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Introduction

Intakes are the most significant hydraulic structures, which are also used as inlet structures in
outlets to supply water for hydro-electric power, irrigation, and drinking. A major problem for
vertical circular spillways is that vortexes are formed on their inlet with several negative effects:
reducing discharge coefficient, excessive head formation on spillway inlet, structure vibration,
increasing of cavitation formation probability, suction of floating bodies into conduit, excessive
oscillations on flow surface, unsteady flow formation, and increasing energy losses are the major
consequences. Vortex flows result from flow direction variation, viscosity and surface tension.
The flow type causes negative effects in operation of structures such as vertical circular spillway
(Kabiri Samani and Borghei, 2001).

Tagtan and Yildirim (2010) indicated that critical submerged depth for intake in canal with
uniform flow equals radius of spherical sink surface, which was finally named critical spherical
sink surface. Rankine (1858) represented a model of vortex, namely Rankine compound vortex.
In this model, it is assumed fluid particles, which are in the vicinity of vortex center, are solid
bodies with high viscosity and rotational motion around their axes (Forced Vortex). The area is
located inside nonviscous zone at a distance from vortex center. This research investigates
geometric and hydraulic properties of critical sink surface by simulating flow in the environs of
vertical intake inlet.

Materials and method

In this study, CFD is used to simulate critical sink surface in the vicinity of vertical intake
inlet, and finite volume approach is applied to solve governing equations. To make a
computational model, the first step is to design geometric properties in accordance with problem
physics. To determine flow conditions on boundaries, types of introduced boundaries on model
must be considered and each boundary must be given a type. Assigning one type to a boundary is
determined by available data and any other required information for the type of boundary. To do
so, flow discharge boundary condition was used for boundary conditions introduced to the model
on block input boundary. Downstream boundary and side boundaries were modeled as wall and
outbound boundary condition was adopted for the model bed. Main scenarios of the research are
reservoir levels variations and the contingent flow discharge variations. Effects of diameter D and
intake height P on flow hydraulic conditions and geometric properties are also investigated by
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some subscenarios. Verified results of simulation by certain tests in the model have been filed in
River Engineering and Hydraulics Laboratory of Jundi-Shapur University of Technology.

Results and Discussion
Geometric Properties of Critical Sink Surface

When water level in the spillway reaches a critical value, a vortex is observed in which air
core is in the form of spindle. The tip of spindle is located in boundary of vertical intake inlet and
the extremity of it on water surface. In the mode, entraining of air into intake occurs in a certain
range and the range is considered in the form of a hypothetical sphere, which is introduced by
critical spherical sink surface. For example, in Figure (1), geometry of critical sink surface in
vicinity of intake inlet for the scenario of P/D=8 has been illustrated. As seen in the figure, the
geometry of critical sink surface is not the same as sphere but it is the same as butterfly wings or
cardioid. Value of intake inlet height changes the value of altitude density of the shape. The
procedure of changes is indicated in Figure (1).
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Fig. 1- The geometry of critical sink surface in scenario P/D=8

Hydraulic Properties of Critical Sink Surface

After the formation of vortex, most of velocity variations are formed inside sink surface in the
vicinity of intake. In the distance from and outside the forced vortex, the velocity decreases
gradually. Thus, determination and analysis of velocity variations range in the vicinity of intake
and determination of equation related with the range of the variations are explored. Figure (2)
illustrates tangentially velocity variations V, for three various scenarios with P/D equaling 1, 3

and 5, respectively.
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Fig. 2 — Comparison of tangentially velocity for each of three heights with constant diameter of 6
centimeters
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Results

Despite claims made in previous investigations, the results in this research indicate that
critical sink surfaces are not in shape of symmetrical sphere but a cardioid. Dimension of the sink
surface in proportion to inlet diameter and the surface extends with the increase of inlet diameter.
Also, tangential, radial and deep velocities in the zone of sink surface for three various heights of
intake show that velocity reaches the most value in the vicinity of inlet edge of intake, gradually
reduces in the vicinity of reservoir wall, and finally goes to zero in the boundary of reservoir
wall.

Acknowledgment
The authors would like to thank Jundi-Shapur University of Technology for their support.

References
1- Kabiri Samani, A. Borghei, S. A. 2001. “Consideration effects of placement position of Anti-vortex
plates on efficiency of intake structures”. Third Conference of Iran Hydraulic. 61 - 8" Oct 2001.

2- Rankine, W.J.M., 1876. Manual of applied mechanics. Griffin
3- Tastan, K. and Yildirim, N., 2010. Effects of dimensionless parameters on air-entraining vortices.

Journal of Hydraulic Research, 48(1), pp.57-64.

@ @ © 2020 by the authors. Licensee SCU, Ahvaz, Iran. This article is an open access article
~ distributed under the terms and conditions of the Creative
Commons Attribution 4.0 International (CC BY 4.0 license) (http://creativecommons.org/licenses/by/4.0/).



YY-M .o gy o AR sla ) Gosled EF Al

Sl (gukigo 9 pole ﬁ‘rﬁ

Ba
Jlﬂlc)u'/y::pb

QW}‘M&@QT}O@'% d’bx;a&wﬁ:lﬁ.@}w gl{j;‘

T i S13 dasee 57 ne S 1T Sl oSOL O adas sl

J5253 5 pls G anio o815 (O jas g 0utSCiS1S e )l i )8 st goT 25l
Lashkarara@jsu.ac.ir Jsjs ,sls (g  gnio ot ¢l jas pundign 0dSC215 SLAS 0 ghams ok 5 =Y
I35 5 pls G anio ot O jas puidige 0SS o0 Y

I35 5 nls gl _amio o8 (O jas _punnlige 0S5 HLslial ~F

WAV 1 bk

WASNVYY 1o S50

VWAF/ANY 1ol 5

o>

ol Glasulie g o0 @58 52550 (639)9 BbI )3 (Jlpu (5 e S bl @ ade (e Sl > §lpR] e
crl 93 il (35 el d o () CanBsn g 52y &1 2igd S35 Ol Cleogad b Jlpoa G, o
W13y 55 A (639,98 yee Gy SBlibT 5 bya (g3as (gilwand & FlOW-3D 15810 5 sl U (g3
Ol (Sased (w2 il o 0355 (9 Sl W a8 (a0 )3yt b (SR (g yUaw jobide ol (g1t ol D
vy o dodid oS DI LS gl (B ,F J1,8 bl 3,90 B3ga5e (] (ewaid Olasuin o Flysu (w5 g Blybl
30 o S Sl D B |y Censliio 31 4 il 45 loicon S I3 USLS 5 0398 85 908 Sy
5 acul phBl WSl el )l Wial38 U oS ol slid pfol gW,l olime 43 sudd gliwly 53 ool Josas s byl owa a2

WIS (yial380 a0y 1Y g YE €0 Jids c yo 3wy gk 53 Aok g owlos ¢ £lad s yw P/D=0 4 P/D=Y

cshol NSt Sl (S a8loe GimgR 2)90 (D32) T sy
ot 455 o po (Il 4 ot oS ol bnl Wl 53 (558
ezt T3l gl syl o alod 55 ol Hb Jlesl ey peo
lblog 399 dyzme J313 4y yolid plual (iSe ¢igmligls” £959
<l Sl g Bl e ol ool 39 el o 13 5L
Wb caa g Fl o glabs slagly 25 e 55y
U ok g9 ool 3y Mmd e &) (Prlaw (IS 5 Co )
DB o W8 jgde iy pli obeojle 3Slas ke
sl oy (Zomorodian and Sabzevari, 2006)
OSes 15 13b o e (Slltne @3B jgh0 (s 15 ()5
omlagls 98y Jlaisl (a3l il Al)] ale 6 b oy
w0 oL Gllugy dgng dyme I3 4 jolid plunl io
98 (5551l Gl g e p b bl s ol
b8 S anl dyg0 10 (Sdgydad 5 wdin JolS calis 1Y
&9 ool 2Mhos & (AdS S90S > Sl SR v
b obyS Sl 5l sySels jolaiody sl Coodl Blo gy
buog pS calss 4 lgn 39y 5 oS 9 lgp cdian

Seolisd € wl,S el 5055 i) cdaw dsp a0y SIS

400

& sen Syt glaole pnge I S oS
el b o)l 3p Mg sy @pST L Ol iy gt
390 osiS 455 539y ojl lgie 4 ized 5 Saelidl O]
&S il plaojlwil (S WSB Gy NS e 3 eolitul
O paw (So35 13 (jlke b g ailidg, 5l (6 puSl jolateds
U by £ ol &5 ke dlen ) g e asliS
Lm‘_{l Blad o 468 b ,S dbyl & ol o s aslge
Foye ol aps a3l SalS 4 e &S 2900 o)Ll
5 5l il dwtin (S,0 oy ol g S bele gl e
5 @ ol Cepe g gl A Sl b sl
Wibie g 0 xS galed Cuddge uaen
(Zomorodian and Sabzevari, 2006)

cely 5 jgde slojy g Sl wlod 5 Ob)S JSts
o) e oo )&—l 8935 &Y 3 lgn gdiud O_\A—l 3939
& Sl (S 03l (9) 3lyinl Bos (39 (SBL Jdsew Jos
Lo 15 & g 29,9 9 Sl byl (alS 4y joxio g am
Sygbre pd (Jlpn cdls > oid Dol b 4 dgl g
ol Girgh 0 (o sanl oS8 sy aled (9395
sbi53 Su35 by Sliogas Lol Jole 53 03 aalgs sl



v

VYA o T4 Jlo | o les FY 655

ST (ign 5 p5le

V —rm—L r
0 2n 12 r<r, ()

r r?
Vy=—=0-1 r>r Y
0 2nr r m )

I amde ¢y owlos copw Sl ol 5 oS cul el L

0905 0 Al o gl oy @ g (Ggm¥ oS ) 15 2
(Rankine, 1872) 550 iy yas (V) dolao L

r=2nrlo (v)

ol 8,8 SKeSL (1995) Kocabas 4 Yildirim
ol D) ey 1y oo s Sy Candly sl
ok olo RANKING lawgs o8 4y ks gub 3] cumdey c8lgiSy
D9d (50 e 43U 93 4 (>
g 3l g 48 Gl -
g Sl g & Sl Y

o @S] Sy ) lepisle)l pll L Rankine
2 P9y &9; $ab G ol olis pasie (o, b Jus
anl Ol anb ol JBh a8 2,5 0 IS5 W0 Glbl
ol @ 52980 1Sl 2)lg g by )l 8 (ileal oS
S Sl Sl sl cuaw 4 08 Jhuy oy b Ol 4l
L 1, CSSS g, (1998) Kocabas 4 Yildirim .. .
@ g 25,5 dunlie Sl Ol 5w by bl claosls
aslBy s Sl O lp gy onl & Sy a5
(1998) Kocabas ¢ Yildirim sl elol p cplpls
@y el Sl oS G e ey ) Ol
b S gy g b o e Gl 5 byl
O aw @l o Ol aw 0yl glads oS By Sl
o gl o gl )3 Wit ST 3y Ll (clon ol o 4,
S5 53 b Sy S i IS sle 91 ool SCF il Lo
A e g ASL;O L\u OM_QL{AC D)S C.L:.m )l.\.a.c h)).:f )l)B )&T
D9 o (Sl @il Bos g wlS )08 ) (S

21y e byl 86 (2010) Yildirim 4 Tastan
13 1oh dit Sg3 S5 &S &S loj Lim Sy Wby )S
oo 290l 1Sl (03909 S Sop slal g O
5 o8 Sl 59y 1y 38 (gla )y e ol o ol ol I
S, Ol )3 iz b 9 (Cross Flow) ablize b y> 5l oslazul L
L;Lm)).a 9 Skl ).:l ReTRp Lgl.tb).wl)b 2 b}M.C Aials Sy
8,8 18 adllas 3y50 s pl o 58 SKlasl sasSaly)]
2% g 5 30gy 9,8 dde b (S/D)er Hlade a8 ol lis gbs
o S0P ol S GBI &Sl S 4l sl e

U oy Bl 4 graen 5 (e (32 gl
Bl S (Gits i sl by ST 4 (6399
e Pl Gl glhsiel Bes 298 §piiae (S8 4
ST oyl ply Dguis LS5 Lasuie @)ad b oS ] o a8 coul
YL i gl S8 g 92959 bz 2 825 My
3985 4y 0 Sljl o I3, S & dy (s e & B> LS
S92 dalgd Slu cdls 13 WKl gg) 3yl Gos g wSol &
(Knauss, 2017)

2l Sl eoeys ailas JS5 56 (2014) Yang et al.
Can jl Gaing ol bl ol J1E yp 3yse Sl Bes
JEO L IV 298 dae odgazme > calisre (sl JSib b (63559
Do b 9,8 085 &S ob s Clidss o gls W08 edlal
5 ] 4 93955 ol s e el (939)9 wlad ol
o)lgd Jl (gwpp e dgdie Byl Gos (i Gwes
a o Soop b as ol i bl G o Slou Ges g
b e ialS o glsiwl Bes o)led

sl L (2017) Sheikhi 4 Lashkar-Ara
Lulpd 5 lalisgl 6399 b @8 5930 5 9y aloginles]
Soper b yiehl Sl oyn & e 3 52 pE b
aS ol i ol Julow aidly g iy g jl dtwd opl (w4
4 Capnd o B81:0S8) V:V/0 LaalS o b lelingl sl poo
YL ol 4l cups N0 9 V) udl lag)pe
b slogeyyw o5 aade LS BS (l @l wizen )0
it > Shac oS gl & il Sl i 3 VL S Slas
@b ganlie )l Simly JSew Dl b sloj w4 Cons
s9de Sbjyyw b SlOlNsgl slog)pw (Sdgyin Sliogas
2 iy At Qﬁl A5S G (Syip (godmd L 51
sl 58 j900 ST L dugli

Gos a5 wby i (2010) Yildirim 4 Tastan
gl pl <815y Gl b JUB o 5T el Sl (3l
daw |y 9,5 Wiy gdaw (ol & Cuwl 595 G e S
Critical Spherical Sink ) CSSS Jlypu (59,5 bi)
ol ol L (V) S j0 a8 jebolen .awel (Surface
o J5ls S g Jy 08 J o il 398 slajpe
sl e

Spe bS48 Ul Ju (1872) Rankine
oS cosl o)y o Jde ol 9 5,5 &) sl g yee S,
s e 4 LI )13 CIbyS S (o5 S e @l
e Jo> o452 CS sl g 039 YU b jeSiuny b o
e adhie o 09 4l ol (bl ©b)S) wsle 3
35 )5 oS Spm 5l sygn alobs 5 o5 (I o)
sobon S p (B8 (Sl 4 298 b W el 485 >
Sy olo (V) 9 (V) sladiles 904,



DOI: 10.22055/jise.2018.23695.1690

YA

sl B e Sl past G551 01Ss 5 oo

A B L 55 oanlie lye (F) ety 0 A oy & 05
Shemshi .8 o Jse o Caomw 4 U Ca i) wolgg g By 4
S gD i3 by e L (2017) Kabiri-Samani 4
ol klpd 3 &5 Wl jete 25l IS (63909 b 3B 9o
@l jode (535)9 b & s (2gily M (939)5 522
O )5 o 458 )38 (il g by bW Sl el
VO bcwws > Gyl aliwl a5 s L b,y mb
) 0 /0 <SID

Sago 3 33 Ui 3¢5 slaadllas ,> (1978) Jain et al.
p st Jihe odaw (RS a8l VT 5l i g sae oS
y i) b adlas ly bl il sl )3 sl
(Cepol) Jguws oan) 8l olowd oSy 5l byS Slso 3l atl
O Sl o) Gl Jobe (i) oslizd
ol L& ol ol LmOT Olaass bt cpispes 20,5
Gl J ca)  GalE Gle 4 b
@l oo b Ll b 0 dbul o lxil 3 (o)l gixe
5 (ewdid Ja oy dlel awd g Ll CbyS Sl sy
2 aSul 4 dog b as)S aoms g wob 18 Llod )90 Silatew
90,5 bld alis 0 1) an e slasl 4l plg5ad gjlo e o
Sy oy 5 ) |y I iy o Slasl l 5 (S0 kL 4
IR Gildse SHo g a2y 3)0 3l ol (35 Jae g i
Byl gl 356l Cumday (glyp a5 ol slpidin bl 545 o
oy Ko NS o S 258 208 oo b S Jao > S
e 51 s 15le i 29, 8 & G 5l 5,55 s
N8 el 3y90 1) 293 200 g Slou @il o el S
50l slpadiy 1y o5 alaly 9 Wsly

Fr®®(s/D), =45 (v)

N

i (RIS (5955 9 JB gy p gblite (b ooy
00 Ojle 4 g bl jieS Gls edgae wad 0 e
bulyd & C)S  pg g 5algn) @9)8 dlasl (o)l 51 e3gu0xe
g ol e ) 5 s (S gutin bulyd 5 ol
colgd 51 plagiloil plsl b o Baos > oLyl iz en
ol @ g 35 p (Glpe @litl Ges) Sor sy 1) wel>
M8 S SCr (g9, Slgs o 0)lg0d (ol Clasuiie &S dpwy des
By b sl (50) 0)lges sdbols 22 o Jlo lgiea 3l
SbyS @8 w) Wb e SialS SCrjlide wul oS Gl S
(Mbior 2ol
ol o 1) Juw coy 51 (1955) Li 4 Einstein
el ol oy )15 adlle 2)00 Sopsn S 4 (Gh)S
sl jlloy sae ool ld cpl o s co i adllas
wd Job o) 33 Job aasuio eyl a8 153,8 edlazul (A)

g S g

—E "
27Lv
_Q

Rr oh (@)

con 0 Sl 051 Q elad oy dae tRr o > a8
wd Job 1L g p S0l ailad (co) Glyminl et h ¢ Ssloipo
Al Sy sler

;.:l.))_? Ay ub)> w.lo)'t FLNN uL‘“ 2 dxlllao Ot‘.l CJL\)

33,5 oo (1) S F5e a3 (6) (Slol o J S5 abm)
Ll (7) dady b Gillae JS 50 o J oS

Ve=V+e *)

i<

Spherical
Sink Surface
(CSSS)

=
Critical 7 i

%,

Vertical Circular

Intakes

Fig. 1- Critical sphere schematic around the vertical shaft inlet (Wang et al., 2011)
(Wang et al., 2011) 3l J& 4 56 ST slad Sl bl 35 Sl 2w 0 Cilod hales -1 <o



va

VYA o T4 Jlo | o sles FY 655

ST (ign 5 p5le

ke hg) BB (TepSS oyt L ojgpal Ll idged
odydigy (S il pole )3 il (gl yglind 5 (Slwlo
g Slwbre GYlw Seold 1 a8 ) amd K > s
515 o ol ol g sl 005 o3l | Saltys liite dpules
sl wlad Blbl )3 ogasy Sl 1) S )3 ol b
ol Glao > (gols Jlu a5 (635150 5> sl anily LK
oS cuily sl s oo ) oljen il (Seolys clinie
g e (2Eloj] (slo g, 4 ol )2

Kocabag 4 Yildirim cldlee ljlge 4 Gudos o]
Sladss (> a5 Golds ol bl oad (5)l38 4l (1998)
Wy o35 b Byo (1998) Kocabas 4 Yildirim
2 5 ool 0 035 oS e by e (guiis ol
DS o Do Ll eges JSS 0ud jdite i)l
S Sy gy ) pole 3o > Jy A asges
as B oy Fa S olee S car Sl
owdid e L Nl ol o Y CS e 9 Gl
Cajl luis X9y (gop el b Glew (b5 gdaw
sl wley bl o Sy o5 maw wiin Sluogas
Yildirim cldlae b gglite gl 5l o3 5l codio pSl
el a5 5 (1998) Kocabas 4

95 9 Slge

P Sl Gh) e ileand jslaiedy i3 ol
015 olizl FLOW-3D 3l 5 5l o3 11 (calas ol Lo
@ s 0giote wpoe iy b WS sladblee g cul
glo Sty wrolhon o 2y By o) 5 Moss
&by 54 390 v o9 50 dwdind iy ye ¢l FAVOR
sl (o S 3 laze 51 e 2,55 sl
SPS 43S (o0 o S5 g e (S P Ojgod
b oo s3> slie il oad o b Jobo JS 31 &S
)l oaliiwl l; UL’)} .)I)-‘ c‘aw D9 ,\m\9> gg.: )Jl).: Cjaw
5 sy Slop )i 980 el VOF Jlws oo =52 o550l
Sy g )L,,.e ):.)hu )I oaliiwl ‘.J 9 L;\w O )ygody )L.“B
Higd oo S piiage 9 (Siwgm srables 13 Blw slaglej
SIS gt dols e b gladble Gl3bley nl
5 e ol 5 oS g e > i cla by, 5l odlizl L 5
ol 0a odlaiwl Hlid  seus S > laicdy GMRES i,
sl iw lp RNG  Saasl Juo 5l pioen

Sl o odlaiw] Mgty Jloj o (g S lawgio
clasie Jil o8 5 e sluboe Jio K il oy
saie cpl Sl dsdie ok dle S8 L Bl (wrin
LS cilsd (a dw Jto Sl 3l 5l eolizal | luz)

dse )51 4 ausl s (1984) Hecker 4 Padmanabhan
b)S s asl ¥OXNT Ll b 3Sn sl il
P& WS duog Cpinpd e el Ul due e
IS Jao B g ooliwl Vol 55,5 pg dae e
Sl bl criren A5 e b S 5] St
iz ok 2590 3 0l )13 adllae 3y90 5 1y (S 2
ilodse s Lol ol (230 Wy 4wl gl G pits
Brine SIS Ay ol dbnl (25 2 clagly Al
ros b ly cul cod b JBls 3 diejls
Sl gaei¥ &S o L bl bwgr oad pldl sl il
XV-Y ) it wlil gl iy sae a8 sl gl Ll oy
e il Y

YsSa 3,104 (A)
14

oLy Bes Sa bl ol » bwgie cojw Us O] » S
» b 9 oLy (2014) Asadsangabi et al.
Jie (VOF) Jbw oo (b9 jl oslial b 6585k (slajayp
loo =Gl Jold (536 93 ol 25l Casdas |y (2l g 038
» (CFD) lwlbre &¥las Seolisd 1 odlitwl b a8 cunl ad4
P Gdmdw S gl gl GYolee 5 dgdote pz> hgy B
b9y gy oMo (b Ngd e o (939)9 e SIS
s W) N dLD:J.\A 3 CJL} L)”L"1)’ 9 W) J..\a K-¢
2 $39)9 Alizes JISI (gl (yomolingls padli g 5Lt s
Seolis o w385 s o] 505 denlie RSy Jlhe
2l sy 3 el gy 5 (CFD) (Slslre &Yl
3 52909 e J (gl pigmlngls jadls 5 (0 Jlie
aujp g oloj bag b (Supd Jio b awslio > 6,85k 52y
Jde 3l ealil s (2017) Nourooz 4 Ahadiyan ..l .
2 OIS S oy y oSiuls S sbaass sl L8l (ede
2 9 SRS jype (2 cups QI g s)pe 3929
Ol A w3 a8 ol ol i) Gados s sl )8
whbd 2b i iyl (i g 5ke dw (SB0ls S cladss
Oraeh 5 Cwl 50 placdl 4 cus gioglas @l
YA d9d> 5> suype g9y o gl Lals s 1y b opprie
da (S8 sl 9 (00 GiliEl b Byl el s
Lol (o )S b | amasis bohas g ous obMio lys
20,5 o
Sl gy 4 ggemme y3 b o)Ll by (ol (38 > & (Sllllae
S i e 5 b)S Sl oy 4 (tlesl 5 oo
Syl 1y (abe ol ggeme )3 g aidby xS0l dilas Gl )



DOI: 10.22055/jise.2018.23695.1690

A

sl B e Sl past G551 01Ss 5 oo

— Vypi+Vao+Vis

R (W)
@ o5 olin b Sl ailes calols oS cul S5 4 p3Y
005 s (550} s gty ol (5luns Cuamd Yo
Gt SaeY 3 6,S0)l) slacsdge Solad ud
ol gl tal 1 e o ool s (V) JSb o Sl g3
2w Jold 0ad (s Gl lagliw S Som
A5 i) g B 0 i imen g e Ol Sl i
b o liwl) > dol s o 4 G 3B
aalgs sy (WSl Slas b 4 Sl o, pdaw wdis
odgae ) (Swels Cay) Gl I jshate cpl sl
230 wlas Glbl s eas LS lel g 0l lach,S
ol 045 (55 0400
Johe (s 0
I deb mls p e oyl 31 w)n jlaiea
ot Jie sl bocwl pY e gilednd
2 bl ulyds Ko Byl 5l g 2ad astie Wayiel)l
ly -l ogaar o] ) Jols @l g Jao Slaals (ogad
et Rl 85 gl ) Ss (Sus S lite
Sdasn biyd o gy Joles PID S i 4 glis)
ilwodnd g 43,5 15 geil 3590 olKitnlej] 5> calisee
dy90 calire 3V L oilojl o (Sdgyian baylyds (000)8
9y Slinl (gl b polie Lalys ol )3 288 15 el
A oy 903 ¥ JI VA SISID LS ke jlab 4y g
Soh S e Jhe bug 85 Ojge gileand
2 o) Sl (gojlul b calgss slal o (gunasd
S gojlal (gilwaisgy o pdy ©yp0 Z 5 Y X bl aw
Grid) s (2l Sen (a3ls wi)sl jl odlitl b Sluwloce
«l) (1994) Roache L.y 45" (Convergence Index
@ Ol 4 g byl cpl )5 e 0ld
el g odd bl Ban e jmall ol (Kl
sS4 ccilizes (sl 60008 5l ool
Ken 5l Gkl Joan jgated A dnlgd Cbil jg5e
» ol bis graes g 9l Jie bug gladble >
oz g Jhe (29 (23 polie (Jae jpe kS
Ol S s oy 3 Ol e Sl Gloj e
ol Giles (oY) 4 (@hY) U @l S
455 5+ B 5l Ly 33,5 oo dlisMo & (55 sled o
ol xS ISS 5 plSen clp pY s Juo sl ]
Gl 0 pal 3 o3l

P A g ey 00D (e G Sl lagy b oll a3 550
)5 By )38

slojre glgl 51 ab i gy oy llpd pus slp
spo &S Cunl S5 4 piY g0d edlaiwl e jd 0dd (Byme
i e sl 95 S el 0l s i |y g5 o b
Sy y58le s 5l 5yse CleMbl g o yiwd )0 SleMbl 4y argi b
2 Jae 00l (Byme (gipe bulyd 255 0 Syg0 ye 55
sy sl oad odlisl by (23 (siye by 5l Ssh (3959 50
@S ) g ol Jdo e Gygods (6HUST sbdipe g Cawd b
Sl Jse &S gl canl ouds odlaiwl (g5 (5550 by I o
Gl o odlatol >g,5 by

@GS il epn Sl B 3y Lol lag )l
d93 35 Sl Ol o gdlanly 4 g ol (20 Ol
2P Sl gyl 9 D jd 51y pglaiess Gizem 23,500
Gy ghe ein Olasiie g b (Sdyie bl
I g > gl i opiy o ST wled B 4 Sl
e isilodnd @i Cone SIS lp 085 )13 GBS
2O (b Jhe ) Gejl dlsye dix plxl b U S
G o ol Wby tine 5 Sgpan olSilej]
oo 95 Joted Gjldnd @l (oriwcoms blid ouls
OE2e® 9 52909 Jro 4 Ol (2 Sl JyuS Sl edlal |
Jeolbs pliabl @l como l Jao )3 Ol ol Sy
Dy al e Oh)S S el Sl 4 g L oges
259l eailesy Slbl e Sl b3 QST Gl
oy 3l g plids G5 (gojae 4l jl Ak 90 b g sl 10
$ladilye b ol Gilsie Bl pasis Osdie o ghy
W gl (e Cumbge g (i pasds g 039 i Cilieo
2 sy Gl 039000 Judou g s 1 gy dalgss (gloolu
JS5 g St ol edgame G dlall) o g S SLb
O P38 (oip Sln sl wre el (i) e (o
bV ies s Vol Vi ulon oy St alis
duobre SV 1Sl gailod YL ;o M3 g M2 dM I3 dw
g 0 VO 35 50 Ceyuw (650310l slacuxdse .l a8)S )3
b 9y b e ) 18 Sl 3l Bas 00> VO
(W) J(A) Ly bawg jo5de ga¥ aw > Copw (1Ko
D9 e gl

— Vi1 +Vino+Vins

V= ")

_ Vo +V,+V
Vr= m1 rn32 m3 (\.)



AN

YY-AA u’“ﬂ“ JL\«:\ oJLo.&f“ 093 ‘_g)l:.’T ‘5.«:-\..@:}()19

Rotation T’ 5

ns Ny mm 1
Mm3=75% S, -=e---e--em-w-e | Critical
my;=50% S, --o=-=---e-==--= Unstable S Sub;nee;tghence
Wi=05%% S -- R air core l
}770:0

Air-entrained” | O

D -
Fig. 2- Evaluated Level for tangential, radial and depth data extraction in the model
Jow 00 (Aos g (mlrd (wlow Cas g (S golHb Sl 53 byl B0 I T KL

8 0.7

g 0.65 -

€

= E

S = 061

£ g

2 — 0.55 4

[a) 2

= 0.5 A

(@)

0.45 : : :
0 20 _ 40 60 80 0 20 40 60 80
Time (sec) .
Time (sec)
b) Fluctuation of discharge from the output boundary a) Fluctuation of water level in the input boundary

Fig. 3- The convergence process of solving equations and achieving a steady state
Sl Sl 4 Huwwy 9 Bk fo o1 Kod wigy - ICh

12

y =1.0522x
10

1

Predicted S/D
(o]

2 - Z Best Fit

——— 10% Deviation Line
0 T T T T T

0 2 4 6 8 10 12

Observed S/D

Fig. 4- Comparison of computational values of S/D versus laboratory observations at P/D=5
P/D=5 omi £l 1 50 pdii AKH LT Slaalic 9 Jowo tawgi S/ID Flwlno 93lio dulio —¢ <5



DOI: 10.22055/jise.2018.23695.1690

AY

...gtﬁjﬁj@gw,&gg,',i:obm,wap

L.;l &lﬁ:}‘)] ey K i Ol doddo &S )9Joolo.m
P oS g odmliia ()5 395 (Sl ke 4 foypw 59
e S Sy &S wilie (S Sypon lp s o
5 053) 23k e o a9 o] sl o6 ST (533
Bl ol odgamme o 5l ST 31 4 lga 3459 s oyl
Se i) g S Sjge 4 edgae opl & W8l
Olasiin &b 88 o oyl ool 03,5 8,20 (CSSS)
S Carbyn zn 3 P gl D b ol S ia
2 k3 Pl e Sl b e laojlia 4 s
Sl B 03,5 (985 (il (slagy )l (Sl () e
PID (o yialil juss pliney Jloo (33 gdaw (owiin
I e 9D ] alos b ghin ool sl 555 o)
S 55 Pl elis)) Wlize gl s ol i
SIPID ol slags s Jos cpl b oads 0315 go5 o b YY
e o Soib o 35 (8 cain J
(39) o (8) s S ol Jin sl o 5 55 5L
S s o5 (1) 1 (8) oS o 3,5 1)
by algn Jb alie 4 (ogyie Jlou (o)) daw sawiin
B Seolid cajl doly o cunl S5 4 p3Y il (oo s
asli- 8wl oo cams p b IS5 a8 (5 ol odb iules
bl

dynamic viscosity contours (mPa.s)

0.00 0.46 0.91 1.36 1.82 227 272
| | [ 1 I [ i |
0.70
z(m) i ’
035 N
-0.00 ’ i

1.0 13 22 25

1.6 X(ll]) 1
Fig. 6- Geometric change of CSSS at P/D= 2
P/ID=2 y5 Jlym ) el guwtid s 19 -1 o

dynamic viscosity contours (mPa.s)

0.00 045 0.9 135 1.8 2.25 270
|l I ] | [
0.9 [ ‘
Z(m) i
045 \
L 4 “ ! l
' |
|
10 13 16 X(m) 1.9 22 25

Fig. 8- Geometric change of CSSS at P/D= 4
2 Sl ) T g iST19 A UKL

» il gla oy sl Bkl SID lie (F) JS6
& o3 Ll oads 1)) (g5l e | ol (goae s S/D Ly

Al sy 89y ) €l Sl S o8 cul ()6l
J Balefl polie b (g200 Juo bt (o duglie jslatod,
ol jgdme g (MAE) 3llae (slad (5:Sike slbd oy
oz 5 (1) 5 (1Y) blyy Gilee (RMSE) s ol
ol odlatwl (M) odly (yo 3l odds bjly bs aygly oo

|

1N
MAE = — . — P WY
n 2
RMSE = M (\Y’)

n

g oY VY Ll g 4 eShe (glasielly o
5 a5 sges blazwl fuin oles e cplply sl o duoyd AY
o 5l i doyd +0 dgas 48§ Oy (gilwand I ol
oSike (9 32l ey 4 25 GBS 2L
el or e (e Bl ggeme p lae sl
ol 8 el clislis § o5l Jre

Sy mls
Sl P20 g (s Slasis
dynamic viscosity contours (mPa.s)
0.00 0.45 0.9 1.35 18 2.25 27
T I I [ [
0.70
z(m) -
035 R,
, b
Wl
Il ‘I .
000 I
1.0 13 1.6 1.9 2.2 25
X(m)

Fig. 5- Geometric change of CSSS at P/D=1
P/ID=1 30 Jlym (o) clow guids hisT19 -0 <o

dynamic viscosity contours (mPa.s)

0.00 046 0.91 136 1.82 227 272
B I T | [
0.70
Z(m)
0.35 o\
0.00
10 13 1.9 22 25

1.6
X(m)
Fig. 7- Geometric change of CSSS at P/D= 3
P/ID=3 jo Sl ypm o) gl guwid asT19 Y S



AY

VA Lo ATA4 JLe Y 6 Lot FY 605

ST (ign 5 p5le

P/D=4

dynamic viscosity contours (mPa.s)
0.00 0.5 0.95 14 1.85 2.3 275

1.10

1.6
X(m)
Fig. 10- Geometric change of CSSS at P/D= 6
PID=6 35 il o305 gk (owetidd 19— o JH

dynamic viscosity contours (mPa.s)
0.00 0.45 0.90 135 1.80 2.25 270

I [ | I

0.70

Z(m)
035

-0.00

1.0 13

1.6 1.9 22 25
X(m)

Fig. 12- Geometric change of CSSS at P/D= 8
33 G ) i gt SHS19 VY S

dynamic viscosity contours (mPa.s)
0.00 045 0. 135 1.80 225 270

s | [

80
|

0.70

-0.00

1.0 13 16 19 22 25
X(m)

Fig. 9- Geometric change of CSSS at P/D=5
PID=5 35 Sl o325 gbws (owoiid S19 -4 Jo

dynamic viscosity contours(mPa.s)
0.00 045 0.0 135 1.80 225 270

0.70

Z(m)
0.35 1

-0.00 1 L
1.0 13 1.6 19 22 25

X(m)
Fig. 11- Geometric change of CSSS at P/D=7
PID=T 35 Jlxs o3y g i islg 11 5

P/D=8
0.7 T
L B
2(m) b » N
035 T+ :
P
o -
1 1.3 1.6 1.9 2.2 25

x(m)

Fig. 13- Technical Specifications of SSS Geometry
WV o deain 8 Slaskle -V USS

Do) aw (wtin Slasuie oS cwl ol Sk bl

2 Oyl ol gl PID iz lacaws ly Slyou
p2 g ($d9y9 wlad jhad > MBI | b b5, e )]
layld gly o (gygbay sl WS Sl i) s
sz 9 Sl SBlbl ) asb Glp @555 e SR
S S5 Sl B 4 ol o 4l Gl 555 e
s 5l Cod it Cawlue Julod & Cad dn p8 10 08
2 el b ojehaie ol lp cal ond asby 1T gla)

Cudd o] J) Sl 4 plol gla oy @l S 2bsl )
Seg ledy oyl Jad uss (gl slabaly S gl ) &S
Oyt (SsSs (ogad 10 LiylE S gl Gun L1V o)l
b ao)5 (50 Sl wiles GBIl > Sl (o) o wdin
PID o jiol)l cos Jao dlipl jl Jols wiin Oluogas
3 (ol oas odly il (VW) S5 50 byl sles o) caliske
b (51 (V) Jge



DOI: 10.22055/jise.2018.23695.1690

AY

sl B e Sl past G551 01Ss 5 oo

1im3 o ot glts led ) Sy g dus by Joleo PID s
G (JSb llgp iy paw (owiin Olasuie o
)l Sl L lojan Sl Bl 25 sl Lol el asls
o Cuow 4 B ):5,,’] S cad Sl i) adaw

ol Sy eyl ey Lo 550

P Sl ) ges 4 s pS aled b S L
sskie opl el 05 pludl ond (g glagy )l g2 slee
wsS e > e il Gid b Jolee coll ©pgoa Sl s
20 i) e g3 s Glipn (b gaw Sluoguad g 4
«8)5 55 55 yie g8l VA 5 B bl (e S 4 o
i)l 90 Slm i e Clogad 5 Clasie 5 A0
W)l by 4 (V0) 5 (V) sladss o ls wéys )18

P/D slocws 408 Sl (owid § (36 Slhogas -1 Joua
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R r

L

0

PID (cm) (cm) (cm) (Degree) riL BIR
1 53 6 18 26 0.333 0.014
2 63 6.9 19.71 41 0.35 0.017
3 62 6 17.5 27 0.343 0.0119
4 60 6.5 18.5 30 0.351 0.0123
5 61 6.1 18 28 0.339 0.0121
6 62 8.5 17.2 25 0.337 0.0119
7 62 4 14 17 0.286 0.0119
8 60 4 14.2 17 0.282 0.0123
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Table 2- Comparison of velocity changes at the entrance of intake with D=6 cm

P/D VX max Vy max VZ max AVX % AVy % AVZ %
1 0.17 0.63 11 -22 -2 -10
3 0.22 0.79 1.23 - - -
5 0.32 0.98 1.37 45 24 11
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