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Study on Analysis of Gravity Currents by the Finite Difference Boltzmann
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ABSTRACT: In this research, the finite difference lattice Boltzmann method(FDLBM) is used to analyze gravity currents in the lock
exchange configuration that occur in many natural and man-made situations. At a lock those are seen when a gate is suddenly opened,
and, in the atmosphere, when the thunderstorm outflows make a cold front. At estuaries in the ocean, the phenomenon is found between
fresh water from a river and salt water in the sea. Since such interesting phenomena were recognized, pioneers have challenged to make
them clear by conducing both experiments and analysis. Most of them were about the currents of liquid or Boussinesq fluids, which are
assumed as incompressible. Otherwise, the difference in density of two fluids is small. The finite difference lattice Boltzmann method has
been a powerful tool to simulate the flow of compressible fluids. Also, numerical predictions using FDLBM to clarify the gravity
currents of compressible fluids exhibit all features, but typically observed in experimental flows near the gravity current head, including

the lobe-and-cleft structure at the leading edge.

AEe B3 dFEHeA
(Keulegan, 1957; Benjamin, 1969; Britter and Simpson, 1978;
Simpson and Britter, 1979; Huppert and Simpson, 1980), &t
@ H2 5ol ANV A WAY ] FAANS §
3k Aqre EtA| o] Folx|z QltiHartel et al., 2000). —1&
g olsh & ATEE dwdoz Aee 4% PHesA
BoussinesqAME )83 HIgHEA] FAIRDS o]&she Hlo
o], olHF FEFY ZEEANES AFA FA B
A siiske Rl 71 v,

2 A7 ARHT e ¢
(Lattice Boltzmann Method, LBM)2 <,

A0

zﬂlx‘ix} T

055-640-3121 ysson@gaechuk.gsnu.ac.kr

o glo] gl o]&FE FARALMHo|tHAlexander et al,
1993; Chen et al, 1994; Huang et al, 1997, Wolf-Gladrow,
2000). AAHEZTRClA dwbzos 7o e A
Azl 2fa) oj4tst HolAWH, 2 AR} ellA FHEUATL F
=3 ¥A(o]5)E HHESHHMcNamara and Zanetti, 1988). ©]
W, YAl BEXFFENE FARAMY AANZS HsE 2%
so] 589 o seHlES(EE S5 2 AUA)S T

O

wloln], ZHZoZ NavierStokestA 28 o] 83l ol
FAAY A 2ok

g, AxEET 2doMe fAe 43 AAe g
dfAndy 1 oo BldfH=Ede] Qlrt. o] o= YA}
FEAAA doi PAY] FeUAY BERAE A &3te
5o 3tA Rertel o8] ZA3HTsutahara and Kang,
2002). L¥tAor Fe] AAEZTE Rdoxe] HfARH
2 A Fed E(WFAR)S] ErE AgEAY S
gt ole} Aldte] Bl =Hle Aevl Jok 2Ex A
AgzgE 2de] ALhS AHESFO 2 FAAME o
2 7% F71 ok

ol A Ak wleh Zo] FERAA
o} mdo] A FAe 4EE AR 9%

FHZQ EANA FasA He

15



e 2
16 e Al

o k)=2.2)

Fig. 1 Distribution of particles on square lattice(2D21V)
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Fig. 2 Lock-exchange in a channel of length L; and height 2h.
The dotted line gives the interface between the two fluids and
the gravity acts in the normal direction y.
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Table 1 The parameters of the input data for numerical
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Fig. 3 Distribution of density and pressure at a initial condition
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Fig. 4 Two-dimensional lock-exchange flow between no-slip walls at a Grashof number of Gr=5x10". Flow fields at difference

times ¢ are visualized by an internal energy distribution.
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Fig. 5 A comparison of the variation of the Grashof number at =240 is visualized by isocontours of an internal energy.
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Fig. 6 Variation of the head of a gravity current at various
time ¢ by LBM: > 8x10%, [] 2x10°, A 5x10°, x 8x10° and
2x10°,
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Fig. 7 The Froude number Fr at the head of a gravity current
as a function of the Grashof number Gr: O, Two-dimensional
LBM; x, DNS(Hartel et al., 2000); , Keulegan(1957); A,
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Fig. 8 Structure of the head of a two-dimensional gravity
current. Flow shown by isocontours of internal energy.
Gr=5x10°

Fig. 9 Experimental result by Simpson et al.(1979)
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