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|U=tt |=y=DU=Q xOvyOu=Wv s w t |=yQ=OQ@ 'u}vJty "OvW=@|t pY=iK]U
|=yVN@ xOvvmXNWt ?}DQDx@ R}v iG w iL |=yT} wv=B w xOw@ |[Qa w |rw]
w Q}PB=vsm =QD |=yu=} QH QO u=wD|t =Q (T) pm VvD QwUv=D "OvDUy R=o w `}=t
p=}U CaQU u=O}t w (D) VvQm MQv QwUv=D R= xO=iDU= =@ 'TmwDU= ZQi T=U=Q@

[13]%OQm x@U=Lt Q} R CQwYx@
T = 2�D = �

hr
 u + (r
 u)T
i

(6)

C=YDNt x=oDUO QO "OW=@|t 16|HQ=N ?Q[ xOvyOu=Wv
 Qorta '6 x]@=Q QO
|WQ@ |=yVvD?r=k QOCaQU |=yu=}O=Qo R= xO=iDU= =@ 'pmVvD QwUv=D '|v} RDQ=m

[4]%OwW|t xO=O u=Wv Q} R CQwYx@ (p) |m}t=v}OwtQD Q=Wi w (�) |Owta w

T =

2664 �xx � p �xy �xz
�yx �yy � p �yz
�zx �zy �zz � p

3775 (7)

x@U=Lt CaQU |=yu=}O=Qo xr}Uw x@ Q} R \@=wQ =@ '� '|WQ@ |=yVvD |=yxirwt
[4]%OwW|t

�xx = 2� @u@x ; �yy = 2� @v@y ; �zz = 2� @w@z ;
�xy = �yx = �

�
@u
@y + @v

@x

�
;

�xz = �zx = �
� @u
@z + @w

@x

�
;

�zy = �yz = �
�
@w
@y + @v

@z

� (8)
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UwD
"xOW xO=O xaUwD QorL |rY= |=yVN@ x@ \w@ Qt Q=Owtv "3 pmW

"lQDWt xHw w xvt=O pN=O pwrU 'pY=i K]U pwrU l}D=tW pmW "4 pmW

Q=Wi s}_vD xrO=at "4"2"2
Q=mx@ =yR=i R= l} Qy u=O}t pN=O w pY=iK]U |wQ Q=Wi s}_vD |=Q@ xrO=at u}=
[3]%OwW|t u=}@ Q} R CQwYx@ Q=Wi |RQt \QW '|twta CQwYx@ "OwW|t xDiQo
rpi:n = 0 (17)

'OwW|t xDN=vW QiY u=}O=Qo \QW u=wvax@ 'swO w pw= x@DQt Cr=L QO xm|Qw]x@
x@ xHwD=@ =Hv}= QO xm CU= zeroGradient =@ pO=at OvDUm = � swi QDU@ QO w
CQwYx@ w xOWv xO=iDU= ZQiV}B \wQW R= '=RHt CQwYx@ =yu=}O=Qo x@U=Lt

"CU= xOW p=ta= wQUB swO x@DQt

OvDUm = � swi \}Lt QO pL Ov}=Qi w CqO=at p=ta= "3
OvDUm = � swi QO OwHwt `@=wD =@ =t=tD pY=iK]U w u=} QH u=O}t Q@ sm =L CqO=at
|=yVN@ w sD} Qwor= Q=DN=U 2 pmW "Ov=xOW |R=UxDUUo w xDi=} xaUwD 5 xNUv
w nvQ =@ |=y|Ov@VN@ R= xO=iDU= =@ =Q Q[=L xOW xO=O xaUwD QorL |rY=
|HvQ=v w R@U nvQ =@ |=yVN@ 'pmW u}= QO "OyO|t u=Wv =RHt |Q=PoxQ=tW
� swi QO |twta CQwYx@ =yv; |D=@U=Lt `@=wD xm CU= |}=yOv}=Qi x@ \w@ Qt
QorL QO OwHwt |=yQ=DN=U w `@=wD R= |O=OaD u}vJty "Ov=xOW xO=O xaUwD OvDUm =
QO =yv; |Ov}=Qi VN@ xm xDiQ Q=mx@ R}v OvDUm = � swi QO inter Track Foam

"CU= xOW xO=O u=Wv |@; nvQ =@ 3 pmW
QYDNt CQwYx@ 3 pmW QO xOW |Q=PoxQ=tW |=yVN@ OQmrta 'xt=O= QO

"OwW|t x�=Q=
|=yxO=O |r=N uR=Nt Qo}O w =yCUQyi O=H}= x@ \w@ Qt |=yOv}=Qi x}rm %1 VN@
"OQ}o|t CQwY VN@ u}= QO 'OvQ}o|t Q=Qk xO=iDU= OQwt =QH= u}L QO xm |rY=
VN@ u}= QO xt=vQ@ |xt=O= QO R=}v OQwt |=yCUQyi `=wv= uDU@ w wHDUH %2VN@
CU= xO=O uR=Nt R= |=xawtHt pt=W VN@ u}= |HwQN '`k=w QO "OQ}o|t s=Hv=
Q@ |D=@U=Lt |=yxkrL QO xO=iDU= Qw_vtx@ w T}Ov= =} TQO; CQwYx@ =twta xm

"Ov=xOW |Qw;OQo pY=iK]U R= Qo}O R=}v OQwt xYNWt Qy =} =ypwrU |wQ
xt=O= QO |�RH CQwYx@ 3 pmW QO xOW |Q=PoxQ=tW |=yVN@ OQmrta

"Ov=xOW K} QWD
QiY x@ l}ORv Ct=N[ =@ |RQt |D=@U=Lt |=ypwrU OviQD |R=UxO=}B %3 VN@
movePoints `@=D ltmx@ =ypwrU Ct=N[ Vy=m "CU= xOW s=Hv= VN@ u}=QO
R=}v 'xO}= u}= K}LY p=ta= Qw_vtx@ "CU=xDiQo CQwY fvMesh x}=B Tqm R=
pY=iK]U |=ypwrU x@ \w@ Qt [15w14]18 (PWIM) w=J w |Q ?}=Q[ KqY=x@
pY=iK]U pwrU u=}t xHw |wQ Q}O=kt K}LY x@U=Lt x@ QHvt KqY=u}= "CU=
pwrU Ct=N[ QF= qta xm �4 pmW� OOQo|t u; x@ u=O}t pN=O pwrU u} QDm}ORv w

"OwW|t hPL 'xOW lR=v
Q}eDt O=OaD uDiQo Q_v QO =@ |mwr@ sDU}U O=H}= x@ \w@ Qt VN@ u}= %4 VN@
|}=yv |U} QD=t x=oDUO QO '?}=Q[ |Ov@syQU |=yOv}=Qi |t=tD [19�16]"OW=@|t
'fvBlockMatrix uwJty 'VN@ u}= |=yTqm =@ xm CU= |a@=wD ltmx@

&Ov=xOW nvy=ty
|}=H@=H Qy s=Hv= R=Oa@ Kw]U |wQ |tQH Q=W Q=Okt K}LYD Qw_vtx@ %5 VN@
QO OwHwt |tQH Q=W K}LYD pta `k=wQO "CU=xOW O=H}= VN@ u}= 'xm@W QO
xOya Q@ =Q �19 ALEVwQ� xm@W CmQL w u=} QH CqO=at |}=Hx@=H CQ=@a
pta xm OW=@|t (fvc:meshPhi) 'xrLQt u}= QO xO=iDU= OQwt |rY= `@=D "OQ=O
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Ovyt OQwt xrLQt u}= QO xm OvDUm = � swi ZQi V}B `@=D 'OW xQ=W= QDW}B xm Qw]v=ty
movePoints �� `@=D 'OQ=O xOyaQ@ =Q xm@W |}=Hx@=H xi}_w w xDiQo Q=Qk xO=iDU=

&OW=@|t fvMesh Tqm R=
w xOW xO=O |RQt \wQW =@ ?U=vDt u=O}t pN=O \=kv |}=Hx@=H %28 VN@
"CU= xOW s=Hv= xrLQt u}=QO 'p=}U K]U |=Q@ xOW p=ta= |}=Hx@=H u}vJty
|t=tD |=Q@ TqBq xrO=at pL |rm CQwY wO x@ |rN=O xm@W |}=Hx@=H sD} Qwor=
'|=x}q u=} QH p�=Ut QO "OW=@|t x}rw= xrY=i C@Uv T=U=Q@ |}=Hx@=H =} w \=kv

&OQ=O |QDtm |D=@U=Lt xv} Ry xm@W CN=wvm} |}=Hx@=H
CyH 'R=}v OQwt |=yxO=O G=QNDU= =} A=J x@ \w@ Qt C=}rta 'u=}=B QO %29 VN@

"CU= xDiQo CQwY VR=OQB TB

G}=Dv "4
QwB|r}mw `H=Qt G}=Dv u=}t |=xU}=kt '|v=} QH QorL |HvUQ=@Da= Qw_vtx@ =OD@= QO
xaUwD QorL R= pY=L G}=Dv =@ [21]nv}rDQ=o w [20]q=@t}U w pHvU 'u=Q=mty w
pB wm Cr=L QO |R=iwO u=} QH |UQQ@ R= V}B 'u}vJty "CU= xOW x�=Q= xOW xO=O
xOW s=Hv= 'OvDUy pB wmQ}e CQwYx@ R=iwO Qy xm |Dr=L QO |@=} RQ= l} =OD@= 'xOW
=} wo Cr=L u}= QO xm Ov=xOw@ Qo}Om} R= pkDUt qt=m u}}=B w q=@ R=i '|DQ=@ax@ "CU=
V}=tv 6 w 5 |=ypmW QO Cr=L u}= "Ov=xOW pYDt Qo}Om}x@ R=ilD u=} QHwO

"CU= xOW xO=O
hrDNt |=}=wR w xm@W R= hrDNt |=yCr=L QO x}rw= |UQQ@ u}= R= TB
\wQW uOW p=ai x@ \w@ Qt |UQQ@ '�Ov=xOWv QmP Q=YDN= Qw_vt x@ xm � xvt=O
K]UCmQLCyHl}D=tv}U xrO=at uOW p=ai u}vJty w pY=iK]U |wQ |RQt
CQwYx@ R=iwO Qy X=wN 'pL=Qt x}rm QO xm OwW xHwD "CU= xDiQo Q=Qk|@=} RQ= OQwt
=Q Cw=iDt X=wN 'xOv}; C=ar=]t QO u=wD|t =t= 'Ov=xOW |yOQ=Okt u=Um} qt=m
Q=Qk |@=} RQ=OQwt K]U |=vLv= w |L]UVWm x@ \w@ Qt CQ=@a |R=Up=ai Q=vmQO

"O=O
K]U |wQ \wQW w K]U |}=Hx@=H |@=} RQ= Qw_vtx@ |UQQ@ OQwt |=yxvwtv
CQwYx@ w\Uw QO x}rw= pY=iK]U =@ =QHt uwQO u=} QH *uwtR; xvwtv u}OvJ pt=W
x} w=R xt}v � |ki= xt}v w \Uw QO x}rw= pY=iK]U =@ =QHt uwQO u=} QH '|ki= qt=m
Q@ u=} QH 'u=}=B QO w q=@ =} u}}=B VN@ QO x}rw= pY=iK]U =@ =QHt uwQO u=} QH 'Q=O
ROrwv} Q O=Oa= "OW=@|t u=} QH |OwQw VN@ \Uw QO x}rw= pY=i K]U w xrB |wQ

u=} QH� q=@ 'OvDUy Qo}Om} R= pkDUt qt=m R=iwO xm|Dr=L QO u=} QH u=O}t "5 pmW
"pBwmQ}e |rw R=iwO Cr=L QO =QHt uwQO u=} QH �u}}=B w R=ilD |=QHt uwQO

&OQ=O xOyaQ@ =Q xm@W |@Uv CaQU x@U=Lt
|R=UpN=O Ov}=Qi w?}=Q[T} QD=tC=@U=Lt x=Qtyx@ swDvtwt xrO=at O=H}= %6VN@
swDvtwt xrO=at *|Q=Wi CQ=@a "CU= xDiQo CQwY VN@ u}=QO |mwr@ x=oDUO QO

&CU= xOW OQ=w 9 VN@ QO
x@ xDU@=w xm R=}vOQwt |=xO=O uR=Nt uDN=U w uOQm QB CyH VN@ u}= %7 VN@
Oa@ O}=@ qt=Rr= w CU= xOW O=H}= CU= �CaQU =Hv}= QO� =yQ}eDt ?}=Q[ T} QD=t

&OQ}o Q=Qk Q=Wi =} CaQU CqO=at R= |m} p}tmD R=
xOW p}tmD Q=Wi xrO=at =Hv}= QO 'swDvtwt xrO=at x@ \w@ Qt VN@ =@ x@=Wt %8 VN@
9 VN@ QO Q=Wi xrO=at uwQO CaQU CQ=@a "OOQo|t OQ=w |mwr@ x=oDUO QO w

&CU= xOW OQ=w
xrO=at |Q=Wi CQ=@a |va} 'CqO=at nv}rB wm x@ \w@ Qt |=yCQ=@a %9 VN@
OQ=w |rY= |mwr@ x=oDUO x@ 'VN@ u}= QO Q=Wi xrO=at |DaQU CQ=@a w swDvtwt

&CU= xOW
xO=t; Qw_vtx@ pY=iK]U |=ypwrU x@ \w@ Qt |=yx}=QO uOQm QiY %10 VN@

&OOQo|t s=Hv= xrLQt u}= QO R}v K]U |wQ \wQW p=ta= CyH |R=U
`k=w QO 'OW=@|t |R=UxO=}B Ov}=Qi |=yVN@ u} QDsyt R= xm VN@ u}= %11 VN@
\}=QW w CqO=at x@ xHwD=@ =Q pY=iK]U |=ypwrU ?U=vt ?}=Q[ x@U=Lt xi}_w
&OwW|t K} QWD xt=O= QO 'VN@ u}= |rN=O pL=Qt "OQ=O xOyaQ@ K]U Q@ sm =L

\QW =@ x@=Wt Ov=wD|t xm pY=iK]U hQ]wO QO CaQU |Q@=Q@ \QW %12 VN@
QO 'OwW O=Otrk p=}U wO *K]U *hQ]wO |=Q@ w u=tRty Qw]x@ |rw xQ=w}O VRersOa
'OW=@ xDW=Ov OwHw K]U R= sQH p=kDv= xm |Dr=L QO "CU= xOW p=ta= VN@ u}=

&Ow@ Oy=wN sm =L \QW u}=
pN=O Q=Wi =@ u; \=@DQ= w pY=iK]U |wQ Q=Wi x@ \w@ Qt \wQW %13 VN@
QiY u=}O=Qo |RQt \QW 'CtU Qy |=Q@ "CU= xOW |R=UxO=}B VN@ u}= QO u=O}t

&CU= xOW p=ta= swO x@DQt w pw= x@DQt CQwYx@
VN@ u}=QO |} wQ}v pO=aD u=ty =} w |m}t=v}O |RQt \QW %21 =D 14 VN@
O=H}= u=}O=Qo 21Tqm R= 20|W l} 15 VN@ QO =OD@=QO "CU= xOW |R=UxO=}B
Ci=} QO CyH OvDUm = � swi ZQiV}B Tqm Q}}eD sRrDUt 'pta u}= "CU= xOW
Qy QO |DU}=@ xm |UOvy C=YNWt 16 xrLQt QO 'TBU "CU= CaQU Q}eDt
xHwD=@ '17 xrLQt QO "Ov=xOW Ci=} QO w x@U=Lt 'OvwW |v=UQRwQx@ w x@U=Lt Q=QmD
*|UOvy X=wN w pY=wi u}vJty w u=}O=Qo x@U=Lt |=Q@ u=tQ_v OQwt sD} Qwor= x@
18 pL=Qt QO u; R=TB "CU= xOW s=Hv= u=}O=Qo CQ=@a x@U=Lt Q=m '16 VN@
|} wQ}v pO=aD \wQW '17 xrLQt QO 'xOW s=Hv= |v=}O=Qo C=@U=Lt T=U=Q@ '20 =D
"CU= xOW |R=UxO=}B xvt=O jta |=DU=Q QO w |U=tt '|Owta CyH xU QyQO
pO=aD xrO=at uwQO Q=Wi u}vJty w K]U |=vLv= x@ \w@ Qt |=yCQ=@a 'u=}=B QO

&Ov=xOW |}=yv 21 VN@ QO R}v |Owta |wQ}v
pY=i K]U |wQ |=ypwrU |=Q@ xOW x@U=Lt ?}=Q[ p=ta= w p=kDv= 22 xrLQt

&CU= xDiQo CQwY xrLQt u}=QO '|mwr@ x=oDUO QO
|UQQ@ w =yxOv=t}k=@ G=QNDU= w |mwr@ x=oDUO pL '=yVN@ u}= QO %25 =D 23VN@
'u}vJty "OwW|t s=Hv= Q=OxOya =Q =ypQDvm Qo}O =} |}=Qoty |=yQ=}at w \wQW
xOW h} QaD |=yQ}eDt |=Q@ xOW l}miD CQwYx@ 'pL R= pY=L G}=Dv Ci=} QOR=@
&CU= xDiQo CQwY =yVN@ u}=QO '�Q=Wi w CaQU =Hv}= QO� |mwr@ x=oDUO QO

x@ xHwD=@ swDvtwt xrO=at QO xO=iDU= Qw_vtx@ |tQH CaQU x@U=Lt %26 VN@
&CU=xOW s=Hv= w=J w |Q VwQ uw}UqwtQi

"CU= xDiQo CQwY xrLQt u}=QO pY=iK]U |}=Hx@=H sD} Qwor= p=ta= %27 VN@
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"|r}rLD pL =@ Q=Wi ?}W w xDi=}xaUwD CaQU p}iwQB u=}t xU}=kt "8 pmW

"xrB u=} QH pL CyH xO=iDU=OQwt xm@W w |RQt \wQW 'xvt=O "9 pmW

%CU= x@U=Lt p@=k Q} R \@=wQ ltmx@ [20]`HQt =@ j@=]t xrwr

u (y) = 1 5 uin
�

1� y2

(D=2)2

�
(19)

dp
dx

= � 3�
(D=2)2 uin (20)

Q@=Q@ 1 5 Q=Okt QFm =OL =@ |tyU l} xOW x�=Q= x]@=Q 'OwW|t xOy=Wt xmQw]v=ty
'q=@ x]@=Q =@ xOW xO=O xaUwD QorL R= pY=L G}=Dv xU}=kt "CU= |OwQw CaQU

"OyO|t G}=Dv u=}t pt=m j@=]D R= u=Wv
Q=Owtv ?}W u=}t |@U=vt Ck@=]t 'OwW|t xOy=Wt 8 pmW QO xm Qw]v=ty
CaQU p}iwQB u}vJty "OQ=O OwHw pL R=pY=L G}=Dv =@ xDi=}xaUwD x}L=v QO Q=Wi

"OW=@|t |r}rLD pL =@ j@=]t qt=m xDi=}xaUwD
QwB|r}mw |=yQ=m =@ R}v 800 ROrwv} Q OOa QO xrB R= Qw@a QO u=} QH 'u}vJty
ZQa w 30 xvt=O pw] "CU= xDiQo Q=Qk xU}=kt OQwt [21]nv}rDQ=o w [4]u=Q=mty w
w p=ta= 1 5 QFm =OL Q=Okt =@ w |wtyU CQwYx@ |OwQw QO CaQU "CU= 1 u;
"CU= xOW x�=Q= 9 pmW CQwYx@ xO=iDU= OQwt |RQt \wQW u}vJty w xUOvy
|rw] |=DU=Q QO pwrU 180 xR=Ov= x@ [4]`HQt =@ j@=]t |v=mt xm@W 'u}vJty

"4 625 |rw] xrY=i QO Q=Wi w CaQU "6 pmW

"=QHt uwQO u=} QH pL CyH xO=iDU=OQwt xm@W w |RQt \wQW 'xvt=O "7 pmW

pw] u}vJty "OW=@|t 10 xrB u=} QH |=Q@ w 100 =QHt u=} QH |=Q@ xOW |UQQ@
OOa x@U=Lt CyH Q=}at |rw] T=}kt w CU= xDiQo Q=Qk xO=iDU= OQwt 10 xvt=O
xR=Ov= |UQQ@ Qw_vtx@ R}v =OD@= QO "CU= xOW xDiQo Q_vQO xvt=O ZQa R}v ROrwv} Q
w 20 w 10 '5 ZQa x@ pw] C@Uv =@ |}=yxvt=O 'xm@W C}i}m w pL xvt=O |rm
xHwD =@ pY=iK]U Q=DiQ "Ov=xOW xU}=kt �=DU=Q wO Qy QO� hrDNt xm@W C}i}m
Q=Qk |@=} RQ= w xHwD OQwt wQV}B G}=Dv QO K]U x}rw= C}akwt w u=} QH l} R}i x@
Q} R x]@=Q CQwYx@ |@Uv hqDN= u=R}t 'xDiQo CQwY |=y|UQQ@ QO "CU= xDiQo

"CU= xOW x�=Q=

RD (�) =
�����k � �k�1

�k�1

����� 100 (18)

"OvW=@|t Q=QmD T}Ov= w xar=]t OQwt C}tm Q=Okt ?}DQDx@ k w � 'x]@=Q u}= QO

u=} QH pL |HvUQ=@Da= "1"4
\w@ Qt `@=wD 'QorL CkO |UQQ@ w u=} QH pL R= pY=L G}=Dv |HvUQ=@Da= Qw_vtx@
10 ROrwv} Q O=Oa= |=Q@ =QHt uwQO u=} QH pL w xOwtv p=aiQ}e =Q xm@W |}=Hx@=H x@
u=} QH "CU= xDiQo Q=Qk xU}=kt OQwt [20]`HQt QO |r}rLD xOW x�=Q= \@=wQ =@ 100 w
OQmrta |@=} RQ= CyH Ov=wD|t xm CU=yu=} QH u} QD|=x}=B R= |m} =QHt uwQO
xUOvy ltmx@ u=} QH u}= "OQ}o Q=Qk xO=iDU= OQwt |R=iwO |=yu=} QH |=yQorL
"OW=@|t Ci=} QO p@=k |@v=H |=yxQ=w}O x=Qtyx@ |HwQN l} w |OwQw l} =@ =QHt

"CU= xOW xO=O V}=tv 7 pmW QO xO=iDU= OQwt |RQt \wQW w xUOvy
uwQO xDi=} xaUwD u=} QH |=Q@ |rw] |=DU=Q QO Q=Wi ?}W w CaQU p}iwQB

102



1|
xQ=t

W'
40

|xQ
wO'

�14
03

Q=y@
�h

}QW
l}

v=mt
|U

Ovyt

=QHt uwQO u=} QH pL CyH xO=iDU= OQwt xm@W w |RQt \wQW 'xvt=O "11 pmW
"|R=iwO u=} QH Qm}wQ =@

"hrDNt pw] =@ xvt=O xU |=Q@ =QHt uwQO u=} QH pL G}=Dv "12 pmW
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1. Capture
2. Track
3. Interface
4. Volume of Fluid
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6. Marker and Cell
7. Sharpness
8. Muzaferija & Peric
9. Projection
10. Pressure Implicit Method for Pressure Linked Equations
11. Area Mesh and Matrices
12. Segregated
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14. Film Flows
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17. Scheme
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[4]"Ov=xOW x�=Q= xt=O=QO |m}t=v}O CqO=at R= |rY= VN@ xU

n:T:n = 2� �nxnx @u@x + nynx @u@y + nznx @u@z
+nxny @v@x + nyny @v@y + nzny @v@z
+nxnz @w@x + nynz @w@y + nznz @w@z

� (21)

n:T:t = �
�
nxtx @u@x + nxty @u@y + nxtz @u@z

+nytx @v@x + nyty @v@y + nytz @v@z
+nztx @w@x + nzty @w@y + nztz @w@z
+nxtx @u@x + nytx @u@y + nztx @u@z
+nxty @v@x + nyty @v@y + nzty @v@z
+nxtz @w@x + nytz @w@y + nztz @w@z

�
(22)

n:T:s = �
�
nxsx @u@x + nxsy @u@y + nxsz @u@z

+nysx @v@x + nysy @v@y + nysz @v@z
+nzsx @w@x + nzsy @w@y + nzsz @w@z
+nxsx @u@x + nysx @u@y + nzsx @u@z
+nxsy @v@x + nysy @v@y + nzsy @v@z
+nxsz @w@x + nysz @w@y + nzsz @w@z

�
(23)

"CU= xOW pY=L Q} R CQwYx@ C=YDNt x=oDUO CyHxU |=Q@ u=}O=Qo xirwt xU
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