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ABSTRACT

The analysis of the noise emitted by jet engines is important, because of its
importance to know the characteristics of the noise emitted such as; frequency and sound
pressure level and its signal phase, which helps in the design of dampers for the noise
level in these type of engines, and among the dampers used is Herschel and Quincke (HQ)
technology. In this paper, two acoustic signals were measured instantaneously in two
different locations of a small laboratory training jet engine using a microphone system.
the first microphone at the inlet of the compressor air, while the other at the exhaust outlet

of the engine nozzle. Also, in the same position as the microphone system, the noise level
was measured using a decibel noise level meter. The two signals were collected and
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analysed using advanced data collection technology, with a speed of up to 1.25
Msample/sec, with the Lab View program used to analyze the two signals and calculate
the correlation between the two signals and their spectral analysis. The results showed
that the noise level at the exit of the exhaust from the nozzle is greater than the noise level
at the air inlet of the compressor, and that the noise level at the outlet of the nozzle is
directly proportional to the rotational speed of the compressor. While at the entrance of
the compressor has a variable behaviour, at low speeds, the noise level was relatively low,
when the compressor speed increased, the sound pressure level began to increase to a
certain speed until it reached the maximum noise level.
When the compressor speed increases further, the noise level begins to decrease to take
the shape of the dome, this is due to the occurrence of acoustic resonance of the noise,
and it is often a result of the combustion process that follows the compressor, which is
among the problems that occur in the continuous combustion of heat engines, as a result
of the reaction between the fluctuation in the heat released and the fluctuating pressure
inside the combustion chamber. This phenomenon is called thermo-acoustic instability.
Moreover, the results showed that the dominant frequency of the signal emitted from the
jetting nozzle of the engine is much greater than the frequency at the air inlet of the
compressor, reaching about 20 times, which is normal due to the high velocity of the jet
flow at the outlet of the nozzle. In addition, the collected data can be useful in developing
modelling schemes that provide sufficient prediction capabilities for the occurrence of
combustion instability or for understanding the interactions of sound waves and flames,
as well as in developing noise dampening technology for jet engines.
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INTRODUCTION

The noise emitted from heat engines is one of the most important environmental
pollutants, which is no less harmful than other pollutants such as chemical, nuclear and
others. Among these heat engines are jet engines, which are the highest in noise level,
reaching 130 dB. Also, the noise not only has a negative impact on the environment, but
also has a very strong negative impact on the performance of the engine itself, as the noise
inside the combustion chambers of continuous combustion has a direct effect on the
occurrence of flame instability. Which causes large vibrations in the combustion
chamber, which leads to its complete destruction. Therefore, the characteristics of the
emitted noise must be known to avoid this problem. This phenomenon is called the
thermo-acoustic of combustion instability. Many researches have been done on studying
the sources of noise in jet engines and their negative impact on the environment and
engine performance. In this research, the noise correlation between the signals dynamics
of the noise emanating from the air compressor at the entrance of the jet engine and the
exhaust noise at the nozzle exit of the jet engine at a different turbo-fan speed of the jet
engine will be studied.

Engine noise reduction has increasingly become an important topic of research. As
such, many studies are addressing the topic from different angles. For example, there are
studies concerned with the reduction of noise emitting from turbojet engines, where the
results of measurements are presented followed by a performance analysis [1]. Other
studies focus on aircraft noise reduction, processing and prediction [2-6]. It is contended
that the field of aircraft noise prediction has not reached a sufficient level of maturity yet
[2]. However, there are serious attempts to treat jet noise reduction in which
autocorrelation and modelling of jet engines were presented [7,8]. Nevertheless, some
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researchers considered combustion noise is contributing more to overall noise [3]. This
of course is based on analyses using different methods such processing methods for
measuring combustion noise [9,10].

Moreover, direct and indirect combustion noise were analyzed by W. Tao et. al
(2016) [11], they identified a new indirect noise-source contribution arising from mixture
in homogeneities. This is of course beside previously known contributions from direct
combustion noise originating from unsteady combustion, and indirect combustion noise
resulting from the interaction of flow-field perturbations with mean-flow variations in
turbine stages and nozzles [11,12]. Ways to reduce noise emission have also been the
focus of many researchers. A significant study conducted by Jeffrey Miles on core noise
from turbofan engines has managed to reduce noise by a modelling method to separate
correlated and uncorrelated sources through using multiple microphone and acoustic [13].
Also, Azimi et. al. (2011) [14] presented a discussion of the supersonic jet noise sources
and a review of the main passive technologies employed for the reduction of supersonic
jet noise.

Similarly, empirical methodologies have been utilized to predict the noise for
turbojet engines for a newly designed turbojet engine [15,16]. One source of turbofan
engine combustion noise is attributed to an unsteady combustion process, which produces
unsteady pressures that propagate through the turbine to the far field. This is known as
“direct” combustion noise mechanism [17]. Although researchers have been interested in
studying jet engines recently, the study of jet engines noise has been in this field for
decades, as the diagnosis of noise sources on a jet engine has been studied using
correlation and coherence techniques [18]. However, there are still different areas worth
studying and investigating. The present paper proposes a study of the acoustic spectra
analysis and cross-correlation of jet engine at two different locations, one at inlet air to
the jet engine, and the other at the outlet of jet exhaust gas of the jet engine.

EXPERIMENTAL SETUP

The current experiments are designed to analyse the noise emissions from jet engine
at the intake air to compressor and at the exit of the jet engine nozzle. The overview of
the experimental set up is shown in Figure (1). This test rig consists of a The ET 796
trainer Gas turbine jet engine, a data acquisition system, an acoustic microphone system,
and a sound pressure level meter. The trainer includes a complete gas turbine system with
the following sub-systems: Model gas turbine consisting of compressor (1 to 2),
combustion chamber (2 to 3), turbine and jet nozzle (3 to 4) and thrust force measurement
system. The jet engine model also consists of measurement and control instrumentation
with temperature, flow rate, speed and pressure measuring points and associated displays.
This also includes safety elements such as temperature and speed limiters. All parts of the
system are arranged on a table frame [19].
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Figure 1: The overview of the experimental set up.
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A data acquisition system was used to record the two acoustic pressure signals
simultaneously. Two acoustic microphones were installed to measure the acoustic
pressure dynamic: The first microphone at inlet air (compressor air inlet) and other at the
nozzle exit (Exhaust gas outlet) at distance 10 cm away from both edge of inlet and outlet
of the gas turbine jet engine. To measure the sound pressure level in dB, two sound level
meter had been used at the same position of microphones. National Instrument DAQ card
(model PCI-MIO-16E-1) and LabVIEW 7 software had been applied for data acquisition,
monitoring and analyses.

RESULTS AND DISCUSSIONS

The noise emitted by jet engines is one of the strongest environmental pollution
emissions. Its sources are usually when the air enters the compressor and the exhaust exits
from the jet nozzle at high speed and at high temperatures of the gases. Another source
of noise in a jet engine is the combustion process in the combustion chamber. In this
paper, the acoustic signal was measured and analysed using the microphone system of a
training jet engine of the type ET 796, where two microphones were placed: The first near
the air inlet of the compressor at a distance of 10 cm, and the second at a distance of 10
cm from the outlet of the exhaust gases at the jet nozzle. The microphone system is
connected to a data acquisition with a high sampling rate with speed of up to
1.25Msample/s. After recording the two signals using the two microphone systems and
converting the analogue acoustic signal into a digital signal simultaneously with a data
collection system, the signals analysed using Lab. VIEW. The experimental investigation
was analysed in terms of power spectrum and cross-correlation between the two signals
at the air inlet of the compressor and the exhaust gases exit from the jetting nozzle at
different speeds of the axial compressor of the jet engine. Also, simultaneously with the
recording of the two acoustic signals, the noise level was measured using a sound level
meter device in dB at the inlet and outlet of the jet engine.

Figures (2 to 8) show the time series and power spectrum at different compressor
speed of 45100, 52400, 60600, 70400, 80800, 91900, and 101700 rpm respectively. From
the results, the spectral analysis shows the noise emitted from the air inlet of the jet engine
that the dominant frequency ranges between 200-500 Hz, which is much lower than the
dominant frequency at the outlet of the jet engine, which ranges from 4500 to about 10100
Hz at compressor speeds from 45000 to 101000 rpm.
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Figure 2: Time history of the acoustic signals, and power spectrum at compressor speed of
45100 rpm
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It is also noticeable from the results, at different speeds, that the spectral analysis at
the air intake of the engine shows many sub-frequencies and has a high amplitude close
to the amplitude of the dominant frequency of this signal. While at the exit of the exhaust
from the jetting, the spectral analysis shows only one frequency with a large amplitude
and there are no other frequencies in all of the results. From the spectral analysis, the
acoustic signal at the engine outlet from the jetting is also characterized by its high
frequencies. It is noted that these frequencies have a strong relationship with the rotating
speed of the compressor, approximately that the speed is ten times the frequency of the
acoustic signal.
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Figure 3: Time history of the acoustic signals, and power spectrum at compressor speed of
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Figure 4: Time history of the acoustic signals, and power spectrum at compressor speed of
60600 rpm
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Figure 8: Time history of the acoustic signals, and power spectrum at compressor speed of
101700 rpm

Figure (9) shows a family of cross-correlation curves of the acoustic signals at
different compressor speed are presented. From the figure, it can be seen that the cross-
correlation curves of the acoustic signals do not vary for all speeds; their trends are not
strong correlation. In all speeds the cross-correlation curves do not drop to zero, which
means that the signals have no weak correlation for all speeds. From results at 45100 rpm
the cross-correlation is weaker than the cross-correlation at 52400 rpm, where the
strongest correlation was at the speed of 52400 rpm. The correlation began to decrease
gradually as the compressor speed increased.
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In this paper, the noise level was measured by using a sound pressure level (SPL)
meter for each of the air inlet (compressor) of the jet engine and at the exhaust outlet
(Nozzle) of the jet engine, as it was connected to the system for measuring the two
acoustical signals using the microphone system. Figure (10) shows the noise level when
the motor is running at different compressor shaft speeds. From the Figure, the results
show that the noise level at the exhaust exit from the jet engine nozzle is much greater
than the noise level at the air inlet of the jet engine compressor. This is due to the speed
of the exhaust gases flowing from the jet engine nozzle. It is noted that the noise level
produced by the exhaust nozzle increases with the speed of rotation of the compressor.
However, when the air enters the compressor, the noise level increases to a certain extent.
In this papers, the maximum noise level at the speed was about 80,000 rpm, and the noise
level was 110 dB, then the noise level began to decrease. This is likely to occur resonance
at this frequency, which is 388 Hz, and is often the result of the combustion process in
the combustion chamber immediately following the compressor.
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Figure (11) shows dominant frequency at different axial compressor speed. It is
very clear that at the outlet of the jet engine the acoustic signal has very high frequencies
of up to 10,000 Hz at the speed of about 100,000 rpm. Compared to the air entered the
compressor at the same speed, the frequency was about 500 Hz. Each of the frequencies
increases with the increase in the rotational speed of the compressor. However, is
noticeable from the Figure that the frequency at the outlet of the jet engine increased
linearly, while at the entry of air into the compressor, the increase was non-linear, in the
form of S shape.

12000 600

Dominant Frequency

10000 | FNozzle 500
| -8~ Compressor /
8000 . 400

6000 / 300
/

4000

Dominant Nozzle Frequency [Hz]
]
=4
<

(]
<
=
=
—
=
<
Dominant Compressor Frequency [Hz]

0 0
40000 50000 60000 70000 80000 90000 100000 110000
Speed [rpm]

Figure 11: Dominant frequency as a function of axial compressor speed.

Journal of Engineering Research  (University of Tripoli) Issue (35) March 2023 66



CONCLUSION

The study in this paper focused on the laboratory analysis of the spectral and extent
of the correlation (cross-correlation) of the two signals recorded at the air inlet and at the
exhaust gas outlet of a ET 796 trainer gas turbine jet engine in order to know the
relationship between the two signals such as the frequency, sound pressure level, and the
cross-correlation of the acoustic signals between them at different axis speeds of the jet
engine compressor. The main conclusions of this paper can be summarized as follows: i-
the noise level at the exhaust outlet of the jetting is greater than at the air inlet of the
compressor; ii- the frequency at the exhaust outlet of the jetting is much greater than the
frequency at the air inlet of the jet engine, where the frequency ratio between the inlet to
the outlet is about 1:20; iii- the cross-correlation between the two signals at the input and
the output was relatively strong at all the different speeds. The results also showed that
the cross-correlation decreased slightly at speeds close to 80000 rpm. This is likely to
occur due to the acoustic resonance of the combustion process in the jet engine
combustion chamber. It is also noted in the results that the relationship of the predominant
frequency of the noise resulting from the exhaust exiting from the jetting was a linearly
proportional relationship with the axial speed of the compressor. While at the air inlet for
the jet engine, the relationship increased by increasing the speed, producing S-shaped
curve, as the speed increased strongly from 70000rpm to 90000rpm.
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