.60 m 1.60 m

(jobb)
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13043.0-13066.4 41.5 dB 13043.0-13066.4 Hz

1.60 m . 1.60 m
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(jobb)
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3550.8-3574.2 Hz
1.60 m
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1500.0-9000.0 Hz 81.5 dB 1500.0-95000.0 Hz
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9000.0-15000.0 Hz 65.3 dB 9000.0-15000.0 Hz
1.60 m 1.60 m
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5500.0-6000.0 Hz
1.60 m
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2750.0-3000.0 Hz 69.3 dB 2750.0-3000.0 Hz
1.60 m 1.60 m
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5750.0-6000.0 Hz 64.2 dB 5750.0-6000.0 Hz
1.60 m 1.60 m
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11500.0-11750.0 Hz 52.5 dB 11500.0-11750.0 Hz
1.60 m 1.60 m
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10250.0-10500.0 Hz 51.4 dB 10250.0-10500.0 Hz
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12250.0-12500.0 Hz .0 dB 12250.0-12500.0 Hz
1.60 m 1.60 m
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8750.0-9000.0 Hz
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12. SUMMARY

The Counter-Rotating Open Rotor (CROR) is an aircraft propulsion engine with favorable
characteristics. As a result of the two rotors rotating in opposite directions, it has a much
higher efficiency than the turbofan engines commonly used today. Counter-rotating
turbomachinery can be used as a substitute for single-rotor turbomachinery, thus increasing
efficiency and reducing fuel consumption.

The widespread use of counter-rotating turbomachinery is significant ly hampered by
some drawbacks, including their high noise emission. The interaction of the two rotors with
each other and other non-rotating parts of the support structure results in significant noise
emission. It can be concluded that the noise generatedby counter-rotating turbomachinery,
including the CROR, must be reduced before they can be widely used. For that, knowledge
regarding the characteristic noise-generating mechanisms is essential. Microphone array
measurement techniques and beamforming technology provide a means for determining
the strength and locations of the generated noise sources, thus facilitating acoustic studies.

The generated noise sources can be divided into tonal noise sources associated with the
narrow frequency band and broadband noise sources. Tonal noise sources are typically
present in the generated noise with high amplitudes, while broadband noise sources are
present in a wide frequency range with lower amplitudes. Due to the wide frequency range
of occurrence and the successil reduction of tonal noise generation, the broadband
component significantly contributes to the noise generated by CROR. Hence, an essential
element in reducing CROR noise is the reduction of broadband noise, which requires an
understanding of the noise-generation mechanisms. Due to the lower amplitude, it is not
practical to investigate broadband noise generation in the presence of a tonal component.
However, it is preferable to investigate it separately, which requires an appropriate signal
processing technique.

When investigating turbomachinery noise generation, the noise generated may include a
rotational tonal component, a non-rotational tonal component, and a broadband
component. The non-rotational tonal component may be generated by the tonal noise of the
setup or the equipment used in the measurement, to the tonal signal component
compromising the recorded time signal during signal processing. A non -rotational tonal
component is also present in the data series processed in my research, which limits he
analysis of the broadband component. Thus it is advantageous to filter it out of the time
signal. To remove the rotational and non-rotational tonal components, | have further
developed a method found in the literature which removes the rotational tonal component
of the CROR. The improved double filtering method removes an additional non -rotational
tonal component. It does this in a way that minimizes the time signal loss, allowing further
efficient signal processing.

By beamforming the double -filtered ti me signal, double-filtered beamforming maps can
be generated showing the broadband noise sources of the CROR under investigation. The
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investigation method allows the generation of the unique spectrum of each broadband noise
source with different locations. Based on the location on the noise map, the identified
localized noise source can be linked to a noisegeneration mechanism. The unique spectrum
EEQWETl wUOUI EwUOWET UT UOPOT wUT T wOOPUI wUOUUET z U
frequency range, and role in the resulting broadband noise generation. The impact of a
different property on each broadband noise source can be assessed by comparing several
coaxial propfans with different properties. In this dissertation, the case without and with
pylon is discussed. The observed noise sources were assigned to noisgeneration
mechanisms based on their locations, range of appearance, and dominant frequencies. The
results were systematized to establish a reference database of the CROR broadband noise
sources.

The developed signal processing and test methods, the application of beamforming, and
the systematization of the broadband noise sources of the CROR under investigation are
useful test tools, expand the literature on the broadband noise generation of CROR, andare
valuable tools for counter -rotating turbomachinery noise reduction efforts.
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143. x UPOEYwWKWwODPOUOI 6OUgOEwWOPOUaUAUE

X (in) y (in) | z (in) x (in) y (in) | z (in)
-2,875 -3,125 0 4,43974 -14,26482 0
4,95266 0,36213 0 6,27826 13,69366 0
-4,72019 3,47325 0 -14,33888 -6,04511 0
1,05173 -6,50954 0 14,7111 -5,40212 0
3,75339 5,95493 0 -7,5262 14,07726 0
-7,54628 -2,08563 0 -4,22957 -15,8009 0
7,24388 -3,88667 0 13,80821 8,8535 0
-3,09057 8,14842 0 -16,61732 2,76114 0
-3,6088 -8,6153 0 10,33971 -13,54151 0
8,68607 4,02472 0 1,34079 17,13593 0
-9,7371 2,94728 0 -12,94641 -11,97747 0
5,19336 -9,18916 0 17,6759 0,00657 0
2,2604 10,59077 0 -13,41739 12,01399 0
-9,33713 -6,58423 0 1,59723 -18,23762 0
11,49759 -1,58105 0 11,07932 14,63056 0
-7,84435 9,12594 0 -18,48077 -3,42646 0
-0,59744 -12,45797 0 15,93079 -10,15898 0
8,89252 8,94192 0 -5,14648 18,38675 0
-13,13026 -0,68321 0 -8,929 -17,31242 0
10,18823 -8,65346 0 18,28085 6,72901 0
-1,91186 13,49367 0 -18,42829 7,38713 0
-8,08361 -11,57518 0 8,4875 -18,16991 0
13,87066 3,05963 0 5,87488 19,25233 0
-12,75319 7,17883 0 -17,72031 -10,4149 0
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