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Three—dimensional numerical modeling of sediment-induced
density currents in a sedimentation basin
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Abstract : A sedimentation basin is used to remove suspended sediments which can cause abrasive and erosive wear on
hydraulic turbines of hydropower plants, This sediment erosion not only decreases efficiency of the turbine but also increases
maintenance costs, In this study, the three-dimensional numerical simulations were carried out on the overseas hydropower proj-
ect, The simulations of flow and suspended sediment concentration were obtained using FLOW-3D computational fluid dynamics
code, The simulations provide removal efficiency of a sedimentation basin based on particle sizes, The influence of baffles on
the flow field and the removal efficiency of suspended sediments in the sedimentation basin has been investigated, This paper
also provides the numerical simulations for sediment-induced density currents that may occur in the sedimentation basin, The
simulation results indicate that the formation of density currents decreases the removal efficiency, When a baffle is installed in the
sedimentation basin, the baffle provides intensive settling zones resulting in increasing the sediments settling. Thus the enhanced
removal efficiency can be achieved by installing the baffle inside the sedimentation basin,
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Fig. 1. The trajectory of a particle settling in a horizontal flow
sedimentation basin and all particles settle completely, In
an ideal flow condition, the dimensions of the sedimenta-
tion basin can be determined,

e ol @ AnkEel Py AEel @
o YA A Tk Rk U4t AR
FA w4

A BIE AEEHA] 9F2 oA o R WETt
At 52 g e 2 ska Qi whakA et
of 919 AeAY LE=o] FAR7} HIS] v
BE= AGolA A Fl Feidas AL
A WrF Aol A el viAle FE
23] HEsto]of 3ttt Pradhan (2004)%= )%
gof qhfo]l AdE o F2ef Edha YAt
A5 0.2 mm oS Adid YFor A
EZol= Eeta, wid 7] wpr} At
AR w7 B E AL glom o] -7]A] &
tf 60,000 ppmeol F58h= E =] FAHY
O & QIgk HARA| &E Azl 7|lgtttal H7t
SHREE. -84 (2001) HA] FARA o] AAA] 2L
TE FUARARR el FAAEE =Rl tigt

AE7t Basie AN
2z olo] o8t A Tl AAA| o] Tt
559 F5ATE s sk =t
= olFey, HFAFol= 25
A AR As2 L3l sfiAlo] &
I i}, o)A at S (2004)
8 CFD %3¢l FLUENTo] &3t A%
oA o] EFE5S Hofsglon, Yx=47|H
(particle tracking)s &-83lo] I Ha&S ¥
7¥skitt, ol AAl AR A= Aol
SR o] BAkel AW ARkl o'
o} 2rlof| ofsto] WL Ay EH
™ o]of tht A+ oS Awshitt. A
- (2010)1_ HE CFD = FLOW-3D9] ¢
=4 = ol&sto] AR WA 9] E54F
7 AAaES AR AasS Ut
AR} 27000718 E=Q15te] AR o] %
dAre] MEg= JARES BT
HjZ (baffle)o] X912 W Feof w2
Astelom, x|l A A} ek
B AAEEo] 7HE =2 Al
nd Lee (2000)= #HF
F S Ao WE A

fo t do M R
B

b
!
o}

—

A 7|

fr oz 24 rl fo m

-~

0.

il

;

Z

e M _i
> Mo o
i Mo
r-h:

ol
ol
2 o
e 5
On:

2oh iy
=2 38
o o
<

) ot HU
o
2

582 BAsIgon, ZY 3ol 4
A 491 o 0.4 Aol A ek
< srelshelrt, Ea, AAILER (1997)4
2249 SAEES B, Ao FAng u
2 913t WjEY SE ol AR 49 o 0.4

A AL f9T

2548 ~ 0.5589] |4

o] 7} £& %l?di S AF3char AA s
T} Heydari 5 (2013)2 Ao A E v =

o =S WEAA FAEL 1AL GFS
Brretglon], uketo 2 HE| 60 7]olH A
8 A% Ao Ao Eee SR 4 9k A
AT,
A7 o] AP AP
8L A537] gstol YAFH WL 2
Aok, T QAFEsI NS B B



ISSN (Print) 1225-7672
ISSN (Online) 2287-822X

Journal of Korean Society of Water and Wastewater Vol. 27, No. 3, pp. 383-394, June, 2013

o AFE vlwe Gk 0@ A4Azio] 2
e}, wheb ool ARAA Ao S
o gl e st ARl AR

2 43280l He
2.1 AL A

2 Lo A AFEEE CFD Z=¢1 FLOW-3D
= A& AT 321 Reynolds— averaged

Navier—Stokes (RANS) WA AL x| ufub4 4]

Al FEadelqt 932 1| %th= Boussinesq 7F
& A8

(Flow—3D, 2007). #|1nz}3t
Ao A Aui A2 vk Zo] £ddE.

N . = pp

% Yas, b, an T ox\Vee, VT, D)
A,

e 2)
ap o o [ o

——F h) = I——u ¢

a o ;.( #) ow,\ ox, 1 3)

A7 uxz AAHEA (% p 2)00 A 2 Fo

1B
ok,
Shig
rl“F
el
5
-
Ir
N
N
=}
H1
o]
Ir
ofj
a2
)

3)2 AR} 2wt -2 AZeHY (scalar
= FolFH "o Wl rjofstA =

o}, o]3t M=o M3}= Boussinesq 749
DAAE 222 £33 (buoyancy
term)oll¥ @3FZ wXA Hrh, RANS 232

—Ll;¢/

S (4)

A7 A v =7 58 A4 6= Kroneck—
er delta; 183 k= YHF-3=o4A] (kinetic
energy)°|th, A (3)oA, —u¢'= FFE F =

| A7e) 58 go|n thg Zo| R

— dep
w9 =l (5)

A7IM I'= 2zt 99 dRE4tA o,
Iy =v/Sco] #AE a1 glew, 7|4 S
+ @ Schmidt =olth. RANS Aulj7g4]
o] FAEAIE sidsty] flsiA 2 AFolA=
Renormalization—group (RNG) k—e 23S
285kl Th,

22 FAIRH

FLOW-3D gAHEH oS GAke] o]

o

385 |——



4' Journal of Korean Society of Water and Wastewater Vol. 27, No. 3, pp. 383-394, June, 2013

— 386

E|A} (packed sediment)?} -S-AF (suspended
sediment)®] & 7] FEFHOo R e
7 (drifting) ¥} F4F (lifting) &2 FAFS] A%
& BARSHA Hth, fARE FARZ A f-Y =
A EA4E BEARGY Aoz RE A,
A atoll ol FALE A olEshHA Ht, A
(packed sediment)= FHO EAFIA}Q} 114
Elo] o] FE A b= AHE Qnlsh, shdat £
Ao HFHofA Ao WAYSHH E|A= A
7} E]o] |24 o]Fo] 7hEskal, FARE -4 9
S5 AdEel o MAlET o waA sHdo =
75k EAL =, o] AEjolA FAY &
2 BAgt & A4 (drag coefficient)

7h E44o] 091 o)A RATES SHES

SA H+ HA (mean fluid viscosity)=
Akl Sl wobAH, BEAZF ApA|Sh= Fu
H 7} 2 BEARE (f ., cohesive sediment
fraction)ol =& w72 F7kech, M2 &
AHE oo R BEARsE (f)7F 71, fA
o] AL F7IeHA] @il BEAF AAE7E 5 A
A LAY AssE7] A2 o2k aLA| e}
528 A5 o34 WAl (porous median)E
U5 FAY EEoA et 2ol &5 WA
Ao g ek F71ske] ddd o= glor,

=
AL ke Al o] A

* 1— i 51/ 3, ) e
R e ®

AZNA pa= FAY A4 4 (fluid viscos—
ity); u= EFEY B+ A4, 2EL £ =
SHA EAME (critical sediment fraction)o]t}.
B oAolAs BHolH A £ =025
£, x=0.65% A-&3t%lch (FLOW-3D 2007).

JAre] AAEE (w)= I A2 3
(drag force)®] BFTANA AAT = 9o
o, oh33} o] AbgEr),

7fr_d3 VP

TS ?(pg ) (7)

A71A, di= FAFEHUA; ue =4 A
“*(dynamic viscosity); V P/ p = mechanical
potential gradient, -F-#|2] AF-3£H FH A
= TSR g2 HAl pe E8RAe] U5
pi= A QA Ik p =AY UED £
A7} ZFA Sz A A H] o]},

7ol ofsf B2 o} o 2 HE O H{ALe

" o, ©

A7IA, 1. SHEolA EARIARE FAA
7= FHA AdE (@A AFE)oH, FARY
74 (d) 0.1 mm, 0.2 mm, 0.3 mmol gt
317 Shields parameter (r..)= ZFHzZF 0,085,
0.048, 0,045 A3}t (Julien, 1998). 3}
o] AE (r)o] A AR ETE F A - A
SO REE fFAZ) o]gE o] E{ALR o]
Hrt, dbdHo] s dd g o] ghA %Y Kk
o HfAbs Al o8 AL EA st

w=aon, \/ TjTC (9)

oA71A, n s HAS =24 WEH o= Al
A E BT AFAA wizids (=1.0)01th,
AR Ase A A (drifting) o F
% (lifting) & ol&—shhdA 4o aLefsto] of
=3k o] yehd = it



ISSN (Print) 1225-7672
ISSN (Online) 2287-822X

Journal of Korean Society of Water and Wastewater Vol. 27, No. 3, pp. 383-394, June, 2013

ac,

P +u e Ve, =1V, —u » Ve, ~w, * Ve, (10)

A7|A = FrAbsEolt

FAALARL AL, K)ol A nAlZEe] 2E
= (o) AR s =o] g offje} ol A
AP

A= [1+(G—1)—= J (11)
ijk

oA71M Vi A G kel Sl datel
sjo]m, ofef Fig. 29} o] 37} uheto] 4 o]
A 5Af 0.2 2}7o) AREAIZe] A4 oAk,
Vi A (g 0ol Qe & A0 Bejels, G

L 9J=}9] v (specific gravity)o]th,

' Mass inflow
i . Pl from top area
i = S’){/
i ilk
‘ T .

i I @ | Settling| velocity
i
: -
i =k 5 Mass outflow
d from bottom
1 ‘ -
i area
i
; | 5 Mass

entrainment

from bottom
uspension velocity

Fig. 2. Schematic of the concentration change resulting from
particle deposition and re-suspension in cell (i,j,k).
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Fig. 6. Numerical simulation for Case 1 (d=0.1 mm, concentration 1.0 kg/m?) where left figures show temporal evolution of concentra-

tion and right figures show velocity profiles, Contours, ranging from 0 to 1.0 kg/m? in increments of 0.25 kg/m?®, were made.
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Fig. 7. Numerical simulation for Case 2 (d =0.2 mm, concentration 1.0 kg/m® where left figures indicate temporal evolution of concen-
tration and right figures show velocity profiles, Contours, ranging from 0 to 1,0 kg/m® in increments of 0.25 kg/m?, were made,
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incoming sediment concentration from the inlet, C is the
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Fig. 9. Numerical simulations for CASE 2-1(d,=0.2 mm, concentration 1,0 kg/m?). The simulations were carried out with a baffle in-
stallation which can increase sediments settling. Left figures show temporal evolution of concentration and right figures show
velocity profiles,
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Fig. 11, Numerical simulation for sediment-induced density currents (d,=0.2 mm, concentration 1.0 kg/m®), Left figures indicate the
results for the CASE (B)2 and right figures show the results for the CASE (B)2-1
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