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ABSTRACT

Strong evidence is presented that entropy noise is the
major source of external noise in aero-engine combustion.
Entropy noise is generated in the outlet nozzles of combus-
tors. Low frequency entropy noise - which was predicted
earlier in theory and numerical simulations - was success-
fully detected in a generic aero-engine combustion chamber.
It is shown that entropy noise dominates even in the case of
thermo-acoustic resonances. In addition to this, a different
noise generating mechanism was discovered that is presum-
ably of even higher relevance to jet engines: There is strong
evidence of broad band entropy moise at higher frequencies
(1 kHz to 3 kHz in the reported tests). This unexpected ef-
fect can be explained by the interaction of small scale entropy
perturbations (hot spots) with the strong pressure gradient in
the outlet nozzle. The direct combustion noise of the flame
zone seems to be of minor importance for the noise emis-
sion to the ambiance. The combustion experiments were
supplemented by experiments with electrical heating. Two
different methods for generating entropy waves were used,
a pulse excitation and a sinusoidal excitation. In addition,
high-frequency entropy noise was generated by steady elec-
trical heating.

*Address all correspondence to this author.

INTRODUCTION

Combustion noise gains importance, especially during
the landing approach of modern aircraft. This observation
is mainly based on the achievements in decreasing jet mixing
noise and fan noise of modern aero-engines.

The total noise radiated by a combustion chamber sys-
tem consists of direct and indirect combustion noise as
shown in a generalized acoustic energy equation by Dowl-
ing [1]. The direct noise sources are related to the unsteady
combustion process itself, e.g. to unsteady heat release. The
indirect combustion noise is generated when a fluid with a
nonuniform entropy distribution is accelerated in or con-
vected through the nozzle located at the downstream end
of the combustion chamber. The accelerated or decelerated
hot spots radiate sound. In gas turbines, the inlet guide
vanes for the first turbine stage represent a nozzle for the
combustion chamber flow. The flow in this nozzle is choked
in aero-engines in practically all relevant operating condi-
tions. The underlying theory of the acoustic mechanism is
described by Marble & Candel [2]. In the following, indirect
combustion noise (ICN) and entropy noise (EN) are used as
equivalent expressions.

Up to now, there was little direct experimental proof of
the existence of entropy noise in combustion with respect
to the noise emission to the ambiance, presumably because
of the difficulty to separate the different noise generating
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processes leading to entropy and direct combustion noise.
Exceptions are the work in 1976 of Bohn [3] in which en-
tropy waves and entropy noise were generated electrically
and the experimental investigations of Muthukrishnan et
al. [4] who separated the combustion noise sources via a
coherence analysis.

The dispersion behavior of entropy fluctuations in a
combustor flow was calculated by Sattelmayer [5]. Entropy
waves are frequently studied with respect to their signifi-
cance as a feedback force for combustion instabilities and
thermo-acoustic oscillations, see e.g. [6-8]. However, the
contribution to the noise emission of aero-engine combus-
tors remained unknown. With the goal to evaluate the
respective ratio of direct and indirect combustion noise, a
model combustor and a reference test rig were set-up and
acousticly investigated within the framework of a DFG re-
search unit on combustion noise (http://www.combustion-
noise.de). The results of this ongoing research work are
presented in this paper.

EXPERIMENTAL SETUP

For the experiments two different test rigs have been
used. The first one, called Entropy Wave Generator
(EWG), is a nonreactive reference test rig to investigate the
sound emission of artificially induced entropy waves in an
accelerated tube flow. The second one is a model combus-
tor test rig to demonstrate the noise emission of accelerated
entropy perturbations in a reactive combustor flow.

Entropy Wave Generator (EWG)

The Entropy Wave Generator is basically an accelerated
tube flow with the capability of inducing entropy waves via
a heating module. The idea of this setup is to optimize and
test detection methods for entropy noise. Furthermore, it
allows to validate numerical (CFD + CAA) studies and to
confirm theoretical considerations.

A sketch of the design is shown in Fig. 1. The flow,
which is supplied by a compressed air system, is calmed in a
settling chamber with a honeycomb flow straightener before
it enters the tube section via a bell-mouth intake. The inner
diameter of the tube is 30 mm. The heating module con-
sists of six ring sections with ten platinum wires stretched
through the cross section each. The wires have a diameter
of 25 pm and a total length of about 1.2 m. In the current
setup the wires can be heated with an electrical power of up
to 200 W. The length of the heating module in streamwise
direction amounts to 48 mm. The tube section following
the heating module is exchangeable so that three different
lengths, 42.5, 92.5 and 192.5 mm can be tested. Further
downstream the flow is accelerated through the convergent
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Figure 1. SKETCH OF THE ENTROPY WAVE GENERATOR (EWG).

part of a convergent-divergent nozzle and then decelerated
in the subsonic divergent diffuser part of the nozzle. The fol-
lowing, 1020 mm long tube section has a diameter of 40 mm
and is equipped with wall flush mounted microphones at dif-
ferent axial positions for acoustic analysis. The flow leaves
the test rig through an anechoic termination in order to min-
imize acoustic reflections into the measurement section. The
maximum mass flux limited by the air supply is 18 g/s and
the maximum Mach number in the nozzle throat amounts
to Ma =1 at a mass flux of about 11 g/s and a nozzle di-
ameter of 7.5 mm. A photo of the Entropy Wave Generator
is displayed in Fig. 2.

Figure 2. PHOTO OF THE ENTROPY WAVE GENERATOR (EWG).
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Figure 3. ISOMETRIC VIEW OF THE COMBUSTOR TEST RIG.

Combustor Test Rig Set-up

The combustor setup for the experimental investigation
is chosen to replicate fuel-air-mixing characteristics of full
scale gas turbines while still permitting analysis by experi-
mental means. In order to simplify the acoustic analysis and
the numerical approach, the system is designed axisymmet-
rically.

The test rig, shown in Figs. 3 and 4 consists of three sec-
tions: combustion chamber, outlet nozzle and exhaust duct.
A swirled dual air-flow nozzle is used to drive the combus-
tion zone. Methane gas is injected as the fuel through an
annular slot between the air streams.

The combustion chamber itself is made of either a fused
quartz glass or a stainless steel cylinder with 100 mm inner
diameter. It has a length of 113 mm and is terminated by a
convergent—divergent nozzle as shown in Fig. 4. The outlet
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Figure 4. SKETCH OF THE COMBUSTION CHAMBER SETUP.

nozzle can be exchanged with nozzles of different throat
diameters (7.5, 17, 20 and 30 mm) for testing the influence
of the outlet Mach number on the indirect combustion noise.

The outlet nozzle is attached to an exhaust duct with
the same diameter as the combustion chamber. In order to
reduce the impedance jump at the exhaust outlet, an end
diffuser is installed. In addition, the diffuser is perforated
with holes of 2 mm diameter with increasing perforation
density towards the exit. This exhaust duct termination is
designed in consideration of the experimental investigations
of Shenoda [9].

In order to excite the combustion process with pertur-
bations, a piezoelectric device is installed in the fuel gas
supply system to modulate the fuel mass flux dynamically.
The fuel gas modulator is driven by a frequency generator.

Sound pressure measurements in combustion environ-
ments put high demands on the acoustic equipment. High
temperatures of up to 2000 K and highly corrosive exhaust
gases forbid the usage of normal microphone setups in the
standard way. To prevent sensor destruction a probe mi-
crophone configuration like the one shown in Fig. 5 is used.

Due to the spatial separation of the measurement loca-
tion at the combustion chamber wall or exhaust duct and
the microphone itself, common 1/4-inch-microphones can be
used. The connection between the exhaust duct wall and
the microphone is realized by a steel tube of 2 mm inner di-
ameter. For impedance matching and to minimize standing
wave effects in the probe tube, this is extended according
to the principle of the semi-infinite acoustic duct.

The microphone itself is perpendicular and flush—
mounted inside the cylindrical chamber shown in Fig. 5.
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Figure 5. SKETCH OF THE PROBE MICROPHONE. THE MICRO-
PHONE IS INSTALLED IN THE CYLINDRICAL PRESSURE CELL.

From the rear end, the probe tube is purged with cooling
gas with a well controlled small flow rate. The purging
prevents the diaphragm of the microphone from damage by
corrosive combustion products. Of course, the phase shift in
the collected data due to the propagation delay through the
probe tube has to be corrected afterwards. Since the probe
tube is finite, small reflection effects remain in the transfer
function of the probe microphone. A detailed description
of the calibrated transfer functions is given by Forster et
al. [10].

In the current setup the combustion chamber can be
equipped with up to three probe microphones at differ-
ent axial positions. On the exhaust duct system twelve
microphones can be installed at three axial and four cir-
cumferential positions. From the acoustic time-series, the
downstream and upstream propagating acoustic waves can
be determined using an inhouse processing code for mode
analysis [11,12]. Thus, the total sound power emitted by
the combustion system can be determined. In the consid-
ered frequency range, the plane wave modes are the only
propagating modes.

In order to obtain information about convecting tem-
perature fluctuations or so called entropy waves, bare wire
thermocouples with a diameter of 25 pm are installed in the
combustion chamber and in the throat of the outlet nozzle.

For validation purpose and to map the flow field topol-
ogy, the flow velocity field was measured using a quartz glass
combustion chamber with square cross section and a three-
component Laser-Doppler-System. Results were reported
in [13], [14], and [15].

TESTS & RESULTS
The investigations meant to provide the evidence of en-
tropy noise can be divided into three different approaches:

1. The time domain analysis of microphone signals in a
pulse excitation mode. In the combustor setup the fuel
gas supply is regulated by a piezo-electrical gas modula-
tor. In the EWG rig the platinum wires are heated once
per second, controlled by square-pulses from a function
generator.

2. The cross-spectral analysis of microphone signals and
either thermocouple signals in the combustor rig or ex-
citation signals in the EWG, respectively, as a reference.
For this the combustor rig is operated in a self-excited
oscillating mode while the EWG is heated periodically.

3. By the spectral analysis of broadband entropy noise
emission in a higher frequency range.

In the following the results of these three different ap-
proaches are presented for the combustor setup and the
EWG rig, respectively.

Pulse Excitation

Combustor Test Rig: In the combustor test rig the
non-sinusoidal excitation was implemented using a piezo-
electric fuel gas modulator. Hereby, once per second the
fuel gas supply was increased for a period of about 17 mil-
liseconds. In the post-processing the microphone and ther-
mocouple signals are phase averaged in reference to the exci-
tation trigger signal. In this setup the thermocouple signal
was acquired from the throat position of the convergent—
divergent nozzle. The combustor was operated at a power
of 9.05 kW and an equivalence ratio of 1.25 resulting in a
mean bulk velocity of ~ 1.2 m/s in the combustion cham-
ber. The Mach number in the combustor outlet nozzle was
0.5.

In the current work the thermocouple signals were not
compensated. The associated amplitude loss is not of in-
terest since the amplitudes are not further evaluated for
the time domain and cross spectral analysis. With respect
to the phase relation it is assumed that the regarded fre-
quency ranges are above the cut-off frequency of the probe
and therefore in a nearly phase constant region in the low-
pass filter behavior of the thermocouples. Since only relative
phase dependencies are regarded the absolute phase error is
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Figure 7. PHASE AVERAGED TIME SERIES OF COMBUSTION
CHAMBER MICROPHONE (LEFT) AND EXHAUST DUCT MICRO-
PHONE (RIGHT) SIGNAL IN THE PULSE EXCITATION MODE.

not relevant. However, the relative phase behavior of the
thermocouples was determined using a chopped laser beam
directed on the thermocouple junction and was found to
be approximately constant for the here regarded frequency
ranges.

Figure 6 shows the phase averaged time traces of fuel
modulator trigger input on the left and of the thermocou-
ple signal in the outlet nozzle on the right. After a de-
lay period of about 50 milliseconds from the trigger pulse
(to = 0.02 s) the thermocouple indicates a distinct temper-
ature modulation in the outlet nozzle with an amplitude of
+0.6 V corresponding to a temperature fluctuation in the
order of +50 K. The real temperature fluctuation is pre-
sumedly much higher since uncompensated thermocouple
data were processed here. Thus the triggered modulation
of the fuel mass flux generates a perturbation of the heat
release and with it a convecting entropy wave.

The phase averaged microphone signals are displayed
in Fig. 7. Both the combustion chamber (left) and the
exhaust duct (right) microphone show an intense pressure
pulse shortly after the fuel trigger which corresponds to the
direct flame response. The modulation in the fuel mass flux
causes a fluctuation in the heat release which generates the
primary propagating sound wave. But the fluctuation in the
heat release also produces a downstream convecting entropy

wave, which creates in the outlet nozzle another pressure
fluctuation indicated again in both microphone signals in
Fig. 7. The convection time of about 50 ms fits to the mean
flow velocity and the convection path in the combustion
chamber from the flame to the nozzle. The effect of the two
microphones in the combustion chamber and the exhaust
duct being out of phase at the second pressure pulse series
is also described in theory [2].
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Figure 8. PHASE AVERAGED TIME SERIES OF ENTROPY-WAVE-
GENERATOR MICROPHONE SIGNALS IN THE PULSE EXCITATION
MODE AT DIFFERENT BULK VELOCITIES.

EWG: At the reference test rig the wires in the heat-
ing module of the EWG were electrically heated in the pulse
excitation mode once per second with a pulse of ~ 3.5 A
at 77 V and a pulse duration of 10 ms. Under variation
of various parameters like mean flow velocity, Mach num-
ber and distance between heating module (EWG) and noz-
zle (Axewg—nozzle)7 microphone signals from positions up-
stream and downstream of the nozzle were acquired. In the
post-processing analysis the signal traces were phase aver-
aged using the current excitation signal as reference.

Figure 8 shows the phase averaged signals of a micro-
phone downstream of the nozzle for different bulk velocities
in the tube flow and therefore different Mach numbers in
the nozzle. The heating current signal is also plotted in
the graph as a dashed line. The entropy wave induced by
the EWG generates a negative pressure pulse in the nozzle
throat after a propagation delay. This pressure pulse then
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Figure 9. PHASE AVERAGED TIME SERIES OF EWG MICROPHONE
SIGNALS IN THE PULSE EXCITATION MODE FOR DIFFERENT TUBE
LENGTH AX BETWEEN HEATING MODULE (EWG) AND NOZZLE.

propagates with the speed of sound and is recorded by the
microphones downstream of the nozzle. It can be seen in
Fig. 8 that the increase of the bulk velocity yields a cor-
responding decreased time delay and an increased pressure
amplitude. The maximum Mach number at this measure-
ment series was Ma = 1.

Figure 9 shows the time-domain averaged signals at dif-
ferent distance lengths between EWG and nozzle throat.
For the measurements tube sections with different lengths
have been inserted in the test rig. Here, the bulk velocity
in the tube section was 11.9 m/s and the Mach number in
the nozzle Ma = 1. The propagation delay of the entropy
wave and the corresponding pressure pulse is equivalent to
the changing propagation path between EWG and nozzle
throat if the noise generating entropy waves are traveling
with the mean velocity of the flow. The amplitudes of the
pressure pulses decrease slightly with increasing duct length
probably due to an increased dispersion of the entropy wave.

Sinusoidal Excitation

Combustor Test Rig: In general to determine the
propagation speed of traveling perturbations measured by
certain sensors at different positions, the phase relationships
between the signals of these sensors have to be analyzed.
First the cross spectrum between the two sensors has to be
calculated. Then the phase relation in a frequency range
of strong coherence between these two sensors has to be
considered. A phase relation that is linear with frequency,
stands for a propagating perturbation, whereby the slope of

the phase relation is anti-proportional to the propagation
speed. Thus, at constant propagation path perturbations
propagating with the speed of sound result in a much flatter
phase line than perturbations traveling with flow velocity.

The combustion chamber setup was hereby operated in
a resonant self-oscillating mode at a power of 8.35 kW and
an equivalence ratio of 1.25. Signals from a thermocouple in
the combustion chamber as well as microphone signals of the
combustion chamber and the exhaust duct were acquired.
The outlet nozzle diameter used was 7.5 mm, which yields
an outlet Mach number of M =2 0.47. The mean bulk velocity
in the combustion chamber was ~ 1.03 m/s
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Figure 10. POWER SPECTRUM OF THE THERMOCOUPLE SIGNAL
IN THE COMBUSTION CHAMBER IN A SELF-OSCILLATING MODE.

Figure 10 shows the power spectrum of the thermocou-
ple in the combustion chamber at Xx=85 mm and r =25 mm
with a clear peak at 115 Hz which is also found in the
acoustic signals. This indicates the convection of hot spots
with the resonance frequency of the system. To extract
the phase relationship the cross spectral density function is
evaluated between the thermocouple and the microphones
in the combustion chamber and the exhaust duct, respec-
tively. Figure 11 displays the zoomed cross spectra for the
above mentioned self-oscillating resonance case.

Considering plane propagation modes the slope in a
phase-frequency diagram is inversely proportional to the
corresponding propagation speed. The difference between
the curves of the two cross spectra in Fig. 11 is obvi-
ous. While the phase between thermocouple and combus-
tion chamber microphone (green) shows a negligible slope,
the phase relation between the thermocouple and the ex-
haust microphone (black) indicates a much steeper slope
related to a distinctly lower propagation velocity. Regard-
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Figure 11. CROSS SPECTRA BETWEEN THERMOCOUPLE AND
COMBUSTION CHAMBER MICROPHONE (GREEN) AND THE EX-
HAUST DUCT MICROPHONE (BLACK) AT A SELF-OSCILLATING
MODE.

ing a propagation distance between the thermocouple and
the convergent—divergent nozzle of 52.5 mm the phase re-
lation results in a propagation velocity of approximately
3 m/s which matches the mean flow velocity in this region.
In comparison the speed of sound in the combustion cham-
ber is as high as 900 m/s. Thus, the temperature or entropy
perturbation is convected with flow velocity from the pri-
mary combustion zone passing the thermocouple and accel-
erated in the outlet nozzle, where the entropy noise genera-
tion takes place. The latter is detected by the exhaust duct
microphone. In contrast, the phase-frequency relationship
between the thermocouple and the combustion chamber mi-
crophone (green) shows a phase that is almost independent
of frequency, which indicates high propagation speeds.

EWG: At the EWG test rig a cross spectral analysis
was conducted of measurements in a sweep excitation mode.
Hereby, the EWG module was heated with a slow sweep over
a certain frequency range. Since in this frequency range
the microphone signals downstream of the nozzle indicate
a strong coherence with the excitation signal and also ex-
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Figure 12. PHASE RELATION OF CROSS SPECTRA BETWEEN
HEATING CURRENT AND MICROPHONE SIGNALS DOWNSTREAM
OF NOZZLE FOR DIFFERENT TUBE LENGTH BETWEEN HEATING
MODULE (EWG) AND NOZZLE.

Table 1. PROPAGATION VELOCITIES OF ENTROPY WAVES CAL-
CULATED FROM PHASE RELATION IN COMPARISON WITH BULK
VELOCITY OF THE FLOW FOR DIFFERENT TUBE LENGTH AX BE-
TWEEN HEATING MODULE (EWG) AND NOZZLE

Distance Time Propagation Bulk
Mewgnozzle Delay Velocity Velocity

[mm] [ms] [m/s] [m/s]

55 6.9 11.7 11.9

105 9.9 13.6 11.9

205 18.1 12.8 11.8

hibit a linear phase relation, the slope of this phase relation
could be evaluated to provide the propagation velocity of
the perturbations.

Figure 12 shows the phase plot of the the cross spec-
tra between heating current and microphone signals down-
stream of the nozzle for an excitation sweep from about 85
to 145 Hz. The different traces correspond to different tube
lengths between EWG and nozzle throat. The longest path
distance (Axewg—nozzle = 205 mm) results in the steepest
phase line due to the same propagation velocity.

From this phase relation the propagation velocity can
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be quantified like shown in Tab. 1. Here, the second column
displays the time delays resulting from the slope of the phase
relation at different tube lengths (column one). Considering
the acoustic propagation time of the generated entropy noise
the traveling speed of the entropy waves can determined in
column three. These phase velocities give a good agreement
compared to the bulk velocity of the flow (column four).
However, it has to be considered that the tube flow features
a certain flow profile, where the bulk velocity, calculated
from the mass flux, the tube cross-section and the mean
density, is only a spatial mean value.

Broadband High Frequency Noise

Combustor Test Rig: Further measurements in the
combustion test rig indicate another probable entropy re-
lated noise generation mechanism. Hereby, the microphone
signals of the combustion chamber and the exhaust duct are
compared.
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Figure 13. POWER SPECTRA OF COMBUSTION CHAMBER (BLACK)
AND EXHAUST DUCT (GREEN) MICROPHONES UP TO 5 KHZ.

Figure 13 displays the corresponding power spectra in a
frequency range up to 5 kHz. It demonstrates the increased
sound pressure level of the exhaust duct microphone (green
line) over the combustion chamber microphone (black line)
in the frequency range between 1.4 and 3.3 kHz. The un-
steady combustion process seems to create small scale en-
tropy perturbations which generate high frequency broad-
band noise when accelerated through the combustion cham-
ber outlet nozzle. A possible jet noise contribution in the
exhaust duct yields much lower sound pressure levels due
to the low mean flow velocity (=2 m/s). Thus, jet noise
can not be the reason for this elevated sound pressure level.

Above 3.5 kHz the spectrum of the combustion chamber mi-
crophone shows the appearance of higher acoustic modes,
which are cut-off in the nozzle and cannot be observed in
the exhaust duct. Since these higher order cut-on standing
waves do not emit acoustic power, the dominating effect of
broadband entropy noise in the exhaust duct system exists
for all frequencies above 1.1 kHz. The operation conditions
of this aection were the same as in the previous one about
the sinusoidal excitation.

Sheer layer

Constantly heated wires

Microscopic Entropy noise-
- Vortex pair

Figure 14. SKETCH OF NOISE GENERATION BY SMALL SCALE EN-
TROPY PERTURBATIONS IN THE ENTROPY-WAVE-GENERATOR AT
CONSTANT HEATING.

EWG: In order to study broadband entropy related
noise sources the EWG heating module was heated contin-
uously in order to generate hot streaks in the wake of each
wire. Since the distance between the heating module and
the nozzle is comparatively small an equalization of these
nonuniform temperature distribution does not occur. The
authors are convinced that the strong acceleration of these
temperature streaks and nonuniformities through the nozzle
generates broadband entropy noise at higher frequencies. A
sketch of this mechanism is shown in Fig. 14.

Figure 15 shows the power spectra of microphone sig-
nals downstream of the nozzle structure in the region from
500 to 3000 Hz. The blue line shows the reference case
without heating at a nozzle Mach number of 0.35. The
peaks in the spectrum are resonance frequencies of the flow
system. The red curve displays the power spectrum with
constant heating of all six wire sections. It is obvious that
the sound pressure level is elevated in the heated case al-
most over the total frequency range. Especially in regions
with lower background noise the augmentation of the total
noise level by entropy noise amounts up to 7 dB in sound
pressure level.

For a detailed quantification of the noise increase and
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its dependency on the nozzle Mach number the frequency
band power of the microphone signals between 1 and 4.5 kHz
has been calculated at different Mach numbers for the non
heated and the permanently heated case, respectively. In re-
sult Fig. 16 shows a strong non-linear increase in frequency
band power difference with the Mach number. This obser-
vation supports the theory of Marbel & Candel [2], where
a strong increase of entropy noise with the nozzle Mach
number was predicted. In Fig. 16 the measured results can
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T

0.6

0.4r

0.2

T

i

Frequency Band Power Difference [Pa]
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Figure 16. INCREASE OF FREQUENCY BAND POWER (1-4.5kHz)
BETWEEN NON HEATING AND CONSTANT HEATING FOR CHANG-
ING NOZZLE MACH NUMBERS.

be fitted by an exponential function, which underlines the
strong Mach number dependence.

CONCLUSION

Entropy noise is generated when convecting entropy
perturbations are accelerated through a nozzle at high Mach
numbers. It was shown that entropy noise is the dominant
source for the pressure fluctuations in the exhaust duct of a
generic combustion chamber. The same conclusions can be
drawn from experiments in a reference test rig (EWG) in
which the entropy waves were generated by electrical heat-
ing.

Three different excitation schemes were applied in the
electrically heated reference test rig. The results in a con-
stant heating mode show the generation of broadband en-
tropy noise at higher frequencies due to a spatially non uni-
form distribution of the temperature in the wakes of the
heating wires. The entropy noise is shown to increase in
amplitude with increasing flow Mach number as predicted
theoretically.

The same effects including the high frequency broad-
band entropy noise in a well audible range between 1 and
3.5 kHz were found in the combustion test rig. It was
shown that even at operating conditions with self-excited
thermoacoustic oscillations the emitted sound power of the
combustion system is related to entropy noise effects. So
far, the nozzle outlet Mach number in the combustion rig
reached only Ma ~ 0.5. Since the combustor outlet of aero-
engines is choked in all relevant operation conditions and
since the effect of entropy noise is expected to increase
strongly with Mach number like shown in the reference ex-
periment (EWG) it can be concluded that entropy noise will
even be higher in real jet engines.

In aero-engines it can be assumed that additional en-
tropy noise is generated in each turbine stage when the flow
with nonuniform entropy passes the stages.

Considering the achievements in fan and jet noise reduc-
tion, the entropy noise mechanism requires further research
activities especially with respect to the design of future aero-
engine combustors to yield a more uniform temperature dis-
tribution in the outlet of the combustor.
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