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Analyzing the Local Eddies and Moving Behavior of the
Head of Saline Density Currents

Chien-Jung Liu"  Shaohua Marko Hsu®

ABSTRACT A vertical 2-D numerical model verified by the experimental results
was used to analyze the local eddies and moving behavior of the head of saline
density currents. Large Eddy simulation (LES), and the relation between the Schmidt
number (S¢ and local Richardson number (Rj) calculated by the local flow field were
used to calculate the eddy viscosity and eddy diffusion. Based on the fixed coordinate
to observe the local flow field around the head of the density current, there were two
eddies above the head and under the nose, respectively, diluting the concentration of
the head. This phenomenon was difficult to measure and observe by experiments.
When the moving coordinate moved with the velocity of the nose of the head to
observe the head, there was a close circular eddy in the head and the size of the close
circular eddy was the same as the size of the head. This means the size of the head
depends on the close circular eddy in the head.
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Fig.1 Relation between Reynolds number (R.) and
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Table 1 Experimental conditions of all cases

Y (/L)
. 17.17 23.55 30.61 59.26 113.84 229.52
Bl (ecm2/s)
2 7.29 7.26 7.24 7.21 7.10 6.88 6.42
4 14.71 14.66 14.60 14.54 14.31 13.85 12.89
6 20.01 19.94 19.87 19.80 19.48 — —
8 27.52 27.44 27.35 27.26 26.88 26.15 24.61
10 33.64 33.54 33.42 33.30 32.81 — —
12 39.39 39.27 39.15 39.02 38.47 37.44 35.24
1.Exporumental Fhume 7 Fump 12 Walve Control for Saline wartor
2 Mipcing Tark for Salime Water & Drninage Tenk 13 Walve Centrol for Cles water
3, Stearage Tank for Clesr Water G Elot and Gate 14, Adjust valves
4. Congtant-head Tank for Salime Water 10 Entrance of Salime waber 15 Overdlow
4 B 5. Constant-head Tank for Clear Water 1. Entrance of clear water | 6. Orverdborw of clor waler
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Fig.3 Diagram of experimental flume and supplied systems

14
PR IR
12 12 /Q.:-0.0059C,+ 11.88 R*=0.9316
10 10 Q;=-0.0052C; + 10.15 R*=0.9662
E 8 F 8 Q;=-0.004C; + 8.30 R*=0.9845
2
I 6 6 Q;=-0.0033C; + 6.04 R>=0.9797
4 4 Q;=-0.0025C; + 4.44 R*=0.9597
2 Q;=-0.0012C; +2.20 R>=0.9488
2
0
0 50 100 150 200 250
Ci(g/lL)

B4 BEKREFBIEAEREKANECRHRE

Fig.4 Relation between the graduation of flow meter and real inflow discharge



[l - L2 > 413),2010 205

1. K;B#RER (Large eddy simulation,
LES)

Hil: o, ; FRIAE AL/ T] Mg 0% 5
IR = s Cs BB VAR TR
K15V, = JAxAy SRRE RO R
L]’ Ax%Ay STHIER AT H [ Bﬁﬁ’r“F'E 12H
[L] » #FRARA | AX =0.2 cm > Ay 74T ek i

e u, Ou,|
PUL AU N el VTR A ax +6x. £

TERE([1/T] -
Chu and Soong (1997) I Erff= i

fl J%@ﬁ%ﬁ”?&% A R R

= U kR B R R 21 0
625 v = = A

©,); 0,), « PR (1) 25 I R

zmgﬁﬁm@mzl 1L T R Ry
IRE

(v,),; =0.99886-v, (2)
(v,),;, =0.047565 v, (3)
e (vy),, BT LR HRA fﬁf’“ [FEL2/T]
(v,),; P [ R R L2/ T] -

2ENENESEWMEtER—
( Schmidt number, Sc)
RIS AR I ﬁﬁﬁ'ﬂ?bgugbﬁ'%i ﬁ% '53;’/ T
i EIVF[*J?[IIEW}?FIJ i ﬁxﬁ%ﬁﬂﬂ SN ikt
Fifie (el Rl = (SRE (l%éﬂ o lil
ﬁﬁa’j@i%’%,’é‘iﬁ@ (1%@1%@ FIEIRIE ) Ry b

Srz 48

._
o

1 oP"

p* ax*

ou’ . ou’ .ou’

+
ot ox’ Oy

* *

+a"’{2[<u;‘>,»,,+ ]- }a{[(u ), 40T [a“*
X x

Oy Oy

o' Lot Loy 1
U v — i Sy
ot ox’ oy FJ

0 * * 514* aV* 0
+ * [(Ux )i/‘ + 1% ] : * + * + *
x ' oy ox Oy

|:2[(U;)i,j +Ui]'

1;_}?‘?%2%% (Reynolds analogy) - i 4f/[filfiY &3k
B ll A1t~ fr?ﬂ) » Sc T 1.0 o (747 BT
TEENRI R S FI%JEWEI*E' SEHTEL Imﬁ’i}rﬁ
fﬁ’iﬁ@ﬁﬁiﬁ'ﬁﬁ@ TR ER - ffR"] Chu and
Soong (1997) AV E A1 ﬁ&#,‘ﬁj Tl
Se T4t 7 1.0 ( Jﬂgﬁﬁ'?ﬁﬁ% R
), =(E),; ) [H= [ [P 2 g ms fofy 28
‘F’? EN IR .g‘?f;’ﬁﬁﬁfl 1 Rp E;J%Bfﬂ@[ E3 s
(R,),; IR FHIASR s SR L”F SRR E R

L

(R),, I * FHTEIGI & M [ 019 (S,),,

R),; :_gap/(ﬁuJ )
Toopoy Oy

(Uy )[,j [1+3(Ri )iJ ]72 (5)

S.). = =
(S.), )
ij
(R, PRI A & BTN p KR
?E‘L%@[M/Iﬁ] g TR L/ T 5 (E), P
RIS SR FE L2/ T): (S, ), SR f]%ﬁ
Schmidt number [Z [X7%] -
3. Rl AR EMBESE
FUFETRIZEEIRISTTS SR W TR IR - 1
PR T ESHIVERIE R o [ YR T AL
IR 7 5 et AR pUE povEE (g -
FEARBLY) o R R O AR
PRI R IR [ R e O R
PPN s PR A

ap* +p ﬁu* +6v* oy 8,0* ' 6p* _o (6
ot ox 0oy ox oy

o' H (7)
ox”

‘%} ®)

oy



206 BIEAS « FD% ¢ B
% v C s T, + 001 |
ot ox oy’ ox o \ox
(U*)[ j *
B L 1 s
oy (Sc)[,/' 9
Hl: PR ErRES M/ L2T2] o, KR JH et

VA 32 BRI (L2 /T] 3 Fo 833 gl
_Dp _pp.
p 7 P
ERH AT SA[L/ T] » Do £3H1

535 PBRCIERLA/T) ¢ ¢ Fi

g 0 p, R

AR M/LR]
AT I (L] ¢ Dm
& FA,E@%@ (g/L] -
i H—i»ﬂ:ﬁ:”ijﬁéﬂ‘ F[J CURN T e ﬁﬂﬁé‘@\'f?ﬁ
U PP R e R R
Adams-Bashforth 3% F fle 4t 2/ 25| MAC
fﬁ?pﬁﬂ‘ﬁ (Z/Dq%ﬂ' S A ) =T _FEYE (2nd order
upwind method ) FFEVEGRAE > FRT |7 HEE
FoT SR P ISR R (AR KR w [l = i
*{‘mﬁﬁﬁi /ﬁ@jﬁﬁigﬂ o ¢7|JIELJ[“’A§“JT§“E‘Wi

u*

Hin SR SR T

N Hﬁj VRS SRR R i R
U1 6

4. BIERUEEE

(1)&';ﬁpgurdﬁ@jmﬁ’ﬂg SRR
[ 7 =8 TR T RERRE 17.17g/L
= 30. 61g/L = ;ﬁj\m »[Ljﬁzrﬂ\ ji’“ﬁ[ﬁ‘k [
85cm iR R TSLRE £ L
A Il L B T L a@ ALY
B AR R R T - T
i} pJ‘if
(2) {kl b Wﬁf‘ﬁ H%Eﬁﬁﬁﬁ
[ O ELRM R AR BT P
g P P’éﬁzﬁ'#’r‘%'ﬁﬂ‘iﬁ BV > PR
IR ST IR E-iEv DR
B [HIE &ME’EVTEE VBT PSR [
FUE RS o 2 I R S
frE'?.f,'* P BT S%STN (PP 2FE ) o
FT Y R BRI R I E P
TRAREIET T D > = S ST SR R

i

‘E}fj

EVES]IZEIRY Poisson FAEZVE S IR 5 T 1) TR e
{QVE{ TSR o AT IR ;J,Ebﬁzj
- -
AXAXAX LXK i=mt?
jertl ——— - O i=mt2
AXAXAX DX A |
i=n o T O oo S - O - N
Vi NG, NG ND Q. N NG N i N .
oot oo oo 1Te+eH O i
AXAXDAXAXDX DX AXAXD
O~ S 1010 12151 KRB .
AI}.XA}.X&)(&XZLXAX&X%X .
- - & {oolololeto B
AX A XA XA D X DDA XA X S E,
Lo L O oo & L& =0
T AXAXAXAXA
i=-2 FES+ O 4+5+6 14— j=
=1 4>><4>><4&><4>><ﬁ>
R

5 MAC Zitigta 2 E

Fig.5 Diagram of all parameters set on MAC staggered grid (not to scale)



[l - L2 > 413),2010 207

Clear water inlet B. C.
aa Free swmface B. C.
u=0 v=-v  —=0 a
a_u =0 wv=0 & i}
ay

llllllll i

N
N Ricte s, ¢
\ Right B. C. except outlet
Left B. C. exceptmlet § w=0 w¥=0 a_':_u
2,
§ x
\S Outlet B. C.
v &
§'§_’ w=u, a—ﬂ a—ﬂ
b
?alz:: wa;:el uliet;B C., § Right B. C. except outlet
~ Yim —_—
C=0Cy, — § u=0 v=0 Z_z=0
e
Bottom B. C.
wu=0 wv=10 3_c=
ar

6 BEREES TR

Fig.6 Boundary conditions of numerical model
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Fig.7 Comparison of the shape of density current head at x=85cm between numerical and experimental
results by different inflow discharge (Cin=17.17 g/L)
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Fig.8 Comparison of the shape of density current head at x=85cm between numerical and experimental
results by different inflow discharge (Cin=30.61 g/L)
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Table 2 Comparison of the average moving velocity of the density-current head between experimental
data and numerical simulation

T R PR ORmE BREDATRAE WMEORIRAR
(g/L) (cm?2/s) T 150 (cm/ sec) Il (cm/ sec) g
11.17 7.29 3.67 3.81 -3.6
14.71 4.77 4.90 -2.8
20.01 5.26 5.51 -4.5
27.52 5.72 5.94 -3.8
33.64 6.04 6.27 -3.6
39.39 6.79 6.98 -2.6
17.17 7.26 4.30 4.37 -1.5
14.66 5.66 5.89 -3.8
19.94 6.30 6.46 -2.4
27.44 6.73 6.99 -3.7
33.54 7.17 7.45 -3.8
39.27 8.44 8.39 0.6
23.81 7.24 4.78 4.81 -0.5
14.6 6.30 6.43 -2.0
19.87 7.01 7.16 -2.1
27.35 7.59 7.89 -3.9
33.42 8.06 8.36 -3.6
39.15 9.25 9.10 1.7
30.64 7.21 5.05 5.08 -0.6
14.54 6.82 6.89 -0.9
19.8 7.59 7.94 -4.4
27.26 8.54 8.37 2.0
33.3 8.71 9.14 -4.7
39.02 10.21 9.91 3.0
590.26 7.1 5.88 6.16 -4.4
14.31 8.46 8.25 2.6
19.48 9.81 9.44 4.0
26.88 11.04 10.58 4.3
32.81 11.61 11.53 0.7
38.47 12.13 12.08 0.4
113.84 6.88 7.09 7.07 0.3
13.85 10.22 10.02 1.9
26.15 13.42 13.04 2.9
37.44 15.08 14.75 2.2
229 .52 6.42 8.17 8.05 1.4
12.89 12.13 11.85 2.4
24.61 15.92 15.49 2.7

35.24 18.35 18.60 -1.3
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Fig.9 Comparison of the velocity of density current head between numerical and experimental results by

different inflow discharge
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