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T �= 2fCeq(Vapp � Vbd)2 (10)
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"O};|t CUO x@ 8 w 7 \@=wQ j@=]t uR=N wO |=yC}iQ_ '=tUqB
Cg = 2�"0

lp
In
� 0 5te+�d0 5te )

(7)

Cd = 2�"d le
In( 0 5te+2td0 5te )

(8)

VQDUo pw] lp 'l} QDmr=|O Ct=N[ td '|vwQ}@ OwQDmr= Ct=N[ te u; QO xm
?} Q[ "0 '|vwQO OwQDmr= pw] le 'l} QDmr=|O K]U |wQ |O}rwD |=tUqB
"CU= l} QDmr=|O |m} QDmr= |Q}PBPwiv ?} Q[ "d w '-qN |m} QDmr= |Q}PBPwiv
'CU= swrat Qorta |xUOvy x@ xHwD =@ xm 'le pw] R= Cd uR=N C}iQ_ h} QaD QO
\}=QW =@ ?U=vDt w CU}v swrat xm lp pw] R= Cg h} QaD QO |rw xOW xO=iDU=

"CU= xOW xO=iDU= 'Ow@ Oy=wN Q}eDt Qorta |OQmQ=m
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[22]"Vv=Q=mty
f(khz) td(mm) "rd Qorta Cr=L

2 1 3 18 1 0 hr=
2 3 6 35 3 5 ?
2 3 6 35 4 2 G
4 4 0 15 3 9 O
2 3 3 18 6 0 x

G}=Dv %\w]N� [22]|@ QHD =@ xU}=kt QO |O}rwD u=QW}B |wQ}v|HvUQ=@Da= "3 pmW
�"|@ QHD G}=Dv %=yxv=Wv 'Q[=L xar=]t

=@ u; |xU}=kt w |O=yvW}B pOt QO =tUqB pw] |xrO=at |HvUQ=@Da= "4 pmW
[16]"`HQt |wor= w [23]|@ QHD G}=Dv

|OQmrta w |UOvy C=YNWt =@ hrDNt |=yQorta OQmrta QO |O=yvW}B |wor=
"OyO|t x�=Q= =Q |@ wr]t G}=Dv w xOw@ ;Q=m hrDNt

'|O=yvW}B |wor= QO |O}rwD |=tUqB VQDUo pw] u}tND|HvUQ=@Da=CyH
x@ |O}rwD u=QW}B |wQ}v u; QO xm xOW ?=NDv= [23]|wQ w QJUQ=O |@ QHD uwtR;
|iQat QDt=Q=B wO u}= u=}t |]N |]=@DQ= w xOW s}UQD =tUqB pw] R= |a@=D CQwY
Q=QmD =Q Q=m u}= OwN |O=yvW}B |wor= =@ R}v u=Q=mty w xO=Rxrr=O@a "CU= xOW
xOy=Wt xm u=vJ "CU= xOW xO=O u=Wv G}=Dv u}= xU}=kt 4 pmW QO [16]"Ov=xOQm
|y=oW}=tR; G}=Dv Q@ j@]vt |@ wN Q=}U@ CkO =@ |O=yvW}B |wor= G}=Dv OwW|t

"CU=

'u; QO xm
Cg0 = Cg

lp
; Cd0 = Cd

le
(13)

2 5 Q@=Q@ [16]|y=oW}=tR; G}=Dv \UwD |O}rwD |=tUqB pw] pk=OL xm =Hv; R=
?} Q[ l} [23]'u}W}B |=yxO=O =@ G}=Dv hqDN= K}LYD |=Q@ 'CU= QDt|r}t
O=yvW}B 14 |x]@=Q j@] K]U |wQ |O}rwD |=tUqB pw] |=Q@ �corr K}LYD
"CU= xrO=at pL R= xOt; CUO x@ |=tUqB pw] lsolvedp x]@=Q u}= QO "CU= xOW

lcorrp =

8>>>><>>>>:
�corrlsolvedp �corrlsolvedp > 0 0025
0 0025 �corrlsolvedp < 0 0025
le �corrlsolvedp > le

(14)

CqO=at pL |xwLv "5
CU= QDy@ =tUqB C_re `} RwD w |m} QDmr= p}Uv=DB u=O}t CqO=at pL |=Q@
pL R= TB u=wD|t ?}DQD u}O@ "OvW=@ Oa@|@ pmW x@ =yv; |RQt \}=QW w CqO=at
x@ |S=Drw |xvt=O Qy |=Q@ =Q SQ=W C_re `} RwD w |m} QDmr= p}Uv=DB 'CqO=at
Oa@|@ u}= p=ta= =@ "CU= xOt; 16 w 15 \@=wQ QO |R=U Oa@|@ |xwLv "OQw; CUO
"OvwW|t p}O@D 18 w 17 \@=wQ x@ l}D=DU=wQDmr= pOt Q@ sm =L x]@=Q wO |R=U
'� = �=�maxf(t) (15)

q�c = qc=qmaxc f(t) (16)

rE� = r:("rr'�) = 0 (17)

r:("rrq�c ) = q�c
�2
d

(18)

s=Hv= 5 pwUt=m |Q=HD Q=Ri=sQv \UwD p=}U u=} QH u}vJty w =tUqB CqO=at pL
h} QaD p=kDv= CqO=at ?}DQD u}O@ "CU= OwOLt u=tr= VwQ |x}=B Q@ xm CU= xOW
CqO=at R= =RHt 'SQ=W C_re `} RwD w |m} QDmr= p}Uv=DB u=O}t pL |=Q@ xOW

"O};|t CUO x@ |O}rwD |tHL |wQ}v w xOW pL p=}U u=} QH

G}=Dv "6
=tUqB VQDUo pw] w u=QW}B |wQ}v u}tND |HvUQ=@Da= "1"6

\UwD |O}rwD u=QW}B |wQ}v |v}@V}B QO |O=yvW}B |wor= CkO |UQQ@ Qw_vt x@
xDiQoQ=m x@ |HvUQ=@Da= CyH w ?=NDv= |y=oW}=tR; uwtR; u}OvJ '=tUqB Qorta
V}=tR; G}=Dv R= |O}rwD u=QW}B |wQ}v |v}@V}B QO pOt CkO |UQQ@ QO "CU= xOW
Qorta |OQmrta w |UOvy C=YNWt "CU= xOW xO=iDU= [22]Vv=Q=mty w T=twD
pw] w QDtwQm}t 40 Q@=Q@ =yOwQDmr= Ct=N[ pt=W VywSB u}= QO xO=iDU= OQwt
u; Ct=N[ 'l} QDmr=|O TvH u}vJty "CU= QDt|Dv=U 5 08 |vwQO OwQDmr=
QO "CU= xOt; 1 pwOH QO hrDNt |=yCr=L QO Qorta x@ |r=ta= Tv=mQi w
xOW |iQat |=yQorta |=Q@ |y=oW}=tR; G}=Dv w |O=yvW}B |wor= G}=Dv 3 pmW
CkO =@ wor= u}= G}=Dv 'OwW|t xOy=Wt xm u=vJ "CU= xOW xU}=kt 1 pwOH QO
xm OyO|t u=Wv xrY=L G}=Dv u}vJty "CU= |y=oW}=tR; G}=Dv Q@ j@]vt |}q=@
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CND |xLiY u=} QH |wQ =tUqB Qorta QF= |HvUQ=@Da= "2"6
QF= |R=Ux}@W '|O=yvW}B |xDi=}<=kDQ= |wor= |}=v=wD uO=O u=Wv |=Q@ VN@ u}= QO
xOW x�=Q=hrDNt `]=kt QOCND |xLiY |wQ =wy um =U u=} QH Q@|}=tUqB Qorta
"CU= xOW xO=iDU= [23]|wQ w QJUQ=O |y=oW}=tR; G}=Dv R= Qw_vt u}= |=Q@ "CU=
"OQ=O Q=Qk l} QiUtD= Q=Wi QO CND |xLiY l} Q@ um =U |=wy 'uwtR; u}= QO
'RDQywr}m 14 Tv=mQi QO Crwwr}m 10 S=Drw |xvt=O =@ =tUqB Qorta uOQm p=ai =@
p=kDv= swDvtwt w xOW l} QLD |tHL |wQ}v O}rwD QF= QO Qorta |wQ OwHwt |=wy
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G}=Dv QO =Q |QDy@ CkO w xOW KqY=,qt=m [8]nv=wy w uRwU |x}rw= pOt =@ xU}=kt
pw] '|OQmrta w |UOvy C=YNWt =@ |Qorta R= VywSB u}= QO "OyO|t u=Wv
TvH 'QDt|Dv=U 2 Q@=Q@ |rN=O OwQDmr= pw] 'QDt|Dv=U 0 5 Q@=Q@ |vwQ}@ OwQDmr=
l}r} Qm ; l} QDmr=|O TvH 'QDtwQm}t 70 Ct=N[ =@ Tt |xkQw R= =yOwQDmr=

"CU= xOW xO=iDU= QDt|r}t 3 Ct=N[ w 3 |@Uv |m} QDmr= |Q}PBPwiv =@
1 pw] x@ |r}]DUt 'u=} QH |OOa pL |=Q@ xOW ?=NDv= |D=@U=Lt |xvt=O
R= xLiY K]U |=Q@ |D=@U=Lt |xvt=O QO "�5 pmW� CU= QDt 0 5 ZQa w QDt
"CU= xOW xO=iDU= uQ=kDt |RQt \QW R= |}q=@ xHw |=Q@ w 'VRer sOa |RQt \QW
|OwQw QO Qorta uDN=U p=ai R= V}B '=wy u=} QH uOw@ um =U Cra x@ u}vJty
x@ |@=}CUO |=Q@ "CU= xOW ^=Lr QiY CaQU |RQt \QW �AJ xHw� u=} QH
p}=tDt Qorta |Q}oQ=Qk pLt CND |xLiY |wQ |O}rwD CH R= |QDW}@ pw]
|L=wv QO q=@ sm =QD =@ xDi=}u=tR=U |xm@W R= "CU= xOW ?Yv u=} QH |OwQw x@
'|}=tvnQR@ xrLQt wO =@ 5 pmW QO "CU= xOW xO=iDU= |}=tUqB Qorta h=Q]=
xOW xO=O u=Wv |D=@U=Lt |xvt=O s=tD QO w Qorta h=Q]= QO |O}rwD |xm@W
QO pwrU u} QDlJwm `=iDQ= w xOW R} Q Qorta |=yOwQDmr= |m}ORv QO xm@W "CU=
|=yxO}OB =D CU= xOW xDiQo Q_v QO |=@O pw] R= QDtm x@DQt 30 xQ=w}O |m}ORv

"OvwW Q}NUD |@ wN x@ |m} R}i
QO xOW x�=Q= |R=UpOt |=yQDt=Q=B w xOW O}rwD |D=@U=Lt |xm@W R= xO=iDU= =@
\UwD Q}PB=vsm =QD p=}U u=} QH CqO=at w l}D=DU=wQDmr= CqO=at 'p@k |=yVN@
p}Uv=DB u=O}t `} RwD QO xOt; CUO x@ G}=Dv "CU= xOW pL xv=o =OH |=yxOvvm pL
[16]u=Q=mty w xO=Rxrr=O@a |R=UpOt G}=Dv =@ |O}rwD |=tUqB C_re w |m} QDmr=
p}Uv=DB u=O}t `} RwD 'pmW wO Qy QO "CU= xOW xU}=kt 7 w 6 |=ypmW QO
C=LqY= =t= CU= u=Um} ,=@} QkD |i}m Q_v R= |O}rwD |=tUqB C_re w |m} QDmr=
K]U |wQ |O}rwD |=tUqB `} RwD QO |D=Q}}eD ?@U |O=yvW}B |wor= QO xOW s=Hv=

"CU= xOW l} QDmr=|O
C=ar=]t =@ Q[=L |wor= |=Q@ |O}rwD CH CaQU |=yQwDv=m R}v 8 pmW QO
x@ xHwD =@ V}=tR; u}= QO 'OwW|t xOy=Wt xm u=vJ "CU= xOW xU}=kt [16]|r@k
|O}rwD CH QO =Q x}v=F Q@ QDt 6 CaQU xv}W}@ Qorta '[23]QJUQ=O w |wQ G}=Dv
u} QDW}@ [16]u=Q=mty w xO=Rxrr=O@a |R=UpOt QO xm |r=L QO 'OQw;|t OwHw x@
x@ |@=}CUO =@ Q[=L |R=UpOt QO "CU= x}v=F Q@ QDt 4 6 OwOL QO |}=kr= CaQU
|y=oW}=tR; G}=Dv x@C@Uv =]N OYQO 3 OwOL QO 'x}v=F Q@ QDt 5 8 xv}W}@CaQU

"OyO|t u=Wv =Q |O=yvW}B pOt CkO xm 'CW=O s}y=wN |wQ w QJUQ=O
R}v |QwLt CaQU p}iwQB wO [23]'|wQ w QJUQ=O |y=oW}=tR; |xar=]t QO
|vwQ}@ OwQDmr= |xrtL |x@r R= QDt|r}t 35 w QDt|r}t25 |xrY=i x@ `]kt wO QO
Q[=L |xar=]t QO p}iwQB wO u}= |xU}=kt 10 pmW w 9 pmW QO "CU= xOW x�=Q=
|QDy@ j@=]D Q[=L |wor= 'T=U= u}= Q@ "CU= xOW x�=Q= [23w16]u}W}B C=ar=]t w
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1. dielectric-barrier-discharge (DBD) plasma actuator
2. lumped-element circuit model
3. linearized force distribution
4. potential 
ow model
5. reynolds-averaged navier-stokes (RANS)
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