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xR}vw} x@ ẁQW =tUqB Qorta |m}ORv QO uwt=Q}B |=wy 'OwW|t p=ta= 'Ov=xOW =OH
'OwHwt |m} QDmr= u=O}t QO xOW xR}vw} |=wy C=QP Qw[L |xH}DvQO "Ovm|t uOW
=}=B=v =} =}=B CQwYx@ Ov=wD|t |tHL |wQ}v u}= "OwW|t O}rwD |tHL |wQ}v l}
QF= l}D=DUwQDmr= |R=UpOt |=Q@ |U=U= CqO=at "OW=@ Q=PoQF= |HQ=N u=} QH Q@
CqO=at u}= "CU= pwUm =t hwQat CqO=at u=ty |HQ=N u=} QH Q@ =tUqB Qorta

%OwW|t xDWwv u}vJ
r � ~D = �c (3)

r � ~B = 0 (4)

r� ~E = �@ ~B=@t (5)

r� ~H = ~J � @ ~D=@t (6)

u=O}t ~H '|m} QDmr= u=O}t ~E '|U}]=vet |=kr= ~B '|m} QDmr= |=kr= ~D u; QO xm
OL=w Q@ |O}rwD |tHL |wQ}v |iQ] R= "CU= |m} QDmr= u=} QH ~J w |U}]=vet
CQ=@a [13]RDvQwr |xrO=at QO |U}]=vet |=ywQ}v uDiQo xO}O=v ZQi =@ =tUqB sHL

%R= Ow@ Oy=wN
�!
fb = �c ~E (7)

Qorta QF= |tHL |wQ}v�!fb w (C/m3) ?ULQ@ |m} QDmr= Q=@C_re �c u; QO xm
"CU=tUqB

OQ=O OwHw u; OOHt `} RwD Ov}=Qi QO =tUqB SQ=W |=Q@ |i=m u=tR xmu}= ZQi =@
|=yjDWt u}vJty w ~H w ~B ' ~J 'OwW|t ?wULt =}=Bx@W ,=@} QkD sDU}U pm w
x@ pwUm =t CqO=at ?}DQDu}O@ "OvwW|t QiY pwUm =t CqO=at QO OwHwt |v=tR

%OwW|t p}O@D 9 w 8 |xrO=at wO
r � ~D = �c (8)

r� ~E = 0 (9)

%R= CU= CQ=@a |m} QDmr= u=O}t w |m} QDmr= |=kr= u}@ |x]@=Q u}vJty
~D = " � ~E (10)

"0 "OwW|t h} QaD " = "0"r CQwYx@ w CU= |m} QDmr= |Q}PBPwiv " u; QO xm
(C2/Nm2) |Q}PBPwiv ?} Q[ OL=w "CU= |@Uv |Q}PBPwiv "r w O=R; |Q}PBPwiv
u}= QO xO=iDU= OQwt l} QDmr=|O |@Uv |Q}PBPwiv w 1 =wy |@Uv |Q}PBPwiv "CU=

%x@ OwW|t p}O@D 8 |x]@=Q h} QaD u}= =@ "CU= 2 7 uDB=m '|R=Ux}@W
r � " ~E = �c (11)

l} u=}O=Qo Ov=wD|t |m} QDmr= u=O}t xm Cio u=wD|t 9 |x]@=Q x@ xHwD =@ u}vJty
%CWwv u=wD|t TB "OW=@ � Qr=mU= p}Uv=DB `@=D

~E = �r� (12)

%OQm |U} wvR=@ u}vJ =Q 11 |x]@=Q u=wD|t p=L
r � ("rr�) = ��c="0 (13)

S=Drw =@ Cw=iDt x=wNrO S=Drw l} R= xO=iDU= "Ov=xOQm xO=iDU= 6 NLF p} wiQ}= l}
=yQDt=Q=B |r@k uw}U=Q@}r=m u=ty =@ 'Q=m u}= QO nv=wy w uRwU pOt QO Q_v OQwt

"CU}v pw@k p@=k
Q}}eD u=mt= w |@ QHD |=yxO=O R= l}D=DUwQDmr= pOt G}=Dv uOW pkDUt =@
|xar=]t hOy u} QDsyt '=yOwQDmr= x@ |r=ta= S=Drw Q}}eD =@ |O}rwD |=tUqB `} RwD
|Oa@ wO |m}t=v}OwQ}; s=UH= QO xDi=}=kDQ= pOt u}= R= xO=iDU= u=mt= |UQQ@ Q[=L
p} wiQ}= |wQ |}=tUqB Qorta QF= |R=UpOt CkO =H u}= QO "CU= p} wiQ}= Ovv=t

"OwW|t xU}=kt [11]|@ QHD |=yxO=O =@ |R=UpOt G}=Dv w '|UQQ@ 0015=m =v
|OQ@ Q=m w|ak=w |=yu=} QH x@ [6]p=tJw@ |xDi=}=kDQ= pOt OQ@ Q=mVywSBu}= QO
0015=m =v p} wiQ}= QOV}=OH pQDvm 'Q[=LVywSB R= hOy "CU= xOW xO=O xaUwD
|O}rwD u=wD V}=Ri= x@ Ov=wD|t pta u}= "CU= u; |m}t=v}OwQ}; OQmrta |=kDQ= w
w |m} QDmr= u=O}t w p=}U u=} QH Q@ sm =L CqO=at =OD@= Q=m u}= |=Q@ "OwW QHvt
|OOa pL VwQTBU w xOW x�=Q= =yu; x@ \w@ Qt |RQt\}=QW w|m} QDmr= Q=@ `} RwD
l}D=DUwQDmr= |R=UpOt R= pY=L G}=Dv |HvUQ=@Da= R= TB "OwW|t K} QWD =yu;
xO=iDU= QF= '|OOa pL |xm@W R= =y?=wH pqkDU= C=@F= w 'u=} QH u=O}t pL w
G}=Dv "OwW|t |OOa |xar=]t 0015=m =v p} wiQ}= l} |wQ |}=tUqB Qorta R=
|}=tUqB Qorta R= xO=iDU= QO p} wiQ}= |m}t=v}OwQ}; OQmrta Ow@y@ |xOvyOu=Wv

"CU=

xr�Ut KQW "2
0015=m =v p} wiQ}= l} |Wmt K]U R= u=} QH V}=OH pQDvm |=Q@ VywSB u}= QO
|=Q=O w Q}PB=vsm =QD 'xOW |R=Ux}@W u=} QH "OwW|t xO=iDU= |}=tUqB Qorta l} R=
pOt l} \UwD |}=tUqB Qorta QF= |R=UpOt "CU= Q=Ry 500 ROrwv} Q OOa
`@=D l} R= |RQt \QW u=wvax@ pOt u}= "CU= xOW s=Hv= [22w21]l}D=DUwQDmr=
QF= "Ovm|t xO=iDU= l} QDmr=|O K]U |wQ |m} QDmr=Q=@ C_re `} RwD |=Q@ |Uwo
w xOW p=ta= uwt=Q}B |=wy u=} QH Q@ |tHL |wQ}v l} CQwYx@ |}=tUqB Qorta
|tHL |wQ}v u}= "OwW|t xQ=w}O CH l} O}rwD ?@U =wy C=QP x@ uO=O ?=DW =@
xi=[= CmQL xR=Ov= CqO=at x@ y w x |=DU=Q wO QO xtWJ |=yxrtH R= xO=iDU= =@
`} RwD w |m} QDmr= p}Uv=DB `} RwD |xrO=at wO |tHL |wQ}v u}= O}rwD |=Q@ "OwW|t
Oy=wN xi=[= u=} QH |U=U= CqO=at x@ �|O}rwD |=tUqB� |m} QDmr= Q=@ C_re

"OW

|RQt \}=QW w sm =L |U=U= CqO=at "3
l}D=DUwQDmr= pOt w u=} QH |U=U= CqO=at "1"3

=@ TmwDU= � Q} w=v CqO=at 'u=} QH |R=Ux}@W |=Q@ xO=iDU= OQwt |U=U= CqO=at
QDsm M=t� u; CaQU uOw@ u}}=B Crax@ p=}U u=} QH "CU= 7ROrwv} Q |Q}o\UwDt
u}vJ CmQL xR=Ov= w |oDUw}B CqO=at "OwW|t xDiQo Q_v QO Q}PB=vsm =QD �0 1 R=

%OwW|t xDWwv
r � ~v = 0 (1)

�
�
@
@t

(~v) +r � (~v~v)
�

= �rp+r � (�) + �~g +
�!
fb (2)

Q=OQ@ ~v '(Pa) ?ULQ@ VvD QwUv=D � '(Pa) ?ULQ@ l}D=DU= Q=Wi p u; QO xm
|tHL |wQ}v �~g '(kg/m3) ?ULQ@ p=}U |r=oJ � '(m/s) ?ULQ@ CaQU
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|R=
Ux}

@WpL R= "Ov=|OOa pL QO xO=iDU= OQwt |U=U= CqO=at 22 w 20 |x]@=Q wO
|xvt=O QO |m} QDmr= Q=@C_re `} RwD w |m} QDmr= u=O}t `} RwD xrO=at wO u}= |OOa
xrO=at wO u}= pL R= xOt; CUO x@ G}=Dv |xr}Uwx@ w O};|t CUO x@ |D=@U=Lt

%OwW|t O}rwD 23 |x]@=Q j@=]t |tHL |wQ}v
�!
fb = �c ~E = �c (�r�) (23)

|RQt \}=QW "2"3
p=}U u=} QH |RQt \}=QW R= =RHt |RQt \}=QW OvtR=}v R}v 22 w 20 CqO=at pL

%OwW|t h} QaD u}vJ =yOwQDmr= Q@ |r=ta= ?w=vDt S=Drw "Ow@ Oy=wN
� (t) = �maxf (t) (24)

%CWwv u=wD|t '|r=ta= ?w=vDt S=Drw C=Q}}eD |Uwv}U pmW x@ xHwD =@
f (t) = sin (2�!t) (25)

"CU= Gwt |xvt=O �max w Tv=mQi ! u; QO xm
Q=@ C_re `} RwD w p}Uv=DB u=O}t `} RwD CqO=at pL |=Q@ |RQt \}=QW
�20 |x]@=Q� |m} QDmr= p}Uv=DB |xrO=at "CU= xOW xOQw; 2 pmW QO |m} QDmr=
`} RwD w xOW pL CU= Ot=H xm l} QDmr=|O CtUk QO sy w p=}U CtUk QO sy
|m} QDmr= Q=@ C_re |xrO=at "OQw;|t CUO x@ xvt=O pm QO =Q |m} QDmr= p}Uv=DB
Q=@ K]U |wQ =Q |m} QDmr= Q=@ `} RwD w xOW pL p=}U VN@ QO =yvD �22 |x]@=Q�

"Ovm|t x@U=Lt |m} QDmr=
|wQ '|m} QDmr= p}Uv=DB `} RwD |xrO=at pL |=Q@ 2 pmW j@=]t |RQt \}=QW
|vwQO OwQDmr= |wQ w '� = �(t) |vwQ}@ OwQDmr= |wQ '@�=@ni = 0 |vwQ}@ RQt
|Owta Q=OQ@ ni x]@=Q u}= QO "CU= xOW xDiQo Q_v QO � = 0 u}tR u=wvax@
S=Drw |@ w=vD C=Q}}eD xm OwW|t h} QaD �(t) = �maxf(t) w CU= K]U |v=m}

"Ovm|t ^=Lr =Q |r=ta=

[21]"=tUqB C_re w |m} QDmr= p}Uv=DB CqO=at pL |=Q@ |RQt \}=QW "2 pmW

%R= CU= CQ=@a =tUqB Q=OQ=@ C=QP =@ \=@DQ= QO utRDrw@ |x]@=Q |iQ] R=
�c
"0

= e
"0

(ni � ne) = �en0
"0

�
exp

�
e'
KbTi

�
+ exp

�
e'
KbTe

��
(14)

w =yuw} |=tO Te w Ti 'utRDrw@ C@=F Kb '|rLt |m} QDmr= p}Uv=DB ' u; QO xm
u=wD|t "CU= x}=B |=tUqB C_re n0 w Q=OQ=@ C=QP C_re ne w ni w =yuwQDmr=
=Q utRDrw@ |x]@=Q '' �� T ZQi =@ w |}=tv `@=wD |=Q@ Qwr}D |QU \U@ ltmx@

%x@ OQm p}O@D
�c
"0
� �e2 n0

"0
'
�� 1

KbTi

�
+
� 1
KbTe

��
(15)

|FvN R=o QO |O}rwD |=tUqB Ct=N[ |xYNWt pw] xm �d |=@O pw] u}vJty
%OwW|t h} QaD u}vJ CU=

�d =
�
e2 n0
"0

�� 1
KbTi

�
+
� 1
KbTe

����0 5
(16)

%OQm xO=U u=wD|t =Q 15 |x]@=Q '|=@O pw] h} QaD x@ xHwD =@
�c = � "0

�2
d

� (17)

CUO x@ |O}rwD |tHL |wQ}v |=Q@ |O}OH pmW u=wD|t 17 |x]@=Q R= xO=iDU= =@
%OQw;

�!
fb = � "0

�d
� � ~E (18)

[33]'Ov=xOW xR}vw} h}a[ CQwYx@ |R=o C=QP uwJ [21]nv=wy w uRwU G}=Dv j@]
|m} QDmr= p}Uv=DB l} "CU= xOW p}mWD VN@ wO R= � xm OQm ZQi u=wD|t
|m} QDmr= Q=@ C_re Crax@ |m} QDmr= p}Uv=DB l} w � |m} QDmr= u=O}t Crax@

%�� |rm
� = �+ �� (19)

l} QDmr=|O|wQ|m} QDmr= Q=@Ct=N['OW=@lJwm Q=}U@|=@O pw] xmu}=ZQi =@
QDW}@ pL |xvt=O QO Q=OQ=@ C=QP `} RwD xm OQm ZQi u=wD|t w Ow@ Oy=wN sm
u=O}t R= |QDsm Q}F-=D w CU= xQ=w}O |wQ Q=OQ=@ C=QP R= |W=v p}Uv=DB Q}F-=D CLD
`=iDQ= xm xOW xHwD xDmv u}= Q@ |R=UpOt QO "Ovm|t Ci=} QO |HQ=N |m} QDmr=
p}Uv=DB |=Q@ u}=Q@=v@ "OW=@v QDnQR@ l} QDmr=|O |m}ORv QO |=@O pw] R= =ypwrU

%s}UQ|t uwU=wB |xrO=at l} x@ |m} QDmr= u=O}t R= |W=v
r � ("rr�) = 0 (20)

%s}UQ|t RDrwytry |xrO=atl} x@|rm|m} QDmr= Q=@C_re R=|W=v p}Uv=DB |=Q@ w
r � �"rr��

�
= ��c="0 (21)

Q=@ C_re Q}eDt ?ULQ@ u=wD|t =Q RDrwytry |xrO=at 17 |x]@=Q R= xO=iDU= =@
%CWwv |m} QDmr=

r � ("rr�c) = ��c=�2
d (22)
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l}D=DUwQDmr= x}rw=pOt |HvUQ=@Da= "1"4
'|}=tUqB Qorta |R=UpOt |=Q@ xOW xO=iDU= pOt OQmrta|DUQO uO=O u=Wv |=Q@
l} R=xr�Ut u}= QO "OwW|t ?=NDv= [22w21]nv=wy w uRwU\UwD xOW x�=Q= |xr�Ut
CQwYx@ =wy u=} QH "CU= xOW xO=iDU= CND |xLiY l} |wQ |}=tUqB Qorta
'|}=tUqB Qorta uOQm uWwQ =@ "OQ=O Q=Qk QiUtD= Q=Wi QOCND |xLiY |wQ um =U
x@ =wy u=} QH '|}=tUqB Qorta \UwD |O}rwD |tHL |wQ}v Crax@ OwQ|t Q=_Dv=
=@ Qorta u}= R= xO=iDU= "Ovm xQ=w}O CH l} O}rwD w xOW xO}Wm CUOu}}=B CtU
"CU= xOW xOwtR; |y=oW}=tR; CQwYx@ R}v [14]?wm =S \UwD QDV}B xUOvy u}=
QiY |m} QDmr= p}Uv=DB |=Q=O u}tR Vkv QO |rN=O OwQDmr= ?wm =S V}=tR; QO
"OwW|t p=ta= |vwQ}@ OwQDmr= x@ RDQywr}m 4 5 Tv=mQi QO Crwwr}m 5 S=Drw w CU=
OwN Q=m QO u=} QH x@ |}=kr= CaQUxv}W}@ |=Q@ =Q x}v=F Q@ QDt 1 CaQU ?wm =S

"Ovm|t VQ=Ro
w |=@O pw] Ovv=t |R=UpOt QO R=}v OQwt |=yQDt=Q=B uOQm xQ@}r=m |=Q@
"CU= xOW xO=iDU= [14]?wm =S |y=oW}=tR; G}=Dv R= |m} QDmr= Q=@ C_rexv}W}@
0 001 |=@O pw] '|@ QHD G}=Dv x@ xHwD =@ nv=wy w uRwU '|R=UpOt u}= |=Q@
"Ovvm|t O=yvW}B =Q ?amtQDt Q@ urwm 0 0008 |m} QDmr= Q=@ C_rexv}W}@ w QDt
xm CU= QDt 0 1 `r[ x@ |a@ Qt 'Q[=L |R=UpOt QO |OOa pL |xvt=O
'=yOwQDmr= Kw]U pmW p}rO x@ "CU= xDiQo Q=Qk u; \Uw QO |}=tUqB Qorta
|xm@W R= Cra u}ty x@ "CU= Ot;Q=m Q=}U@ xDi=}u=tR=U |xm@W R= xO=iDU=
|q=@ sm =QD u}= "CU= xOW xO=iDU= =yOwQDmr= h=Q]= QO |i=m sm =QD =@ xDi=}u=tR=U
pwrU xO R= V}@ |=@O pw] QO O}=@ xm CU= u; Cra x@ =yOwQDmr= h=Q]= QO xm@W
QO [6]"OQm |R=Ux}@W |@ wNx@ =Q |O}rwD |=tUqB xO}OB u=wD@ =D OW=@ xDW=O OwHw
u=vJ "CU= xOW xO=O u=Wv |O}rwD |xm@W x=Qty x@ |OOa pL |xvt=O 4 pmW
|R=Ux}@W |=Q@ |@=NDv= |=ypwrU O=OaD =yOwQDmr= h=Q]= QO OwW|t xOy=Wt xm

"CU= �pwrU 10� R=}v OQwt OL R= QDq=@ Q=}U@ |O}rwD |=tUqB j}kO
pL 'xO=iDU= OQwt |xm@W R= |OOa pL G}=Dv pqkDU= uO=O u=Wv |=Q@
p}iwQB 'xO=iDU= OQwt Q=}at "CU= xOW xU}=kt Cw=iDt |xm@W OvJ |wQ |OOa
"CU= u=} QH x@ |}=kr= CaQUxv}W}@ |@} QkD pLt QO |Owta |=DU=Q QO CaQU
|=ypwrU O=OaD =@ |O}rwD |=yxm@W |=Q@ CaQU Q=Okt |=yp}iwQB 5 pmW QO

"xDi=}u=tR=U |xm@W x=Qtyx@ CND |xLiY |wQ |OOa pL |xvt=O "4 pmW

'|m} QDmr= Q=@ C_re |xrO=at pL |=Q@ 2 pmW j@=]t |RQt \}=QW u}vJty
�c = |m} QDmr= Q=@ K]U |wQ '�c = 0 l} QDmr=|O uwQO w |vwQ}@ RQt |wQ
^=Lr @�c=@ni = 0 |}=tUqB Qorta Kw]U |x}k@ |wQ w �max

c G(x)f(t)

"CU= xOW
K]U |RQt \QW u=wvax@ |Uwo `} RwD R= xO=iDU= [22w13]|@ QHD G}=Dv j@]
|@ QHD G}=Dv x@l}ORv w?U=vt \QW '|rN=O OwQDmr= |q=@ QO OwHwtl} QDmr=|O

%OwW|t h} QaD u}vJ Q_v OQwt |RQt \QW "CU=

�c;w (x; t) = �max
c G (x) f (t) (26)

G (x) = exp
��(x� x0)2=2�2� (27)

|xv}W}@ |Q}oQ=Qk pLt x0 w |Uwo `} RwDCt=N[ |xOvvms}_vD QDt=Q=B � u; QO xm
O}=@ |m} QDmr= Q=@ C_re `} RwD w p}Uv=DB u=O}t CqO=at |=Q@ "CU= `} RwD u}=
CqO=at pL =@ ?}DQD u}O@ "Ov};QO Oa@|@ pmW x@ =yu; |RQt \}=QW w CqO=at
=@ w x=wNrO u=tR Qy QO =Q |m} QDmr= Q=@ C_re `} RwD w |m} QDmr= p}Uv=DB u=wD|t
CqO=at |xOW Oa@|@ pmW "OQw; CUO x@ 'pL ?=wH x@ uO=OOa@ =@ S=Drw xvt=O Qy

"CU= xOW xOQw; 3 pmW QO =yu; |RQt \}=QW w
X=N pmW l} |=Q@ nv=wy w uRwU \UwD xOWx�=Q= l}D=DUwQDmr= pOt
|R=Ux}@W |=Q@ w OQ=O |}=Q=m Crwwr}m 5 XNWt S=Drw l} |=Q@ w Qorta R=
Crax@ xr�Ut u}= "CU= Xk=v |r=ta= hrDNt |=yS=Drw =} Qorta Qo}O |=ypmW
xHwD =@ [6]p=tJw@ "CU= pOt u}= QO sy R=l}D=DUwQDmr= |U=U= CqO=at uOw@=OH
|=ypmW QO pOt u}= R= xO=iDU= |=Q@ =Q |}=yx} Q_v 'OwHwt |@ QHD |=yxO=O x@
C=ar=]t x@ xHwD =@ "CU= xOQm x�=Q= |OwQw hrDNt |=yS=Drw w Qorta hrDNt
S=Drw 3 5 u=wD =@ |O}rwD |tHL |wQ}v [13]'xO}OB u}= l} R}i =@ \=@DQ= QO |@ QHD
u=}t =Q |]N |x]@=Q l} 'wQ}v uwv=k jkLD |=Q@ p=tJw@ "CU= ?U=vDt |r=ta=
|@ QHD |=yxO=O R= xO=iDU= =@ |r=ta= S=Drw w x |=DU=Q QO |O}rwD |tHL |wQ}v
QO "Ovm =[Q= =Q wQ}v uwv=k R}v nv=wy w uRwU pOt ?}DQDu}O@ =D OQw;|t CUO x@
|=R=x@ 'x} Q_v u}= QO "CU= xOW xO=iDU= w= |=yx} Q_v R= |m} R= |WywSB Q=m u}=
|]N Q}}eD w '|Uwo `} RwD QO x0 w � |]N Q}}eD QDt 0 00017 C@=F |=@O pw]
|m} QDmr= Q=@ C_rexv}W}@ QO Q}}eD "OwW|t ^=Lr S=Drw C=Q}}eD ?ULQ@ �max

c

%OwW|t O=yvW}B |]N |x]@=Q l} CQwYx@
�max
c = 0 02637 � Vpp � 0 1343;
�max = 1000Vpp (28)

"CU= Crwwr}m ?ULQ@ xvt=O =D xvt=O S=Drw Vpp u; QO xm

[21]"l}D=DUwQDmr= pOt |RQt \}=QW w CqO=at Oa@|@ pmW "3 pmW
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QO [21]nv=wy w uRwU G}=Dv =@ Q[=L |OOa |R=UpOt G}=Dv |xU}=kt "6 pmW
"syt |Owta `]=kt

p} wiQ}= QDw pw] "OQ=O Q=Qk p} wiQ}= |xrtL |x@r QO |}=tUqB Qorta Q=m u}= QO
0 127 u;Ct=N[ w 'uDB=m xO=iDU= OQwtl} QDmr=|OTvH &CU= QDt|r}t 127
|vwQ}@ OwQDmr= pw] "CU= QDt|r}t 0 0254 R}v =yOwQDmr=Ct=N[ "CU= QDt|r}t
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O=R; u=} QH ROrwv} Q "CU= RDQywr}m 5 Tv=mQi QO Crwwr}m 11 |r=ta= S=Drw w CU=

"CU= Q=Ry 158 VywSB u}= QO
C=Q}}eD "CU= xOW xO=O u=Wv |HvUQ=@Da= u}= |xH}Dv 8 w 7 |=ypmW QO
QO |}=tUqB Qorta R= xO=iDU= uwO@/=@ hrDNt |xrtL |=}=wR QO ;Q@ ?} Q[
QO p} wiQ}= |wQ Q=Wi `} RwD u=}t |xU}=kt u}vJty "CU= xOW xU}=kt 7 pmW
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"|O}rwD |xm@W R= pL G}=Dv

"CND |xLiY |wQ |}=tUqB Qorta |OOa |R=UpOt |xU}=kt "1 pwOH
|xar=]t p=tJw@ nv=wy w uRwU =yQDt=Q=BQ[=L [6] �2011� [21] �2005�
1250 1444 1150 fbj=�max�max

c

0 9411 0 93407 � 1 V max
jet (m=s)

CWQO |xm@W l} =OD@= 'OwW|t xOy=Wt xm u=vJ "CU= xOW xO=O u=Wv hrDNt
|=yp}iwQB |O}rwD |xm@W uOQmR} Q =@ TBU w xOW O}rwD pwrU 60 210 O=OaD =@
pwrU 310 070 =@ |O}rwD |xm@WCra u}tyx@ "Ov=xOW j@]vt Qo}Om} Q@CaQU

"CU= xOW x�=Q= 4 pmW QO xm OwW|t ?=NDv= |D=@U=Lt |xm@W u=wvax@
=@ 8p*Bt}U sD} Qwor= R= pL |xvt=O QO Q=Wi w CaQU u=O}t uOQm pL |=Q@
Q}PB=vsm =QD w s=Q; CQwYx@ u=} QHw xOW xO=iDU= =yQ}eDt |t=tD |=Q@ swO x@DQt CkO
'|m} QDmr= p}Uv=DB C=Q}}eD p}iwQB u=}t |}xU}=kt 6 pmW QO "CU= xOW pOt
OwQDmr= AJ `r[ |Owta `]kt QO |O}rwD |tHL |wQ}v w |m} QDmr= Q=@ C_re
|=yQ}eDt QDTwULt C=Q}}eD Cra x@ `]kt wO u}= "CU= xOW s=Hv= |rN=O
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CkO =@ |R=UpOt OwW|t xOy=Wt xm Qw]u=ty "CU= xOW s=Hv= nv=wy w uRwU

"OQ=O j}@]D nv=wy w uRwU |OOa G}=Dv =@ |@U=vt
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[21]nv=wy w uRwU |OOa |=y|R=UpOt w [14]?wm =S|@ QHD G}=Dv =@ xm xOt;CUO
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1. Plasma actuator
2. dielectric-barrier discharge (DBD)
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5. turbulent 
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6. natural laminar 
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7. RANS
8. SIMPLE
9. user-de�ned scalar (UDS)
10. user-de�ned function (UDF)
11. velocity-inlet
12. pressure-outlet
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