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Fig. 1. Vortex classification according to vortex strength [5]

wen 5 lon Ol 21531y (Sl G meial 5 Lol |
b S o3 S b s i 0L S s s S
Lol Ol bols oS w8 s W6l s S s 1)
555 7] das o 2l 1 O s e 5 L3l oo 3 Lol
23l S gl s Gl 4 e el b O S
s slagiasn b Lol sy (S sl K
Goar s b el o Ol i Gl Gl ud e
Gloasls L1 355 ol e 5 disls S Sl (5,58
s AT Jhass s [8] L8 el a8zl
et b o Ol 5 Salis andlas 4 01K 5 0303 e
s S s ol 6 S O gmen (53,050 oLl 5 150
3R T 3 s O sy O mlan
L Sl 5 e Sell ey ARl Slallas
L 5o O 5 psa)fObt [9] L5 S s |y bl KT
2SSl sl U s a AKLLST S S bl
wyly Sall L oas WS ol gl sty ol S o
(ARIFYRESE N ORI ROV PPV IO S prgiet]
[10] Wl o ialS
Sllee DV Sals slajllp S oS ol as o
G S Sy it axw s 5 S b s s w
Ll SIssden Glaodidy s p ln ol glaan S
Sloloes Olo3 28 S ol e o Sl s s S
Gy Akl 5 gk e EE el Ol
L g w5 g3de Olalllas [11] des uﬂuﬂ&w’
5 SIS Supm Sl ok planil il O i s3y
3t & ANSYS-CEX i35 o5 51 oslizad | 0l

S50 cb_ﬂ Slrolwans ol s el Al ol S el

Jie G VABA Jlee 55 5L sl gl onSSl 1] L5 e O
358 slenig LSl (63555 55 el sl Ol 8 s 5L
P IS b Gas e gy 24 L dde
bl i 2 OS> Gl S Cand G hu g &S
3w ST 6l s s S ol > 2] As Ll s e
SOk S Gl s S s S D)o
Sols Ol G 51 (o 8 SlalL o Sl S gl
b plp 4 358 e ealizal dlw 515 53 €) S5 S 6l o
Ao A€ i b Ol s il S Sl U S
3G Bl el 5 Ol s ) E 0 5 e
55 DN el Bl o o 35 O e (U8 S50
Ol ble abex Sl wlas S il 5 o e Olie
Ol 4 4] ol bades 055 sla 0T las 55 ls 5 LSS
Blas 3 1ya ares sl 4 oeie K15 o oo o il 53l Ko
3 6 S e 3 LIS LS LAl a3 A

Sy ke a8 Ol Sty ol sbadlw b s
5 ST a3l OF A als 5 Ol S ey e ol
Ak A Klesls alnil TG sl elS s 0T bis w
3035wl gl onu lul p oy S g ws
aw o ol S (guaib ol elal p [5] A &1L 0L
G C I slach S Ly b s 5laze OIS
Y I UBCRS (B PUPVRNE NIV S
Sils F 03 s eddsby) O s ol 1S
ot S 2 o BT Ol e 3 s (S (S5
Glacls 8 55 s d e bl ool 5 4y o Sl S )
G 5ol sl Jc)@ 35 e s Siby5 5 B OIS
PV PN AP S P PP L R P ST PR P
S $ 53 Sacls S 4 S ALIS Glacls S s o5 s
S o lel gedd KT S b 4 lsa aes cane s
A0 e i b cl= ool d als nede
(O JK8) 553 edis (KT

o AT Jtagn Sl b e s s
s ST alas s ol S ce o il slaadl 5o

5 i) g s bws (gl o Ll el 5 LT



YA JL»/C o)u/v.ﬁ))j} 09

e Ol pudige Apgs = pols ale

TS oS s 4 Flow3D Bitl £ 3 eslaad Lo gsue
S olwand il 3 65 s LT a4 63505 Slpn en
wolis b el culg 53 55 S ealine LES  Saasl Jue
s |5 gy Bl Gos ST (53555 SIsm ¢ S
[20] &S
arlys mhw 3 oS Lies ab laed b dhe Sl 2l
wls 38 s B S0 S e 5 e sl e
Wlas o mlpl gode (Glwand b Sl pl s il
5 Sk s 3heslial LG s 506 (W6 gla S
o3> hals LT wlas 5 ol IKis glacls S gloslu 8
e3lizal STAR-COM 31 o 5 51 3 (bt (sl 2355
Sadube ¢l &1 oo s & 05 oo 105 ol Slilse 51 s
olal (Sasdes laedidy i ($ileand Ol 5 Sl
mhwda s oS alis LSS s (6 s Cllandl pioman 5 S
D3l e s ol sblze S5 31 el (63405 o sy sl
Dlloes arie S 1l 3l @15 53 il s 4y
5 Ve SO 0 ey Ly fles > Gl e
eed 3 211 Cnl atasy 5 e S ey Sl
Silwand (3ds Syso 4 C 5B A LIS slacls S Ll
Lacls S ol r sline glauals b o go a3, 550 5 BT 5 A

b 595 93Mg0 -
Ol sl 5 S sy (siluans (o opl U3
—sb Gl aw SVsles > Law g Oy 3 ol b
oy o o s elely b S > S 52l
3550 636 53 I s e Ad il STAR-CCM ) 33le 5
Lz s b8 ol giloand OUIL 25 5 515 aalllas
Slslows Ol JalS jshte & il o) 0 B 5 S5s5 0
oslizal b el 5 Ol g bl oy o Volas > gl
e o) 211 4 (g3loaed il 131 05 5 LES Joa S|

Wile 5Vl gloods s (&3t (Sl omrlin 25 ¢ Said]

L5 S eslizal k-gdue 51 Kasl ¢l 51 VOF Jue
VU Ol i g s ol 5o @Kxﬁujb e @L"J v.(.aw
03 e OLKes 5 I [12] sls OLES 1) (g3de Jde &35 (3 i
Aty e IS (laaed 4 ey 8 S b
L ST alas s 0l 8 Ol bkt aus b ]
Sl S wld 5 o glcs e glaadge 5 oluls
oz 31 13] L5 5 anolie SOl Jie b 1) ol SCis
bug Ols S ey 3de Silaand slp S gl i
Dl 3l s S ilwand 6l 53 Aoy plnil LT
s Sl L;;A.AT} "JTC]“‘ Jde 5 5,5 eslawl Flow3D
s S fens Sl rames (285 L 53 RNG 5 VOF
Sla eyl 5 a8 SaS olS 5 0 ST 2t lesT e S
gl SaSG b ALl 5 s3de e 53 15 0L = Ol
sy iy 0l Kl s O 5 g [14] 5 S
JSE5 Ol S s S (gileand g Do b S
el 0 S T G s 53 0L o b glast s b o
plosil Flow3D Jl331 o 3 5l eslial U 1) 355 (g3luans el
rLES Je SKaiil gl 5 VOF Jus sl o slp 5 sl
Ol S el 50 0L 505 S o [15] s S L s s,
b Gdastn g a0 by O SlbI 3 0L 6550 5
L 5 o [16] 3 S (3lwand t RANSUe I sslizal
Sla S 5 Ol sl SRS gode (ileand S plil L
I el Ol 518 oS i S e Ll s S alllas |
L17] 555 0 Sls S (glon atenr LS 5 0L > 50 4V
L Ok 5, sade g3luand pll L O 5 ol ol
S50 eSSl Jols 4 Ols S (sl anen O 6028 oS s
Slce w laad o (agn cpl s sl I8
o ol gy Of s L 5 e ol les
el s bl Sl SLatal Ges ons 5 0L > 55l
L3S s 1y S 53 Dls S A Slois 5 Shose izens
st S35 e a5 5l S sl sl 5L s Ges s
adlas G b 53 03 S [18 5 19] Ws S s |y S

3. Large Eddy Simulation
4. Reynolds Averaged Navier-Stokes

1)

1. Volume of fraction
2. Renormalized Group



O an 5 JUSL ol

VJBJ;{»T s S s slaols S 5 gl 25U e oluans

0350 /0¥y O Jsb 5 20 0/00 4l (53555 gla fubatos
B STk Lledd b il il eles &g 4 oS
PR RYCA L AP RYLAC SVES § S PN PR Y KPR I
Shd agn cpl s edd (gile and (gade Jde jy a5 ASL
b S s e N8 T s e Lol
NG ee/e0 ﬂiﬂajl.m ngf)UTuiAlS)jﬁ;AA{.C;.w\
o YOl O35 53 Ol gLl 5 4 S 13 O pe S

el ool (V) S5 53 Jate slal ol

[28] (2o dls gyl slae) al&islesl Jie cliasiis Y JS3

0.065 0.245 I 0.26 0.05
I T\
o N
LLL| Loy
i i
b Vil Outlet {Intake)
Bmm.:li;;udur —le o p 0.52
R0.01 ®
(aorn o
Water Smooth  fEEH o
ack 'C‘CE Vortex Tank ;E...E
A

|

Inlet

Fig. 2. Specification of experimental model (m) [28]

S5 L 0T s s gl Sileand Gln rmmes

S AT 3 el (g3luand 7l el 3l 0l |23
Loeoske a&ilesl Joe cpl 3 [29] A eslinad O en
Sz dsb b lsel 5 s 4 8 5 55 m e 20 XA slal
Loodal Jos 0 (galal Jdosd olial o o sl 26 Y5 YOA
Ik e Jedi 5l 5 50 YA sn I b 5 i 5o
At PONE i Gasn cnl e gl eslinad LB s
b a4 (A= Lm/Lp =69/05,2133) Ll
ogo a allan 3550 el wls a3ls Ll b (laand
a8 8 53 o y3 o O3 535 2l Pl 3 e
Shasdles ¢ 55 5 die slal a4 55 L ol oy sl S
gl Slasin dis S s s by e £lsl 65

el ol 0als GLES (V) Jsd 53 0l (g 5lwanss

ay

Sl Sl ausls sauass gl 15 5 18] sl s S
Jz,)jmmtp;njclmﬂu o3lizul op 58 Sliatsis
Sy g ks VOF s, slus .ol ol a3 S L5 ;5 VOF
ol s sk Giw e Jw LU slad s 4 45 ool
Dlie Lledd S5 Hsb 4 oS lad e 5 G lie T L

[22 523] 553 o o3l olastl S 5 io

o b OYlxe -1 ¥
03 5 0L S o oliS Chs g WS sl — 550 Vsl
[24 5 25] des OVl Sobes a4l Vsl &l
S ol sl &l e slacils S (6l Sslite slags, 55
S sl SWslas 5 lasl et ge hie e Lo aes
San (2 3L 3 53 0Lzl b 3 (Sl S ¥les

V.(pV) =0 M)
6(le-Vj) _ _a_P 217 _
ox, T om +uveV —t+f; )

Sy b J&o p ol g5 B S
sl 35 5 el ST 5 Ce VS S

v s O lsal 2 oSl SWslas 5 (55w
S a byl 5o a8l e S sk sl S¥lee o)
27] Llodal ods ot

v _ 10p (azvi azvi) -
at  pox; 0x;2 = Oxp? )
WV 1 9P %vy . 9%V
= v (G ) g ®)
at p Oxg dx; Ixy

Q)M}V g)l..i_é oS Um P (_5_}3 QY;M DL
Sl sy wk 5 d glagm bl 5 08 s x ( Solein

.J&ilﬁjmﬁbwjvil:e‘dé\w)bdaﬁﬁ)bﬂ

GO o 23T w8l g AELLIT oo -Y-Y
Lo odd b Je 5136 LT 55 0L S5l et 1
oo 4 ARG LT Jie ol 28] A4S eslinad 5 5 Ol
S ol ods b K ates (63555 Ll b gl szl
~53555 2o 3003 13 Al sl 5 S e s (B S
A S a alaal gl 5 e e 0/0V0 O gl

IS p el sl 4 S el ys e v/80 5 +/0Y



Y¥aA Jl/ 0 UL«.L/(..M)')}U_;;

e Olpes (prdige (Eay5 — (el ddns

T B O35 8 5l lasa 5,55 5o JLid Hlie &S ) g0 s
T Sl el 05 s aale flE T 4w S L 3151
I L S b el (3B KT s Olas &S
seay it b S o w5 L O e oS ods bl
SO0 bl 5 C B A S slacls S il
2L Codse ol el S R s 430 e Y
rjsu»blﬂbsjfCj}jQLasub)o,\.iubQLiJ(i)J&Z
Cls S (0) USs .ol ol (Y) U 53 STAR-CCM | 531

s e OLES (g3de Jde )3 1) Tsa anea Lo |35

[21] STAR-CCM 1 33lp 55 bl 2 Juks (5550 Loyl i Dlasis Y gr

Location Boundary type Value
Inlet .
(Xonin, Xona, Y omin, Y o) Stagnation Inlet 0-2305.35 Pa
) . 0.7-1.5-2.5
Outlet (Zmin) Velocity /s
Free Surface (Zmax) Pressure Outlet 0 Pa
Walls Wall NO-Slip

Table 2 Specification of boundary condition according to
STAR-CCM software [24]
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Fig. 4. Boundary condition of numerical model
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Fig. 5. Vortex formation with air core on the numerical
simulation
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Wave amplitude to

i Wave length to
Row height of water
(a/d)(%) tank length (I/L)
1 0.3 0.03
2 13 0.03
3 2.6 0.03

Table 1 Specification of waves in the numerical model
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(anmve/]". ) max (anmvs/]". ) max Reduction
in in

a
(.,/Af)l Without After wave rzte
Wave present (%)
2.6 0.82 0.76 7.3
1.3 0.82 0.66 19.4
0.3 0.82 0.57 30.5

Table 4 The effect of different waves on the tangential velocity
of the vortex B class
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Fig. 11. The tangential velocity of vortex C when dealing with
waves
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Fig. 9. The tangential velocity of vortex A when dealing with
waves
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a/ (anmva/l". ) max (ZTTTm Ve/r ) max Reduction

(%ﬂl Without After wave rate
Wave present (%)

2.6 0.77 0.7 9.1

1.3 0.77 0.66 14.3

0.3 0.77 0.62 19.5

Table 3 The effect of different waves on the tangential velocity

of the vortex A class
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Fig. 10. The tangential velocity of vortex B when dealing with
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((_Vr Tm)/ve) max ((_VT Tm)/ve) max Reduction

a
0/ d Without After wave rate
(%) o,

Wave present (%)

2.6 1.53 1.47 3.9

1.3 1.53 1.37 10.5

0.3 1.53 1.33 13.1

Table 6 The effect of different waves on the radial velocity of
the vortex A class

Llazdl 55 ol gol 4 @3S oo odaliie (V) o 3 235 L

R REINR ISR PR S RVAVAL yARPIVARVI-IVA yL WU W

2V Sl B IS Ol S gl dis S A SIS
sl 0 00> QLIS (VYY) Ji.,

Tl Lo olKis 53 B S s S elad o WY IS

Vortex without wave

1.4

e = o Vortex & a/d=2.6

1.2 e e e 000 Vortex & a/d=1.3

1 e+ Vortex & a/d=0.3
0.8
0.6
0.4
0.2
0

0 2 4 6 8 10 12 14

Fig. 13. The radial velocity of vortex B when dealing with
waves
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Table 8 The effect of different waves on the radial velocity of
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Table 7 The effect of different waves on the radial velocity of
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Fig. 17. The axial velocity of vortex C when dealing with waves
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Table 11 The effect of different waves on the axial velocity of
the vortex C class
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Table 9 The effect of different waves on the axial velocity of
the vortex A class
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Fig. 16. The axial velocity of vortex B when dealing with
waves
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Abstract

The formation of a vortex at the mouth of power plant intake is one of the unfavorable hydraulic phenomena
that occur during dewatering of dams. More precisely, the formation of vortex flows in the openings of the
intake disturbs the proper functioning of the intake structure. vortices cause problems such as oscillating in the
system, reducing turbine output, increasing hydraulic losses in the intake openings, entering the air and
particles into the intake pipe and eventually reducing its efficiency. In recent years, various scholars have
conducted extensive studies on the phenomenon of vortex. In the meantime, research has been carried out
experimentally using mechanical devices and less attention has been paid to the natural phenomena existing
on the level of reservoirs of dams and their impact on the vortex. One of the most important natural phenomena
that occurs in the reservoir of dams is the waves that can affect the vortex. In this research, with the aim of
investigating the effect of waves on the vortex, numerical simulation of waves in the openings of vertical
intake has been studied in various vortex formation conditions. In this regard, three class of vortices A, B and
C were simulated in numerical model and the results were investigated after dealing with waves. To simulate
the flow in the vertical intake, the model designed by Sun and Liu was used. This model is designed in a
cylindrical shape with four rectangular inlets, with a vertical intake located at the center and end of the cylinder.
In the present study, the model was studied in three-dimensional and two-phase mode, so that numerical
simulation of vortex and wave can be investigated with this approach. In order to reduce the computational
time to solve the equations, Euler's method was chosen and the turbulence was simulated using the LES model
in STAR-CCM Software. After sensitivity analysis, 3 mm grid dimensions were selected. For computational
mesh domain, a Cartesian coordinate was used and the free surface was considered using the VOF method.
Accordingly, after formation of three classes of vortices A, B and C in the numerical model, three waves with
a/d ratio of 2.6%, 1.3% and 0.3% were generated and the effect of their collisions on vortices was analyzed.
The amplitudes of the waves are determined in relative proportions of the reservoir water's height and are not
far from reality. The results showed that the waves reduced the components of tangential, radial and axial
velocity. According to the results, the maximum component of the tangential velocity at the time of the
presence of waves is reduced by about 14%, 19% and 23%, respectively, in the class A, B, and C vortices. The
radial velocity component is also reduced by about 9%, 13% and 18% for the A, B, and C vortices, respectively.
The maximum axial velocity was also reduced to 26%, 13%, and 23% for class A, B, and C vortices,
respectively. According to the simulation results, the decrease rate with decrease decreasing wave amplitude,
which means that smaller waves can lower the velocity components and thus weaken the vortex flow.

Keywords: Vertical intake, Waves, Vortex, STAR-CCM, Velocity vector
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