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Abstract

A multiphase flow modeling approach equipped with a hybrid turbulence modeling method is applied to compute the gravity currents
in a rectangular channel. The present multiphase solver considers the dense fluid, the less-dense ambient fluid and the air above free
surface as three phases with separate flow equations for each phase. The turbulent effect is simulated by the IDDES (improved delayed
detach eddy simulation), a hybrid RANS/LES, approach which resolves the turbulent flow away from the wall in the LES mode and
models the near wall flow in RANS mode on moderately fine computational meshes. The numerical results show that the present model
can successfully reproduce the gravity currents in terms of the propagation speed of the current heads and the emergence of large-scale
Kelvin-Helmholtz type interfacial billows and their three dimensional break down into smaller turbulent structures, even on the
relatively coarse mesh for wall-modeled RANS computation with low-Reynolds number turbulence model. The present solutions reveal
that the modeling approach can capture the large-scale three dimensional behaviors of gravity current head accompanied by the
lobe-and-cleft instability at affordable computational resources, which is comparable to the LES results obtained on much fine meshes.
It demonstrates that the multiphase modeling method using the hybrid turbulence model can be a promising engineering solver for
predicting the physical behaviors of gravity currents in natural environmental configurations.
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Shto] FAI7F L 2fof kA 1 ThE
= AR oo o= o] Fol= 55
(gravity current)2} FCF, -F-4] Afo] 2] W 2o OfsfiA]
sto g AT 2 (density currents)2t 1 = St} 8<4=A] A 55}
H A2 2 folEE B U R4 FEREA 40
TS webA o) E oA A7 T Bk Ao E40]
THChoi et al., 2017). SFES A BITE 2 G- =5k o] &
2 HIGHERO] A 2te]| oo F /75 @ /d5k=H, shd
o B2 S wretA] 18] 1l HitE-2 ek weha] J4
7|5 st S 2= Aol 7R A/dolth(Lee and
Hur, 2014). ARFPHO A = g Lp 2 2}o]| ofafjA] W7t

EAF sl ERE A i SR IATSET AU
t}. oo} Zo] spd, Sk, S FollA ot ohE A7
Q1 1] §915-0] 52 RSt S5k A A Tl
Sk 0 QAI7S 91 Tl o] oS 5 Q5HCH Simpson,
1997; Huppert, 2006; Choi et al., 2017).

FeI50 2 9 A} 7128 7] Sl F2 A
A7t o] o] F - rh(Benjamin, 1968; Britter and Simpson,
1981; Hacker et al., 1996; Hallworth et al., 1996; Sutherland
et al., 2004; Maxworthy and Nokes, 2007; Dai, 2013; Lee et
al.,2018). T8 =5 2ol et Al o & SR =29k 24
o] A Q1 271 whet v 3 d 53 f(inviscid current)
9} FAZEE Z(viscous current) & EF 4= glow, M
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R 7 Aol A €] 0] Sweby ARt Ak(limiter) S ©]-&
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Table 1. Experimental configurations of Hacker et a/. (1996)

A H7IA] o] ] dut

AF A5 (NaCL)S FsHTt I
S AN AT o2 A

A
745 5852 (reduced gravity)

NNEE g = gAp/py20.12 m/s?0]|FoH, 7|4 p =1
A =, 29 Yot BE A2 Hieto] it g p=
of| A 1T°1 o, Zt A nieh 7] AL 1419 7t22t
M2l ¥] R, = H/x =2t T2 Hacker et al. (1996) 2]
AR5 F Table 1014 HQl Hje} o] 27}2] 74-9-of T oA
2] RO E Pttt A o] A= *e‘céxhi A= 1l
Ooi et al. (2006)°] LES A} 12| 11 Paik er al. (2009)°]
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ALEF G ALFARTO] -5 72| SHH Table 22t T ©
Aol A et At O] F 4= LRN- R3S o5}
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A o] 2201 B WSPH C13 C2¢ = 22 2F20%2} 15% HO.
™, C2f= ARSI o] ol A= 7HH - A 2F 72
A 13 A1) 3] 587 sk T
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e [oll
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Mo

Case g (m/s) ,(m) H=2n(m) | R,=Hz, Lz, Fry=(u;/g H)'? Rey =ushfv
Cl 0.12 0.30 0.200 0.67 11.6 0.45 7,000
c2 0.12 0.15 0.267 1.78 232 0.46 11,000

Table 2. Numerical cases and computational cells

Computational cells &V, < N, < N, (x10°)

Modeling approaches

Case Lz,
Present study Paik et al. (2009) Present study Paik et al. (2009)
Cl 6.0 431x91x65 (2.55) 430%x81x65 (2.12) Multi-phase, hybrid Single-phase,
C2c 12.0 475x87x75 (3.10) 475%81x69 (2.65) RANS/LES with IDDES | URANS with low Re version
caf 12.0 641x113x101 (7.32) 672x113x97(7.37) model of k=& model
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(t=0)°l T} F 27| It 2] +1% WA= 7
AHol| F2F] 2 o] St B I (random disturbances) S 501
FEF A A 9] of et I E 33H BS99
2 G Shk(Hirtel er al., 2000; Ooi et al., 2006; Cantero et
al., 2007; Paik et al., 2009). SFA|T, o] Ao A= 1o] 2] 77
A WS Vo] Ataollk Etotal, FAA <fe] 33+
A 27} 71E AFE-FARH sk 2 0 = YEPT:
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2| 2.0] At vl wsho] B o] A-8/0-S PRIt ok
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ZE5F Clof thet #=ZE RANS o2y T2 2 A
Tof| A gt 4=2] 2 O] ATHE H| WS Fig. 17 2} 2F 58
e daTae ioke ot FE R TR AAHS
w2} Kelvin-Helmholtz (K-H) 2F&(vortex) F412] HAH
ep7HdstHA FHF7HSEF W= A3 (entrainment) ]
173 E]bo] dofdth Agte] AUHA FEF H g
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M= T(vortex breakdown) S A XA B 2F2 Lz 2 A
=AM FR R 7F AT Fig. 1(a)oll A & 4= Q=
AR Ao} 2] 1 O] AO] LA Q] o= 2] KL O] of| A
= HErEe] XA 0 = A A= FiHof ARdolA= ARt
A T A GO = A| A o] Hig-Z wheh R AL A
AR A o] FoPHA SR A oFR7HEAY s
Tk YA Figs. 1(b)~1(e)ollA o A2
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24 (eddy viscosity) 2] Z7]E Fig. 20014 H| st 1
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Aol A pafRt A R O7F Okt | = T FE Aol A
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Fig. 1. Time evolution of the gravity current case C1 [/efd] experimentally measured by Hacker et a/ (1996) and numerically predicted by
[centen] Paik et a/. (2009) and [right] the present simulation at selected times (a) t =2.08s, (b) t =5.72s, (c) t =9.495s, (d) t =13.59

s,and (e)t =18.72s
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Fig. 2. Comparison of modeled eddy viscosity distribution computed by [vpperd RANS of Paik et a/. (2009) and [/ower present hybrid
RANS/LES at t=19.72 s for gravity current C1
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Fig. 3. Time evolution of the gravity current case C2 [/eff] experimentally measured by Hacker et a/. (1996) and numerically predicted by
[centen Paik et a/. (2009) and [right] the present prediction computed on C2¢ mesh at selected times (@) ¢ =2.52's, (b) t =4.08s, ()
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Fig. 4. Comparison of modeled eddy viscosity distribution computed by [upper RANS of Paik et a/. (2009) and [center and lower] present
hybrid RANS/LES on C2c and C2f meshes, respectively, at ¢ = 19.26 s for gravity current C2
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Fig. 5. Time evolution of the gravity current case C2 numerically predicted by [/ef] LES on a mesh of 35.4 x 10° computational cells by Ooi et
al. (2006); [center and right] two present solutions computed on C2c mesh (3.1 x 10° cells) and C2f mesh (7.3 x 10° cells), respectively,
at selected times, as Fig. 2
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(b) Gravity currents computed on C2f mesh

Fig. 6. Gravity current C2 visualized by three isosurfaces of p, +0.24Ap,
Py, T0.5Ap and p, +0.8Ap computed at ¢ = 19.26 s on two
successively refined meshes

(b) Coherent structures computed on C2f mesh

Fig. 7. Coherent structures visualized by isosurface of g-criterion for
gravity current C2 computed, as Fig. 6
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