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Cw=iDt Q]k xU =@ |}=yxrwr QO Q=Wi CLD CQwYx@ |OwQw u=} QH [21]"OvOQm
Q_vQO |OwQw |xrwr Q]k OL QO w sm Q=}U@ R}v umW?}W `=iDQ= w OW xO=iDU=
w xrwr |HwQN |xR=U QO u=R} w; |xQ=w}O R= 'Q}N= |xar=]t wO Qy QO "OW xDiQo
CLD ,qt=m =Q |SQv= hqD= Ov}=Qi xm CU= xOW xO=iDU= xJ[wL |=yDv= QO xrB l}

"R=QDO|t Q=Qk Q}F-=D
umW?}W |xR=U R= |Qw@a u=} QH |m}rwQO}y C=}YwYN 'Q[=L j}kLD QO
|=Q@ "OwW|t |UQQ@ CUOu}}=B QO |r}]DUt p=v=m w CUOq=@ QO |}xQ}=O p=v=m =@
xDN=U x=oW}=tR; QO |m}rwQO}y |xR=U |y=oW}=tR; |xvwtv 'hR=QD u}= x@ |@=}DUO
xO=iDU= =@ 'u=tRsy "OwW|t |UQQ@ |SQv= hqD= K]U w u=} QH |x}=B |=ywor= w
|R=Ux}@W |OOa CQwYx@ |=yxR=U u}vJ QO u=} QH OpenFOAM Q=Ri=sQv R=
Ov=wD|t |y=oW}=tR; |=ypOt =@ u; *G}=Dv *|HvUCLY R= TB xm OW R=QD=wN
j}kLD |U=vWVwQ =OD@= 'xt=O= QO "OQ}o Q=Qk Q_vOt |R=Uxv}y@ |=Q@ |Q=R@= u=wvax@
xOt; CUOx@ G}=Dv 'TBU w OW R=QD=wN u=}@ |OOa w |y=oW}=tR; VN@ wO QO

"OvwW|t |UQQ@ w p}rLD

|U=vWVwQ "2
|y=oW}=tR; pOt "1"2

u=Qta |UOvyt |xOmWv=O l}rwQO}y x=oW}=tR; QO |O=yvW}B |m}rwQO}y |xR=U
CUOq=@ QO u=} QH O=H}= |=Q@ "�1 pmW� OW xDN=U u=yiY= |DavY x=oWv=O

|=yxR=U QO [4w3]"OwWv |oDUW?; Q=JO 'OW=@ V}=UQi p@=k CUOu}}=B p=v=m
[5]"OwW|t xO=iDU= |SQv= QDW}@ lqyDU= |=Q@ u=R} w; |xQ=w}O R= |y=o xrwr |HwQN
QO |v=QL@ Q} R u=} QH x@ hw]at umW?}W |xQ=@ QO xDWPo C=k}kLD QDW}@
CQwYCUOq=@ |v=QL@jwi u=} QH |xv}tR QO |tm C=ar=]t wCU= xOw@CUOq=@
QO |r}]DUt `]kt =@ |}=yumW?}W x@ ,=DOta C=ar=]t u}= QO "CU= xDiQ}PB
w uwUv=J "CU= xOW xDN=OQB �|r}]DUt s�=k umW?}W� CUOq=@ w CUOu}}=B
s�=k |=yumW?}W |wQ Q@ |v=QL@jwi u=} QH |y=oW}=tR; |UQQ@ =@ �1998� R@t=D
=yV}=tR; =yv; [6]"OvOQm |@=} RQ= =Q CUOu}}=B QO =wy w ?; u=} QH |wor= '|r}]DUt
|xrY=i QO xm QDt 0 131 umW?}W `=iDQ= w QDt 0 5 ZQa =@ |r=v=m QO =Q
CH OQwNQ@ xm OvOQm xR=QD=Wt w OvO=O s=Hv= 'CW=O Q=Qk CH pR=v R= |QDt 2 4
pmW Q}}eD w ?; xHwD p@=k uOW VNB Ea=@ 'CUOu}}=B p=v=m hm x@ |WR} Q
xm OwW|t ?Qwt 3lwW G=wt= Q=WDv= Ea=@ u=} QH \w]N Q}}eD u}= "OwW|t CH
\w@ Qt |y=oW}=tR; |=yxO=O VR=Q@ =@ =yv; "Ovvm|t OQwNQ@ sy x@ CUOu}}=B QO
lwW G=wt= OQwNQ@ pLt w =DU}= G=wt= |xv}W}@ `=iDQ= pLt 'umW?}W pw] x@
�2002� |t=Q}@ w |vtJ "OvOQm x�=Q= CUOu}}=B OwQi OOa |x}=B Q@ |]@=wQ '?Qwt
QO |r}]DUt s�=k umW?}W C=}YwYN u=}@ QO |aU '|r}rLD |WwQ |x�=Q= =@
0 4 ZQa x@ |r=v=m QO =Q =yV}=tR; =yv; [7]"OvOQm |v=QL@jwi w |v=QL@ Q} R u=} QH
QDt 0 4 w 0 2 umW?}W `=iDQ= wO =@ w QDt 0 7 `=iDQ= w QDt 9 pw] 'QDt
V}=Ri= =@ |v=QL@ jwi u=} QH QO ?=OQo |@Uv jta 'OvDiQo xH}Dv =yv; "OvO=O s=Hv=
Vy=m OwQi OOa V}=Ri= =@ |v=QL@ jwi u=} QH QO |SQv= C=irD w V}=Ri= |yO?;
xm R=QDO|t u=Wv |r}rLD G}=Dv x@ C@Uv |QDW}@ Q}O=kt |y=oW}=tR; G}=Dv "O@=}|t
u=} QH C=YNWt �2007� 4R}Or}= w |=}mwD "CU= ?; u=} QH x@ =wy OwQw p}rO x@
|UQQ@ x@ u=kkLt u}= "OvOQm |UQQ@ =Q |r}]DUt s�=k umW?}W |wQ Q@ |v=QL@jwi
jta 'CH pw] 'CH CWB =DU}= Gwt `=iDQ= uwJty CUOu}}=B u=} QH R= |D=}�RH
CUOq=@ jta x@ x@r jta C@Uv |=Q@ |}x]@=Q =yv; "OvDN=OQB 5|oO}W=B pw] w
Q@ u=} QH C=YNWt �2014� u=Q=mty w 6w}r [8]"OvOQm x�=Q= OwQi OOa ?ULQ@
w |UQQ@ 'CU= Q=O?}W CUOq=@ p=v=m 'u; QO xm =Q |r}]DUt umW?}W |wQ
'CUOu}}=B p=v=m hm x@ CH OQwNQ@ |x} w=R w pLt 'x@r jta |=Q@ |Oa@|@ \@=wQ
x@r jta Vy=m Qov=}@ =yv; G}=Dv [9]"OvOQm x�=Q= CUOu}}=B jta w xJ[wL jta
jta xm OvO=O u=Wv u}vJsy =yv; "Ow@ CUOq=@ ?}W w OwQi OOa V}=Ri= CQwYQO
?}W =@ w CU= umW?}W OOa Q}F-=D CLD ,=t}kDUt CUOu}}=B jta w xJ[wL
w OwQi OOa C=Q}}eD QF= �2019� u=Q=mty w R=QiVv=O "OQ=OTma |x]@=Q 'CUOq=@
|v=QL@ jwi u=} QH =@ |r}]DUt s�=k umW?}Wl}rwQO}y QO =Q |@Uv |v=QL@ jta
w |v=QL@ jta uDW=O xov C@=F =@ xm Ow@ xDmv u}= Qov=}@ =yv; G}=Dv [10]"OvOQm |UQQ@
Tma "O@=}|t Vy=m xJ[wL jta w V}=Ri= |@Uv |SQv= Ci= 'OwQi OOa V}=Ri=
"O@=}V}=Ri= |@Uv |v=QL@ jta wC@=F OwQi OOa xm R=QDO|t MQ |v=tR R}v xr�Ut u}=
\ki |wQ}=O `]kt w CUOq=@ QO |v=QL@jwi u=} QH OQwt QO lOv= C=k}kLD
C=k}kLD x@ u=wD|t xrtH R= xm OwW|t |]wkU CH C=YNWt x@ OwOLt
'umW?}W |x@r jta uwJ |OQ=wt =yv; [11]"OQm xQ=W= �1997� Qoy w QRD}vTqm
=Q |]wkU CH |v}}=B w |}q=@ |x@r Q}U \N w xrwr QO u=} QH O=R; K]U Ci=
umW?}W `=iDQ= w QDt 0 24 Q]k x@ |ki= |}xrwr QO =yV}=tR; "OvOQm |UQQ@
80 '60 '40 '20 Q@=Q@ y0=D10 7|oOWQB C@Uv =@ |OwQw u=} QH "OvO=O s=Hv=
QO u=} QH jta y0 u; QO xm OW pOt 8 |r= 1 OwQi OOa w OYQO 100 w
=@ CUOq=@ |xrwr QO u=} QH lwW G=wt= "CU= xrwr Q]k D w CUOq=@ |xrwr
uwO@ |v=} QH Qw@a u; |xH}Dv xm OW xDiQo 8u=} QH |=yxOvvms}kDUt R= xO=iDU=

102



4/
2|

xQ=t
W'

36
�2

|xQ
wO'

�13
99

u=DU
tR�

h}
QW

u=Qt
a|

UOv
yt QO "OQm|t Q}}eD x}v=F Q@ QD}r 40 =D 10 R= u=} QH |yO?; 'xar=]t u}= QO "CU=

CLY xmCU= xOW?Yv |v}@ QwD |HvU |yO?; 'x=oW}=tR; p=v=m |OwQw |=OD@=
|yO?; u}= CkO "OW O}}-=D CwD}B |xrwr \UwD V}=tR; |=OD@= QO u; OQmrta
w 50 |=y|oOWR=@ =@ C=LiY R= |OwQw u=} QH |=Q@ "CU= �2 OwOL QO GvU
OOa =@ |v=} QH ' |yO?; u=R}t w =y|oOWR=@ u}= x@ xHwD=@ "OW xO=iDU= OYQO 80
CUOu}}=B QO OwQi OOa |xQDUo "OW O=H}= 3 8 =D 1 u}@ Q}eDt *CUOq=@ OwQi
Q=yJ R= 'umW?}W CUOu}}=B QO 12?=OQo jta OQw;Q@ |=Q@ "Ow@ 4 =D 3 6 u}@
jta u}= Q=Okt "OW xO=iDU= 'Ow@ xOW ?Yv =yxQ=OH |wQ Q@ xm GQOt Vm\N
OQwNQ@ pLt x@ uOW l}ORv =@ w CU= xv}W}@ umW?}W |xQ=w}O CQw=Ht QO
s]qD p}rO x@ ?=OQo jta |Q}oxR=Ov= "O@=}|t Vy=m ?=OQo jta '13|WR} Q CH
jta |Q}oxR=Ov= |=Q@ xJQo = "CUwQ@ wQ |}=y=]N =@ xQ=wty 'CH CWB ?=OQo O=} R
|Q}oxR=Ov= |=]N =t= "CU= xOW xO=iDU= QDt|r}t 1CkO =@ |}=yVm\N R= ?=OQo
QDtwR}B l} R= CUOq=@ |xrwr QO u=} QH jta |Q}oxR=Ov= |=Q@ "CU= �3 OwOL QO
"OW xO=iDU= QDt|r}t 1 CkO =@ umW?}W |x@r R= |QDt|Dv=U 70 |xrY=i QO
`} RwD 'CUOu}}=B p=v=m QO |SQv= w |v=QL@jwi u=} QH jta |x@U=Lt |=Q@
p=v=m QO u=} QH x@ =wy OwQw xm =Hu; R= "Ot; CUOx@ CwD}B |xrwr \UwD CaQU
|Q}owrH |=Q@ 'CU= |a]k ,qt=m hm x@ |WR} Q CH OQwNQ@ s=ovy CUOu}}=B
�QDt|r}t 1 9 |HQ=N Q]k� sm Q]k =@ |}xrwr R= 'CwD}B |xrwr x@ =wy OwQw R=
O=OaD 'u=} QH jta Vy=m u; `@Dx@ w uOw@ |v=QL@jwi Crax@ "CU= xOW xO=iDU=
jta =@ ?U=vDt s�=k CyH QO u=} QH CaQU |Q}oxR=Ov= |=Q@ xOW ?=NDv= \=kv
'0 08 |=yxrY=i QO p=v=m ZQa QO CaQU p}iwQB Q=yJ "CU= xOW ?=NDv=
u}}=B QO u=} QH jta "OW CW=OQ@ p=v=m hQ] l} R= |QDt 0 32 w 0 24 '0 16
QU}t =wy OwQw Cra x@ u; |Q}oxR=Ov= w CU= sm u; uOw@ |v=QL@ jwi p}rO x@ CUO
x@ "OW xO=iDU= jta uOQw; CUOx@ |=Q@ CaQU `} RwD R= 'Cra u}ty x@ "CU}v
R= \UwDt CaQU uOQw; CUOx@ w `]kt Qy |=Q@ |yO?; uDW=O =@ xm CQwY u}=
|vRw u}ov=}t "CU= x@U=Lt p@=k `]kt Qy QO u=} QH \UwDt jta 'CaQU `} RwD
xDiQo Q_v QO CUOu}}=B `]kt *jta u=wvax@ '|UQQ@ OQwt 14`]=ktQ} R QO jta

"OW
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"CU= 3 84 =D 1 |xR=@ QO |OOa |R=Ux}@W OwQi OOa 'u; QO xmCU= xOW xU}=kt
|QDtm Q}O=kt |R=Ux}@W G}=Dv '0 3 R= QDtm yc=h QO 'CU= XNWt xm Qw]u=ty
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|=ypwrU =@ Q_=vDt =Q O=R; K]U ,qwtat |R=Ux}@W QO "OOQo|tQ@ ?=OQo QO =wy
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C=R=QD=Wt QO O=R; K]U C@F Q=}at 'xJ[wL uwQO |=wy O=} R C_re x@ xHwD=@
|OOa pOt QO OYQO 50 |tHL QUm ZQi Q@ j@]vt Ov=wD|tv ,=twRr |y=oW}=tR;
"OwW|t |y=oW}=tR; w |OOa G}=Dv u}@ |}=yCw=iD Ea=@ xr�Ut u}= TB "OW=@

CUOu}}=B u=} QH |@Uv jta "3"2"3
l} x@ CUOu}}=B jta x@ \w@ Qt |y=oW}=tR; |=yxO=O 'Q}eDt u}= |UQQ@ |=Q@
QO |@Uv |yO?; w OwQi OOa QF= u=tRsy 'Q=mu}= =@ "OW xO=O VR=Q@ xQ}eDtwO `@=D

%Ot; CUOx@ Q} R CQwYx@ `@=D u}= "OwW|t xO}O QDt=Q=B C=Q}}eD
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h

= 0 302 (Fr)�0 064 �yc
h

�1 291
R2 = 0 986 (4)

0 007 Q@=Q@?}DQD x@ xm OW x@U=Lt R}v NRMSE w RMSE Q}O=kt x]@=Q u}= |=Q@
pmW "CU= xOW x�=Q= |x]@=Q |q=@CkO Qov=}@ Q}O=kt u}= "OvOt;CUOx@ 0 114 w
u}= QO xmQw]u=ty "CU= CUOu}}=B QO u=} QH |@Uv jta C=Q}}eD |xOvyOu=Wv 9
V}=Ri= |@Uv |yO?; V}=Ri= =@ u=} QH |@Uv jta 'CU= xOW xO=O u=Wv pmW
Vy=m OwQi OOa V}=Ri= =@ |v=QL@jwi u=} QH QO CUOu}}=B |@Uv jta "O@=}|t
ẁ[wt u}ty Qov=}@ 'OwQi OOa |ivt u=wD 'xOW xO=O VR=Q@ |x]@=Q QO "O@=}|t
R}v |r}]DUt s�=k |=yumW?}W |wQ Q@ |v=QL@jwi u=} QH QO xr�Ut u}= "CU=
CUOu}}=B u=} QH |@Uv jta 'OwW|t x_Lqt 9 pmW QO xmQw]u=ty [6]"OW xO}O
Q@ |v=QL@jwi u=} QH R= QDtm ?D=Qt x@ 4 R= QDtm OwQi OOa |xR=@ QO wQsO; ly=J QO
|r}]DUt umW?}W QO u=} QH |@Uv jta "CU= |r}]DUt s�=k umW?}W |wQ

"OwW|t l}ORv xrwr |HwQN pOt G}=Dv x@ OwQi OOa V}=Ri= =@
|SQv= hqD= "4"2"3

p}qO R=|m} xm OWXNWt |SQv= hqD= |xwLv uwt=Q}B xDiQo CQwY |=y|UQQ@ =@
s�=k umW?}W x@ C@Uv u; Q}osWJ V}=Ri= Ea=@ xm pOt u}= QO |SQv= Ci= syt
|}xQ}=O R= wQsO; ly=J `]kt \=U@v= R= |W=v |a[wt Ci= 'OwW|t |r}]DUt
u=} QH 'wQsO; ly=J hm x@ |WR} Q CH OQwNQ@ uwJ |rt=wa "CU= |r}]DUt x@

"|v=QL@jwiu=} QHQOOwQi OOa?ULQ@umW?}W|x@r|@UvjtaC=Q}}eD "7pmW

umW?}W =@ xU}=kt QO|@Uv|yO?;?ULQ@ ?=OQo|@Uv jta C=Q}}eD "8 pmW
"p}O@D =@ |r}]DUt umW?}W w |r}]DUt

Cra [6]"CU= xOW xR=QD=Wt R}v |r}]DUt s�=k umW?}W |wQ Q@ |v=QL@ jwi
"CUv=O \w@ Qt p=v=m hm =@ CH OQwNQ@ |x} w=R Vy=m x@ u=wD|t =Q xr�Ut u}=
|x} w=R =@ |@=DQB CH w O@=}|t V}=Ri= R}v u=} QH CaQU 'OwQi OOa V}=Ri= =@
x@ OQwNQ@ |x} w=R Vy=m =@ "Ovm|t OQwNQ@ p=v=m hm x@ ji= x@ C@Uv |QDmJwm
�CmQL xR=Ov= pY= j@]� OOQo|tQ@ umW?}W Q=w}O CtU x@ |QDtm u=} QH 'hm
G}=Dv w xOt; CUOx@ |=yxO=O |xU}=kt "O@=}|t Vy=m ?=OQo jta 'xH}Dv QO w
|v=yo =v Q}}eD p}rOx@ xm CU= u}= Qov=}@ |r}]DUt s�=k |=yumW?}W |y=oW}=tR;
?D=Qtx@ Q[=L pOt QO ?=OQo jta 'u=} QH \=U@v= w |r}]DUt x@ |wQ}=O R= `]kt
QO OwQi OOa xm � �80 |oOWQB x@ \w@ Qt |y=oW}=tR; G}=Dv |UQQ@ =@ "CU= QDtm
CiQo xH}Dv u=wD|t '�CU= QDtm OwQi OOa C=Q}}eD w CU= 1 47 =D 1 |xOwOLt
pmW R= xm Qw]u=ty "O@=}|t V}=Ri= ?=OQo |@Uv jta ' |yO?; V}=Ri= =@ xm
"OQ=Ov OwHw umW?}W pt=m `=iDQ= =D ?=OQo jta uOt; q=@ p=tDL= 'CU=O}B 8
s=vD=Q=H=Q '[29]1955 OvQ� |r}]DUt s�=k |=yumW?}W |=Q@ ?=OQo |@Uv jta
Q[=L pOt R= QDW}@ ?D=Qt x@ '�2008 [33]u=Q=mty w |QiaH '1995 [32]|vtJ w
w |[Qa CyH QO CH VQDUo 'OW u=}@ �1�3� VN@ QO xm Qw]u=ty "CU=
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"OwW u}W}B C=k}kLD R= QDtm Q[=L j}kLD QO xJ[wL
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1. drop structure
2. pipe outlet structures
3. oblique shock wave
4. Tokyay and Yildiz
5. splashing
6. Liu
7. �lling ratio
8. 
ow straightners
9. manhole
10. dropshafts
11. Jet-box
12. pool depth
13. plunging jet
14. subsections
15. object oriented
16. Interfoam
17. volume of 
uid
18. Salome
19. No-slip
20. standing wave
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