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j+3=4 = �wnj+1 +

�t
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R= Q=YDN= x@ =v@ =Hv}= QO w Ov=xOt; CUOx@ |R=UOa@|@ QF= QO xm
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hsx

�
(25)

�wnj 'x}=B |=yQ}eDt u=wvax@ w = (h;m)T uDiQo Q_v QO =@
[xj�1=2; xj+1=2] |v=mt s=o QO Q}eDt \UwDt Q=Okt |xOvyOu=Wv

%s} Q=O w Ow@ Oy=wN tn u=tR QO w

�w(x; tn) = �wnj +
x� xj

�x
�w0j (26)

u} QDsyt "CU= |D=@U=Lt 9pwrU \UwDt jDWt �w0j x]@=Q u}= QO xm
|=yp[=iD VwQ OQ=Ov=DU= |=ywor= Q}=U =@ NOC |wor= Cw=iD
tn+1 = u=tR QO "CU= u; |xm@W \=kv uOw@ ?w=vDt QO 'OwOLt
|wQ �wn+1

j+1=2 |D=@U=Lt pwrU QO `@=D \UwDt Q=Okt ' tn + �t

=ypwrU |=yRQt "�3 pmW� OwW|t x@U=Lt [xj ; xj+1] |v=mt s=o
|v=tR s=o QO =ypwrU RmQt R= Ow@ Ovy=wN CQ=@a O}OH |v=tR s=o QO
|x]@=Q |}xrtHOvJ Q=Okt \=kv u}= QO " xj+1 w xj \=kv |va} |r@k
R= |Qw@a Q=W u}=Q@=v@ "CU= OwHwt (tn) |r@k |v=tR s=o QO 26
|x]@=Q |@=}uwQ@ R= xO=iDU= =@ 'O}OH |v=tR s=o QO =ypwrU |=yRQt

"Lax-Wendro� |wor= QO x@U=Lt OvwQ "3 pmW
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|r=tH jOYt Q}t w jQW|Qw@Y ?v} R

u=} QH |@ w=vD pL x@ uO}UQ R= Oa@ Ot w QRH ?w=vD l} R=
"OyO|t u=Wv xDiQ Q=mx@ |wor= wO |=Q@ �t�2'2 25'2 5'2 75�
�x = 0 0125 ' � = 0 1 '  = 4 ' qb0 = 1 =ypmW u}= QO
l}B wQDwQ=@ u=} QH x=Qty x@ T=tD K]U "CU= �t = 0 0005 w
QO lJwm |xvt=O =@ |Hwt O5 w ?5 pmW QO "OwQ|t u}}=B w q=@
l}B wQDwQ=@ u=} QH |Dkw xm OwW|t xO}O u=} QH |v}}=B w |}q=@ |x}q
G}=Dv OwW|t x_Lqt xmu=vJ "OwW|t GQ=N xovD R= 'Ov}Wv|t wQi

"CU= j@]vt sy Q@ wor= wO |=Q@ pOt
QO u=} QH ?mQt OwQi OOa |v=tR C=Q}}eD hr=6 pmW QO
l} R= Oa@ ,qwtat |@ w=vD pL "CU= xOW xO=O u=Wv p@k Cr=L
Qw]x@ \ki u=} QH OwW|t x_Lqt xmu=vJ "OwW|t pY=L xQwO
'|Uwv}U CQwYx@ ,=@} QkD G; (G2 = 1)OwW|t |v=QL@ |}x_Lr

w QRH |@O Q=Okt �? &u=} QH ?mQt OwQi OOa |v=tR C=Q}}eD �hr= "6 pmW
'  = 4 ' qb0 = 1 Cr=L QO u=} QH |=yx}q R= l} Qy |@O w �O w �G Ot

"�t = 0 0005 w �x = 0 0125 ' � = 0 1

[3]"p=v=m |xUOvy R= |}=tv "4 pmW

xDiQo Q_v QO T�1 Ot w QRH ?w=vD |xQwO w L�1 p=v=m |rw] T=}kt
u; QO xm OyO|t u=Wv =Q p=v=m |xUOvy R= |}=tv 4 pmW "CU= xOW
|v}}=B |x}q w Ovm|t CmQL CU=Q x@ AJ R= 'u=} QH |}q=@ |x}q

"OQ=O u=} QH AJ x@ CU=Q R=
|v=tR |xrLQt Q=yJ QO =Q x}q wO T=tD K]U pLt 5 pmW

Ot w QRH ?w=vD l} R= |v=tR xrLQtQ=yJ QO x}qwO T=tD K]U "5 pmW
'� = 0=1 ' = 4 'qb0 = 1Cr=L QO wor= wO|=Q@ �t�2'2 25'2 5'2 75�

"�t = 0 0005 w �x = 0 0125
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"""pO=@D |xr�Ut pL QO NOC w Lax-wendro� |=ywor= |xU}=kt

T=tD K]U pLt �? &u=} QH ?mQt OwQi OOa |v=tR C=Q}}eD �hr= "9 pmW
|y=oW}=tR; G}=Dv =@ u; |xU}=kt w C@=F jta w ZQa =@ |r=v=m QO %x}q wO

[9]"OwHwt

Lax-|wor= G}=Dv 'u=Um} |R=UpOt \}=QW QO OwW|t xOy=Wt
u=Wv [9]OwHwt |y=oW}=tR; G}=Dv =@ |QDW}@ Ck@=]twendro�

|Qw]x@CU= sm Q=}U@Cr=L u}= QO wor= wO G}=Dv hqDN= =t= "OyO|t
xOW |Q}oxR=Ov= Q}O=kt x@ C@Uv |OOa pL |=]N Q}O=kt u}ov=}t xm
|wor= |=Q@ w OYQO 1 6 OwOL Q@=Q@ NOC |wor= |=Q@ x=oW}=tR; QO

"CU= OYQO 1 4 Q@=Q@ Lax-wendro�

|xUOvy hrDNt |=yCr=L |=Q@ pOt |=QH= =@ 'u}= Q@ xwqa
OW xOy=Wt ' (qb0) Ot w QRH |@O hrDNt Q}O=kt w � Q}}eD� p=v=m
|wor= R= QDx=Dwm Lax-wendro� |wor= |=Q@ pOt |=QH= u=tR xm
'u=Um}\}=QW QO 'pOt uOWQ=O}=B=v R= |Q}owrH |=Q@ =Q} R 'CU= NOC

|QDlJwm Q=}U@ (�t) |v=tR |=ys=o ?=NDv= x@ NOC |wor= QO
NOC |wor= 'Zwa QO =t= "s}OvtR=}v Lax-wendro� |wor= R=
QO u=} QH CqO=at pL x@ QO=k Lax-wendro� |wor= hqNQ@
Q=}U@ �OtwQRH� l}B wQDwQ=@ |=yu=} QH COW xm CU= |}=yCr=L
QO|rm Qw]x@ "CU= �O=} R � x=Dwm|r}N xovD pw] =} �O=} R qb0� O}OW
(jqb0j � 1 25) OW=@v O=} R|r}N OtwQRH |=ywQ}v COW xm|]}=QW
|wor= R= xO=iDU= ' ( � 16) OW=@ O=} R |i=m |xR=Ov=x@ xovD pw] =}
|=ywQ}v uOw@ O}OW \}=QW QO =t= "OwW|t x}YwD Lax-wendro�

( > 16) xovD pw] uOw@ x=Dwm =} (jqb0j > 1 25) |OtwQRH
"CW=O Oy=wN Q@ QO |QDj}kO w QDy@ G}=Dv NOC |wor= R= xO=iDU=
w hr=9 |=ypmW QO wor= wO G}=Dv hqDN= QDy@ |xOy=Wt |=Q@
hr=10 |=ypmW QO =ypmW u}= R= l} Qy R= |QDOwOLt |xR=@ '?9

"CU= xOt; ?10 w

QRH |@O Q=Okt�? &u=} QH ?mQt OwQi OOa |v=tR C=Q}}eD �hr= "7 pmW
w �x = 0 0125 ' � = 0 1 '  = 4 ' qb0 = 1 Cr=L QO Ot w

"�?6 w hr=6 |=ypmW R= |QDOwOLt |xR=@��t = 0 0005

u=Uwv G = 1pwL 'Ot w QRH Tv=mQi Q@=Q@ wO pO=at |Uv=mQi =@
QO w �qb� Ot w QRH |@O Q=Okt C=Q}}eD ?6 pmW QO "Ovm|t
�q1,q2� x}q wO u=} QH |=yx}q R= l} Qy |@O O6 w G6 |=ypmW
"CU= xOW sUQ u=tR R= |a@=D CQwYx@ |oOWnvD pLt QO
"CU= |Uwv}U ,=@} QkD =yx}q |@O C=Q}}eD sQi xm OwW|t xOy=Wt
xOy=Wt wor= wO G}=Dv u}@ |yHwD p@=k hqDN= R}v =yQ=Owtv u}= QO

"OwW|tv
w hr=6 |=ypmW QO wor= wO G}=Dv hqDN= QDy@ |xOy=Wt |=Q@
hr=7 |=ypmW QO =ypmW u}= R= l} Qy R= |QDOwOLt |xR=@ '?6

"CU= xOt; ?7 w
xmC@=F ZQa =@|r=v=m |=Q@ pOt 'wor= wO G}=Dv QDy@ |xU}=kt |=Q@
w xOW =QH= �8 pmW� OwW|t pYDt uRNt x@ |v=yo =v |oOWR=@l} =@
G}=Dv "CU= xOW xU}=kt [9]OwHwt |y=oW}=tR; G}=Dv =@ xrY=L G}=Dv
� = 0 001;�t = pmW u}= QO "CU= xOt; 9 pmW QO =QH= u}=
xmu=vJ "CU= 0 000025;�x = 0 0005;  = 1; qb0 = 0
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|r=tH jOYt Q}t w jQW|Qw@Y ?v} R

ZQa =@ |r=v=m R}v w b(x) = 1 + 4 (1� e��2x2
) `]kt ZQa

\UwDt |@O |wQ �|OtwQRH�l}B wQDwQ=@ |=ywQ}v QF= w xOW =QH=C@=F
OtwQRH|@O "CU= xOW|UQQ@ OtwQRH |xNQJl} QO|rO=@D u=} QH
xOW xDiQo Q_v QO QiY |v=tR \UwDt Q=Okt =@ w ?w=vDt CQwYx@
w `WaWD \QW CQwYx@ 'R=@ RQt wO QO xr�Ut |RQt \}=QW "CU=
u=} QH CaQU w jta Q@=Q@t = 0 |x_Lr QO u=} QH |x}rw= \}=QW

"Ov=xOW xDiQoQ_v QO |t�=O Cr=L QO =yx}q
xm OyO|t u=Wv hrDNt |wor= wO =@ pOt |=QH= G}=Dv |xU}=kt
OQ=O R=}v |QDsm |=QH= u=tR x@ Lax-wendro� |wor= R= xO=iDU=
|QDW}@ Ck@=]t x}qwO p=}U l}rwQO}y p�=Ut R= |NQ@ pL QO w
QO wor= wO G}=Dv hqDN= xJQo = 'OyO|t u=Wv |y=oW}=tR; G}=Dv =@
Q}O=kt u}ov=}t 'xOW s=Hv= p=Ft QO "CU= lOv= Q=}U@ QwmPt |=yCr=L
|=Q@ x=oW}=tR; QO xOW |Q}oxR=Ov= Q}O=kt x@ C@Uv |OOapL |=]N
Lax-wendro� |wor= |=Q@ w OYQO 1 6 Q@=Q@ ,=OwOL NOC |wor=
Lax- |wor= hqNQ@ NOC |wor= Zwa QO "CU= OYQO 1 4 Q@=Q@
u=} QH R= |}=yCr=L QO u=} QH CqO=at pL x@ QO=kwendro�

qb0� O}OW Q=}U@ �OtwQRH� l}B wQDwQ=@ |=yu=} QH COW xm CU=
|]}=QW QO |rm Qw]x@ "CU= �O=} R � x=Dwm |r}N xovD pw] =} w �O=} R
=} (jqb0j � 1 25) OW=@v O=} R |r}N OtwQRH |=ywQ}v COW xm
|wor= R= xO=iDU= '( � 16) OW=@ O=} R |i=m |xR=Ov=x@ xovD pw]
|=ywQ}v uOw@ O}OW CQwYQO =t= "OwW|t x}YwD Lax-wendro�

( > 16) xovD pw] uOw@ x=Dwm =} (jqb0j > 1 25) |OtwQRH
"CW=O Oy=wN Q@ QO |QDj}kO w QDy@ G}=Dv NOC |wor= R= xO=iDU=

T=tD K]U pLt�? &u=} QH ?mQt OwQi OOa |v=tR C=Q}}eD �hr= "10 pmW
|y=oW}=tR; G}=Dv =@ u; |xU}=kt w C@=F jta w ZQa =@ |r=v=m QO x}q wO

[9]"�? 9 w hr= 9 |=ypmW R= |QDOwOLt |xR=@� OwHwt

|Q}oxH}Dv
pL |wQ Lax-wendro� w NOC |=ywor= OQ@ Q=m j}kLD u}= QO
|OOa pOt l} |x}yD j} Q] R= x}qwO p=}U l}rwQO}y CqO=at
u=tR w u=mt QO wO |xHQO CkO R= wor= wO Qy "CU= xOW xU}=kt
|x]@=Q =@ ZQa QO|H} QOD|oOWnvD =@|r=v=m |=Q@ pOt "OvQ=OQwNQ@

CWwv=B
1. exchange ow
2. barotropic
3. momentum
4. composite froude number
5. stability froude number
6. radiation condition
7. open boundary condition
8. steady
9. cell
10. quadrature points `@=vt
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