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Experimental and numerical study on the self-rotation in
sink flow
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Abstract- The appearance of swirl in the fluid flow, without any external factors, is named self-rotation. There is no
consensus among the researchers on the possibility of self-rotation in sink flow. In the present study, this phenomenon
is studied experimentally and numerically. In the experiment, a new setup is proposed and the thymol-blue method is
developed for velocity measurement. The experimental results show that the net value of circulation in the flow domain
does not increase relative to its inlet value with increasing drain flow rate up to several times of claimed critical value.
In other words, self-rotation does not happen in sink flow. In the numerical study, the three-dimension model of the
experiment is simulated under the same conditions with the experiment. The simulation results have good agreement
with the experiment ones and show that the self-rotation does not occur. In addition, the numerical results show that the
swirl, or corresponding circulation, which was seen in the experiment, is due to asymmetry of input flow and by
eliminating this asymmetry, the swirl can be removed completely.
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1. Sink Flow
2. Bathtub Vortex
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5. Direct Numerical Simulation

% 6olads \Y 895 AYAY Jgy i (59 g0 SIS0 (i

T ey adss ¢l g

(@)
o VL lei —o Glalojl awain § pleaer 7,k -Gl ) S

siabesl

Joloeo a5 oo aeSTg ane 4SS wiz 0,5 adlsl b e
suila, (M+) ,8l50n) gownl S bl b Jslne 'zl e
DIV] ael o S, 0,5 S5 a4 Joloe aoad b ol 4o
35 Sl st 9308 Syp0 42 5 330 sinshon 1) b o 5
Y5 5Ly b it b, S Cadls 18 g5kupl T aliss
Jles! (Sslogsl (S xSUl 05 alesy NOS Do gl <
S bwg s Wl BlLbl e S5y ade A e a5 ol
Solop pld YU sl 5l Jhw (S5 0095 &S > 5l 90
bes cllB 5T elS CneS I aasieg 9SS

1. PH
2.DC
3. Full HD

YA

WWW.SID.ir


www.SID.ir

ol g guozxo M

ol by 30 (S y2 055 oy (2T 9 gous axline

2 lp pthage 5 (S ladolas 5l aiws S, s
50 -V laalolas) Wad o S e JS 50 Jlws 30
Sty Gl b oo (1,0,2)  lalgal  Olae
Gebio 1) Z jome S i 5 4y g 0 oolaul (1, Vi, V)
A 2270 amio p Gl | 3% BT 5 jaikew e
dg) i (Sl glaadoles giluan o sl el o 485
Olye 4 4Q/md? Sl 3 bwgie ol Cepw g d adss
Saig B ol pl gl ge 485 A )3 Sy 5 ok (el
Al ooy eael dalol o as IS 4 (oS> slaalolas ool

170 17 7
;;r(”/r)'f‘;ﬁ—&,(%)v‘;z(l/z):O )
(VV)V_K5:_5_P+l< V_E_E%) (/\)
“'r Jdr Re “rrr2oe
V-V, V,V{g:_i@ i( 2 0+3%_E)
rof Re r2 00 r?
Q)]
vr—Li L e, 0
° 0z Fr Re z

<l Re =4Q/mdv , Fr=16Q%/m?d>g dxzl o
@) g ¥sS e jlaie oyl Sy Ol G o
Sl Bae (pyz axly 5 Glagly oS > ojlail (Ko ole
s T =1V S5 4 ool @ aml 5 ang pd & &S

Digd o iy x5 =TV
Sy97ee S s (D90 odmline ¥ JSL) (35 (69,9 50
St by o oilej] mls 4 4z by cul jio
g o 428 S a0 s JUgersl y olad sloce s 6l
V(6,2) = V(8)in 1.5(=2% + 22),
. r=20, 0<z<2
Vo(8,2) = Vy(8),1.5(—22 + 22),
r=20 0<2z<2
0 YY)
Vg sV bwgie p3las Vg(0)in 5 ()i dnsl 5o

4

4o
plge Somsy Galesl gl 5l as axal e bz 5095

ol 50 g Sl jao bl den walx sloojlgs o

g lgi oo )
V. =0,V,=0,V,=0 on

& bwlxo (gig, -Y-Y
5 (V) i kulpd 5 (VoY) oS sladolee J> sl

'va

bor 6l ( alEale;T adlas asles s ol 4o
SpSse B i 250 O] 3 S zosE Gl g olx
O35S s S35 2 89935 x5 SJEA 23 el 0l
b goe iloand 0500 )18 29 950 J> Glae o
g e ol #IY ' Cgls I3l 5 5l ooliiu

Sl gldolew —V-Y
S azgi o5 laslgl (55 J3Is Gl ¥ USS o
O30 3ly (il Djso 4 O ez oo b ol ol 4 S
A8 4 Sz s Ao G b Sl e 9 00d (sl
O3 50 layr Sedisme Tyl o AS o adlyd
S5iige B8 515 B 5 el sl

5 3 aw Giladse sl Tl ooz i oo
dolee S b 09,00 ) @ (s 5 0D 3l oLy
(ol oyl 59) sl 5 (S 6l oo ot S
et 318y mhans wel ool ¥ dlolee jo 4S5 jeb len
5 ool esle las ad l eolaul b lge comm> e 09 o0
39 50 Al (F) dlolas
V- Ve, =0 )

&,t&,=1 )

.M‘g&jg]@?&p%e%}@ga 5 &y dxul yo
2 Sl Jsbo ;0 10 P (o> py2 5 4 55Sus
ol jo a5 job Hlan ( Jjg awgin cem> ppw bl

».\;9...;(50 O P PR WP RS uLo.vJ *) 9 (W)

p:gwpw_’_(l"gw)pa (&)
U= Eptly + (1 —&y)lq *)
=
St P ’ ==
59,9 S g
|
g3 )L“‘ﬁ/w e ‘

b omdns oo (5 5lwands loe ()l g dwsce caas ¥ S

bl awaie L LSS ola!

1. Fluent
2. Volume of Fraction
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