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Fig. 1. Computational model and initial condition of salt

finger at fluid-sediment interface.
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Fig. 2. Three evolution phases of the salinity field: (a) Early formation; (b) linear growth of fingers; (c¢) the slow growth period.

214701-4


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

¥ 1B ¥ Acta Phys. Sin.

Vol. 69, No. 21 (2020)

214701

¢ =0.35 T, PUERIRRZ N LRIE, fE%18
B B THE RSB T 0.8 I 3441 T =
ATH T )Z S B AR R, FTLUE ) B
AT A KR T SR AR A S R T i = AN B B, B ?z‘fft
W B ST JEL B B N2 1%, B R AR R, TR 18 )
KGR . 7 ¢ = LA, LTF‘?%EEH*WHN
FRAER, AR R 5 IR A 8 = T2 AL i T
Bl XF ¢ = 0.4,0.35 T00, FZ2FHEEEHRLZNT
LIRS, BT e 2L B AR K S
R BE 55 T HAE 2K (e, B R R 2
AR X FRAE. FLBR 2R R 0.35 B 5 i i) )5 8 A8 A
F/NTALBRESN 0.40 Y T

—04r

—0.8 ¢t

t/10-2

S N S N F= T R A o [ R A W R = s o
R EEMT)R

Fig. 3. Positions of the upper and lower mixed-finger inter-
face versus time for all experiments. The solid line and
dashed line represent the upper and lower layers, respec-

tively.

3.2 BR.ESEE

KBl 48 ¢ =040 T80, t = 0.15 8 Z (T)F1 (S)
{18 T 7] 43 A B %o o B ER B L IR = X B (x) =
%/ U e WACE I, LA B i 4
ATLUE Y, BEE SRS XTI A E T, TREE (K 4(c))
FEAR ] BB R A, i TIRE T R
R, R E ST R R B A, ELARXE R 4 A
B HERTR TR AR 2R (8] 4(b)) FEER 48 %t
TR X IR PN () 2 LA 2B WHR A 25, TEFA
JRATSRARIF A o B I [ Bsf 267 % B B 0 A
T2 K 28 3 B B AR T AR 2 I
X3, XS T ARR T ¢ = 10EhTE, T T
e B AR IR A2 8] T B AR, BRI T KRE
PAYER R BRI E 3.3 F5 i — 4 R IT.

& 5 FE 6 43514 ¢ = 0.40 F1 ¢ = 0.35 T.40
I KT YR N B A ) e o st 1] 4 AR A A

MEL 5 FE 6 7T LIE h, TTiesh 2 mE, RE
DRI 1% J5E B it Pof TRLAS T DA, A B ks o i 7
HJ5 ] FIRGIRBE IR BERIRE ). Rl ASXE A B
EMRA )RR R FEE IR G 2R, 2O2H N
ARG A YOS K B T 0 AN EEE S A i 3
()3 BT T 6P PR AR K. AR ¢ = 0.1 Z 87, PV EL

1.0

0.6 [

0.2

—0.2 F

—0.6

—1.0

0 0.2 0.4 0.6 0.8 1.0
(1), {S)

K4 WESEEMSMAE (a) ¢ =040 T.0, t =0.15
I (T, (S)#I; (b) S=E; (c) T

Fig. 4. Horizontally averaged T and S profiles (a) for
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Fig. 7. Velocity field for (a) ¢ =1 at t = 0.075 and (b) ¢ =
0.40 at t =0.18.
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Fig. 9. T/, S’ and w along z=0 for ¢=0.35 at
t = 0.10 (w is scaled by 100).
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Fig. 10. T/, S’ and w along z=0 for ¢ =0.35 at

t = 0.10 (w is scaled by 100).
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Numerical study on salt finger at interface between fluid
layer and porous layer by single-domain approach”
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Abstract

Simultaneous occurrence of temperature gradient and solute gradient at the fluid-sediment interface is
conducive to the onset of salt-finger convection, which may in turn cause adverse effects on fluid mechanism.
Ignoring the existence of salt finger would lead to numerical errors or sometimes even qualitative error in
calculation of vertical mass fluxes. In this paper, a single-domain approach is adopted for the two-dimensional
numerical model of flow coupled temperature and solute in a composite region made up of an upper fluid layer
and an underlying saturated porous layer to investigate the evolution of the double diffusion convection of salt-
finger form at the fluid-saturated porous interface. Darcian model describing the porous medium and
incompressible Navier-Stokes equations in the fluid layer are solved at the same time, where different heat
capacities, thermal conductivities and solute diffusion coefficients are considered. Three cases for
¢ =0.35, 0.40, 1 are considerded to study the evolution process and structure of salt fingers. The evolution
process of salt finger is divided into three stages: diffusion stage, linear growth stage and slow growth stage. For
all cases, the kinetic energy is transformed rapidly at linear growth stage, which promotes the mixture of
momentum, temperature and salinity at the interface. Then at the slow growth stage, the kinetic energy
conversion rate becomes slower before finally the kinetic energy is dissipated by the viscosity and friction. The
results show that unlike the salt finger structure in stratified fluid, an asymmetric structure of salt finger is
discovered where finger in the porous medium is shorter and wider. The existence of solid skeleton in porous
medium hinders the growth of salt finger and reduces the vertical mass flux. Compared with the temperature,
the salinity fluctuates more greatly at the interface, which also means that the effect of salt finger on salinity is
greater than that of temperature. It is found that the higher the porosity, the faster the growth of thickness of
salt finger interface is. Under the condition of high porosity, the potential energy stored by the unstable
stratification of salinity is converted much more into kinetic energy, which increases the transport of heat and

mass in the vertical direction and thus enhances the mixture capability of salt finger in the vertical direction.

Keywords: porous layer, interface, salt finger, laminar flow
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