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Abstract: Cavity flows are common phenomena for underwater vehicles. For example the drain holes of the
submarine are one of the typical cavity flows. There are some complex turbulent phenomena in the cavity,
such as shear layer K-H instability, coupling between shear layer and cavity recirculation. So far, many
difficulties remain for CFD numerical simulation. Firstly, the setup of an accurate inflow condition is crucial
for analyzing turbulent coherent structures inside the cavity with the high fidelity due to the fact that the flow
upstream of the cavity is usually in an utterly turbulent state. Secondly, there are frequency components with

second-order oscillation modes besides the ones with first-order oscillation modes in the cavity flow.
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However, the CFD numerical simulation still faces challenges for such second-order oscillation flows. In this
paper, a DFSEM-WMHRL method is developed to perform high fidelity CFD simulation for such complex
cavity flows, where the WMHRL is a hybrid RANS/LES method with the wall-modelled capability, and the
DFSEM is a divergence free synthetic eddy method with the turbulent inlet generation capability. Through a
series of numerical simulations on the channel flow with Re, = 395, the turbulence kinetic energy resolution
index r and the combined conditions for the RANS/LES hybrid boundary positions are firstly confirmed,
indicating the capability of the proposed method for analyzing the second-order statistics of the channel flow
with high fidelity. Moreover, numerical simulations were carried out for the cavity flow with Rep, = 3360 and
L/D =2 based on the proposed method. The results show that the DFSEM-WMHRL method can accurately
analyze both second-order statistical characteristics and the fine spectral structures caused by self-sustaining
oscillations in the cavity flow.

Key words: cavity flows; turbulent inlet; coherent structures; self-sustained oscillation frequencies; wall-

modeled LES simulation
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Fig.3 Numerical simulation results of first-order and second-order statistics when f;,=0.2 for Case C
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Fig.4 Numerical simulation results of first-order and second-order statistics with different values of 7y, for Case C

Zi bl UL, %) DFSEM-WMHRL #E8, S #ERA 3K Re. = 395 T R RE 8 i i 1Y — B S — B G it i
PE, Tl 2 LR =SSR, (1) 584 LES TFE 2 VAL BN T i TE W WA (BN 17 114 JC ok 20 B THI R 25 22
L Blyres <yi 3 (2)584 LES J 3 A i m s B M BT FE A /INT 80%, Bl r, <0.2; (3) RANS 45334
G By S REM AT 2 /DT 50%, Hlrg <0.5.
2.2 =R

A/INTIRS Rep, = 3360 T HAT 58 42 it A A 1 A UL Y 23 J 0 ) REHEA T BB A AU 5 5 20 B o Her,
Re=U.D/v, U, N2 RV FH B, DR E B . 5% Pereira 21 (528545 8 &% Chang 25 11y
LES BUE SRS, A ST 5§, 2, LID=2, HID=6.09, WID=6, L N7 A BE, H 73 ik
TBLRBE, WO ESE o 34h, 2= AR B O 10D, BB D 4D HishJr 72 OxfliE i,
y HFHE], z NS

A FABE T FEA DA, WA O3 E S DFSEM & 8 i A H, i 2l BE$% i 7L 5 B2
I=02%BE, Wk =3(UnD)’/2; WAEFRSE w = k/vBCE, Hofrv/v =100 7EH AR, BENFEI]H
M, B p =00 M- f 0w E o X PR F A fh . dEiiBe S B b T 30 B R s IR B, ik s
KT, Bu, =4, =u. =0, [ sIfEIE Nk =0, LFEROIRE Hw =6v/Fd .

X DFSEM-WMHRL FR1f) RANS #5, 2R — J2 RS A0 R 9O BE I ES UK 0.5, AR I 1) 19
FIPCH 1.1, FEICHERD I, R ANSYS ICEM R0 23 J AT RS 3l 7, BATT A% A 7S i, L) T



552 1 WIS . BT A I BE AL RANS/LES:-- 227

W& R4 N 5 FioR o FERUE T T, o 904kt )25 K A (= AtUL, /DY BRE 2.1 x 107, Fe K R AR
COmae = 0.3, THE KN 300D/U, 1%} G 200D/U TR sh S50 4T 45311, LISREUES i B9 F
' LRSS RSB

L=2D "
4D~

Pl 5 23 iR R AR Ja) 43 2
Fig.5 Schematic of cavity flow domain and grid division
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Tab.2 Coordinates of the measuring points
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3 (1.75,0.00) 6 (1.75,0.10)
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Tab.4 Numerical results of frequency of cavity flow using SST-IDDES and DFSEM-WMHRL models
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Fig.10 Mean flow direction characteristics and their comparisons
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