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Investigation of the interaction between vortex structures and cavitation in turbulent Couette flow
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We performed a direct numerical simulation of turbulent Couette flow of water involving vortex cavitation in order
to continuously observe the local interaction between vortical structures and cavitation and the global modulation
of the turbulent flow. In the simulation, we solved the fundamental equation of compressible multi-phase flow
with a cavitation model predicting phase change depending on the local pressure. The simulation results led to
the following findings. Turbulence vortices could produce cavitation, and then, the growing cavitation weakened
the vortices. As a result, the intensity of turbulence increased and decreased repeatedly. In addition, according
to the investigation of the instantaneous flow field, it was found that the cavitation produced by a vortex affected
the center of the vortex and, after that, the regrowing vortex looked different. This means that the unsteady
phenomenon did not necessarily repeat itself in the same manner.

1. #E

e v T — g COMAEEMZE S ST
HAERETCEET S, ok x, FHiKBOFLOEE
E TRy ET—a v BNREETIHILLE, Sy ET—
varOMENERBERLS L EEEBELT, G
T O KIFH 2R LI %2 TRl 5 2 S13RF S Tz,

INETI, SRFTOMmE F¥ BT — a3 OBEREM
FARHN TS, fFl21E, O’'Hern) 0FEBRT, FLiktA
%ﬁﬂ®£mﬁﬁﬂf%&bT~VH/®@$#ﬁ XX
NTWA. —7, Iyer b D13, FIEEE AMEHR O EBR
IZBWT, Fyv b7 —y a1l Xk AELRREEOZE
5, MIBICH2 BB L. £/, Hub ()
Xy bETF—var bR EAONEERIZLST, v
vr—varnNimESAEELSEDL L ER L. L
ML, FERICLD2EETIE, oM E KO AIER
ST SN TV, ZHUCR LT, g olE
WAL Z N TEIEEHEY I 21—
> (DNS) 3R FETHS.

AWFFECTIE, WMNGHOIEFIG5ARIIE U TR EIREE
b+ HARMEEE LY ET—2 a3 v EFAZHANT,
S ERARIC BT DB E AL & BB L i) ERE M S RIRA
WMERHRT S, 22T, HITERECB T2y B
LR A% e +5. LT, SLikimeimsy ©Fr—
Va U EMENICEIEL, TOMEBLY, S STy
v —a COMBEERORBEH LT 5.

2. FEME
2.1 EBRAREK
ARFGETIE, HEMEMERIRIEMRZ BT 572012, M
B IZBERS L7z DNS fEfmis CLLF O R A E <
EfD X 5 5
p Ny —
EY a—xj(PUJ) =0 (1)

Navier-Stokes MDEFHHER

0 0 8]) 8017

Za— bURKISHT SREER D OB AR

_ 8u, auj' 2 auk
%ij = —“(axj M 5%7,) 3)

Periodic boundary condition

Fig. 1: Computational domain and boundary condi-
tions.
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Fig. 2: Instantaneous contours of the gas volume frac-
tion (red: f; = 0.0012) and the second invariant of the
velocity gradient tensor (yellow: @ = 1.0 x 108 s72) in
the computational domain at t = 19.25 ms.
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Fig. 3: Temporal variations of the spatially averaged
streamwise vorticity intensity and the gas volume frac-
tion.

B, Rew(= UyLy/2v) = 3731 O 7 = MiAICR -
TW5. Z LT, ¥IMIESE po = 0.0028 MPa, IR
FEIE Ty = 20 °C ThH 5. ZOMODRT A—2 —[FF <
TKREBELTNAS.

3. HERERBIUBE

3.1 B¥XvET—LarvEELIIVMELFOBR
AREETIE, LIRS HSICTHE LA ¢ = 18.50 ms
PRI, ¥y beTr—ra e 7020, SURHEZE(L
57y MLREZBRLZ. K212, Kt =19.25 ms
DRNBICBIT DEEART I VDE2AREREQ LK
FIRFEER fo(=1— fi) OFEER O Z AT —HBOHR
OHFLMIETIEA N ERAKIELL T2 Y, [IanREAe
LTWa. ZLT, KJa2miECigm, L7225
B L CWHEEFAEE SR, LER- T, AHEIC
£oT, EEL/ oy MLRIZBITAmFryET— 3
UHRHBITE R EIND BT
3.2 FIYETF—IarRELBEORKMZEL

¥y BT —2a XD RRANRBOE(LEFHS.
E, THLRIORTELFEERIE, BERE AN 0 <
y < L,/2 DR CELH I TS, FrET—rayv
EF N EHIE LR ¢ = 18.50 ms LA O EHIIE
HLT, X312, BEAAREYZ OFmRTmRED 2 F
N K DMOTES Q, & KHRRER F, ORFEIZE LA R
T 0, & F R 8), X DEICERSNATNS.

/wng
Q, =\| e

v (8)

/ fedV
L )

ZIZT, VIFHREROESORETH D, K3 LY,
FHEEN CRIANREE LIRS S & &1, fEamngE<

F, =

Copyright (© 2018 by JSFM



T T 0.0006
—— (Y (with cavitation)
— (Y (without cavitation)
0.002f Fy
10.0004
Sy
Q 5
0.0015¢
10.0002
0.001 19 * 20 = 0

t [ms]

Fig. 4: Temporal variations of the friction coefficient
and the spatially averaged gas volume fraction.
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Fig. 5: Vorticity distribution and instantaneous con-
tours of the gas volume fraction (white: fy = 0.001) in
a part of the computational domain.
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Fig. 6: Profiles of the streamwise vorticity and the gas
volume fraction at ¢ = 19.10 ms.
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Fig. 7: Profiles of the streamwise vorticity and the gas
volume fraction at ¢ = 19.25 ms.
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Fig. 8: Profiles of the streamwise vorticity and the gas
volume fraction at ¢ = 19.60 ms.
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