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Abstract

In this paper, the FLUENT software was used to simulate the evolution characteristics of the
lock-exchange gravity currents over a flat bed. Two-dimensional large eddy simulation (LES) and
direct numerical simulation (DNS) were utilized to compare the morphological change, instanta-
neous mixing coefficient, potential energy transformation, and Kkinetic energy at the characteristic
section. The results show that both LES and DNS have good accuracy in predicting the head posi-
tion of the gravity currents, but the results of DNS are slightly more accurate with more computa-
tional grids required. For simulating the development process of gravity currents, the DNS results
show less K-H instability occurring at the interface of current and ambient fluid than the LES si-
mulations do. For DNS simulations, heavy fluid basically concentrates on the current head. In ad-
dition, the DNS results are closer to the gravity current morphology from experimental observa-
tions. The mixing degree of density flow with ambient fluid estimated by LES and DNS simulations
is similar, but the result of DNS shows smoother current-ambient fluid interface. LES and DNS re-
sults obtain similar potential energy changes along the course of density flow, but the results of
DNS have smaller background potential energy. For the temporal variations of Kinetic energy at
characteristic cross-sections, compared with LES, DNS performs fewer oscillating peaks. The re-
sults of this paper can provide a reference for the selection of numerical models on gravity current
simulations in the future.
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Figure 1. Schematic diagram of physical model
1. ¥ERAREE

2.1 HERE

ASCHIBUE BT GO A 1 Fos BT i QR B, At SIS G 5 R X 1 P2 ifX
350) B B XA (1] 1 i X 3K

2.1.1. PIRERSRRSE

KT RIRAARR 52, FEEE G5 B 0 Wk X o B8 XCHdE AT 31 73 #E LES BRI AR, A% LAY
(Subgrid-Scale Model)>% ] Smagorinsky-Lily {5, DNS #i %1t ik ] 2 X 2R 5 (Laminar flow), 22 #H iR
#ALH Mixture B8, 577K PRESTOVRL Y, e/ S5l B2 (R &K SIMPLE(Hs g 38 FE S & J7 FE4HL 1Y)
AR, shE KA A F0 250 4% R (Bounded Central Differencing), AAF143 3R FH — Bl KUk
Ko BHFEAETRZ/NT 0.001 B Al A AT EUEL.

212, IBRFH
TR S (K] 1 g e X IR)IE BT 7308 0 B SR [15], Ao A F0 s (] 1 X 38) R A G
i st . FERSHERAD S (E 13 6 X)) K interior (#5454 464+ .

2.2. 1REVIF

oG, W BB AL 25 R B S N SEI 0 T AE R [LSEEAT X L, DAIGIFASE B (g e aff 1 o X HLUR
FOoCE R T N2 HEATI0E X LES A, XFE 7 WIS 20N 7.5 J3(2 mm x 2 mm). 30 /5 (1 mm
x 1 mm). 120 /(0.5 mm x 0.5 mm)[FEELE R, KIS EE KT 30 I ROk, Fik, T
BRI A T VR 1, LES BIALIE A RS K/ L omm x 1 omm, JEiH4CEA 30 J. 1fi%tT DNS i

DOI: 10.12677/ijfd.2021.92003 26 PRS-


https://doi.org/10.12677/ijfd.2021.92003

Wt s &

A, T RS SR B, R A 1 mm x 2 mm (30 /3). 0.8 mm x 0.8 mm (%) 45 /3). 0.7 mm x

0.7 mm (%] 60 /j)~ 0.58 mm x 0.58 mm (£ 90 J3) 511 4 FhRA% KN, Foxd b g il 2 fior

Dimensionless Front position X

12
1oy Lo
&> -7
8 [ },c:'," -
‘, -
»),
6 F : :
cf‘ - = Mixture-laminar-30W
4l R4 - = Mixture-laminar-45W | |
~ - - Mixture-laminar-60W
d Mixture-laminar-90W
27 -0 Exp-Liu |
- - Mixture-LES-30W
(11 : L :
10 20 30

Dimensionless Time T

40

Figure 2. Comparison of temporal head position of gravity current between numerical and experimental results
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Table 1. Parameters of numerical cases

F 1 BETRSH

415 pa (kg/m?) pa (kgim®)
LES_N1 1000 1005
LES_N2 1000 1010
LES_N3 1000 1020
DNS_N1 1000 1005
DNS_N2 1000 1010
DNS_N3 1000 1020
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Figure 3. Development processes of gravity current in the case N3: (a) LES; (b) DNS; (c) Experimental results
AN TRFERMWARIIIE: (a) LES; (b) DNS; (c) SEIELER
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Figure 4. The variation of entrainment parameter with front position of gravity current: (a) N1; (b) N2; (c) N3
4. RERMBRAKMELBUETUXRE: (2) N1; (b) N2; (c) N3
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Figure 5. The variation of the dimensionless total potential energy, background potential energy, and available potential
energy with head position of gravity current in N1: (a) LES; (b) DNS
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Figure 6. Kinetic energy profile at the characteristic section of density currents of the case N3: (a) LES; (b) DNS
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