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Abstract. Pressure gain combustion is a revolutionary concept to
increase gas turbine efficiency and thus potentially reduces the environ-
mental footprint of power generation and aviation. Pressure gain com-
bustion can be realized through pulsed detonation combustion. However,
this unsteady combustion process has detrimental effects on adjacent tur-
bomachines. This paper identifies realistic time-variant compressor outlet
conditions, which could potentially stem from pulsed detonation combus-
tion. Furthermore, a low fidelity approach based on the 1D-Euler method
is applied to investigate the performance of a compressor exposed to these
outlet boundary conditions. The simulation results indicate that the effi-
ciency penalty due to unsteady compressor operation remains below 1%
point. Furthermore, between 80% and 95% of the fluctuations’ ampli-
tudes are damped till the inlet of the 4-stage compressor.
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E3 Energy efficient engine
PDC Pulsed detonation combustion
PGC Pressure gain combustion

A Cross sectional area
c Absolute velocity

E Internal energy
Fx,Outlet Outlet surface force
Fx,Inlet Inlet surface force
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Fx,Endwall Surface force caused by a change in area
Fx,Blade Blade force

h Specific enthalpy
ṁ Mass flow
p Pressure
t Time

tclose Time during which the combustor is closed
T Temperature
Vp Volume of the plenum
W Work input

ΔΦ Relative amplitude of static pressure
ε Unsteady damping
η Isentropic efficiency
ρ Density
γ Ratio of specific heats

ax Quantity in axial direction
in Inlet of component

out Outlet of component
p Quantity in plenum

ma Mass-averaged
wa Work-averaged

1 Introduction

Despite the current pandemic, aviation is seen as an increasing market in the
years to come [1,2]. To reduce aviation’s emission footprint, the industry commit-
ted to the ACARE flightpath 2050, which e.g. aims for a 75% reduction of CO2

emission compared to a reference aircraft from 2000 [3]. Due to the high energy
density requirement both gravimetric and volumetric for long haul flights, which
are responsible for 20% of aviation’s CO2 emissions [4], there is currently no alter-
native to hydrocarbon fuels. Hydrogen appears to be an option for short- and
medium-range aircraft when burnt in modified gas turbines [4]. Other propulsion
concepts like pure electric or distributed propulsion are still in their infancy and
limited to small commuter and regional aircraft. Hence, conventional gas turbine
based engines are still indispensable and therefore require further development
to meet aforementioned goals. However, the conventional gas turbine engine is
a very mature technology, making efficiency improvements increasingly difficult
to attain. That is why revolutionary concepts such as pressure gain combustion
(PGC) attract a lot of attention. Instead of a constant pressure combustion,
which in fact occurs at a pressure loss, the fuel is burned at quasi-constant
volume conditions leading to a total pressure increase. In their simplified ideal
thermodynamic studies, Heiser and Pratt [5] determined thermal efficiencies of
up to 80% using PGC. More recent thermodynamic studies [6,7] also account for
reduced turbine efficiency and losses associated with the secondary air system
for blade cooling. The PGC cycles, indeed, outpace their Joule counterparts by
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up to 10% points in thermal efficiency, especially at low cycle pressure ratios.
However, the disadvantage of pressure gain combustion lies in its unsteadiness,
which results in time-variant boundary conditions for adjacent turbomachines.
Hence, it is very likely that the PGC device will be surrounded by two plena,
which dampen the fluctuations. The turbine is most severely affected, when hot
gas pressure waves strike onto the turbine blades. That is object of research
both experimentally and numerically for several years [8–12]. Less attention is
directed towards the compressor, which will be the focus of this paper.

The unsteady periodic combustion leads to a likewise unsteady throttling of
the upstream compressor, because the inlet of a combustion tube is closed after
ignition, until combustor pressure level allows for refilling. This leads to a mass
accumulation in the upstream plenum rising compressor outlet pressure asso-
ciated with detrimental effects onto compressor performance as the literature
survey confirms. Hoke and Bradley [13] connected a turbocharger to two pulsed
detonation combustion (PDC) tubes. Even when applying a simultaneous firing
pattern, the feasibility could be demonstrated. Sakurai et al. [14] successfully
connected two combustion tubes to a radial compressor. One tube operated in
PGC mode, whereas the other ran in conventional combustion mode, achieving
sustained operation. However, they found cycle performance to be lower com-
pared to full conventional combustion, which they attributed to a decrease in
compressor efficiency. When switching the second tube to PGC mode as well,
the gas turbine operation could not be sustained. Lu and Zheng [15], in turn,
conducted a third experimental study of the PDC-compressor interaction by con-
necting an arrangement of four PDC tubes to a centrifugal compressor. After
examining the sensitivity to the firing pattern and frequency, they concluded
that the compressor operates closer to the surge line. At Technische Univer-
sität Berlin, various 2D and 3D compressor cascades are exposed to throttling
devices that simulate PGC boundary conditions. Active flow control is applied
successfully in order to stabilise the flow [16–19].

Numerical studies in this particular field do not always allow a direct com-
parison. That is due to the way the compressor outlet boundary, which simulates
the presence of a PGC device, is specified. Because of the resolution also in cir-
cumferential direction, 3D-CFD allows to simulate a sequential firing pattern by
a rotating section of elevated pressure. Thus, only part of the compressor outlet
domain is throttled. Examples are de Almeida and Peitsch [20–22], who per-
formed 3D-CFD simulations of the rear part of the Rolls Royce E3E and NASA
GE E3 high pressure compressors at varying back pressure frequencies (12%–
300% of blade passing frequency) and amplitudes (5%–20%). At low amplitudes,
they found the efficiency penalty to be less than 1%, independent of frequency.
At high amplitudes, penalties went up to 15%. The authors further claim, that
most of the fluctuations are damped across a single stage. Numerical investiga-
tions based on a 1D-method usually use boundary conditions with much lower
pressure amplitudes. This is because the complete compressor outlet is throttled
in 1D. Neumann et al. [23] used a coupled numerical scheme to compute com-
pressor boundary conditions that would result from a PDC device with three
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and five combustion tubes. They showed that results of a unsteady quasi 1D-
Euler simulation match those computed by 3D-CFD, where also the complete
outlet domain is throttled. Furthermore, the efficiency penalty was estimated to
be below 1% point for these specific cases and the results suggest that 90% of
the fluctuations are damped over the last four stages.

This paper builds upon these findings [23] and substantially extends it by
answering the following research questions:

1. What range of compressor boundary conditions can be expected when oper-
ated together with a PDC?

2. What is the impact of these boundary conditions onto compressor perfor-
mance in terms of efficiency? Which part of the compressor is most affected
by a certain set of boundary condition?

For that purpose, the paper presents a simplified approach to estimate the
amplitude and frequency of pressure fluctuations caused by different plenum
volumes and PDC specifications. The results will serve as an input for bound-
ary conditions of 1D-compressor simulations. The compressor performance is
evaluated for a wide range of throttle frequencies and amplitudes using a vali-
dated 1D-Euler method. In doing so, a comprehensive evaluation of multi-stage
compressor performance is presented, which combines the derivation of the com-
pressor boundary conditions and their influence on compressor operation. To the
authors’ knowledge, no such study has been carried out so far.

2 Method and Compressor Model

The compressor performance is simulated primarily by an unsteady quasi 1D-
Euler approach due to its resolution in time and space. However, the momentum
and energy equations of the 1D-Euler approach require source terms, in order
to account for blade force and work input within the compressor. These source
terms are calculated by a mean line method. 1D-Euler and mean line method
are briefly introduced next.

The 1D-Euler method was first developed for the simulation of a shockless
explosion combustion by Berndt [24] and then extended for the simulation of
turbomachines by Dittmar and Stathopoulos [25] and Neumann et al. [23]. For
this purpose, the force of the compressor blades (Fx,blade) and the work of the
rotor blades (WRotor) are integrated into the momentum and energy equations,
respectively, as seen in Eq. 1.

∂

∂t

⎛
⎝

ρA
ρcA
ρEA

⎞
⎠ +

∂

∂x

⎛
⎝

ρcA
ρc2 A + pA
cA (ρE + p)

⎞
⎠ =

∂

∂x

⎛
⎝

0
Fx,Blade + pA

WRotor

⎞
⎠ (1)

The solver uses a second-order finite volume scheme. The inlet conditions are
fixed total temperature and total pressure. Static pressure is prescribed at the
outlet using a ghost cell. The compressor domain consists of 511 cells each having
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a length of 8×10−4 m. The mean line method used to compute the source terms
in the 1D-Euler equations has been recently developed at the Chair for Aero
Engines. A comprehensive introduction is given in [26]. The source terms are
computed as follows. The force in axial direction Fx,Blade of Eq. 1 is computed
from Newton’s 2. law of motion.

ṁ · (cx,out − cx,in) =
∑

Fi (2)

The sum of forces
∑

Fi constitutes of four forces as defined in Eq. 3.
∑

Fi = Fx,Inlet − Fx,Outlet − Fx,Endwalls + Fx,Blade (3)

For a blade row depicted in Fig. 1, Fx,Inlet and Fx,Outlet act on the inlet and
outlet of the control volume with the respective pressure. The mean line method
computes entry and exit of a blade row, hence Fx,Inlet and Fx,Outlet. Further-
more, whenever there is a change in area along the x-axis, a force Fx,Endwalls

acts onto the control volume. Figure 1 depicts this force only a the hub but it
could likewise act at the casing. Fx,Endwalls is computed by the 1D-Euler code as
it is part of the momentum equation (compare right-hand side of Eq. 1). Lastly,
there is the blade force Fx,Blade in axial direction created by the blades and
required for Eq. 1. Combining Eq. 2 with Eq. 3 and solving for Fx,Blade gives the
required quantity:

Fx,Blade = ṁ(cx,out − cx,in) + Fx,Outlet − Fx,Inlet + Fx,Endwalls, (4)

where Fx,Outlet = pout · Aout and Fx,Inlet = pin · Ain.
The work WRotor introduced by the rotor blades is calculated from the first

law of thermodynamics, Eq. 5. Since the blade row is assumed adiabatic no heat
is exchanged.

WRotor = ṁ(ht,out − ht,in) (5)

The mean line method is executed to compute the source terms for several operat-
ing points on a constant speed line of the compressor. The source terms are stored

Fig. 1. Sketch of rotor blade with control volume and definition of force source terms,
cells size is exaggerated for visibility
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in a look-up table, which is used by the 1D-Euler code. Depending on the current
axial velocity at the blade leading edge, the 1D-Euler code interpolates the corre-
sponding axial force source term and work source term. These two are distributed
among all cells of the blade row in the 1D-Euler code. As sketched in Fig. 1, a
parabolic distribution is chosen, which resembles the typical blade loading.

The last four stages of the well-known NASA/GE E3 high-pressure com-
pressor are modeled for this study [27,28]. The compressor originally consists of
ten stages. The analysis is limited to the last four stages starting with rotor 7
because they are mainly affected by the relevant range of boundary conditions.
The compressor inlet conditions are selected as if the full ten-stage compressor
were operating. The subsequent simulations and analyses use the operating point
defined in Table 1.

Table 1. Specifications of the NASA/GE Energy Efficient Engine high pressure com-
pressor operating point of the last four stages

Reduced corrected air mass flow 8.95 kg/s

Pressure ratio 2.36:1

Rotational speed 12669.5 rpm

Inlet total temperature 590.8 K

Inlet total pressure 990.5 kPa

Outlet static pressure 2169 kPa

3 Validation

The compressor model and the presented methods have been validated in a
recent publication [23]. Principally, the steady-state results of the mean line
method require validation to verify the correctness of the source terms and
unsteady results of the 1D-Euler code are compared to results of unsteady 3D-
CFD (URANS) to prove the accuracy of the general approach.

3.1 Steady-State Conditions

Results of the steady-state CFD, 1D-Euler and mean line method simulations
of the E3 compressor are compared with published experimental data.

The experimental data of the last four stages is taken from [28] and depicted
in Fig. 2. Since the last four stages were not tested separately but always together
with the front block of the compressor, throttling at a constant mechanical speed
intersects different reduced speed lines on the characteristic as the temperature
at the inlet of rotor 7 changes. Hence, experimental data points shown in Fig. 2
are not on a single reduced speed line. Still, the 3D-CFD and the mean line
simulations were performed at a constant mechanical speed of 12669.5 rpm and
at constant inlet total temperature of 590 K and total pressure of 990 kPa at
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rotor 7. These inlet condition were reported in [27] for the predicted design
point and selected here, even though they lead to an offset in isentropic efficiency.
However, the performance in terms of pressure ratio is captured accurately by
3D-CFD. Since inter blade values of the CFD simulations are used to tune the
loss models of the mean line method, also mean line data matches those of the
experiment. Regarding isentropic efficiency, mean line results agree with 3D-
CFD results but less agreement with experimental data is achieved as explained
above. Another shortcoming is that both mean line pressure ratio and isentropic
efficiency deviate close to surge from 3D-CFD data. A likely explanation is the
assumption of constant flow blockage for all operating points in the mean line
simulations. The source terms for the 1D-Euler code will be derived from mean
line data of the depicted speed line as outlined in Sect. 2.

Fig. 2. Comparison of experimental [28], 3D-CFD [23] and mean line method compres-
sor map

3.2 Unsteady Conditions

The unsteady 1D-Euler results are validated against unsteady 3D-CFD results
because of their presumably higher fidelity. The complete validation can be found
in [23]. Here, only the comparison for a fluctuation with a frequency of 60 Hz
and a relative pressure amplitude of 3.6% at the compressor outlet is presented.
The relative amplitude is defined in Eq. 6 and is used for the comparison of the
results of both numerical methods.

ΔΦ =
Φmax − Φmin

2 · Φmean
(6)

ΔΦ represents in Eq. 6 the relative amplitude of the periodic variation of
static pressure Φ in time. Figure 3 depicts relative amplitudes along the com-
pressor length from 1D-Euler and 3D-CFD simulations. The latter are computed
only between rows using a spatial mass flow averaged static pressure. Overall, a
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good agreement is found between 1D-Euler and 3D-CFD simulations. 3D-CFD
tend to give smaller relative amplitudes which might be explained by viscous
effects. They are ignored in the 1D-Euler method between blade rows. In abso-
lute terms, the relative amplitude is reduced for both 3D-CFD and 1D-Euler
from 3.6% to 0.3%. Thus, the application of the lower fidelity 1D-Euler method
is justified as it gives similar results compared to unsteady 3D-CFD for this
representative case.

Fig. 3. Comparison of relative pressure amplitude computed by 1D-Euler and 3D-CFD

4 Calculation of Boundary Condition

The 1D-Euler method requires a time-dependent static pressure outlet bound-
ary condition. This outlet pressure simulates the presence of a plenum and PDC
tubes downstream of the compressor. Simulations using a 0D-compressor charac-
teristic, 0D-plenum and multiple 1D-PDC tubes show that the resulting pressure
trace inside the plenum has a sinusoidal shape [23]. Thus, a compressor outlet
boundary condition might be described by a sinusoidal signal of a certain fre-
quency and relative amplitude. In this section realistic ranges for frequencies and
relative amplitudes are identified. This is accomplished from two perspectives:
Firstly, depending on both the PDC and plenum specifications and state of the
fluid, resulting pressure fluctuation are computed. Secondly, maximum tolera-
ble relative amplitudes are identified based on the available surge margin of the
compressor using its steady-state map.

The relative amplitude of the pressure fluctuation is derived by an approach
by Wintenberger [29]. According to Wintenberger, the relative pressure ampli-
tude can be estimated by Eq. 7.

ΔΦ =
ṁ0tclose
VP ρP

(
γ

2
+

γ − 1
4

· ṁ0tclose
VP ρP

)
(7)
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That equations is derived from the unsteady mass and energy equations for
a control volume, which comprises the plenum from the compressor exit till the
PDC valve plane. This system of equations has been solved separately for the
closed part of the cycle and for the open part of the cycle. Details and assump-
tions used in the derivation can be found in [30]. The amplitude is controlled
by a single non-dimensional parameter ṁ0tclose

VP ρP
, which represents the ratio of the

amount of mass added to the plenum during the closed part of the cycle to the
average mass in the plenum. In Eq. 7 only the volume of the plenum VP and tclose

are variables. ṁ0, ρ̄P and γ are defined by the compressor operating point. tclose

is defined as the relative closing time divided by the product of firing frequency
and number of tubes. The relative closing time is set to 0.05, i.e. the combustion
tube is closed during 5% of a firing period. That value is selected as it results in
a good match with more complex compressor-plenum-PDC simulations in [23].

The results of Eq. 7 are depicted in Fig. 4, where lines of constant relative
amplitude are presented for different frequencies (X-axis) and plenum volumes
(Y-axis). The plenum volume is varied between 0.005 m3–0.1 m3, which corre-
sponds to 3%–60% of the compressor volume. Frequencies are selected between
20 Hz and 1000 Hz resulting from the literature research for PDCs [31]. The fre-
quency of the sinusoidal wave is a function of the firing frequency of a single
tube and the total number of tubes assuming a sequential firing pattern. A fir-
ing frequency of 20 Hz is selected for this analysis, since that has been achieved
in experiments [32]. Thus, the frequency range between 20 Hz and 1000 Hz cor-
responds to a number of PDC tubes between 2 and 50. Theoretical approaches
such as in [33] tend to suggest higher firing frequencies in the order of 200 Hz.
This is a result of the assumption of a completely formed detonation once the fuel
air mixture ignites. In reality, a deflagration to detonation transition is required,
which reduces wave velocity and results in lower cycle frequencies.

Three main observations can be made from Fig. 4:

Fig. 4. Isolines of constant relative amplitude for varying frequencies and plenum
volumes
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– At high plenum volumes and low frequencies (top left), relative amplitudes
are very sensitive to frequency but little to plenum volume. Even a small
increase in frequency substantially reduces relative amplitude.

– Vice versa is true at high frequencies and low plenum volumes. Relative
amplitude is very sensitive to plenum volume but little sensitive to frequency.
Here, even a small increase in plenum volume significantly reduces the relative
amplitude.

– Around an imaginary diagonal line on the plot, increasing both plenum vol-
ume and frequency results in lower relative amplitudes.

According to Fig. 4, relative amplitudes reach values as high as their mean
value (relative amplitude = 1). Obviously, that is intolerable from a compressor
stability perspective. Therefore, a maximum permissible relative amplitude is
inferred from the compressor map, which is a simplification, since the compres-
sor map depicts steady-state operation. The time-averaged operating point is
positioned at a pressure ratio of 2.36 for this study, which is below the intended
design point of the compressor. However, that operating point allows for rela-
tive amplitudes of 5% without exceeding the surge line on the steady-state map
and eve provides some safety margin. As a result, the compressor model will
be simulated under boundary conditions with frequencies in the range of 50 Hz–
1000 Hz and amplitudes between 0.5%–5% around a mean static outlet pressure
of 2169 kPa, which corresponds to a pressure ratio of 2.36 of the last four stages.

5 Compressor Simulation Results

Previously identified boundary conditions were simulated for the operating point
defined in Table 1. The simulations were run for multiple periods to allow for
an unsteady periodic convergence. Eventually, convergence was verified by a
method, which relies on fundamental concepts from digital signal processing
including the discrete Fourier transform and cross correlation [34].

5.1 Unsteady Damping

Any excitation is damped in a viscous and compressible medium. In case of a
compressor exposed to a fluctuating outlet pressure profile, the pressure waves
lose strength and eventually vanish while travelling upstream. This rate of dissi-
pation is quantified by the unsteady damping ε of the relative amplitude (com-
pare Eq. 6).

ε =
ΔΦ2 − ΔΦ1

ΔΦ2
(8)

ΔΦ2 is the relative amplitude at the compressor exit and ΔΦ1 is located
arbitrarily further upstream.
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Unsteady damping is plotted over frequency and relative amplitude. By eval-
uating different planes within the compressor, the damping characteristic can be
inferred. Figure 5 depicts unsteady damping at the inlet of the last stage and
Fig. 6 shows unsteady damping upstream of the first rotor.

Fig. 5. Unsteady damping at the inlet of the last stage

White areas indicate less damping whereas black stands for a higher degree of
damping. From Fig. 5 is can be inferred that low frequencies are less damped than
high frequencies. According to the data, roughly 30% of the fluctuation’s pressure
amplitude is attenuated at 200 Hz whereas 46% are damped at 800 Hz. Further-
more, the results suggest that relative amplitude does not have a strong effect
on unsteady damping. That is especially true for frequencies between 400 Hz–
700 Hz.

Taking into account Fig. 6, which depicts unsteady damping taken at the
inlet, a different picture is drawn. Low frequencies are more damped than high
frequencies. Frequencies below 200 Hz have an unsteady damping of as high as
94%, whereas only 82% of the outlet fluctuation is attenuated at high frequencies.
It can be concluded that fluctuations with a high frequency show a high amount
of damping within the last stage, but as soon as their amplitudes are lower
the rate of damping reduces. Hence, at the inlet higher relative amplitudes are
observed for fluctuations with a high frequency compared to a fluctuation with
a low frequency.
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Fig. 6. Unsteady damping at the inlet of the four-stage compressor

5.2 Isentropic Efficiency

Next, compressor isentropic efficiency is presented for the range of selected
boundary conditions. Isentropic efficiency is a suitable metric as it relates the
ideal energy input with the real energy input required to achieve a certain pres-
sure ratio. The definition is given in Eq. 9.

ηis =
Δhideal

Δhreal
=

(pt,out/pt,in)γ/(γ−1) − 1
Tt,out/Tt,in − 1

(9)

Temperatures and pressure are averaged to obtain a representative value for
a complete firing period. For that, an averaging procedure presented by [35]
and successfully applied in [10,23] to calculate isentropic efficiency will be used.
Instead of using instantaneous values in Eq. 9 to yield a time resolved effi-
ciency, temperatures are mass-averaged and pressures are work-averaged over
one period. A mass-averaged temperature is computed by Eq. 10 for both inlet
and outlet:

Tt
ma =

∫ t2
t1

ρcTtdξ
∫ t2

t1
ρcdξ

(10)

The work-averaged pressures at inlet and outlet are averaged differently accord-
ing to [35]. Work-averaged total inlet pressure is defined as:

(
pwa

t,in

)(γ−1)/γ =

∫ t2
t1

ρincinTt,in(ξ)dξ
∫ t2

t1
ρincin

(
Tt,in(ξ)

pt,in(ξ)(γ−1)/γ

)
dξ

(11)

and work-averaged outlet pressure as:

(
pwa

t,out

)(γ−1)/γ =
1

Δt

∫ t2

t1

p
(γ−1)/γ
t,out (ξ)dξ. (12)
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The mass and work-averaged definition for isentropic efficiency has the advantage
that the assumption of an instantaneous compression through the compressor is
not required [35].

Again, data is depicted over relative amplitude and frequency in Fig. 7. The
isentropic efficiency is presented as delta efficiency. That is the difference between
a steady-state efficiency of an operating point having the same minimum surge
margin as the unsteady throttled operation. It can be inferred that isentropic
efficiency penalties remain below 1% point for the selected boundary conditions.
The efficiency penalty is dominantly influenced by relative amplitude. The fre-
quency of the boundary condition does not have a strong effect on efficiency.
At low relative amplitudes, isentropic efficiency is only penalized by 0.1% point.
At high relative amplitudes of 5%, efficiency penalties amount to 1% point. For
every percentage point increase in relative amplitude, the efficiency penalty is
increases by roughly 0.2% point. The penalty can be decreased by going for a
lower relative amplitude of the boundary condition. That can be achieved by a
larger plenum, as Fig. 4 suggests.

Fig. 7. Isentropic efficiency penalty caused by unsteady boundary condition

6 Conclusion

This paper presents the application of a low fidelity numerical method, in order
to investigate compressor behaviour at unsteady boundary conditions similar
to those caused by pulsed detonation combustion. For this purpose, a range
of reasonable unsteady compressor boundary conditions is derived for different
pulsed detonation combustion specifications and plenum sizes. That time-variant
static pressure trace is further prescribed at the outlet of a 4-stage compressor
model. A fast quasi 1D-Euler method simulates the compressor performance for
multiple periods. The results are evaluated with regards to unsteady damping
and isentropic efficiency. The main conclusions are:
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– relative amplitude and frequency range from 0.5%–5% and 50 Hz–1000 Hz,
respectively, for a realistic pulsed detonation combustor and the underlying
1D-approach according to the simplified model.

– The unsteady damping depends on fluctuation frequencies. The last stage
dampens between 30%–46% of the fluctuation’s amplitude. Between 84% and
92% are attenuated till the inlet of the 4-stage compressor model.

– Compressor isentropic efficiency is influenced by the relative amplitude of the
fluctuations. A penalty due to unsteady operation of up to 1% point compared
to a comparable steady-state operating point is observed.

The penalty in compressor efficiency is minor, which is likely specific to this
compressor, as the modelled compressor does not suffer from a strong decrease
in efficiency when moving closer to the surge line (compare Fig. 2). However, the
authors believe that the fluctuations’ amplitudes are more restricted by stability
concerns than by the expected penalty on compressor efficiency. Especially as the
last stages are critical in terms of stability at high reduced speeds encountered at
a possible cruise operating point. Further research using the presented method
is in order that adequately evaluates the influence of pressure gain combustion
on compressor stability.
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