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Active flow control is demanding for new actuation technologies as none of the actual available
actuators has reached all the criterions for expecting an implementation in the coming years. Here, a
new type of pulsed jet isdesigned and preliminary measurements of its performances in quiescent flow
are conducted. Pulsed operation has been chosen because of the expected high efficiency of pulsed
actuation in comparison to continuous blowing. The traditional pulsed jets being limited in term of
frequency because of the use of a mechanical valve to achieve the desired pneumatic opening and
closing of a jet provided by an external pressure source, the fast response of electrical discharge is
exploited in the present investigation. The objective is to modulate the output of a small jet exhausting
from a pressurized chamber. A spark dischargeis used to affect the thermodynamic state of the gasin
order to electrically achieve periodic cancellation of the chocked flow conditions at the throat upstream
the jet exit. In the present study, such actuator with additional neck extension and jet diameter
enlargement is investigated. The configuration results in a high-speed subsonic jet whose velocity
amplitude is modified by an arc discharge with deposited energy from 18 to 780 mJ. Some
characteristics of the jet are provided using optical methods such as high-speed Schlieren and PIV. In
particular, it is shown that thejet flow velocity can beincreased from 50 m.s* to 190 m.s.

I. Introduction
I n many high-speed flow conditions as encounterefdilinrscale commercial or military aircrafts, aaifiow
control requires actuators with specific charast@s. Particularly for high velocity flow control
configurations (i.e., from high subsonic to supaiseegimes), high frequency and high authorityatars (in terms
of flow speed or momentum) are required ([1], [Zhme recent developments of active actuatorsupersonic
flow control can be found in Emerii al.[3] and [4]. Pressurized flowing jets pulsed bycmanical valves have a
high potential but they are limited in terms ofduency (up to typically a few hundred of Hz). Reberthe concept
of synthetic jet using a spark discharge in a smallity has been extensively developed with petspeof
achieving high-frequency excitations. This actuasousually referred as PSJA for Plasma SyntheticAttuator.
The concept has been initially proposed by Cybyalef5], but recent advancements have been adhiaset was
reviewed in Zong and Kotsonis [6]. This type ofuatbr is capable of producing a jet flow with higilocity at high
frequencies. For instance in [7], the authors heh@wvn that high-velocity jet with a maximal velgedf about 300
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m.s* can be obtained with high-frequency conditions kb&). The performances of PSJA are mainly relatethe

electrical parameters that control the plasma disyh regime but they also depend a lot on the gegroé the

cavity. As discussed in [1], the transfer functioh PSJA strongly depends on the geometrical pammsietn

particular, accumulation of residual temperaturéhi cavity as well as insufficient refreshing pdr{suction period
of the actuator cycle) are two factors limiting thepetition frequency of this type of actuator. Téegturation
frequency has been largely commented in [8], anehi concluded that when the repetition frequesdpdreased,
the peak jet velocity can remain at a high ampétbdt the jet duration time drops. It was theoedycdemonstrated
that the gas density in the cavity declines wittré@asing energy deposition and repetition frequeBeying high-

frequency actuation, the gas in the cavity does@miver the initial ambient pressure condition tng the density
in the cavity is slightly lower than the ambienndity, which degrades the performance of the PSJA.

In the present investigation, we developed a neye tyf pulsed jet combining a cavity and a plasnsatdirge.
However, as opposed to PSJA, the cavity is contislyosupplied by a constant air pressure. Thus, abtuator
results in a continuous jet that can be turnedpfd mechanical valve. The objective here is to ulatd the output
of the jet from low to high-frequencies. The bagimciple is to increase the temperature at a stimizat located
upstream of the jet exit with the help of a spadckarge (Fig. 1). For an ideal gas, the flow teing proportional
to the inverse of the square root of the tempesasitira constant settling chamber pressure, tHeojetrate can be
varied. Although it also uses a plasma dischatye,present method is then quite different fromRI&JA as the
proposed device uses extra air for thermal balaBeeause of the addition of an extra source ofguresto fill the
cavity, it is expected that this device could aehidéigh-frequency forcing without degrading the mead time-
resolved performances.

Sonic Throat

|Anode |Cathode I |P|asma |

Figure 1: Schematic of the plasma-assisted pukteatjuator.

Il.  Description of the plasma-assisted pulsed jet
A. Actuator design
The plasma—assisted pulsed jet is composed of ssymized chamber, in which the pressure is coettodnd
remains constant at a given value (typically 1.4 differential in the present investigation), a isothroat just in
front of the device exit and a thin conductive Heextntered within the cavity. The needle is mafdeiogsten, its
length is 2 cm and its radius of 80t ended by a 15° tip cone. However, the effectiolime is reduced to 125
cm® due to the presence of the needle and its supfitw. support of the needle can be translatedderdo adjust
the distance between the end tip of the needlalanget exit. Here this distance is kept constar mmm but it can
be varied as a future parameter to optimize. Thieoéxthe system is made of a 1-mm diameter hold wilength of
3 mm. The exit hole of the model is located atdéeter of a circular insert with a diameter of 18 nThis insert is
mounted to the aluminum output support. It is mafléungsten,to reduce erosion, which can potegtieluse
possible geometric modification of the output halging the different tests. In the standard operatihis geometry
produces an initially sonic jet. Presently, an ahum extension is fitted at the end of the actuafdris neck
extension has a circular orifice whose diamete iem and length of 17 mm. This extension is pelfealigned
with the hole forming the sonic throat. In suchoaftquration, the jet exhausting from the devicelegs from sonic
to subsonic regime due to the sudden expansion fréeen3 mm (with feeding pressure of 2.4 bar, 3% psi). The
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shop air is connected to the back of the model, amédditional supply line can be used to fill tevity with
seeding particles for optical flow measurement agPIV.
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Figure 2: Technical drawing of the initial modebdamage of the plasma-assisted jet in subsonig(iwtk extension)
configurations

B. Electrical setup

The primary principle of this device is based oa thtroduction of thermal energy deposition at sl@ic throat
using an arc discharge. Here, the anode electeotteineedle inside the cavity while the groundedtede is the
insert piece made of tungsten. The power supplg ts@roduce the spark is strictly similar to threeased by Zong
and Kotsonis [8] for PSJA. A discharge power sumagnbining high-voltage trigger pulse and capaeitiischarge
is used as shown in Figure 3. The ionization ofzZham inter-electrode gap is caused by low-enerigger pulses
that are delivered by a high-voltage amplifier @88/20). These pulses have amplitude of 12 kVapdlise width
of 80 us. In the present investigation, only single-shotdmis investigated so the repetitive frequencthefpulses
is fixed at 2 Hz. When the gas is ionized, the higltage amplifier cannot provide sufficient curamd the voltage
of the pulse suddenly drops. Placed in parallethto electrical circuit producing the trigger pulsascapacitive
discharge provides the energy to locally incredsetémperature at the sonic throat. A capacitorgihg power
supply (peak voltage 2.5 kV, power 2000 W) is ufsedcharging the capacitor C1 (capacitance 1 pEstanding
voltage 5 kV). As soon as the inter-electrode gepomes conductive due to the ionized channel, ieegg stored
in capacitor C1 is released rapidly into the acuahvity via arc heating. The capacitor C1 is géidally recharged
to maintain a constant repetitive frequency oveeti The electrical circuit also includes a hightagé resistor R1
(resistance 1@, power 200 W), whose purpose is to limit the chaygcurrent as well as high-voltage diodes for
protecting the DC and pulsed power supplies. Asvehby Zong [8], the additional high-voltage triggaulse has
the advantage of simplifying the system without tise of a third electrode as a trigger source,itaaldo fixed in
time the ignition of the spark discharge while redg the EMI. However, a variation of about 150n the ignition
time of the ionization channel has been observed.

Rl

D1
W\ B

DC power 1
C_) supply = ¢

High-voltage
trigger pulse

Figure 3: Electrical circuit used to power the plasassisted pulsed jet
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C. Measurement setup
Electrical measurements of the discharge have beeducted. High-voltage probes (Northstar PVM+E) ased to
monitor the voltages produced by the trigger pudsewell as the voltage at the anode electrode. #eu
transformer (Stangenes model 0.5-0.01) is used doitor the current passing through the arc disahafthese
probes are connected to a high-resolution (12 b&sjlloscope with 500 MHz bandwidth (Lecroy HDO54@). All
signals are recorded with 10 Ms/s in order to aehi@ sufficient time resolution in view of recordiproperly the
fast voltage drop and current increase when theéumetdecomes conductive and the capacitor C1 digelsar

The plasma-assisted pulsed jet principle is basednodification of the jet velocity by sudden chamga
temperature imposed by an arc discharge. The éocatized in the actuator but the thermal is cated in the fluid
medium because of the differential pressure impasekde cavity chamber. Then, the spatial and tealpthanges
of the refractive index of air can be easily detected by using a Schlisystem [9]. Here, a linear Schlieren is used
(see Figure 4) where a small bright LED sourcanilhation, propagating in the z-direction, is cobited by a 300
mm focal lens and then focused by a second sphéitaof similar focal (f/4). The LED (CBT 120yt source is
driven by an electrical circuit inspired from Bucammet al. [10] where a high-current (210 A) is forced on tieD
for a short period of time. The major challengeehiercaused by the need for a short duration ithation (1ps) to
freeze the flow while a high-repetition rate (frdtfB0 to 150 kHz) is also required to image the fiowa time-
resolved manner. This system makes non-steady wawdsflow turbulence visible but at the price oflcav
brightness of the images. An horizontal sharp rdstade is placed at the light focus to record #feactive-index
gradienton/oy. A high-speed CCD camera (Phantom V2012) equippigd 180 mm objective (Tamron 180 mm
F/3.5) and 1.4x teleconverter is used to imageflthe. In order to reach high-repetition rate, trensor of the
camera is cropped to a reduced field of view of>&86 for 100 kHz acquisitions and of 600x386 fo0 1z
measurements. Here, phase-locking the schlieregesto the actuator control signal is complicatgdhe jitter in
the ignition of the arc discharge (this will be alissed later in the paper), so only time-resolvetli&en
measurements are conducted. This non-intrusiveniggl is expected to provide observation of trarsie
perturbation caused by the thermal depositionwlilhtause a shift in the refractive index of thésonic jet.

riggerred L
BY oK || pomie o e i st i i s s S. y,n 9 ilrEJ '_1 '.Z ?q ________________________________ .
pulse : @ 75 mm, f/4, achromatic H
| i I
) i i
! ! Knife-edge : @50 mm, /2.4 |
l Slit !
Phantom v2012 | | : 0 é()
LED
180 mm+ Jet
1.4x teleconverter 300 mm 300 mm

Figure 4: Sketch of the Schlieren system used tmerthe jet perturbed by the arc discharge.

Fluid flow measurements have been performed usilogvaspeed 2D2C PIV system. This type of measurémen
is highly challenging as it combines a small siegé flow with high-speed regime. Here, a dual pulsaser
(Evergreen 70-200 mJ at 532 nm) delivering up t0 4 at 15 Hz is used to produce the laser shéet.optical
system in front of the laser source has been opédhio finally obtain a laser sheet with a thiclene$ 500um
which is measured by a photodiode. This laser sbexstses the jet in its central location. A higkalaetion PIV
camera (Imager pro X) is used with a focal douldapser and a 200 mm Nikor objective. The seedintighes are
injected directly inside the cavity of the actuatdrile maintaining the cavity pressure to 1.4 Haysadjusting the
external compressed air. Phase measurements deer@dehere in order to detail the dynamic of thbsenic jet
when an electrical energy deposition is superimgpasethe natural jet. The PIV system and the conthségnal of
the actuator are synchronized by a PTU and thditieperate of acquisition is set to 2 Hz. Durirtgetexperiment,
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the opening time of the CCD camera and voltagéhatanode electrode are simultaneously monitored. tirhe
delay between the opening of the camera and thacitap discharge is automatically determined anldes are
saved instantaneously in an external text file gisimdigital oscilloscope (Lecroy 4054). A total®phases with 500
image pairs for each case are recorded. For eaplis#ton in one phase, the time delay betweenatisedischarge
and the PIV acquisition is known and this inforroatcan be exploited after experiment using therdsmbtext file.
The final field of view is 18x10 mm?. Images ar@amted by a typical time delay of about fishand each of the
image pairs are processed using multi-pass camelatgorithm using Davis Lavision 8.4 software eTiinal pass of
the multi-pass algorithm is set to 16x16 interragatwindows with 50% overlap, the final resolutiohthe PIV
measurements is one vector every 20

III. Results

A. Electrical measurements

The electrical characteristics are investigatest.fiAs it is shown in Figure 5, the plasma dischabgtween the
needle and the cathode is strongly affected bystatic pressure in the chamber. In absence ofrdiff@al pressure
(AP=0 bar), the spark discharge is limited to therialectrode gap (Fig. 5a). In case of a diffeedmressure of 1.4
bars, the plasma initiates at the tip of the nebdtdit is elongated beyond the grounded plate sgé&b where the
plasma plume is shown in absence of the 17 mm sxtien Consequently, a strong modification of theceical
characteristics is expected depending on the pressitled in the chamber. However, this parametiémot be
discussed in detail here.

(a) ' (b)
Figure 5: Image of the plasma-assisted pulsedhjeperation with supplying air pressure of (a) 0dzd (b) 1.4 bars.

The case of zero differential pressung<£0) is shown in Figure 6, with the capacitor cliaggpower supply
being set to dc voltages from 250V to 1250V. Beftre TTL signal used to ignite the spark, the \g#tas
maintained at a constant value supplied by theaitgwacharging power supply. The opening of the galirce leads
to an increase of the voltage up to the pre-ioionadf the gas in the inter-electrode gap. In thespnt geometrical
conditions, the pre-ionization is obtained for dtage level of 2.2 kV, resulting in a glow discharfprming from
the needle to the cathode. This ionized regionoisdactive, and then the capacitor C1 suddenly ardpdy
discharges within 200 ns while the current startsitrease until it's limited by the rest of theatfical system. By
increasing the capacitor charging voltage from 250\ 250V, the current passing through the eleatidcc can be
increased from 18 to 95 A.

As illustrated by Figure 4, the pressure in thenther strongly modifies the duration of the eleetriarc. Thus,
electrical measurements have also been perform#teicase of a differential pressure of 1.4 bare fesults for
two values of dc charging are shown in Figure &,rdsults obtained ap=0 being also plotted for comparison. The
pressure level in the chamber makes the pre-iaaizatep more unstable. Indeed, here the voltagslhiold causing
the gas in the inter-electrode gap to partiallyzerand begin to be conducting varies between i3d2akV.
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Figure 6: Typical traces of the signal commandtage at the needle tip and current passing thrthegiplasma discharge for the
plasma-assisted jet powered by dc voltages of§@y2(b) 750V and (c) 1250V. Differential pressse toAp=0.
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Figure 7: Typical traces of the voltage at the teeéig and current passing through the electricalfar C1 capacitor charged at
(a) 250V, and (b) 1250V. Differential pressureteeip=0 andAp=1.4 bars.

By recording with high-temporal and high dynamie toltage drop when the capacitor is dischargesl ethergy

deposition produced by the arc can be computeduf€i@). This energy deposition can be easily adiudty

modifying the charge of the capacitor C1. For aac#tpr charging voltage between 250V and 1250Vdigosited

indicating a 74% maximum increase in the energysdi¢éed at the nozzle throat.

6/13

energy can reach 450 mJ if no differential pressiapplied in the chamber. With pressurized asida the cavity,
the energy deposition can be significantly incrdage Ap=1.4 bar, the maximum energy deposition reach@a13
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Figure 8: Energy per pulse delivered into the pkesssisted jet vs dc voltagesed to charge the capacitor

B. Observations by time-resolved Schlieren

Results of the time-resolved Schlieren operatekD@tkHz are shown in Figure 9 for instantaneoudi&em images
from t=0ps to t=450us. Here, the energy deposition of the arc dischsrd® mJ. The image at t¥8 illustrates the
jet flow before the generation of the arc dischaagd thus corresponds to a natural flow configarafcontinuous
jet mode). The jet being fully subsonic and thet¢etperature equal to the room temperature, nafsignt density
gradient can be observed at this time becausdautkaof sensitivity of the Schlieren system in sacbondition. At
t=30 us, the arc discharge has been formed inside thiey@nd a hot jet starts to be convected in thig fig view.

A vortex ring is formed in front of the jet with twopposite cores being clearly visualized. Seveoatpression
waves propagating in the field are also observetiteavelled in the field of view at high-speed (pagation speed
about 380 m:5 based on grey-scale levels). It is not clear ésthshock waves originate directly from the sudden
change in pressure caused by the arc dischardé¢hetyicorrespond to a signature of multiple shwelke reflections
inside the 17-mm neck extension. From time tg6@o t=120us, the density gradient is largely increased bexafis
the hot gas exhausting from the cavity, and thelgahincrease of the front vortex ring can be olesgrAs it was
reported for PSJA [11], at a certain time (here2t=js) the front vortex ring evolves into a sphericattex. One
can notice that up to time t=188 the jet flow presents two distinct regions whasedifferentiated by the intensity
of the density spatial gradient. The brighter ragi® seen in the first instants of the perturbddajed the mean
propagation speed of its core is about 120 m/ss Tdgjion is followed by a darker one correspondng@ hot jet
with low density that propagates at lower speedr(i7§). This hot jet reaches the end of the fieldiiefv within
t=420 us and it exhibits a gradual propagation speed temu@s well as a gradual heat diffusion leadingato
signature becoming brighter with time.

In a second series of Schlieren, the field of vieag been reduced in order to increase the repetii of the
system to 150 kHz. The magnitude of the depositegy has been varied from 48 mJ to 88 mJ. Thete(dat
shown here) can be used to estimate the instantaropagation speed of the high-density air exiedusom the
cavity in the first instantst (< 66 ps) after the arc discharge by grey-level analysis Tésults are summarized in
Figure 10. The front jet attains a maximal prop@agaspeed at time t=40s while its front jet speed reduced later.
By increasing the deposited energy, a higher peaigmation speed is recordes (increase by 15%).
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Figure 9: Time evolution of the 3-mm jet perturida single arc discharge depositing 48 mJ atrttezrial jet throat. Exposure

time of 1ps.
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Figure 10: Front jet propagation speed of the highsity air expelled from the cavity in the finssiants.

C. Fluid flow measurements by PIV

C-1Time-averaged characteristics of the jet flow without discharge

The flow field in case of air pressure set to ladshdifferential in the cavity and without arc diacge is shown in
Figure 11a (continuous jet mode). The jet formethatexhaust of the plasma-assisted pulsed jeeptesa jet core
velocity of about 50 m’% Its potential core length is significantly shaiith a maximum velocity maintained only in
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the first 1.2D (Figure 11b). Indeed, the virtuaigor of the jet is inside the neck extension. Byisidering the total
length of the neck, the potential core length &ntlef about 6.9D. The velocity along thelirection corresponds to
top-hat profiles (Figure 11c) whose half-width ieases linearly with distancewhile the centerline velocity decays
with a quasi linear trend. If the jet is considesdperfectly axisymmetric, the mass flow ratefi®.6 g/s in the
initial region (i.e., before surrounding fluid emitiment).

(b)

(a) x/D
0

2 4 6 8 10 12

1
[ %]
L )

vy Doy op o) poson Boeoo ol ey By o vl aey

O [ [ ]

0 6121824303642485460

Figure 11: Time-average flow field (a) without dpdischarge, (b) centerline jet mean velocity ar)dy(velocity profiles at
several x/D locations.

C-2 Procedure for data selection

The objective of the pulsed jet assisted by plasnia modulate the output velocity of the jet taveert a continuous
jet into a pulsed one. Consequently it is of priyriarportance to characterize the dynamic of thélget in presence
of the spark discharge, and then the analysis eftithe-averaged flow field only has minor intere&s. it was
described in the experimental setup, the PIV memsents have been conducted for 9 phases, or mecisgly for
9 time delay between the signal command at theroo§the trigger pulse and the opening of the C&inera
shutter. The use of a trigger pulse to pre-iontze gas is helpful in regularizing the ignition dfet capacitor
discharging however the technic is still perfe&ibhn illustration of different jet flow seeded the PIV particles is
shown in Figure 12 for a time delay imposed at f25The capacitor is charged with 750V resultingtinenergy
deposition of 266 mJ. One primary visible effecttbé arc discharge is the production of two countéating
structures as they were observed in front of thebyeSchlieren. Figure 12 illustrates perfectly whficulty to
perform accurate phase measurements because jafehe the ignition of the capacitive dischardgeis clear that
the vortex rings are located at differeribcations in each of the selected images when sheuld be perfectly at a
samex location if there was no jitter. It can be con@ddhat averaging all the 500 images recordedsgteaific
time delay without considering possible jitter wdllastically affect the convergence of the resglfiow field and
the quality of the phase reconstruction.
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Figure 12: lllustration of the seeded flow at astant time delay of 12fs.

To anticipate this issue and in order to proposeffime solution, a time stamp is affected at eadtantaneous
flow field thanks to the time delays automaticalygorded between the capacitor discharge and teeimgp of the
camera. An illustration of the recorded time ddbayween the camera and the arc formation is shoviaigure 13a
for an imposed phase delay of 85. In fact, only about 65 instantaneous flow fietdsrespond to the imposed
delay. By considering an acceptable jitter oigi(i.e. a spatial displacement of 20@), the time-average can be
computed based on 170 realizations. However, the fitter is not the only contributor that may atf¢he quality of
the averaging process. Indeed, the arc discharggsiematically formed at the needle tip but itdoet always
reach the grounded region at a same location. &umibre, the energy deposition can suffer from sliffylctuations
cycle to cycle (see the different velocity fieldsRigure 13b where the real time delay is equal@#0.21s8). As a
result a second selection is done on the veloatdd before computing the phase average. Eactritaelfield is
spatially correlated with all the vector fields veleoreal time delay is in the range selected preWyoiimposed time
delay +2us) and all correlation coefficients are recordelde Ease with the maximum number of cross-correlatio
coefficients above a threshold value of 0.85 isfified, and the corresponding images are usedltulate the time
average at a given phase time.
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Figure 13: (a) Distribution of real time delays) ix instantaneous flow fields at a same real titelkay of 86us,
and (c) spatial correlation coefficient in the serdof 500 instantaneous. All figures corresponat@acquisition
delay imposed at 8&s

10/13
American Institute of Aeronautics and Astronautics



Downloaded by TU DELFT on January 9, 2020 | http://arc.aiaa.org | DOI: 10.2514/6.2020-2149

40 60 B0 100 120 140 180 1B0 200
Mean time delay (us)

Figure 14: Numbers of vector fields used to compluetime-average at a given mean time delay

C-3 Phase-averaged results

The phase-averaged flow fields are presented inr€i@5. The capacitor is charged with a dc voltafgé50V, the
resulting energy deposition is then 266 mJ perepuléie two velocity components, (@nd ), velocity vectors and
streamlines plots are all proposed in the figureeneheach phase is separated by 45+3.5The velocity field
corresponds to a jet flow similar to the one witharc discharge is combined with a high-speed regidhe central
region of the jet. As for PSJA, the energy depositat the exit orifice of the cavity is responsifile the formation
of a high-speed jet flow but here this secondatrjsjsuperimposed on the natural one. The jet gléx never zero
and it presents strong oscillations in its peakigas it was anticipated from the actuator prirgciplhe velocity in
the high-speed region caused by the arc dischargeticonstant. A peak value of about 190 nissobserved in the
phase delay equal to 8s. Because of entrainment between the high-speedacal surrounding quiescent fluid, the
high-speed region is surrounded by two strong eerdtating vortices that can locally contract tloeecof the jet.
These structures can be associated with the famtéx ring observed on the images get by Schlitgzehnique. The
observed peak velocity is higher than the one nredsby Schlieren but the energy deposition is atswsiderably
higher. The peak velocity at different time delajter the arc ignition has been extracted and qdoitt Figure 15.
The peak velocity (about 190 rif)ss attained 9Qis after the arc formation. This maximum speed iseoked over a
short period of time (from 90 to 14&) while a velocity decay is reported in the follogr90ps. In the final phase
obtained during the PIV experiment, the high-spe@® has a velocity of 120 rit,sa value still significantly higher
than the velocity of the nominal jet (50 f.sThese results confirm a strong modulation ofjétepeed by using an
electric driven thermal perturbation. The modulataf the air jet ejection velocity corresponds hirea velocity
increased by 280%. The tests performed do not geoaireliable basis for determining the modulatete in terms
of mass flow rate. However, there is no doubt theth a high level of perturbation (fluidic or ev@mply thermal)
will have an effect on a flow, whether in tangehtiatransverse conditions.
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IV. Conclusion

In addition of the concept description of pulseggsisted by plasma, some preliminary resultpersented in this
study. At this time only results for single puldagma are produced. The main electrical charatiteriare provided
showing that the magnitude of the deposited eneagybe varied from 18 to 780 mJ. Semi-qualitatieasurements
by Schlieren give a first demonstration of the matian of the output jet topology through the cdpee discharge
located in the jet ejection area inside the préssdrchamber. The acceleration of the jet columa heen
demonstrated qualitatively but also quantitatiieyyshowing that the speed of the front jet candrrolled by the
amount of energy deposited in the cavity. The peglbcity has been modulated up to 280%, the jeteckime
velocity fluctuating from 50 to 190 mgor a single pulse.

A new series of experiments is actually under pegrto characterize the actuator in supersonidgroation
and the preliminary results present similar coriolus on the capability of the arc filament to madalthe jet output
velocity. These experiments concern the actuateratpd in the single pulse mode, but also some &stinitiated
to determine the capabilities of the system whaimsrof pulses are used at different frequencies.

Actually, the actuator is in a preliminary versiand a number of aspects have to be improved. Tggeting
method by a pre-ionization pulse is helpful to guee a good timing between the signal commandteniynition
of the arc discharge but this is still not perfasta jitter of about 1(0s is actually observed. The amount of deposited
energy has also to be more reliable between twsemiive pulses. A better localization of the alemfent path
from the anode to the cathode should be improvete Gf the most important actual limitation is tHec&rode
erosion that contributes considerably for redudhwegreliability of the actuator, this despite thse wf a hard material
such as Tungsten. Different approaches are undestigations to solve these issues and an imprdesign with a
reduced size (for easy implementation) should bsgmted soon.
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