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%OvwW|t xDiQo Q_v QO 19 |x]@=Q CQwYx@ q=@x@DQt w u}}=Bx@DQt

fLoi+1/2 = fForcei+1/2 fHii+1/2 = fRIi+1/2 (19)

Q}=tJ} Q w FORCE |=yVwQ |OOa |=yQ=W?}DQDx@ fRIi+ 12
w fForcei+ 12

u; QO xm
"OvDUy

Q=DWwv QO [32]"Ov=xO=O O=yvW}B |OOaDt Q=W |xOvvmOwOLt |=ysQD u}kkLt
%CU= xOW xDiQo Q_v QO Min mod Q=W |xOvvmOwOLt sQD Q[=L

� (�) =

8>>>><>>>>:
0 if � � 0
� if 0 < � � 1
1 if � > 1

(20)

%OwW x@U=Lt 21 |x]@=Q =OD@= O}=@ Q=W |xOvvmOwOLt sQD |x@U=Lt |=Q@
�Li+1/2 =

�qji�1/2
�qji+1/2

�Ri+1/2 =
�qji+3/2
�qji+1/2

(21)

%OwW x@U=Lt 22 |x]@=Q O}=@ TBU w "�qj
i� 12

= �qji ��qji�1 'u; QO xm
�ji+1/2 (�) = min

n
�i+1/2

�
�Li+1/2

�
; �i+1/2

�
�Ri+1/2

�o
(22)

p=ta= OvDUy xrO=at m |=Q=O xm |tDU}U CqO=at lDlD x@ 22 w 21 \@=wQ
"O};|t CUO x@ �i+ 12

|xOvvmOwOLt m u}=Q@=v@ "(j = 1; :::;m) OwW|t
|x]@=Q j@=]t CiQo Q=Qk xO=iDU= OQwt 18 |xrO=at QO xm |}=yv |xOvvmOwOLt

%OwW|t x@U=Lt 23
�i+1/2 = min

�
�ji+1/2

�
j = 1; :::;m (23)

|x]@=Q R= xO=iDU= =@ TBU w OwW|t XNWt �x =OD@= '|v=tR s=o |x@U=Lt |=Q@
%OwW|t s=Ok= �t |x@U=Lt x@ C@Uv 24

�t = CFL �x
ULinlet + gt

(24)

|OOa pL VwQ "5
QO xm xOW xO=iDU= ut} Q |xr�Ut pL Q@ |vD@t |=ysD} Qwor= R= Q=DWwv u}= QO
[27]'|@} QkD Q=W =@ 10wUO=@ p:w= x@DQt |ivwOo |=yVwQ xDUO x@ u=wD|t =yv; u=}t
"OQm xQ=W= [29]12q=@x@DQt lwW Q}NUD |=yVwQ w [28]11Q=W |R=U=OH |=yVwQ

"OvOw@ xOW O=yvW}B |R=ilD u=} QH |=Q@ =OD@= QO =yVwQ u}= |t=tD
"CU= xOWv |R=iwO u=} QH ?U=vt |OOa VwQ x@ |L[=w xQ=W= Cq=kt QO
uO}WN@C}rm R}v w p=ta= xm p}rO u}= x@ ut} Q |xr�Ut pL Q@ |vD@t |=ysD} Qwor=
w xOW xO=iDU= |[=} Q pOt OvJ R= CU= Q=Qk xm |t=ovy 'CU= QDxO=U =yv; x@
|UQQ@ j@] u}vJty "CU= Q=OQwNQ@ |}q=@ C}ty= R= OQ}o CQwY xU}=kt =yv; u}@

"CUq=@ Q=}U@ =ysD} Qwor= pw= |xDUO QO C=@U=Lt u=tR [30]xDiQo CQwY
OwHwt |=ysD} Qwor= [27]p=Qo@; w pQ=U x=oO}O R= |wQxr=@vO =@ j}kLD u}= QO
QO Ovtu=wD VwQ =yv; u}@ R= w xDi=} xaUwD R=iwO u=} QH x@ R=ilD u=} QH |=Q@

"OW Oy=wN ?=NDv= nqU= l} R}i ?U=vt |v}@V}B

CqO=at |R=UxDUUo w |rm |Ov@pwtQi "1"5
[31]%CU= 13Q=DU}=B |tDU}U Q=Wi R= pkDUt VwQ CqO=at sDU}U

@q
@t

+ @f (q)
@x

= S (q) (13)

'�14 |x]@=Q� [32]CU= xOW xO=iDU= Q=DU}=B VwQ l} R= CqO=at |R=U=OH QO
%R= CU= CQ=@a u; w

qn+1
i = qni + �t

�x
�
fni�1=2 � fni+1=2

�
+ �t Sni (14)

u}= ?ULQ@ "CU= |m} R}i Q=W R= |@} QkD w OwW|t xO}t=v 14|OOa Q=W fi+1=2
hrDNt |OOa |=yVwQ OwW ?=NDv= |OOa Q=W sQD |x@U=Lt |=Q@ |a@=D xJ xm
|x@U=Lt |=Q@ |}=yCQ=@a |Oa@ CtUk QO "O};|t CUO x@ ut} Q |xr�Ut pL

"Ov} wo|t Q=DU}=B Q=W |=yVwQ =yv; x@ xm OwW|t x�=Q= fi+1=2 sQD

|OOa Q=W sQD |x@U=Lt |=yVwQ "2"5
"CU= xOW ?=NDv= |irDNt |=yVwQ fi+1=2 |OOa Q=W sQD |x@U=Lt |=Q@
|=yVwQ u=}t R= "CU= Q=DU}=B CQwYx@ =yv;|t=tD u=}@ =yVwQ u}= l =QDW= |x]kv
16Q}=tJ} Q swO x@DQt VwQ w 15RJ} QOQi �Tm q pw= x@DQt VwQ '|ivOo Q}e Q=DU}=B
|=yVwQ xDUO R= "OwW|t xOR?} QkD =ypwrU RQt |wQ =yQ=W =yv; QO xm xOW ?=NDv=
17�FORCE� pw= x@DQt |RmQt VwQ 'xOW =Hx@=H |xm@W |wQ |iO=YD ?=NDv=
xOW ?=NDv= R}v 18�FLIC� Q=W |xOvvm OwOLt VwQ u}vJty "CU= xOW ?=NDv=

"CU=RJ} QOQi � Tm q VwQ "1"2"5
|OOa pL |=y?=Dm QO xm CU= |L} QY VwQ u} QDpwtat w u} QDxO=U VwQ u}=
w CU= p:w= |x@DQt u=tR w u=mt Q_v R= RJ} QOQi � Tm q VwQ [33]"OwW|t =O}B

[32]%OwW|t u=}@ u}vJ
fnLFi+1/2 = 1

2 [fni+1 + fni ]� �x
2�t

[qni+1 � qni ] (15)

x@ xHwD =@ xm OwW|t h} QaD fni = f (Qni ) CQwYx@ s=i pwrU QO |OOa Q=W
"O};|t CUO x@ pOt \UwD xOW u=}@ |m} R}i Q=W CQ=@a
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|Q=
Yv=

=[Q
OtL

tw
|@}O

=u=
}wB [4]%O};|t CUO x@ `}=t R=i QO Q=Wi Q}}eD C=Q=@a R= Q_v hQY R}v w

�L (x; t) =8><>:
�inletL UinletLq

(UinletL )2+2g(x�xinlet)
x � xinlet + U inletL t+ g

2 t
2

�inletL otherwise
(25)

uL (x; t) =8<:
q�

U inletL

�2 + 2g (x� xinlet) x � xinlet + U inletL t+ g
2 t

2

U inletL + gt otherwise

(26)

|OwQw CaQU u}}aD =@ =yvD 'u}=Q@=v@ "OwW|t xO=O Q=Qk QiY Q@=Q@ ,qwtat xinlet
"OwW|t pt=m jwi |=QPo pL `}=t

xDi=}xaUwD |=yOm |HvUCLY G}=Dv "2"6
Q}W |xr�Ut hrDNt |=yVwQ R= pY=L |OOa |R=Ux}@W G}=Dv 'CtUk u}= QO
CFL Q=Okt "CU= xOt; |r}rLD pL =@ =yv; |xU}=kt w PFM R= xO=iDU= =@ ?;
0 5 s Q@=Q@ Q=O}=B=v Cr=L u=} QH |Q=QkQ@ u=tR COt w 0 5 Q@=Q@ =yVwQ s=tD |=Q@
|=yVwQ |xm@W R= pkDUt ?=wH 8 =D 6 |=ypmW QO "CU= xOW xDiQo Q_v QO

"CU= xOW xO=O u=Wv FLIC w FORCE 'Q}=tJ} Q 'RJ} QOQi � Tm q
|D=@U=Lt pwrU O=OaD RJ} QOQi �Tm q |OOa VwQ QO '8 w 7 |=yQ=Owtv j@]
?=NDv= 400 |D=@U=Lt pwrU O=OaD pw= x@DQt |RmQt |OOa VwQ QO w 800
xO}O |O}OW C=v=Uwv |D=@U=Lt pwrU 100 =@ Q}=tJ} Q |OOa VwQ QO "OwW|t
|=y?=wH x@ w OwW|t O}OW Q=}U@ C=v=Uwv u}= xm@W uOW QDR} Q =@ xm OwW|t
VwQ u}= QO 100 |D=@U=Lt pwrU O=OaD u}=Q@=v@ "OW Ovy=wN QHvt |m} R}i Q}e

"OwW|t ?=NDv=
j}@]D '\UwDt Qw]x@ Q}=tJ} Q swO x@DQt |OOa VwQ OwW|t xOy=Wt xm u=vJ
|=y|oDUw}B=v |m}ORv QO XwYNx@ �� VwQ u}= "OQ=O |r}rLD pL =@ |@ wN
QO =]N |x@DQt xm p}rO u}= x@ OyO|t u=Wv OwN R= |O}OW C=v=Uwv �� O}OW
u=Uwv ?@U swU |x@DQt |=y=]N w CU= swU |x@DQt R= 'swO |x@DQt |=yVwQ
?}W =} Q=W |xOvvmOwOLt =@ O}=@ =yVwQ u}= "OwW|t pL u=O}t QO =y?=wH

VwQ 'PFM '?; Q}W |xr�Ut QO xm@W R= |tHL QUm ?=wH pqkDU= "6 pmW
"CFL= 0 5 '0 5 s u=tR 'RJ} QOQi � Tm q |OOa

PFM |xDi=} xaUwD Om |OOa |HvUQ=@Da= "6
|iQat xDi=}xaUwD |=yOm |}=tR;CLY Qw_vtx@ 21?; Q}W V}=tR; CtUk u}= QO
QO |m} R}i |=ypOt |}=v=wD |@=} RQ= =yvDxv OQ=Ov=DU= |xr�Ut u}= hOy "OwW|t
|=yVwQ |}=v=wD w CkO VHvU xmr@ '|R=iwO u=} QH |=ys} SQ j}kO |v}@V}B

"CU= swrat=v |DL w swrat |r}rLD |=ypL =@ xO=U OQ=wt |v}@V}B QO |OOa

?; Q}W |xr�Ut "1"6
�u}tRVv=Qo R= |W=v� |Owta Qw]x@ q=@ R= `}=t u=} QH [34]'|twta |xr�Ut u}= QO
"�5 pmW� Ovm|t O=H}= =Q xDi=}Vy=m `]kt K]U =@ u=} QH w OR} Q}t pL |=[i x@

%R= CU= CQ=@a xr�Ut C=YNWt
12 m %|Owta |xrwr pw] �

1 m %|Owta |xrwr Q]k �
��l = 1000 kg/m3 '�g = 1 16 kg/m3� ?; w =wy %pt=a |=yp=}U �

500C %u=} QH |=tO �
=@ xm �� 10 m/s CaQU =@ ?; R= |DN=wvm} uwDU =@ xrwr �t = 0 s� =OD@= QO
"CU= xOW QB 0 2 |tHL QUm =@ w �� xOW x]=L= �UG0 = 0 m/s� um =U R=o
|=tO %CU= xOW ZQi C@=F x}rw= Cr=L QO sDU}U |m}t=v}OwtQD C=}YwYN

"1 bar Q=Wi w 500C
%CU= x}rw= |OwQw |=yxO=O x@=Wt xrwr |q=@ QO =} |OwQw QO |RQt \}=QW

0 2 %|OwQw |tHL QUm �
10 m/s %|OwQw `}=t CaQU �

0 m/s %|OwQw R=o CaQU �
"CU= �1 bar� |QiUtD= C@=F Q=Wi 'xrwr Q} R QO |HwQN |RQt \QW =yvD �

u}= x@ "OQ=O |YwYNx@ w xO=U |r}rLD u=}@ ?; Q}W |xr�Ut |=QPo pL
|=yVwQ |HvUQ=@Da= |=Q@ |W}=tR; OQwt u} QD?w@Lt |W}=tR; OQwt u}= 'p}rO
|Q}PB=vsm =QD ZQi =@ Q} R |=QPo |r}rLD pL "CU= |R=iwO u=} QH |=ypOt |OOa

[4]"?; Q}W V}=tR; OQwt |xQ=wKQ] "5 pmW
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`}=t

�R=
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R=iw
Ou

=}QH
|O

Oa
|R=

Ux}
@W

'?; Q}W |xr�Ut QO `}=t R=i CaQU |OOa w |r}rLD pL |xU}=kt "10 pmW
'0 5 s u=tR '800 |D=@U=Lt pwrU O=OaD 'RJ} QOQi � Tm q |OOa VwQ 'PFM

"CFL= 0 5

Q}W |xr�Ut QO `}=t R=i CaQU |OOa w |r}rLD pL |xU}=kt "11 pmW
'0 5 s u=tR '100 |D=@U=Lt pwrU O=OaD 'Q}=tJ} Q |OOa VwQ 'PFM '?;

"CFL= 0 5

'?; Q}W |xr�Ut QO `}=t R=i CaQU |OOa w |r}rLD pL |xU}=kt "12 pmW
'0 5 s u=tR '400 |D=@U=Lt pwrU O=OaD 'pw= x@DQt |RmQt |OOa VwQ 'PFM

"CFL= 0 5

CaQU Q}}eD u=mt K}LY |v}@V}B seQ|ra RJ} QOQi � Tm q |OOa VwQ
|OOa VwQ u}vJty "Ovm|t OQw;Q@ �6 68 |=]N =@ =Q xv}W}@ CaQU Q=Okt '`}=t
'Ovm|t OQw;Q@ �6 68 |=]N =@ =Q xv}W}@ CaQU Q=Okt =yvDxv pw= |x@DQt |RmQt

"CU= �44 84 |=]N |=Q=O R}v `}=t CaQU Q}}eD u=mt |v}@V}B QO xmr@
'|oDUw}B=v |m}ORv QO u=Uwv OwHw RHx@ Q}=tJ} Q swO |x@DQt |OOa VwQ
j}kO |v}@V}B OwHw =@ FLIC |OOa VwQ "OQ=O |r}rLD pL =@ |@ wN j@=]D

'PFM '?; Q}W |xr�Ut QO |OOa w |r}rLD pL R= pY=L |tHL QUm "7 pmW
"CFL= 0 5 '0 5 s u=tR '100 pwrU O=OaD 'Q}=tJ} Q |OOa VwQ

VwQ 'PFM '?; Q}W |xr�Ut QO xm@W R= |tHL QUm ?=wH pqkDU= "8 pmW
"CFL= 0 5 '0 5 s u=tR 'pw= x@DQt |RmQt |OOa

VwQ 'PFM '?; Q}W |xr�Ut QO xm@W R= |tHL QUm ?=wH pqkDU= "9 pmW
"CFL= 0 5 '0 5 s u=tR 'FLIC |OOa

"�9 pmW� OvwW?}mQD �24 FLIC =} 23 FCT pFt 22 TVD |=yVwQ�?U=vt
"OW Oy=wN R} Q |xm@W QO Om ?U=vt=v |yO?=wH Ea=@ C=v=Uwv

=@ =Q j}@]D u} QDy@ FLIC |OOa VwQ xm OwW|t XNWt 9 pmW j@]
|=yVwQ R= pY=L `}=t R=i CaQU 13 =D 10 |=ypmW QO "OQ=O |r}rLD pL
xO=O u=Wv |r}rLD pL x=Qty x@ FLIC w FORCE 'Q}=tJ} Q 'RJ} QOQi � Tm q

"CU= xOW
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|xr�Ut QO |OOa w |r}rLD pL |xU}=kt w u=tR CWPo =@ |tHL QUm "15 pmW
"150 |D=@U=Lt pwrU O=OaD 'FLIC |OOa VwQ 'PFM '?; Q}W

QO |OOa w |r}rLD pL |xU}=kt w u=tR CWPo =@ `}=t R=i CaQU "16 pmW
"150 |D=@U=Lt pwrU O=OaD 'FLIC |OOa VwQ 'PFM '?; Q}W |xr�Ut

p@=k 16 pmW QO Vv=Qo |wQ}v R= |W=v `}=t |Q}o?=DW "CU= �3 74 pw@k p@=k
R= V}@ x@ =}=B \}=QW QO w R=e; |OwQw QO 10 m/s R= `}=t CaQU "CU= xOy=Wt
|=Q=O |r}rLD pL =@ FLIC VwQ =@ |OOa pL "OUQ|t |HwQN QO 18 m/s

"CU= �3 66 pw@k p@=k |=]N

p=v=m uwQO `}=t � R=o |R=iwO u=} QH |R=Ux}@W "7
|OOa VwQ w ?; Q}W |xr�Ut =@ PFM |xDi=}xaUwD Om |HvUQ=@Da= R= TB
|R=iwO u=} QH |=Q@ nqU= |Q=O}=B=v Q}NUD w u=} QH |R=Ux}@W Qw_vtx@ Om 'FLIC

xaUwD QDt l} pw] w 10� 5 cm2 O=a@= x@ |r}]DUt p=v=m QO =wy � ?; |}x}q
"OW xO=O

O=OaD 17 Q=Owtv j@] "CU= xOW |UQQ@ xm@W R= pL pqkDU= 17 pmW QO
QiY �g nqU= p}mWD u=tR QO xm =Hv; R= "OwW|t ?=NDv= 500 |D=@U=Lt pwrU
|xDi=} xaUwD Om QO u}=Q@=v@ "OW Oy=wN u}mD R=o swDvtwt |xrO=at =Pr 'OwW|t

"CU= xOW xDiQo Q_v QO 0 05 Q@=Q@ �g Q=Okt xv}tm |=Q@ |OL 'Q[=L

'?; Q}W |xr�Ut QO `}=t R=i CaQU |OOa w |r}rLD pL |xU}=kt "13 pmW
0 5 '0 5 s u=tR '150 |D=@U=Lt pwrU O=OaD 'FLIC |OOa VwQ 'PFM

"CFL=

|xr�Ut QO |tHL QUm |OOa hrDNt |=yVwQ =@ |r}rLD pL |xU}=kt "14 pmW
"CFL= 0 5 '0 5 s u=tR '|D=@U=Lt pwrU 100 'PFM '?; Q}W

p@=k |=]N '`}=t CaQU xv}W}@ u=mt QO 'xrwr |v=}=B QDt 6 QO xv}W}@ CaQU Q=Okt
� Tm q |OOa |=yVwQ =@ xU}=kt QO =]N u}= "OyO|t u=Wv =Q �3 84 pw@k

"CU= QDsm Q=}U@ FORCE w Q}=tJ} Q 'RJ} QOQi
p=ta= hrDNt |OOa |=yVwQ R= pY=L |tHL QUm G}=Dv 14 pmW QO
pwrU 100 |=Q@ G}=Dv "OwW|t xO}O |r}rLD pL =@ xU}=kt w PFM Om QO xOW

"CU= xOt; CUO x@ 0 5 Q@=Q@ CFL OOa w 0 5 s u=tR '|D=@U=Lt
pL =@ �FLIC� Q=W |xOvvmOwOLt |OOa VwQ 'OwW|t xOy=Wt xm u=vJ

"OQ=O =Q j}@]D u} QDy@ ?; Q}W |xr�Ut QO |r}rLD

u=tR =@ u=} QH C=Q}}eD "3"6
0 75 s '0 5 s '0 25 s�|v=tR s=o OvJ QO `}=t R=iCaQU w|tHL QUmC=@U=Lt
16 w 15 |=ypmW QO FLIC |OOa VwQ |}=Qoty uO=Ou=Wv Qw_vtx@ �1 s w
|x]@=Q w xrwr |xUOvy R}v w '|RQt w x}rw= \}=QW x@ xHwD =@ "CU= xOW xO=O u=Wv
u}}=B x@ q=@ R= p=}U R= |}xQP uO}UQ u=tR |m} R}i |xO=U |x@U=Lt l} =@ '26
=D C=@U=Lt wQu}= R= "O};|t CUO x@ 0 85 s pO=at =}=B \}=QW |Q=QkQ@ w xrwr
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[35]"�l = 0 25

nqU= Tv=mQi ?} Q[ |Qy=_ CaQU |Qy=_ CaQU
(Hz) 60D QO VRer (m/s) R=o (m/s) `}=t

0 29 3 78 6 30 0 56

xOy=Wt p=v=m pw] QO u=tR =@ xOW p}mWD nqU=CmQL OvwQ R}v 18 pmW QO
"OwW|t

u=} QH \}=QW 'u; GwQN w p=v=m CUOu}}=B CtU x@ nqU= Gwt CmQL =@
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xO=iDU= [35]xOW s=Hv= V}=tR; G}=Dv R= PFM QO FLIC |OOa VwQ |Ovtu=wD
=Q |r=wDt |=ynqU= CmQL w p}mWD OvwQ 19 pmW QO "�1 pwOH� CU= xOW
|=Q@ xOW xDiQo Q_v QO u=tR "CU= xOW xO=O u=Wv CUOq=@ \}=QW x@ xHwD =@

"CU= xOw@ 20 s |R=Ux}@W
'20 pmW QOV}=tR; C=Oy=Wt x@=Wt 'OwW|t xOy=Wt 19 pmW QO xm u=vJ
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|Q}oxH}Dv "8
R= V}B |m}rwQO}y VQB 'PFM R= xO=iDU= =@ Q=@ u}DUNv |=Q@ Q=DWwv u}= QO
|ki= p=v=m QO |}x}q |R=iwO u=} QH QO nqU= Tv=mQi w Q}NUD 'nqU= p}mWD
|=yVwQ R= xwQol}\UwD =QPo|r=}UwO pOt u}= CqO=at "CU= xOW u}}aD p} w]
|=yVwQ G}=Dv O}}-=D Qw_vtx@ "CU= xOW pL |OOa Qw]x@ 'q=@x@DQt l =W Q}NUD
w |a]k |RmQt pw= x@DQt 'Q}=tJ} Q 'RJ} QOQi � Tm q� |OQ@ Q=m |OOa hrDNt
|}=tR;CLY R= TB "CU= xOW ?=NDv= ?; Q}W V}=tR; OQwt �Q=W xOvvm OwOLt
|xOvvmOwOLt |OOa VwQ '|OOahrDNt |=yVwQ |xU}=kt w xDi=}xaUwD |=yOm
xOW ?=NDv= p} w] |ki= p=v=m l} QO =wy � ?; |}x}q u=} QH |R=Ux}@W |=Q@ Q=W

%R= CU= CQ=@a |R=Ux}@W R= xOt; CUO x@ |rY= G}=Dv "CU=
OwN R= O}OW |=y|oDUw}B=v |m}ORv QO Q}=tJ} Q swO |x@DQt |OOa VwQ ��
QO '=y|oDUw}B=v |m}ORv QO O}OW C=v=Uwv RHx@ "OyO|t u=Wv |v=Uwv Ca}@]

"OwW|t xOy=Wt |r}rLD pL =@ |@ wN j}@]D 'pL u=O}t \=kv Qo}O
Q=W |xOvvmOwOLt VwQ R= 'Q}=tJ} Q |OOa VwQ C=v=Uwv uOQm =Q}t Qw_vtx@ ��

"OW xO=iDU= �FLIC�
u} QDW}@ PFM |xDi=}xaUwD Om QO xOW |UQQ@ |OOa |=yVwQ |xU}=kt =@ ��
FLIC |OOa VwQ x@ \w@ Qt ?; Q}W |xr�Ut |r}rLD pL =@ |v=wNty wCkO

"CU=
=@ PFM Om '|R=iwO u=} QH Q=DiQ |v}@V}B QO FLIC uOw@ |wk x@ xHwD =@ ��

"Ci=} xaUwD p=v=m uwQO u=} QH |R=Ux}@W |=Q@ |OOa VwQ u}=
QO nqU= p}mWD R= V}B R}v |OOa |R=Ux}@W QO V}=tR; C=Oy=Wt x@=Wt ��

"OwW|t xO}O |m}rwQO}y VQB `}=t K]U QO '0 25 `}=t |oOWQB
u}}aD QO �31 |=]N =@ u=} QH Q=DiQ |v}@V}B x@ QO=k PFM |xDi=} xaUwD Om ��

"CU= p=v=m |OwQw R= 60D pLt nqU= Tv=mQi
pkDUt pOt xm OW XNWt |@ QHD |=yxO=O w |R=Ux}@W G}=Dv |xU}=kt =@ ��
QO |}x}q |R=iwO u=} QH |R=Ux}@W |}=v=wD 'Q=DiQVwN |xOwOLt QO Q=Wi R=
R= V}B |m}rwQO}y VQB Q}NUD 'nqU= |Q=O}=B=v Q}NUD 'p} w] |ki= p=v=m

"OQ=O |@ wNx@ =Q u; Tv=mQi u}}aD w nqU= p}mWD

s�qa CUQyi
&(m2) `]kt K]U %A

&|=w}r � RJ} QOQi � Cv=Qwm OOa %CFL

&(m) p=v=m |m}rwQO}y pO=at Q]k %D
&nv}v=i l =m]Y= ?} Q[ %f

&Q=W Q=OQ@ %f(q)

&(ms�2) x@P=H ?=DW %g
&(m) `=iDQ= %h

&Q=DU}=B |=yQ}eDt Q=OQ@ %q
&(m) T=tD pw] %S

&xtWJ sQD %S(q)

&(s) u=tR %t

`}=t K]U V}=Ri= x=Qty x@ �l = 0 25 QO |m}rwQO}y VQB "20 pmW
[5]"Usg = 3 20 m/s w Usl = 0 56 m/s

m/s '�l = 0 25 QO |m}rwQO}y VQB R= Oa@ xOW p}mWD nqU= "21 pmW
[5]"Usg = 3 20 m/s w Usl = 0 56

m/s '�l = 0 25 u=tR COt QO 60D u=mt QO `}=t |oOWQB "22 pmW
"Usg = 6 30 m/s w Usl = 0 56

K]U QO '0 25 `}=t |oOWQB QO nqU= p}mWD R= V}B R}v |OOa |R=Ux}@W QO
"OwW|t xO}O |m}rwQO}y VQB `}=t

xOvvm =OH |xe}D R= Qw@a R=TB `}=t K]U '0 25 `}=t |oOWQB |=yV}=tR; QO
C@Uv `}=t K]U |wQ R=o Q=Wi uOw@ sm R= |W=v K]U V}=Ri= u}= "O@=}|t V}=Ri=
Q=Wi =@ =Q@ |wQ}v xm |}=H =D `}=t K]U V}=Ri= "CU= `}=t QDq=@ |=y|tHL QUm x@
w CUOu}}=B QO 25|m}rwQO}y VQB l} u}vJty "O@=}|t xt=O= OwW pO=aDt R=o

[5]"�21 w 20 |=ypmW� OwW|t xOy=Wt nqU= p}mWD R= p@k
"CU= xOW s}UQD 60D pLt QO 5 s u=tR QO `}=t |oOWQB 22 pmW QO
s u=tR QO nqU= l} 5 s u=tR COt QO 'OwW|t xOy=Wt 22 pmW QO xm u=vJ
|=yu=tR QO 'u=} QH CUOq=@ \}=QW uOw@ C@=F x@ xHwD =@ "OwW|t p}mWD 2 7
0 2 Hz pLt u}= QO nqU= Tv=mQi Cio u=wD|t "OwW|t Q=QmD OvwQ u}= |Oa@
Q@=Q@ 60D pLt QO nqU= Tv=mQi Q=Okt �1 pwOH� |@ QHD G}=Dv j@] "CU=
=@ u=} QH Q=DiQ |v}@V}B x@ QO=k PFM |xDi=}xaUwD Om u}=Q@=v@ "CU= 0 29 Hz

"CU= xOw@ nqU= Tv=mQi u}}aD QO �31 |=]N
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&s}Ok |v=tR s=o %n
"O}OH |v=tR s=o %n+ 1

=yT}wvQ} R
&um =U %0
&R=o R=i %g

&|m}rwQO}y %h
&xOW xDUUo CqO=at QO pwrU Qou=Wv 'R=i wO lQDWt K]U %i

&|OwQw %inlet
&`}=t R=i %l
"|Qy=_ %s

&(ms�1) CaQU %U
"(m) u=mt %x

|v=vw} s}qa
&|tHL QUm %�

&(m) xrwr K]U \UwDt |Q@ R %"
&(rad) p=v=m ?}W %�

&(kgm�1s�1) |m}D=tv}U |wQv=Qo %�
&(kgm�3) |r=oJ %�
&(Pa) |WQ@ VvD %�

&Q=W |xOvvmOwOLt sQD Q}eDt %�
"Q=W |xOvvmOwOLt sQD %�

=yCWwv=B
1. 
ooding
2. singular
3. well- posed
4. Ill- posed
5. Shock
6. pressure free model
7. two- 
uid model (TFM)
8. strati�ed-smooth
9. strati�ed-wavy
10. Godunov's �rst order upwind method
11. 
ux splitting methods
12. high resolution Shock capturing methods
13. conservative
14. numerical 
ux
15. Lax-Friedrichs
16. Ritchmyer
17. �rst-order centered scheme (FORCE)
18. 
ux limiter centered (FLIC)
19. leap frog
20. total variation diminishing
21. water faucet case
22. total variation diminishing
23. 
ux corrected transport
24. 
ux limiter centered scheme
25. Hydraulic jump
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