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Effective lonic Wind Generation of a Surface Discharge Type
lonic Air Pump

& B
(Jae-Seung Jung - Jae-Duk Moon)

Abstract — The ionic air pump can be used towards the thermal management of micro-electronic devices, since the size
of pump can be reduced to micrometer orders. In addition, an air pump allows air flow control and generation with low
noise and no moving parts. These ideal characteristics of the pump give rise to variety applications. However, all of

these applications would benefit from maximizing the flow velocities of the pumps.

In this study a surface discharge

type air pump, with a third electrode, has been investigated by focusing on elevating the wind velocity and efficiency.
As a result, the enhanced ionic wind velocity could be obtained with the third electrode of the proposed air pump.

Key Words : Thermal management of micro—electronic device, Ionic wind, Surface discharge, Third electrode
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Fig. 3 v~/ characteristics as a function of the interelectrode

0
ur
0w
B r
—_
(S
ol
Jﬂ, &0
MWW
h o
T 2
)
[CRa
R %
o
=0 %
o o
)
o B
o 8
° g
BO %0
T o
o 5
N 1
ey
o ﬂA
& =
o iy
s el
o

stance.

i

di

W

X
ﬂA«O

09
s
ol
nr

x4

X

o
=y

N

iy
o

oY
Bl
w
ol
h
o}

W
o

£

jrane)

)

ehd Rolth 2% 39

&
£

EX
=

|

o

mn

2
B

A37

s

A4 (stainless ¥, Ze] 30mm, F 10mm, 74 0.7mm)¥

5

HE 1A}

A&

]

bol xAs

&3]

27] A

=

A ALV )l A

A (stainless 41, d¢] 30mm, 274 025mm)9 2% 7/, &,

9 are D
E 7} Lo

rof A8l ipe

HejEoH9l

2.5mm

i1l A7

D=00mm > D

FHAtd we

Vess
50mm¥]

50mm > D

'

.
T

Aol

2
R

2

> D=
D

o

O
o

il8

o

ol
&
&3

of

Hu

Ar
of

his
=zl
ool
G

A
T

0.0mme SAEA D7} &

> D

omm

iy

ol

he

Fart ol

0.0~10.0m= 7}HE

i, H

1595



BERBEHRNEE 57% 0% 2008% 98

qolHe] AFE AAFE BT FoE e,
oI WAARE, D7 R Zd%{bl 4A8% o 7
A7) wWEel, 29 3 (@9 D=00mme} D=25mmelA et 2
o %717 A Al vy o2 F7e) He Aow

>
=
i

"ok 28y D7 D=5mmZ AXW WAAF 2& 7
v, H=3FA(gap spacing)e] 27 wWEo] <7tz go
bW FEu WHAF Lol HFUHeE ¥ AXA Hz
t 1 85kV ol A= D=00mmy D=25mm¢ A
HAARBRG ¥ & $HadFs 224 He
HejErh @9 ¥ 3(b)e A3WITHoem mEE A
AR, e HEES AEe E9de z=s
85kV/4uA=2.13GR)°) 11, D2 W3ale] w& zzbe) Vol
oA 273uA9 |2 AHFIF 5ES HAFET o= AA D
TR 172%2A wl$ o o= A3H=F2] oS
obz ol thathd A (0.7+30mm?)o] WS Z7] wFolt},

o
2
2

=
et
B T
Ju
i

o

1

~ X
o,

i) rzi o AU u sy Ju o Hr

Single 3rd Electrade A

Applied AC Voltage, V. [kV]

0 1 2 3 4 5 6

Interelectrode Distance, D [mm]

Fig. 4 Corona onset and breakdown voltage characteristics
as the function of the interelectrode distance.

Oy 4 BANFE AT AR g =2
2y AANAGVoOH ddg4 A4S (Ve % A5 ved Aol
o Vest Ve AVE DY F7b wEr S71Ee RAF
o ool A gy A4S do)r] f7 4z

o JAARAZ ol2H o8 Ec=Vd/D % Ep-Vp/DE F9
A EASEHR FEASEE e i) g o
+E D=25mmol’dol A F7HEo] ZobA

VoAl E58S RAET) o|2F 4L Do) sl ua &
WEE BoFEe, D=25mm™ o

Ta% o] &9 olF&Eo 1z HH M, vEkE (974,
| 2% X1 o]29 o5 E(mobility), E: #HAA)R

<
=,
o

1596

o3

42 D Z}Q’*% ¥ FHE A Hv, Hdgel
=25mmel FFE RAFET wbA A7bdske] 113kV
13, D=25mmu °]&F%E 03/m/s2 Hulgke 7HE
&

[*]

0.5

—@— D=0.0mm
—¥— D=25mm |
~@ D=3.0mm

0.4 4

Single 3rd Electrode
0.3 1" breakdowti: sk

0.2

0.1 4

Tonic Wind Velocity, vy, [m/s]

0.0 GG @&
4 [
Applied AC Voltage, V. [kV]

@ wwD §4

o
o

o
FS
L

w\

e
L

lonic Wind Velocity, vy, [m/s]

O~ Vwmax | Single 3rd Electrode

o
=3

0 1 > s ! 5 6
Interelectrode Distance, D [mm]

o) VwnaD M

F_>.'_

a7 5 wHAMIE SEHI A e oRES-
E

Fig. 5 lonic wind velocity characteristics as a function of
the interelectrode distance.

El il

kel td A3EF] dEFdwAo] YR HojA o9
Aol AFHAQ A7t HA XY FH WHE AA 9
Hooj2AlolE FE, o] 2F Y IRE UA HER AHA
G A3d=e] dosA @k ¥ dArdA 29 2%
Zol, M3 A3AFE FRY A3AST FF FHAFe=,
BF@w Azle] FALIE Hol R AlojdF o] v A
ik olyel, ol 2 ¥ AEWAE gle e AfHd Ao
2 #Adsta o3k ol AgHor AR



Trans. KIEE, Vol 57, No, 9, SEP, 2008

o .
= 0y T =
o Ar g o
T om ok
ol =
W o oy o .S compd of
< dp B %¥ gk T ",
ﬁuﬂﬂ&» Bk o © o
% oo S : Va 20 3 Ll
Y T oo ) & ; §
gy A s L g ki céb W
HAT%_sﬁL,D! = = : N
e o P iR = i
N Mv w noum uj M .m |
ST M S e |37 0 a ol
E ‘_Q i ~ < Feo O = i
oz o 5 < ® \ !
> > o
W o =132 < B R
oot EEEZ| S R R
© o P Y FER2|2 & ¢ = - TELLT T | obws
}\ﬁﬂu.ﬁod/ﬁ v o = | W oL © O « g 8 B 8 8 8
B oo o % WP txxk | ZEE ® < A
o =% ) ! ; ;
X% # : -]
T et B birgos
™ ol eR el !
i Otpow % ! A5 [ : . .
g Mo e A i = 5=z 2 g
<0 ﬂ%ﬂle 3 3 3 s S 3
LS o o [s/w] MA “AIDO[SA PUIA OTUO]
o Or o Lo s/} Aa ‘A)I00[PA PUIA DIUO : :
AU {s/m] NOOIPA PUIM OIUO]
3 * <0
ur
o = ) — m_m
S B e = K
S b o 1
o M e g =3
g 2 ° =
E > e A
3 S g o E
g% @ IF g 5 =
© g E s " = =3
S L S g @
Bz > W o 20 F
= b O I _
20 g C K i A — re)
[SEBA = o &
< = |ggsf ¢t s B W
mmmm T ® a8 A S |8 AR EJ
& ) - o M e e i) % e e 0
s &\ 3 a & x| 5L SR
R0 g, = ﬁlz BRI &mw < pal
ofielle - < i m mmm &
++ﬁ+ il Eo2 R %0
u _ : _ ; <
A CHE 2 2 5 g X
s S a S S s S s 3 a S ©
[vw] 21 ‘(14" tuanm) euoso)) [vw] & 9uaun)) vuoio) m._n

10

Wire 3rd Electrode Height, H [mm]

ey

Fig. 6 V- characteristics as a function of the height of

wire-type third electrode.

N7

wlr

fofl wtg oj2ES Y

e

&4

b) Vet H

#Mato| e o2

| ek Max=el &0

o

#eo

o8 7 H3d=

%0
#r
4r
o

Fig. 7 lonic wind velocity characteristics as a function of

g v-I

olth. Hel Watol] uwh

A

g e

E
=

of W& V-J

[h)
<
©
<
«
[h]
°
o
©
@
@
B
£
(]
S
= &
o 8
z g
&
5 @
3
£
E=
<5
e £ﬁ_lm
£ B
o
=g
R
"~
w B
ol
) X
s Of
m;‘ o
NE
-
I O#
™
du ®
7O Y
-
o ofu
g0 ©°
w
®O i
o) W
R
B
o
X
o} o
el
g

OmmY

=5

1

3]

ofp

A
o

~
X

A

s ¥

]

]

wad

244 dY

]

oy 78 H3H=e

]
4 7@l Ak gl ol
g e A 2y WDIAS go] =

EER
o

=
E=

Joll A H

BEA & 2" 3 (el v)E 2w

B it

wh e

= 9

o] e gk

1

7

o) &)
dapr} vebd)

2

A=

3

% geof =

il

10.0mm

o

7HE S B

=
=

|34 F ol A

iy

3]

e} fAk

o vEhe

FTog <l

]

[«

59

1

o

s
ok

A
o3
A

oo

(A

=

&

mrel 27" ool

e A2

ol gl golrt A9, H7 &

= ¥l

L

w41} 7}

she

=
[+

1597

=
B
&

o



BESEH I 578 05k 2008% 98

ol BalA Hol 3= F4£E& ZAYA "o AE3dSE
B, o] 2E FE M 2 SEe B A3dEeR o
Bl Hol T2 FE£E &4 + UA Ak ol 4
b AQA me FFe] HE o2 olFIA ImE Hiv
A gro]l A8k, I g H=50mm F=9¢L 2% 7(b)
= HojFEnl, wabA Ve=11.3kV, D=25mm, H=50mm¥
o] ZF42 0.3Bw/sE HAUag 7HAY, ol D=00mm ¢
Al & ¢ Ay Hd F4 gk 017m/sel w8 224w
9l B Fo E4E 4E P USE HYF
3.2 &

E dTe A &3 1dE AW wdy 023 34
A g 9% 712 d7EA, E9 $AdA3X 6 A39 A
=g FAdste] o]2¥&e T teAE d¥HeE PE
@ A7, dew £ A28e o9t

ol 2F &L WHdFE feAAtY Asl(D) A3
o] Fol(yol % £ d%& o, Do ol A4 #
o] AL&L Ho FUh F DY 0.0mmol A 25mmE H 3
S ), FRPESHL 0.17m/s A 0.37m/sE 2189 Z7}
9, A A3EFol HAF A3AFTY FE) BAE F
3ATY A, H-50mm% wol| #HhFLe] 0.38m/sE 2.24

A3e wAew 9o B4 g d9gow
gasgen, Ed o&F $FAARA FuaA 249
o

[1] B. Komeili, J.S. Chang, G.D. Harvel, C.Y. Ching,

Enhanced

International  Symposium on  New
Plasma and Electrical Discharge Applications and on
Dielectric Materials, pp. 111-116, August, 2007.

[2] F. Yang, NE. Jewell-Larsen, DL. Brown, K.
Pendergrass, D.A. Parker, LA, Krichtafovitch, AV,
Mamishev,

“Electrohydrodynamically Capillary

Evaporator”,

“Corona driven air propulsion for cooling
of electronics”, XIIth International Symposium on
High Voltage Engineering, pp. 1-4, August 2003

[3] PC Power and Cooling, Inc.,
for Intel processor fan”, January 2002.

[4] F. Pollak, “New Micro-architecture Challenges in the
Coming Generation of CMOS Process Technologies”
Micro 32, 1999,

[5) R. Mestiri, R. Hadaji, 5.B. Nasrallah, “The electrical
discharge as a source of a mechanical energy”,
Desalination, Vol. 220, No. 1-3, pp. 468-475, March
2008.

“Rotary fan efficiency

H

1598

[6] M. Rickard, D. Dunn-Rankin, F. Weinberg, F.
Carleton, “Maximizing ion-driven gas flows", Journal
of Electrostatics, Vol. 64, No. 6, pp. 368-376, June
2006.

[71 G. Tuochard,
applications - Sate of art review”,
Journal of Plasma Environmental Science and
Technology, Vol. 2, No. 1, pp. 1-25, March 2008.

[8] E. Moreau, G. Touchard, “Enhancing the mechanical
efficiency of electric wind in corona discharge”,
Journal of Electrostatics, Vol. 66, No. 1-2, pp. 39-44,
January 2008.

9] J. Moon, J. Jung, S. Gum, “The Effect of a
Strip-type Third Electrode of a Wire-Plate Type
Nonthermal Plasma Reactor on Corona Discharge

“Plasma actuators for aeronautics

International

and Ozone Generation Characteristics”, International
Journal of Plasma Environmental Science and
Technology, Vol. 2, No. 1, pp. 26-33, March 2008.

HA S (B EB
1978 49 1494, 20049 BEUE R
2o ARA7IEE £9. 20078 5 1)
sel @72 RY EQERA). BA AR
Wetm wetd ARANAFHER A

5 &
2

O
el : 053-940-8601
Fax @ 053-950-5508
E-mail : bucstual@empal.com

2N d (X & 8
19461 7€ 2594 19709 A BT
A AR EHEHHET) FQ(0
AL, 19759 5 tiEd 2AFsrE
A(FA). 198239 HAEHRAKLE o3
A7 FRAEARA EGFH). A A
detn AR AFEHEGR TF.

el 1 053-950-560
Fax : 053-950-5508
E-mail : jdmoon@knu..ackr

ki

=

A o o



