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The dataset presented here regard the analysis reported in
the research article entitled “Comparison of different plasma
actuation strategies for aeroelastic control on a linear com-
pressor cascade” De Giorgi et al. (2021) [1]. These data are
related to the Computational Fluid Dynamics (CFD) assess-
ment of different plasma actuation strategies for the aeroe-
lastic control of an aero engine compressor cascade in sub-
sonic flow conditions. The authors evaluated the accuracy
of numerical computations using experimental results. Here,
both experimental and raw data of the CFD simulations are
presented.
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Specifications Table

Subject Aerospace Engineering, Mechanical Engineering

Specific subject area Flow control techniques, Active Flow Control, Turbomachinery, Aeroelasticity,
Aerodynamics

Type of data Text file (Excels Data)

How data were acquired Ansys FLUENT® R1

Data format Raw, Analyzed

Parameters for data collection Presented data regard a NACA65 compressor cascade in steady and unsteady

flow. As performed in Motta et al. [2], inlet flow conditions are: velocity of
U, = 34.36 m/s (Re~350,000) and U,, = 19.65 m/s (Re~200,000), pressure
equal to 101325 Pa, temperature equal to 288.15 K and density equal to

Poo = 1.225 kg/m>. Geometric model and boundary conditions employed for
the numerical simulations are those real of aircraft engines compressors. Two
AC voltage Dielectric Barrier Discharge (AC-DBD) plasma actuators are placed
at the trailing edge of the central blades. The influence of AC-DBD plasma
actuators on the aeroelastic control has been analysed through a proper
phasing of the actuation switching law.

Description of data collection Different 2D geometric domains of seven NACA65 blades were realized and

imported into Ansys FLUENT® R1. Realistic operating conditions have been set
and 2D Reynolds-averaged Navier-Stokes (RANS) equations have been resolved
with the hypothesis of incompressible flow. Several steady runs have been
executed in order to perform grid independent studies. Once the reference grid
has been obtained, transient simulations of the pitching blades with and
without plasma actuators have been carried out.

The cosinusoidal actuation switching law for the suction and pressure side
used for the assessment is as follows:

| Fss if w-cos(w-t+n- BT 4 p) >0
Fps if w-cos(w-t+n- BAT 4 ) <0
Data source location University of Salento, Lecce, Italy
Data accessibility Data available with the article
Related research article “Comparison of different plasma actuation strategies for aeroelastic control on

a linear compressor cascade” [1]

Value of the Data

The data are important for the since they allow to evaluate the effect of the active flow
control technique based on AC-DBD Plasma Actuators in order to achieve aeroelastic control
on a linear compressor cascade in unsteady flow conditions.

The data can be useful for engineers and researchers which work in the turbomachinery
research area with particular focus on active flow control.

Data of the time history of lift and moment coefficients can be employed to verify modelling
predictions of unsteady flows over a compressor cascade. Furthermore, data can be employed
for comparing with the results of the application of other active flow control techniques for
lift enhancement and load alleviation of a compressor cascade under unsteady flow condi-
tions.

Data can be used as a benchmark for future research on active flow control of unsteady flow
in turbomachinery.

This work is expected to encourage the development of AC-DBD Plasma Actuators for aeroe-
lastic control in turbomachinery.

Data Description

The CFD dataset of a linear compressor cascade (Fig. 1) presented in the article provides

the steady pressure distribution (Cp) (Fig. 2), lift coefficient (C;) and moment coefficient (Cp, ¢/2)
time history curves (Fig. 3) and standard deviation of the 4th blade in both clean and actuated
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Fig. 1. Model schematic of the subsonic compressor cascade.

0.5~
0.4 I\

0.3\

02-0 o 8 e @

<, I
o
0
0

0.5 ——— CFD
- O EXPERIMENTAL DATA

1 I 1 l 1 l 1 I L I 1 l 1 I I T 1 T 1 I

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

xlc [-]

Fig. 2. Steady pressure distribution (C;) of the 4th clean blade.

configuration (Fig. 4). Steady simulation result of the pressure coefficient is compared with the
experimental data of Ref. [2], also provided in this article. As regards the C; and Cp, ., aerody-
namic coefficients, temporal evolution of the raw signals of these coefficients in both clean and
actuated configuration are reported. Furthermore, standard deviation values of these coefficients
in both clean and actuated configuration are also included in this article.
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Fig. 3. History curves of lift coefficient (C;) and moment coefficient (Cy, ) of the 4th blade in clean and actuated
configuration.

In summary, the supplementary files of this article include the following data:

—

. Experimental data from Motta et al. [2] and steady pressure distribution (Cp) of the 4th blade
in clean configuration performed using Ansys FLUENT® R1 solver and U,, = 34.36 m/s, Re~
350000 (Fig. 2, file “Steady Pressure Coefficient.xlsx”);

2. Comparison raw dataset between the time history of both lift and moment coefficients in
clean and actuated configuration, simulated with U,,=19.65 m/s, Re~200000, f=19.17 Hz,
IBPA=51.43 deg and ¢=0 deg (Fig. 3, file “Unsteady Lift and Moment Coefficients.xlsx”);

3. Comparison data between the standard deviation of lift and moment coefficients in clean and

actuated configuration, simulated with U,,=19.65 m/s, Re~200000, f=19.17 Hz, IBPA=51.43

deg and ¢ € [0, 315] deg (Fig. 4, file “Lift and Moment Coefficients Standard Deviation.xlsx”).

2. Experimental Design, Materials and Methods

Subsonic steady and unsteady flow simulations around a linear compressor cascade have
been performed. The 2D cascade reproduces the test facility sited at the Chair of Aero of TU
Berlin [2]. The cascade comprises seven NACA65 blades with a mean angle of attack of @g=2 deg
and chord length of ¢ = 0.15 m. Plasma actuators (PAs) are positioned only at the trailing edge
of the three central blades. The geometric domain is a 506870 elements multi-block structured
quad mesh. The fluid flow is considered as incompressible, two different velocities are imposed
at the inlet: Uy, = 34.36 m/s (Re~350000) and U, = 19.65 m/s (Re~200000), pressure equal
to 101325 Pa, temperature equal to 288.15 K and density equal to p., = 1.225 kg/m3. Numer-
ical computations have been carried out using the commercial solver Ansys FLUENT® R1. The
k-w turbulence model has been employed as closure for the Reynolds-averaged Navier-Stokes
(RANS) equations and convergence criteria have been set to 6.35-10~°. Load response, evaluated
in terms of lift coefficient (C;) and moment coefficient (Cy, ) have been analysed. Pitching mo-
tion of the blades, positive clockwise, has been realized by loading a UDF macro in the solver
containing the kinematic formulation of the oscillation:
IBPA - n)_

(1)

a(t)=a0+asm<w-t+n~ 180

where «(t) is the blade angle of attack, «g is the average angle of attack, w=2xf is the fre-
quency, n is the nth blade (starting from the top of the cascade) and IBPA is the inter-blade
phase angle.

Validation of the reference grid has been carried out by comparing experimental results of
Ref. [2], both in steady and unsteady flow. Dielectric barrier discharge (DBD) driven by an alter-
nating current (AC) plasma actuator have been modelled based on Shyy’s approximation [3].
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Fig. 4. Standard deviation of lift coefficient (C;) and moment coefficient (Cy,2) of the 4th blade in clean and actuated
configuration.

The cosinusoidal actuation law employed to control the aeroelastic response of the cascade
is defined as follows:

Fss ifa)-cos(w-t-i-n-“”’_f‘T”_;_go)zo

Fps if @-cos(w-t+n. BALT 4 ) <0

(2)

where ¢ indicates the force phase (in degrees) used to shift the electrical signal of the plasma
actuators.

The standard deviation values of the aerodynamic coefficients signal is calculated as follows:

T
1 2
o = \/N 1 ; (CL(t) - CL,mean) N (3)
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