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Numerical Investigation of the Structure of Density Currents
in a two Dimensional Channel

B. Firoozabadi, B. Farhanich and M. Rad

Department of Mechanical Engiﬁeering, Sharif University of Technology

ABSTRACT- Motion of salt-water density currents released on sloping bed and under still bodies of fresh
water are numerically investigated. The laminar, turbulent equations of mass, momentum and diffusion are
solved at the same time in the fixed Cartesian directions on a non-staggered grid using finite volume scheme.
The velocity-pressure coupling is handled by SIMPLEC method. The modified k - ¢ model is used to account
Jor the influence of the Reynolds stresses in the timed-averaged momentum equations in turbulent
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flow. Salt solution with uniform velocity and concentration is released through a sluice gate into a lighter ambient fluid and

moves forward downslope. At the front of this flow, a vortex forms and grows while moving downstream. Comparison of the

computed height of density current with the exprimental data shows a good agreement between them. In this paper, the effects

of variation of concentration and flow rates in the form of Richardson or densimetric Frude and Reynolds numbers are

investigated for different slopes. Concentration and velocity profiles are obtained and show a complex flow pattern which

provide a physical understanding of governing phenomena.
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y (m)

2 22

Cin=1.5%,

10 * y (cm)

x (m) -

Slope=1.5%, Uin=2.54cm/s,
Time=1.0hr

x (m)

0.0143
o 0.0136
= 00120

0.0121

0.0114
0.0107
2.6 & 0.0100
0.0093
0.0086
10.0079
0.0071
0.0064
0.0057
0.0050
0.0043
0.0036
0.0029
0.0021
0.0014

ol Ky SISy (1) 85l syt (B oo Wl g CBIE 7 -A S

Caolusly CuB I8 5 Gy [ ¥ 55l sl ((A) S s OLES
€3ty 5 Olas CdIS L aas o 0L (Sl pBVYo0)
Pl s 0y Uy o o Flobous (6L 31 iy
23 My GBIl S ey 5 50 5o gty Sy ana g
S e 5 s s Sl il e 3L O ol 5 VU

Yol o 5 [7] 5 celaads § oon s g g 50 55 s &

b b5l QJK.? Ob o a5 Llesls OLis 5 4 sl bt

ol (Ri= g'hcos (8)/u") IS & puusylon y sde 5 Vodd s
S axa 5 58 5 eslizat 1 Lbe_se ol Ol g
s s S5 Ol K3 b 5 5y 50 e e
Jidswfw‘a.&aaOmdbwbouﬂjwﬁdw_gﬂ

VWVA Wil ¥ o )led VA Jlo oSzl

ol 3 s bty GLbI s 4 s glanls S tns e 05
3ol by S5l Sliy b5 riaeen 35 ge oy IS8 s
43 o8 alesl 5 ol o558 g0 Slan o pasnia 64y Gae
Szl 655 03 g0 5 pSe3l Jlin b5 Ol Gas Ol
)ﬁw&twuwwjh)wb&qswwﬂ
ot 30 > e 443,80 D5 pe0 2 03 gdoe w55 i

3 ks Bitalol o liy Ko Glbal @ gy e

3 g9 6&&&}#&%3&%'&1@%‘)@%)5
P S slaadslae gl o LS ames 55 5 (V) S8 )l

bC}L_:_J_'g-)J 3§ gn ‘_gl.&a.li-\_g'}@.)l? fL«.’v’ .Ubﬁ ?U (')i‘

\FE


https://dor.isc.ac/dor/20.1001.1.2251600.1378.18.2.10.3

[ DOR: 20.1001.1.2251600.1378.18.2.10.3 ]

s =%\/D , Cin=%\0, Uin=Y/0¥cm/s

-0
o Vsl ol e
> | R _—"o
5;\')
FIN 2 o o
}’ i &
4 I
[0} o
L / }"'» < )Iu...v ‘5\1‘.3 &U.-;)!
) L. i 1 1 i i 1 " L " 1 1 . " i
\ Y Y ¥ [
oo JUIS” Jolo

oty Lo 55 oS (6,80l 5 0 aloes J&or Ol o (o bl -4 K3

Al Eaely s i 53 (G355 wdale Sl s 55 e
el 5o 0b5 lehle 10 48 5d oo Sine 35 eSSt
G A al i uSe el ) Gl s 00T JS
S e =l wadls jlast s 2l 5ol o 1) azess
o 3 033580 O o g 53 05 4l §o 0 S Sl
Gs3le 0L ST aS sy g0 5 1 o 0 om0y (65,8 2l
M (S gyen g sl gl e il M Sl
Gs3la 51535 (gl 593 3o a4l w4 5 L YY) 558 e

3y oble Ol i 4 gliid Gl 2 o Sl Oslew

3 (glos sidomn 05 o Ll 53 3l (S S5 (6l ebily
oS ) 3 d il o BT OF 3 ol i aS Lo
Jsb yslycdlile 5 e glayon (V1) K8 3,5 jasie
33 il et ail e Vgl oS 5 4 g wdys s e OLES JUIS
Lol ails (ghalimde Jil5 Oless (36 cagr 1o Ol Jols

© 5 5 45 dms g OLES Ol g 53 B s e s L

YU 5 4 lahs S s e ghe by a3 FBB dmms 5 4 g
Gl S 55 JUIS s 40 0L 2 5955 sl s eols sy Sliy
@) o 4 oMty Ll s 4 o Dy g 0l S oS
2S5l Gl 08 b b e 058 0 2l le LU

2 g ooy LSIA{I;;QT 2

V20

syl ol 5 s ol (S an 5 4 Ol s 55
Jrad a8 el b 8 cendls Ol Ll (sledyl Ol g 45Ty
G333 4l sl ke 70 of wlile Sl ol 0l 2 55 S i
AL i o ) (4) S8 5l 4 080
9 3l ] ol i S - O S 0l gl
o3 g lay g5 p S ds jladdslas fo aSums o LIS povie
LS Jda by Ol o el g1 g5 S 53 il 5 e
s 4 (JB 0l sy Galsil B 0L (1) S8
o Sulecdle gl as Sl oo, o5le whale 2l
83553 33,3 s SalS el il e (639)5 SM g e

ML: L;J.hg“ji O)MJJ"_:L‘L) She u:){‘);l OTG_Td_ij./'fo o‘jr_\ﬁ

b5l a8 e Bl T 55 Olsae 515 sk O (55l

T N I E 1) 0-* /RTTI RV VI
e (JBo 0l )Ml 453 55 50 03 o 5 s s o
331 (S 55 0 gunslamyy e s Gl gy 2o by Sl
S30b de LS 05k O SHY] 0L e oS e gail8gs 25 o)
WLl 18 5 585 I Ol o (sla zaby 5l adms 45 LS e
Sl s o pd min gasys chile s Jle Ol e 4
o QLo 4 5 43 S ey Ol o g5IN O 51 50 3315 (65
Sy e b B 0l b Sl O [Kibedl 055 Olsee

YYVA Wil (¥ o e VA Jla (JE


https://dor.isc.ac/dor/20.1001.1.2251600.1378.18.2.10.3

[ DOR: 20.1001.1.2251600.1378.18.2.10.3 ]

Slope=1.5%, Cin=1.5%, Uin=2.54cm/s, Time=800sec
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