Pumping effect measured by PIV method
in multi -layer spike electrode EHD device for air cleaning
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Abstract 8 Dust particles can be harmful for human health applied voltages. To understandthe airflow generationin
when inhaled. Especially dangerous are submicron dust suchamulti-layer ESPit is important to investigate the flow
particles, which can contain traces of toxic elements and can patterns produced close to the spike tips of the high voltage
easily penetrate into human respiratory system. Thus, new electrods. Therefore,we decided to perform 2D particle
devices for air cleaningare needed!n this work the flow velocity image velocimeyr (2D PIV) investigations in the EHD device

field patterns measured by Particle Image Velocimetry (PIV) s . :
method in an electrohydrodynamic EHD) device for air cleaning (Slmllltar th thaprop(t)_se(tj_ by AKatatani atn((jj ’/; IM'ZU”)J The
are presented. The EHD devicehad stressedelectrodes with U9 FEL I Hllvizslle EiTu el slizsclllze A o

spike tips and grounded plates, and wassimilarly to those
proposed by A. Katatani and A. Mizuno [J. Inst. Electrostat. Il.  EXPERIMENTAL SEFUP
Jpn., 34, 4 (2010)]. The parametric study of the flow velocity

patterns was made for a different electroderrangements The experimental setp for measurements of the flow

Index Terms & eectrohydrodynamics, electrostatic patternsin .th'e multilaya_spike electrode EHD device. is
precipitators, fluid flow measurement electrohydrodynamic ~ Presented irfig. 1. It consisted of the EHDalice, the high
pump, PIV, flow patterns. voltage supplyand apparatus for flow measurementstiogy

2D PIV method.

. INTRODUCTION The duct of the investigated multhyer EHD devicewas
made of aransparent acrylic boX600mm long, 150mm
wide and150mm high. Inside this box in the middle of its
length, a framéor sustainingspikedhigh voltage(HV) and
grounded electrodes was placdd. the frame twoses of
spiked high voltage and grounded electrodeadeof 1 mm
thick aluminium were mounted The smooth, grounded
electrodeand spiké HV electrode werel24mm wide and
150mm long. The one of the edges of the HV electrodewas
ended with20 spikes.These spikes were XOm long The
distance betweemeighbouringspike tips was 6mm. The
frame sustining electrodes allowethouning the HV andthe
grounded electrodes onabove another thus forming
multi-layer electrode arrangeme(fig. 2). The distanceG
between theHV and the grounded electrodesould be
changed The dectrodes could be also shifted in the
directionto change thelectrodeshift X betweerthe edgesof

(usuallygenerated by conventional &mwas generateih this IS NEtelI0BTING GIEE Mot RIS CIEEE=e S TanmEn:
yg y 9 G = 20mmtheflow patternsnear the electrode spikasd the

ESPby the EHD air_flow induced by the corona diSCharg(T:"average/elocity of the unidiectionalflow in the EHD device
e "Mductwere measured (using 221V method) for thedollowing
order to determine how thelectrodegeometry andgosition S TR AT IES Y = Bl S LS e e

influence the induced flow velocityThey found that in e T Zémm - eIectrodé i
general the _gaﬁow ve_Iocny |r}creasd~W|Fh rsing _apph\ed 3 HV electrodesand 4 grounded eléctrodes wasounted in
\k;gltt\/%ggni?gglt\k/]oigsggl:g ;??Ji?:geglgc?rggszgIﬁlz(ir;gxz(;) the EHD deviceln thecase ofG = 15mm, an electrode set of
e 4 HV electrodesand 5 grounded electrodefike in Fig. 1)

a drop of the airflow velocity was observedor the high UES el

When astrong electric fields generatedetween a ship
high voltage electrode and a grounded electr@deorona
discharge occursesulting inanionization of gas molecules.
The ion flux along the electricdid lines inducgionic wind,
also known as the electrohydrodynamic (EHD) fIEj-[6].
When the electrode arrangement resuit an asymmetric
electric field an unidirectional gas flow can be produced
(EHD gas pumping).However, in despite othat many
electrode configurations were testgf]-[10] the flow rateof
the gas pumping in thenvestigated EHD pumpsvas
unsatisfactory

Recently,interesting results concerning EHD gas purgpin
were publisked by A. Katatani and A. Mizundg11]. In their
papera self-ventilatedmulti-layer spike electrodelectrostatic
precipitator (ESP)was presented. Therimary air flow
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Fig. 1. Experimental setp for the 2D PIV measurement of the airflow generated in the-fayéir spike electrode EHDeslice

Grounded e'eCtrOde__,.-—--‘"'E""_'_'_'.'.'-‘—&iﬂOW applied tocompute 100 instantaneous flow velocity fields.
\ i : ihdu_cebﬂoﬂ Next, the timeaveraged flow velocity field wea calculated
y e Spikes! dir: from the 100 instantaneousflow velocity field. The
T4x < . — .= i interrogation window for the crosmrrelation procedure was
Z " Y 32pixels 3 16 pixels (horizontal® vertical). The overlampf
------------- X f neighbouringnterrogation windows was 25%.
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Fig. 2. Scheme of the EHD device ftite air cleaning

Either the negative or positive DC high volta@®pellman
SL300 high voltage generatomvas applied to theHV
electrodes the corona dischargeweregenerated from each
spike (Fig. 3). Each HV electrode was supplied through a
resistor R = 3,33MW. An averagedischargecurrent| and
power supply outputoltageU were measured by the meters
installed on the high voltageupply output Then, the
discharge poweP was calculated.

To the inlet of EHD device a PCV pip8 ifh long,160mm
inner diameterwas connected. Before each PIV measureme
the pipe and EHD device duct were filled up with cigarett
smoke which was used as a seeding. Since, the EHD de
was not equipped with any external fan, the unidirection
flow produced in the EHD device duafas induced only by
the corona discharge.

The 2D PIV measuremensystemconsisted of @ouble
Nd:YAG laser systen{ |= 532 nm), aylindrical telescope,
two CCD camera (FlowSense M2L600 pixels® 1186 pixely
f’;md B[S computeﬂ?he Y IMMESHTENOTE U Carri-ed (-)Ut ig. 3. Image of he corona discharges generated in the investigated EHD
in the plane fixed by &ser She.et shap_ed by the Cyllndrlcagevice (front view). Thelistance Gvas 20mm and the shiftX was8 mm.
telescope The laser sheet was introduacin the centre of the pc high voltageof + 15kV was applied. The camera exposure tiss 1s.

EHD device duct,perpendicularly to theelectrodes The
observation areas of the CCD cameras are marked irl Fig.
with broken lines. The first CCD camera recorded PIV images Ill. RESULTS

of the EHD secondary flow around the spikes of the two o .
certral discharge electrodes. The observation area of t eThe CUTETIBEE GIEEEEIEs CO2 Uiz erE 10

second CCD camera was placed at the EHD device inlet n fylcefor air cleaningwere measurefbr severalinvestigated

the smoothedges of the electrodes. Basing on the PIV imag? ectrode arrangementsThe currentvoltage characteristics

recorded by thesecond camera the average velocity of the" C1= 20T GIFEE = L9 TMELE [FESEAIE FEs: & 2l

unidirectional flow in he EHD device duct was determined. UCHEEEEEAS (815 S Uisos TIEET LIRS

100 pairs of PIV instantaneous images of the flow Wer%lscharge currenincreasedwith increasing electrode shiX.

taken andthen an adaptive cros®rrelation algorithm wa of Iowap_phed voItagsthgdlscharge CUTET I h'ghe’fOT
the negativevoltage polarity. However, when the applied
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Fig.9. The flow averagevelocity inducedin the EHD device ducfor
G = 15as a function ofheapplied voltage

Fig.10. The flow average velocitynducedin the EHD device ducfor
G = 20 as dunction of the applied voltage

Fig.8. Flow patterngstreamlinesmeasured by 2D PIV method in the areaFig. 11. The average vetity of air flow inducedin the EHD device for
near the spike tips of the HV electrodes for the electrode G = 20 as dunction ofthe discharge power
arrangementsvith G=20mm, X =8 mm (a), X =15mm (),
X =50mm (c). Theapplied negativéaigh voltagewas- 15kV.



