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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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Reference level
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Reference level

613/7 + ax(hu) = 0,
8t(hu) + 8x(hu2 + g/2h2) = ghax(H - 2)7
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Reference level

613/7 + ax(hu) = 0,
8t(hu) + 8x(hu2 + g/2h2) = ghax(H - 2)7
8132 + faxqb = 0
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© Classical formulae for sediment transport

T. Morales de Luna (Univ. de Cérdoba) Numerical simulation of sediment transport



Grass Model

qp(h, hu) = Agulu|™™t, 1< m, <4 J
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Grass Model

qp(h, hu) = Agulu|™™t, 1< m, <4 J

@ A, constant that depends on grain size, viscosity, etc.
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Grass Model

qp(h, hu) = Agulu|™™t, 1< m, <4 J

@ A, constant that depends on grain size, viscosity, etc.
@ Very simple model

@ Critical shear stress set to zero
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Bottom shear streess

Th = pwghSt, J

T. Morales de Luna (Univ. de Cérdoba) Numerical simulation of sediment transport



Bottom shear streess

Th = pwghSt, J

Darcy-Weisbach

T. Morales de Luna (Univ. de Cérdoba) Numerical simulation of sediment transport



Bottom shear streess

Th = pwghSt, J

Darcy-Weisbach
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Bottom shear streess

Tp = pwghSt, J

Darcy-Weisbach

n?ulul
Tb:ngu‘U‘ Tb:gl)ww
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Shield's parameter

(ps — pw)gds
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Shield's parameter

(ps — pw)gds

Bedload transport flux

) e
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Meyer-Peter&Miiller model (1948)

qp(h, hu) = 20 _ 1) gd3 - & - sgn (u) (MPM)
® = 8(|r5] — )%
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Meyer-Peter&Miiller model (1948)

qp(h, hu) = 20 _ 1) gd3 - & - sgn (u) (MPM)
Pw

3/2
® = 8(|r] — 72,)Y

@ More complex but gives good results
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Meyer-Peter&Miiller model (1948)

qp(h, hu) = 20 _ 1) gd3 - & - sgn (u) (MPM)
Pw

3/2
® = 8(|r] — 72,)Y

@ More complex but gives good results

@ Takes into account shear stress (77;,)
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Meyer-Peter&Miiller model (1948)

qp(h, hu) = 20 _ 1) gd3 - & - sgn (u) (MPM)
Pw

3/2
® = 8(|r] — 72,)Y

@ More complex but gives good results

@ Takes into account shear stress (77;,)

e Valid for slopes lower than 2%
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Fernandez Luque & Van Beek (1976)

W

qb(h, hu) = (& - 1) gd3 - & - sgn (u)

 =5.7(|r5 — 72)?

T. Morales de Luna (Univ. de Cérdoba) Numerical simulation of sediment transport



Ribberink (1998)

asth hu) = [ (£~1) g2 - @ -sen (u)
Pw

& = 11(|r5] - 72 )3
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Nielsen (1992)

qb(h, hu) = (& - 1) gd3 - & - sgn (u)

W

& = 12/|731(I75] — 7 )+
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© Hyperbolicity of the model
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Is the model hyperbolic?

(9th -+ 3X(hu) = 07
O¢(hu) + Ox(hu? + g/2h?) = —gh0y z,
0tz +£0xqpr =0
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Is the model hyperbolic?

OW + A(W)OW =0

where
0 1 0
h—u? 2u h
W = (h, hu,z)t, AW)= | & &
e I
Oh 0q
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Grass model

Always hyperbolic!
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Grass model

Always hyperbolic!
Usual proof:
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Grass model

Always hyperbolic!
Usual proof:

@ Write characteristic polynomial:
p(A) = A3+ a0 + a )\ + a3

99
A(hu)

ay=—2u, a=u?—gh(l+b), ay=ghub, b=¢ >0
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Grass model

Always hyperbolic!
Usual proof:

@ Write characteristic polynomial:
p(A) = A3+ a0 + a )\ + a3

99
A(hu)

ay=—2u, a=u?—gh(l+b), ay=ghub, b=¢

@ Use Cardano-Vieta relations @3 + R2 < 0,

2
. 3a; — a5

0-— R_ 93132—2730—233.

9 54
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Grass model

Always hyperbolic!
Usual proof:

@ Write characteristic polynomial:
p(A) = A3+ a0 + a )\ + a3

99
A(hu)

ay=—2u, a=u?—gh(l+b), ay=ghub, b=¢

@ Use Cardano-Vieta relations @3 + R2 < 0,

2
. 3a; — a5

079

. 9ajap — 27ag — 233

, R
54

@ ...after some tedious calculations ...

Q%+ R? < 0 <= 4h(u® — gh)? + ghb(14 + d) + 4g2h3(b® + 36> + 3b) > 0

T. Morales de Luna (Univ. de Cérdoba) Numerical simulation of sediment transport



@ Same approach could be use for other bedload transport formulae ...
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@ Same approach could be use for other bedload transport formulae ...

@ ...not an easy task!
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Different approach

S. Cordier, M. Le and TML (2011)

T. Morales de Luna (Univ. de Cérdoba) Numerical simulation of sediment transport



Different approach

o Grass:
dqp  qOqp

Oh ~  hdg
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nt approach

e Other models: g, = qp(7p)
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Different approach

e Other models: g, = qp(7p)

fulu| _

Darcy-Weisbach : 7, = pwghg,z aulu|l (o= cst)

9q9p _ q0qp

oh  h g
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Different approach

e Other models: g, = qp(7p)

fulu| _

Darcy-Weisbach : 7, = pwghg,z aulu|l (o= cst)

9q9p _ q0qp

oh  h g

n?ulul ulul
3 = (a = cst)

Manning : 7, = pwgh

dgp  7q0qp

Oh ~ 6hdq
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Most of the classical formulae for bedload transport satisfy:

9ap _ kqaqb
Oh h dq "
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0 1 0

AW) = [gh—u® 2u gh), b:aaq,,
—kub b 0 q

—A 1 A1

PV = A 2 g 2u—)\’_gh’ —kub b’

= —Al(u—\)? — gh)] + ghb(\ — ku)
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M(v— A)? — gh)] = ghb(A — ku) J
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M(u — \)? — gh)] = ghb(\ — ku)

[

f(N)
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M(u—X)? — gh)] = ghb() — ku)
) d(2)
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M(u—2)? — gh)] = ghb()\ — ku)

/

FO) d()
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@ k=1 = 3 eigenvalues always
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@ k=1 = 3 eigenvalues always
o k#l=a_ < ku<oayg
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Suppose
9gp _ ,q0gp

dh ~ "hdg’
The system is hyperbolic if and only if

o < ku < oy,

where

def 2u £ /u? + 3(gh + ghb)

At 3 .
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In the case k = 7/6 a sufficient condition is

|u| < 6/gh.
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Be careful with splitting!

o t=0.00

— Surface
.
o.eﬁﬁ
0.5]
0.4]
0.3]
0.2]
0.1J¥
0% 2 4 6 B 10
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Be careful with splitting!

t=210 t=210
o7 o7 Surface
o Topography
T TR, T e ——— -=
06F - S %;}A 0.6| - » L
\\‘“ ~7
0.5] 0.5]
0.4] 0.4]
0.3 0.3]
0.2] 0.2]
0.1 0.1
2 4 6 8 10 2 4 6 8 10

CFL = 0.95 CFL =05
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careful with splitting!

t=0.20
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Be careful with splitting!

t=0.00
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Be careful with splitting!

t=0.50
0.3 08
07 07
osf T RN osf o
0.4 . 04
03] T 03
02 02
01’/¥ 0.
0.0 0.0
2 4 3 B 10 2 4 6 8 10
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careful with splitting!

t=15.00
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@ Suspension transport
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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) + Oy (hu2 + g (Ro+R.) %2) _
g (Ro + Re) h(H — 2) + udy + §6p+ 7, (H)
O¢(hej) + Ox(hucj) = ¢, 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

Och + 0x(hu) = ¢, + b,
Ou(hu) + 0 (hu? + g (Ro+ Re) 5 ) =
g (Ro + Re) hdx(H — 2) + upy, + 4¢p +7,  (H)
0¢(hcj) + Ox(hu cj) = ¢7’b, forj=1,...,ns
0tz + E0xqp = —Ebp.
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Hyperpycnal model

Och + 0x(hu) = ¢, + b,
Be(hu) + Oy (hu2 + g (Ro+R.) %2) _
g (Ro+ Re) hdu(H — 2) + ugy + 4 + 7, (H)
0¢(hcj) + Ox(hu cj) = ¢’b, forj=1,...,ns
0tz + £0xqp = —EPp-

Water entrainement

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

T. Morales de Luna (Univ. de Cérdoba) Numerical simulation of sediment transport



Hyperpycnal model

Och + 0x(hu) = ¢y + Pb,
Be(hu) + Oy (hu2 + g (Ro+R.) g) _
(R RORL(H ) w4057, ()
O¢(hej) + Ox(huc)) = ¢, for j=1,...,ns
0tz + E0xqp = —E .
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Hyperpycnal model

Oth + Ox(hu) = ¢y + bp,
e (hu) + By (hu2 +g(Ro+ Re) h;) -
g (Ro+ Re) hdy(H — 2) + u¢y + 406 +7,  (H)
O¢(hej) + Ox(huc)) = ¢, for j=1,...,ns
0tz + E0xqp = —EPp.

Erosion /deposition

ns
¢h=F—F, ¢p=>_ ¢,

=
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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

T. Morales de Luna (Univ. de Cérdoba) Numerical simulation of sediment transport



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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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
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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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Polydisperse sedimentation model

Following Berres et al. (2003) and assuming
Ot(piw;) + Ox(diwiu;) + 6z(¢;wi2) and T,-E small
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Polydisperse sedimentation model

Following Berres et al. (2003) and assuming
Ot(piw;) + Ox(diwiu;) + 8z(¢;wi2) and T,-E small

0, (i’)+g¢ 20e(})

V(p) = (1— )"—2 n>2.
2
184 d?

N
Aw; = psiV () | (B — > _ 1)) +

j=1

oel

)

pi=pi—pofori=1,... N, p=—g
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MLB model

V-gq=0

{ 8t¢i + 8X(¢fui) + az(¢iW + ﬁ(d’)) = aZ(ai(¢, 8z¢))’ i=1,...,N
Vp = ~Voe(d) - p(d)gk + 5V - T§

N N N
fi(¢) = uV(¢)oi (5,-(;),- = 76— D ko (pk - ij@) ) :
k=1 j=1

Jj=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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A multilayer approach

ZM+1/2

ZM-1/2

25/2

23/2

z1/2

Ongoing work with E.D. Ferndndez Nieto, E.H. Koné and R. Biirger
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A multilayer approach

ZM+1/2

ZM—1/2

Otha + Ox(haua) = Ga+% - Ga_% — Fa+%(¢‘) + Fa_%(¢),
Ot(ha pa(®) ua) + Ox(ha pa(®)ud) + Ox(ha PT,a)

N
= Zp"(uoﬁ—% Hi,a-%—%(q)) - ua—% Hi,a

(¢)) + pT,a-%—%aXon—% - pT,a—%axza—%’
i=0
at(ha¢i,a) + ax(ha¢i,aua) = Hi

_1
2

1(d>) - H;,a_%(d)), iZl,...,N.

;ats
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A multilayer approach

ZM+1/2

ZM—1/2

Otha + Ox(haua) = Ga+% - Ga_% — Fa+%(¢‘) + Fa_%(¢),
Ot(ha pa(®) ua) + Ox(ha pa(®)ud) + Ox(ha PT,a)

N
= Zp"(uoﬁ—% Hi,a-%—%(q)) - ua—% Hi,a

(¢)) + pT,a-%—%aXon—% - pT,a—%axza—%’
i=0
at(ha¢i,a) + ax(ha¢i,aua) = Hi

_1
2

1(d>) - H;,a_%(d)), iZl,...,N.

;ats
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A multilayer approach

atha+ax(haua): Goz+l 7Ga é +1(¢‘)+F %(43),

2
Delho pa(®) 1a) + Dr(ho (@) 1) + e pT.0)
N
,Zp,(ucw% Hi’a+%(¢)—ua_% Hi’a_%(fb)) + pT’a+%8Xza+1 pr, a_;axz b

i=0
adha¢ha) + a&ha¢haua):: 1a+1(¢) ,a_§(¢L i::1w~"N'

Ga+1 = atzM% + ua+%8xza+% = Woyl for « =0,1,.... M
:a+2 = ¢i,a+%Ga+% - fi,oz+%(¢) for « =0,1,..,M,i=0,1,..,N
M
Protl = Ps + > hspp(®)g
B:a+1

PTa(t,X) = Proq1 + ha pa(®) g
N

Fa+%(d>) = ,a+1(¢)
i=1
ho = lo h with Z’a =1
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Thank you for your attention

Tomas.Morales@uco.es
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