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@ Profound impact on the morphology of continental shelves
@ Deposit = porous layer of rock = potential sources of hydrocarbon

o Destructive effect (pipelines, cables, fundations,...)
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Turbidity current / Hyperpicnal plume

Free Surface

H(z) — h(t,z) — 2(t,x)

Water entrainement
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Turbidity current / Hyperpicnal plume

Free Surface

H(z) — h(t,z) — 2(t,x)

Water entrainement

Oeh + O (hu) = ¢y + b,
B (hu) + By (hu2 +g(Ro+ Re) h;) -
g (Ro+ Re) hox(H = 2) + uéy + 560+ 7,
O¢(hej) + Ox(huc) = ¢, for j=1,..., ns
0tz + E0xqp = —EPb.
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Hyperpycnal model

Oth + 0x(hu) = ¢y + Pb,
Be(hu) + s (huz 4 g (Ro+Re) %) _
g (Ro + Re) hdx(H — 2) + ugy, + 4¢p +7,  (H)
de(hcj) + Ox(hu¢p) = ¢y, for j=1,...ns
0tz + £0xqp = —EPp-

nNs
Rj:PJ_PO, for j=1,...,ns; RO:M; and RCZZRJ'CJ'.

P0 00 2
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Hyperpycnal model

ath + 8X(hu) = ¢’r] + (Zsb,
Be(hu) + s (huz +g(Ro+Re) %) _
g (Ro + Re) hdx(H — 2) + upy, + 4¢p +7,  (H)
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Hyperpycnal model

Och + 0x(hu) = ¢, + b,
Ou(hu) + 0 (hu? + g (Ro+ Re) 5 ) =
g (Ro+ Re) hdu(H — 2) + ugy + 4 + 7, (H)
Oe(hej) + Ox(hu i) = ¢, for j=1,...,ns
0tz + £0xqp = —EPp-

Water entrainement

¢7} = Eyu,
0.00153 . R.gh
EW = ., 1= .
0.0204 + Ri u?
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Hyperpycnal model

Och + 0x(hu) = ¢y + Pb,
Be(hu) + s (huz 4 g (Ro+Re) %> _
g (Ro + Re) hdx(H — 2) + udy + 565 + 7, (H)
O¢(hej) + Ox(huc)) = ¢, for j=1,...,ns
0tz + £0xqp = —E .
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Hyperpycnal model

Och + 0x(hu) = ¢y + Pb,
Ou(hu) + 0 (hu? + g (Ro+ Re) 5 ) =
g (Ro + Re) hdx(H — 2) + udy + 565 + 7, (H)
0¢(hcj) + Ox(hu cj) = (fb, forj=1,...,ns
0tz + E0xqp = —E .

Erosion /deposition

ns
(ﬁlb:Fé_F,ij ¢bzz¢jb
Jj=1
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Applications

(Controlled) sedimentation of polydisperse suspensions of small particles
N species differing in size d; and density p;
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Applications

(Controlled) sedimentation of polydisperse suspensions of small particles
N species differing in size d; and density p;

@ Chemical engineering

@ Industrial procesing

o Wastewater treatment
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Applications

(Controlled) sedimentation of polydisperse suspensions of small particles
N species differing in size d; and density p;

@ Chemical engineering

@ Industrial procesing

@ Wastewater treatment

o Etc.
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Outline

@ Polydisperse sedimentation
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Polydisperse sedimentation model

N especies of sedidemnt
¢; = volumetric concentration i =1,... . N
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Polydisperse sedimentation model

N especies of sedidemnt
¢; = volumetric concentration i =1,... . N

N
$=> ¢i, do=1—¢, and d = (¢o,¢1,...,¢n)

i=1
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Polydisperse sedimentation model

N especies of sedidemnt
¢; = volumetric concentration i =1,... . N

N
$=> ¢i, do=1—¢, and d = (¢o,¢1,...,¢n)

i=1

N
p(®) = pigi
i=0
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Local mass balance equations

0tpi +V - (pjvi) =0, i=0,1,...,N,
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Local mass balance equations

Average velocity
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Local mass balance equations

Average velocity

Relative/slip velocity

Avi=vi—vy, i=1,...,N
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Local mass balance equations

0tpi +V - (pjvi) =0, i=0,1,...,N,
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Local mass balance equations

N
Ordi + V- | pidvi+ diq— i > @Ay |, i=01,... N,
j=1
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Local mass balance equations

N
Ordi + V- | pidvi+ diq— i > @Ay |, i=01,... N,
j=1

Sum of all equations:
V.-g=0
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Momentum balance equations

pi(0c(divi) +V - (pivi ® vi))
= —pidigk—Vpi+V-TE+mf +mf, i=1,..N,

po(9t(dovo) + V - (dovo ® o))
= —podogk —Vpo+ V- T¢ — (m] + ...+ m}),
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Momentum balance equations

pi(0c(divi) + V - (pivi ® vi))
= —pidighk—Vpi+V-TFE+mf +mf, i=1,...N,

po(9t(Povo) + V - (povo ® w))
= —podogk —Vpo +V - TE — (ml + ...+ mh),

m}c interaction forces between solid especie / and fluid

T. Morales de Luna (Univ. de Cérdoba) Multilayer sediment transport 14 / 41



Momentum balance equations

pi(0:(@ivi) + V- (¢ivi ® vi))
:—p;¢;gE—Vp;+V- TiE+mf+mf, i=1,...,N,

p0(0t(Povo) + V - (dovo ® vp))
= —poogk — Vpo + V- T¢ — (mf + ...+ m}),

S _ S 2
m; = m; + ...+ my,

m,?j interaction forces between solid especies / and j
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Momentum balance equations

pi(0c(divi) + V - (pivi ® vi))
= —pidigk—Vpi+V-TF+mf+mf, i=1,...N,

po(9t(Povo) + V - (povo ® w))
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Momentum balance equations

pi(0:(@ivi) + V- (¢ivi ® vi))
= —pibigk —Vpi + V- TE+mi+ms, i=1,...,N,

p0(0:(Povo) + V - (dovo ® vp))
= —podogk —Vpy+ V- TE — (mf + ...+ mh),

pi phase pressure
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Momentum balance equations

pt=po+pL+...+py=p+oe(o)
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Momentum balance equations

pt=po+pL+...+pny=p+oe(o)

p: total stress, p pore pressure, o, effective solid stress
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Momentum balance equations

pt=po+pL+...+pn=p+oe(o)

=14 ...08 < pc = 0e=0
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Momentum balance equations

pr=po+p1+...+pn=p+oe(d)

pi = % (¢p + 0e(9))
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Momentum balance equations

mi = a;(®)Av; + Bi(P) Ve

«; resistence coefficient

pip;jdid;(d; + d;)

s 3
pid} + p;d?

ij 2¢e

[lvi = vil|(vi = vj)
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Polydisperse sedimentation model

0tpi +V(oivi) =0, i=0,1,...,N,

pi(0e(divi) + V - (pivi ® vi))
= —pipigk—;V p+ai(¢) Avi+mi+V-TF -V <Z0e(¢)> yi=1,...,N,

N
p0(9:(d0v0) + V - (dovo © w)) = —podogk Y _ ai(¢)Avi +V - T,
i=1

vi = (uj, w;) € R? is the phase velocity

TE viscous stress tensor
m? interaction forces between solid particles

of effective solid stress
«; resistence coefficient for the transfer of momentum
17 / 41
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Polydisperse sedimentation model

0tpi +V(pivi) =0, i=0,1,...,N,

pi(0e(@ivi) +V - (divi ® vi))

= —pidigk—¢iV p+ai(¢)Avi+mi+V-TF -V (gb,-a

5 e(qb)),i:l,...,N,

N
Po(De(dovo) + V - (¢ov0 @ w)) = —podogk Y ai($)Avi+V - T,
i=1

N
q= o
i=0
AV,':V,'—V(), i:l,...,N.
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Sherman-Morrison formula

s = oo (o= gk + 740 (%) 4 2=2v0, o)

¢

l
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@ Polydisperse sedimentation
@ Masliyah-Lockett-Bassoon (MLB) model
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Masliyah-Lockett-Bassoon

e viscosity of pure fluid
V(®) = (1 — ¢)"2, (n > 2) hindered settling factor
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MLB Model

0 (5) o o

Avi = poiV(¢ ZPJ¢J

V(g) =(1-¢)"% n>2.
o d? d?
p pPi — po TOr | , u ngMf d12
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MLB Model

¢ivi = fi(P)k + ¢iq — ai(P, V)

N N N
fi(9) = uV(0)oi <5i(,0i - Zﬁj@bj) - Z Ok Pk (Pk - ZPj‘ﬁj) ) ;
j=1 k=1 j=1
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MLB model

Assuming O¢(¢iw;) + Ox(piwju;) + 8z(¢>,-W,-2) and T,-E small

0:¢i + Ox(@iui) + Oz (diw + fi(9)) = 0z(ai(¢,0:9)), i=1,...,N
V-g=0
1

Vp = —Vouls) = p(@)gk+ 15V T¢

j=t

N N N
fi(¢) = uV(¢)oi (&(p,- = 7o) =D ko (pk - ijdy) ) :
k=1 j=1
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MLB model for a one-dimensional closed vessel

Otdi + 8Z(ﬁ(¢)) = az(af(¢a 82¢))7 i=1,...,N

N N N
fi(9) = nV(0)oi <5i(,0i - Zﬁj@bj) - Z Ok Pk (Pk - ZPj‘ﬁj) ) ;
j=1 k=1 j=1
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Outline

e A multilayer approach
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A multilayer approach
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A multilayer approach

at(ha¢i’a) + ax(ha¢i,aua) = Hua-{—% - HI‘,O(-F%’
N
Otha + 8x(hauoc) = GoHr% B Ga*% B Z; (fi7°‘+%(¢) N f"vafé(CD))’
Oe(pahata) + Ox(pahatl + ha(Pat1/2 + gZ,N:o Pi(ﬁi,a%&))
— p|Z:Za+1/2 HI,CM+1/2 - p‘zzza71/2 Hi’a71/2 + Ta
L +Pa+1/28x2a+1/2 - pa71/28X2a71/2

Hi,a—l—% = d)l cx—i—%G f;',oz—i-%(q))
Goz—i—% :8t2a+% +ua+% XZOl-‘r% - Woz—i—%

T. Morales de Luna (Univ. de Cérdoba) Multilayer sediment transport 29 /41



For a=1,...,M, hy, = I, h with /|, a positive constant.

M
d la=1
a=1
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For a=1,...,M, hy, = I, h with /|, a positive constant.

M
d la=1
a=1

M
6th + 8)( hz /ﬁUﬁ = GM+1/2 - G1/2-
B=1
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M

8th + BX (h Z /BUQ) = GM+1/2 — G]_/z,
B=1

1
Ot(hdj o) + Ox(hgjata) = EAg(Hj,a+l/2(¢))v
3t(hpa(¢)ua) + ﬁx(hpa(d)) 2)

1
+8X<hps +gh2[2apa Z s ps(® ])

B=a+1

N M
= Z ng(ua+l/2Hj,a+1/2(¢)) + (PS + gh Z /,Bp,B(q))) 8Xh

B=a+1

a—1

Oxzp + Z /68Xh> .
B=1

|
S
s
Q
VN
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Orw + OxF(w) + B(w)oxw = S(w)9dxH + G(w),
lia = ¢jahfor j=0,1,...,N

Qo = pa(q))hua,
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mg = pa(P)h.

w = (h,m,q)" € RZMH1
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mg = pa(P)h.

M
8th + 8X <hz /5Ug> = 0,

s=1
1
atrnoz + 8an = T ZJN:O ijg Hj,a—i—1/2(¢)a

2 M
9a 1
al'qaz‘i‘ax<m >+8X<gh[2ama+ E lﬂ’”ﬁ])

@ B=a+1

N M
=> &Ag(ua+l/2Hj,a+l/Z(¢)) + (PS +gh Y lgp,@(CD)) Oxh

j=0 B=a+1
a—1

—ghpa (aXzB +> /Baxh) .
=1
w = (h,m,q)’ € R2M*!
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Ma = pa(P)h.

oW + OF(W) + B(W)dw = S(W)dxH + G(w),

w = (h,m,q)" e RZM+1
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Outline

© A multilayer approach
@ Numerical scheme
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Numerical scheme
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Numerical scheme

Move horizontally then vertically !
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Thank you for your attention

Tomas.Morales@uco.es
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