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`]kt =@ |=y`tW xm u}= x@ xHwD =@ "CU= xOW xDiQo Q_v QO 0 2 Kg/cm3 OwOL
p}rOx@ u}vJty w OvQ=O |QDsmC}@rY '=vyB Q@=Q@ QO R}J=vCt=N[ |=Q=O *|r}]DUt
sm |r}N Ct=N[ =@ w |r}]DUt =y`tW `]kt '`tW xwQo Q=DiQ QDy@ |i}m |UQQ@
x}mD |}xW}W jr] |} wrH CtUk x@ QDsm ZQa CyH QO xm CU= xOW ?=NDv=
u}vJty "OQ}o Q=Qk |Q=PoQ=@ CLD h}a[ QwLt CyH QO `tW =D OwW|t xO=O
Q=Qk xO=iDU= OQwt |t}v}twr; |=y`tW 'Oqwi x@ C@Uv s}v}twr; E uOw@ QDsm p}rOx@
xOt; 2 pwOH QO =yV}=tR; QO xO=iDU= OQwt Ovr@ |=y`tW |rm C=YNWt "CiQo
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Qw]x@ xm `tW xwQo h=Q]= QO l =N pmW Q}}eD |wor= Q=DWwv u}= xm =Hv; R=
|@=}CUO |=Q@ 'Ovm|t |UQQ@ =Q u; Q@ =y`tW |xrY=i Q}F-=D w xOW |Q=PoQ=@ |@v=H
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"x=oW}=tR; \}Lt R= |}=tv "2 pmW
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"CU= xOt; xt=O= QO xU=t
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VvQm OwW|t xOy=Wt xm u=vJ "CU= xOW sUQ 6B w 3B '1B |xrY=i =@ `tW
h=Q]= x@ `tW pLt R= xJQy w OQ=O =Q Q=Okt u} QDW}@ `tW pLt QO l =N |WQ@
xO}O 15 |r= 12 p=mW= x@ xHwD =@ u}vJty "OwW|t QDsm u; Q=Okt s}vm CmQL
=y`tWQU R= xJQy w OQ=O =Q Q=Okt u} QDW}@ |WQ@ VvQm =y`tWQU QO xm OwW|t
x@ z=4B jta R= xm u}= =D O@=}|t Vy=m ,=H} QOD |WQ@ VvQm s}vm CmQL u}}=B x@
?r=]t x@ xHwD =@ "OvyO|tv u=Wv OwN R= |WQ@ VvQm I}y l =N |=yxv=O u}}=B
l =N QO |WQ@ VvQm xOWv =Hx@=H u}}=B x@ jta u}= R= Ovr@ `tW uwJ 'xOWxDio
OwHw x@ VvQm xwo '�AJ x@ CU=Q� |r=ta= |wQ}v CyH x@ xHwD =@ "OwW|tv O=H}=
15 |r= 12 p=mW= QO u=wD|t =Q ẁ[wt u}= "CU= AJ CtU x@ p}=tDt xOt;

"OQm xOy=Wt
|v=yo =v VQB uOw@ QDnQR@ p}rOx@ xm s}@=}|tQO 14 w 13 p=mW= x@ xHwD =@
xOWO=H}=|WQ@VvQm 'wrH `tW x@C@Uv?ka `tW QO|}=Hx@=H |=yQ=OQ@ |x} w=R
|=yxwo pN=OD x@ xHwD =@ "CU= wrH `tW R= QDW}@ ?ka `tW h=Q]= l =N QO

"OQivt `tW |=Q@ l =N |WQ@ VvQm "12 pmW

"1B `tW xwQo |=Q@ l =N |WQ@ VvQm "13 pmW
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QQ@=@ `tW xwQo |=Q@ |vLvt u}= sUQ xm OwW|t Qw;O=} "CU= QDt|r}t ?ULQ@ =yu;

OwHwt `tW wO Qy QO u=Um} |ki= u=mt Q}}eD xH}DvQO w lyqm uOw@?rY ZQi
17 pmW QO xOWsUQ |vLvt Q=yJ Qy QO xm u=vJ "CU= xDiQo CQwY xwQo QO
"OwW|t QDW}@ R}v =y`tW |ki= u=mt Q}}eD '|@v=H |wQ}v V}=Ri= =@ OwW|t xO}O
xm OwW|t x_Lqt 1B `tW xwQo Cr=L QO =y`tW O=} R Q=}U@ VvmQOv= p}rOx@
=y`tW |xrY=i V}=Ri= =@ "CU= Qo}O |=y|vLvt R= QDu}}=B u; x@ \w@ Qt |vLvt
`tW xwQo Cr=L QO xm u}= =D OwQ|t QDq=@ ,=H} QOD u=mt Q}}eD �Q=@ |vLvt xwQo QO
|vLvt x@=Wt u; x@ \w@ Qt |vLvt =y`tW u}@ VvmQOv= OwHw sOa p}rOx@ 6B

l =N � `tW VvmQOv= OwHw p}rOx@ s}v=O|t xm =QJ "CU= OQivt `tW x@ \w@ Qt
QO `tW u=mt Q}}eD '`tW Qy x@ xOQ=w u=Um} |@v=H Q=@ |=R=x@ 'xwQo QO `tW �
Q}F-=D xwQo QO =y`tW |xrY=i V}=Ri= =@ "CU= OQivt `tW u=mt Q}}eD R= QDW}@ xwQo
u=mt Q}}eD x@ xwQo QO =y`tW u=mt Q}}eD xH}DvQO w O@=}|t Vy=m Qo}Om} Q@ =y`tW

"OwW|t QDl}ORv OQivt `tW

|Q}oxH}Dv "5
'|@v=H |Q=PoQ=@ O=ODt= QO xwQo l} QO =y`tW RmQt x@ RmQt xrY=i V}=Ri= =@ �
h=Q]= l =N w =y`tW Q=DiQ w xOW QDsm `tW � l =N � `tW VvmQOv= C=QF=
x@ RmQt xrY=i QO "OwW|t QDl}ORv u; h=Q]= l =N w OQivt `tW Q=DiQ x@ =yu;
"Ovvm|t Q=DiQ OQivt CQwYx@ =y`tW w xDiQ u}@ R= xwQo QF= =y`tW 6B RmQt

|}=Hx@=H `tW 'u}}=B x@ z=4B OwOL jta R= 'V}=tR; OQwt *Ovr@ |=y`tW QO �
u=mt Q}}eD =@ ?U=vDt R}v Ovr@ `tW h=Q]= l =N "OyO|tv u=Wv OwN R= |ki=

"OwW|t =Hx@=H `tW
'|}=Hx@=H |=yQ=OQ@ QDs}qt |x} w=R p}rOx@ '|@v=H Q=@ CLD |=y`tW *wrH QO �
=y`tW ?ka QO =t= "CU= u; s�=k |}=Hx@=H R= QDW}@ l =N |ki= |}=Hx@=H
R= "OQ=O |QDW}@ s�=k |}=Hx@=H l =N '|}=Hx@=H |=yQ=OQ@ QDOvD |x} w=R p}rOx@
"OvwW|t QDsm l =N s�=k w |ki= |=y|}=Hx@=H G} QODx@ 'u}}=B x@ l =N K]U
h=Q]= QO l =N |}=Hx@=H |=yQ=OQ@ |x} w=R '`tW xwQo x@ |@v=H Q=@ p=ta= QF= Q@ �
pLt QO Q}}eD u}= xm Ovm|t =O}B |yHwD p@=k Q}}eD xQ=@l} x@ `tW wO R= s=OmQy
l =N QO xOWO=H}= |WQ@ VvQm u}=Q@=v@ "CU= QDW}@ |@v=H Q=@ x@ QDl}ORv `tW
R= QDQwO `tW h=Q]= l =N QO xOt; OwHw x@ |WQ@ VvQm R= QDW}@ R}v u; h=Q]=
l =N QO xOWO=H}= |WQ@ VvQm 'xwQo QO =y`tW |xrY=i V}=Ri= =@ "CU= Q=@

"OwW|t QDW}@ R}v Q=@ R= QDQwO `tW h=Q]=
xDW=O |QDW}@ |}=Hx@=H |L]U |=yl =N '`tW xwQo x@ |@v=H Q=@ p=ta= QF= Q@ �
|xR=Ov= QDu}}=B |=yjta QO =t= "CU= QDOvD R}v |}=Hx@=H |=yQ=OQ@ |x} w=R w

"OwW|t QDs}qt R}v =yu; |x} w=R w xOW QDlJwm l =N |}=Hx@=H |=yQ=OQ@
`tW wO u}@=t 'l =N |}=Hx@=H u=O}t jta 'xwQo QO =y`tW |xrY=i V}=Ri= =@ �
OwHwt l =N '=y`tW QDW}@ w 6B |xrY=i QO xm u}= =D 'OwW|t QDsm G} QODx@

"OQ=Ov |}=Hx@=H I}y `tW wO \Uw QO
Q=@ p=ta= QF= Q@ =y`tW u}@=t l =N |=yxv=O 'xwQo QO =y`tW QDsm pY=wi QO �
=y`tW |xrY=i V}=Ri= =@ "OvwW|t =Hx@=H |ki= CQwYx@ ,=iQY 'xwQo x@ |@v=H
l =N pmW Q}}eD |wor= x@ =y`tW R= s=OmQy h=Q]= QO l =N pmW Q}}eD |wor=

"OwW|t QDl}ORv OQivt `tW h=Q]=

"QDt|r}t 0 5 |}=Hx@=H xv}tm =@ Q}F-=D |xOwOLt "16 pmW

`tW |}=Hx@=H sOa R= |W=v u}= xm Ovv=t|t |k=@ OwN |x}rw= pLt QO w xOWv
"CU= u}}=B x@ �z=4B� |Q=OQ}o jta R= Ovr@

`tW xwQo QO xJ w OQivt `tW QO xJ 'OwW|t xO}O 16 pmW QO xm u=vJ
CyH =@ xr�Ut u}= xm OQ=O |QDO=} R VQDUo AJ CtU QO |}=Hx@=H u=O}t
QOkQy xm OwW|t xOy=Wt u}vJty "OQ=O Ck@=]t �AJ x@ CU=Q� |r=ta= |wQ}v
VvmQOv= xH}DvQO w =y`tW u}@ VvD pN=OD 'OwW QDW}@ xwQo QO =y`tW |xrY=i
w xDiQ u}@ R= xwQo QF= =y`tW 6B |xrY=i QO C}=yv QO w O@=}|t Vy=m =yu; u}@
OwW|t xOy=Wt 16 pmW QO xm u=vJ =Q} R "OvQ=Ov Qo}Om} Q=DiQ Q@ |Q}F-=D =y`tW
xDiQ q=@ x@ `tW wO \Uw QO |}=Hx@=H u=O}t 3B |xrY=i =@ `tW xwQo QO
u}vJty "OwW|t =Hx@=H Cr=L u}= QO `tW wO \Uw l =N R= |QDsm jta w
R= =OH |xOwOLt wO `tW wO |}=Hx@=H u=O}t 6B |xrY=i =@ `tW xwQo QO
"CU= K}LY R}v |Q_v ^=Lrx@ xm |@r]t �� OvQ=Ov |rN=OD sy =@ w CU= sy
6B |w=Ut =} QDW}@ |@v=H |Q=PoQ=@ O=ODt= QO xwQo QO =y`tW |xrY=i Qo =�
Ovy=wNv Qo}Om} Q@ |QF= I}y w xOQm Q=DiQ OQivt CQwYx@ xwQo QO =y`tW 'OW=@

[8�6]"�CW=O

xwQo w OQivt `tW QO u=mt Q}}eD � Q=@ |=y|vLvt |xU}=kt "4"4
`tW

xwQo w OQivt `tW |=Q@ |ki= u=mt Q}}eD � |@v=H |wQ}v |=y|vLvt 17 pmW QO
`tWQU Q@ |r=ta= |@v=H |wQ}v Qou=}@ s�=k QwLt pmW u}= QO "CU= xOW sUQ `tW
|ki= u=mt Q}}eD Qou=}@ |ki= QwLt w 'uDw}v ?ULQ@ `tW xwQo lyqm w OQivt

"`tW xwQo w OQivt `tW u=mt Q}}eD � Q=@ |vLvt "17 pmW
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1. particle image velocimetry (PIV)
2. group e�ect
3. image processing
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